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Abstract
Green roofs can play an important role in greening the city and contribute to tackle climate change.
However, green roof implementation in Dutch cities is dependent on behaviour of inhabitants due to the
decentral nature of the spatial planning system and the fact that a large part of land and buildings in the
Netherlands is not owned by the state. This research examines in what ways the municipality of Rotterdam
deals with the behaviour of inhabitants through its green roof policies by undertaking a policy analysis,
expert interviews and an online survey. The results show that the municipality relies on voluntary, market
based policy instruments such as financial incentives or communication and information to increase
awareness of inhabitants. The municipality also stresses the role of inhabitants and other local actors for
green roof implementation. External barriers and possible disadvantages of green roofs are neglected.
Besides that, using more coercive measures such as imposing regulations is also disregarded. As a result,
green roof implementation in the municipality of Rotterdam is much higher than other Dutch cities, but
lags behind European frontrunners such as Basel and Stuttgart.
Key words: green roofs; policy; behaviour; climate adaptation; cities
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Summary
The effects of climate change are becoming increasingly apparent. Temperatures are rising, precipitation
is increasing and the sea level is rising (IPCC, 2014). These changes can both directly and indirectly
negatively impact the growth of cities, making it a threat to modern societies (Iturriza, Labaka, Hernantes
& Abdeltawad, 2020). Green roofs can function as both a climate adaptation as well as mitigation measure.
However, the fact that a large part of Dutch land and buildings is not owned by the state (CBS, 2019) has
caused the implementation of green roofs in the Netherlands to be heavily reliant on behaviour of
inhabitants. This is further aggravated by the decentralised nature of the Dutch spatial planning landscape
(Tisma & Meijer, 2019). Policy and policy instruments can be applied to influence the behaviour of
inhabitants (Knott et al., 2008), to encourage green roof implementation. The objective of this research is
to determine in what ways green roof policies of Rotterdam deal with the behaviour of inhabitants.
In order to determine in what ways the municipality of Rotterdam deals with the behaviour of inhabitants
through their policies documents, several research methods have been applied. Firstly, a theoretical
framework was created. This framework discusses what green roofs are, why they are important, what
kind of policies are in place to deal with green roofs globally and how people perceive green roofs. Besides
that, the theoretical framework discusses how policy influences behaviour, what kind of aspects of
behaviour are important and what kind of policy instruments can be applied to influence behaviour.
Secondly, the policies of the municipality of Rotterdam that discuss green roofs were summarised and
analysed. Thirdly, experts such as policymakers and entrepreneurs were interviewed to share their views
on green roof policy and behaviour of inhabitants. Lastly, a survey among inhabitants was distributed.
The results of this research indicate that the municipality of Rotterdam mainly applies policy instruments
that are market based and voluntary of nature. Such instruments include financial incentives, leading by
example and communication and information provision. Besides that, the municipality stresses the
importance of cooperation and sees climate adaptation as a shared responsibility. As a result, the amount
of green roofs has grown tremendously in Rotterdam and inhabitants seem both informed on the benefits
of green roofs as well as cued to undertake action. However, the municipality has failed to properly address
potential external barriers that can obstruct green roof implementation. This raises the question what
green roof policies are based on. Moreover, the municipality is reluctant to impose regulations to
encourage green roof implementation. European frontrunners such as Basel and Stuttgart do have
regulations in place and have much higher implementation numbers.
Future research could support these findings with more quantitative research to measure the effect of
individual policy instruments on inhabitants’ behaviour. This research also identified a knowledge gap in
behavioural models, which address individual behavioural aspects too superficially. Future green roof
policies could address external barriers for green roof implementation more to better identify
shortcomings of current policy. Moreover, future policies could experiment with different forms of
regulation to spur green roof implementation.
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1. Introduction
1.1 Background
In 2019, the municipality of Utrecht installed green roofs on more than 300 bus stops (Mobilane, 2020).
An example can be seen in figure 1.1. These green bus stops should improve air quality, increase
biodiversity and serve as a water retention measure. This globally renowned project fits Utrecht’s ambition
to become a green and social city. Globally, more and more cities are implementing green roofs, mainly as
one of the measures against climate change (Besir & Cuce, 2018).

Figure 1.1: Green roof on a bus stop in Utrecht. Source: Mobilane, 2020

The reason that cities are taking measures against climate change, is because the effects of climate change
are becoming increasingly apparent. Temperatures are rising, precipitation is increasing and the sea level
is rising (IPCC, 2014). Climate change has negative socioeconomic effects due to damage to infrastructure,
increased pluvial flooding, degrading water quality, increasing heat-related mortality, increasing food
insecurity and other factors (Willems, Olsson, Beecham & Nguyen, 2012; IPCC, 2014; Kaspersen, Ravn,
Arnbjerg-Nielsen, Madsen & Drews, 2017; Hasegawa, 2018). These consequences have both direct and
indirect effects on the growth of cities, making it a pressing threat to modern societies (Iturriza, Labaka,
Hernantes & Abdeltawad, 2020).
Cities play an important role in dealing with climate change, as the ecological footprint of cities is
significant. It is estimated that cities are responsible for 75% of global CO2 emissions (Beatley, 2012; UN
Environment Programme, 2017). This is especially problematic since the population in cities is growing, as
66% of the global population is expected to live in cities by 2050 (World Health Organization, 2016). In
order to overcome problems created by climate change, it is necessary to plan cities in a different, more
sustainable way. One way to plan cities more sustainably is by implementing green spaces (Jabareen,
2006).
Greening the city is interesting, because it not only functions as a climate adaptation and mitigation
measure, but green areas can offer various ecosystem services and provide other benefits (Kleerekoper,
van Esch & Salcedo, 2012). For example, green areas can relieve the Urban Heat Island effect. This
phenomenon causes higher temperatures in cities, leading to heat stress amongst inhabitants. Greening
the city can help to alleviate this problem due to the cooling effect of vegetation (Kleerekoper, van Esch &
Salcedo, 2012). Besides that, research has shown that it is important to make green urban spaces
8

accessible to people, as people tend to have less stress-related illnesses when they visit open green spaces
more often (Grahn & Stigsdotter, 2003) and have a higher satisfaction of life when they live in a green
environment (De Vries, 2016). Another benefit of greening the city is a reduction in flood risk. Creating
green infrastructures can increase infiltration and decrease runoff, lowering flood risk (Qin, Li & Fu, 2013;
Liu, Chen & Peng, 2014). All in all, green spaces are vital for any city.
Greening the city can be done in various ways. At ground level, creating vegetated areas, adding water
and planting street-trees can help achieve the aforementioned benefits. Green areas such as (small) parks
create recreational spaces with aesthetic value and have significant cooling effects (Kleerekoper et al.,
2012; Aram, García, Solgi & Mansournia, 2019). Water infrastructures generally need a larger surface to
be an effective cooling mechanism or the water needs to flow. This can for instance be achieved by smart
fountain designs (Kleerekoper et al., 2012). Planting trees can also considerably improve the urban
environment by providing shade, reflectance, evapotranspiration, filtering the air and cooling the area
(Kleerekoper et al., 2012; Sim, 2019).
Adding vegetation to the city does not always need to take place at ground level. The process of greening
the city can take place along and on the edges of buildings, such as on balconies and porches in order to
create a better urban environment (Sim, 2019). Besides that, there are options that can make use of lessused space such as green facades and green roofs. A green facade is covering the outside of a building with
a vegetated surface. Green facades of all sizes can result in a better microclimate around buildings
(Morakinyo, Lai, Lau & Ng, 2019) and energy savings within buildings (Kleerekoper et al., 2012).
Besides green facades, green roofs are another option of greening the city without using ground surface.
A green roof is a ‘’roof of a building with plants growing on it, designed to be environmentally and
aesthetically pleasing’’ (Curl & Wilson, 2015, p.330). Green roofs can generally be classified into two main
categories: intensive and extensive. The classification is based on thickness, plant type and maintenance
requirements (Oberndorfer et al., 2007). Extensive green roofs are the most common green roofs because
they are lighter, cheaper and use less irrigation than the intensive green roofs. The vegetation on green
roofs has to be resilient in order to withstand harsh conditions that roofs are often exposed to, such as
high exposure to the sun and less maintenance (Shafique et al., 2018). Green roof vegetation is therefore
often dynamic and likely to change from its original composition (Oberndorfer et al., 2007).
Due to the low financial profit of green spaces, implementing green spaces in the city provides a significant
challenge (Belmeziti, Cherqui & Kaufmann, 2018). This is especially problematic on the ground and
underground surface, as much of this space is already used for existing infrastructure such as roads,
buildings and pipes (Shafique et al., 2018). Due to the fact that green roofs use space that is already has a
usage, this challenge should be less of an issue. The benefits of green roofs have been researched quite
elaborately so far. Green roofs are a good adaptation measure against climate change and they can
improve ecosystem services. Besides their environmental benefits, green roofs can decrease energy
demand, noise and provide psychological relief (Banting et al., 2005; Oberndorfer et al., 2007; Xiao, Lin,
Han & Zhang, 2014; Berardi, 2016; Vijayaraghavan, 2016; Shafique et al., 2018).

1.2 Context
Even though the benefits of green roofs are manifold, implementation of green roofs in the Netherlands
is staying behind. Mees, Driessen, Runhaar and Stamatelos (2012) already showed that the
implementation rate of green roofs in Rotterdam is much lower compared to other European cities such
as Basel and Stuttgart (see table 1.1). Considering the fact that Rotterdam has the highest amount of m 2
9

green roof per inhabitant of all major Dutch cities, the Netherlands in general is significantly staying behind
the frontrunners of green roof implementation.

Table 1.1: Surface of green roofs of the main cities of the Netherlands, compared with Basel and Stuttgart (Sources: see table)
* Rounded of in thousands
** Inhabitants, land surface and population density retrieved from Statistische Landesamt Baden-Württemberg (2018)
*** Inhabitants, land surface and population density retrieved from Federal Statistical Office (2019)

Table 1.1 shows that Stuttgart had an average of 1.58 m2 green roof per inhabitant and Basel even had an
average of 5.56 m2 green roof per inhabitant, already in 2010 (Mees et al., 2012). The city with the highest
average in the Netherlands, Rotterdam, only has 0.62 m2 green roof per inhabitant in 2020 (Gemeente
Rotterdam, 2020b). Assuming that Basel and Stuttgart have increased the amount of green roofs in their
cities, this discrepancy will be even bigger. Amsterdam is the city with the second highest average m2 green
roof per inhabitant in the Netherlands with 0.12 m2 (Gemeente Amsterdam, n.d.), which is already a sharp
decline from Rotterdam. Other cities such as Groningen (0.09; personal correspondence), Den Haag (0.07;
Gemeente Den Haag, 2015) and Nijmegen (0.07; personal correspondence) have an even lower average
m2 of green roof per inhabitant and they don’t come close to Rotterdam, let alone Stuttgart or Basel.
Part of this discrepancy between the implementation rates of Basel, Stuttgart and Rotterdam can be
explained by their different policies. Basel and Stuttgart make use of harder planning instruments such as
legislation or regulations. Mees et al. (2012) argue that higher implementation rates of green roofs are
more common in cities with hierarchical governance, indicating the necessity for planning instruments
such as legislation and regulation. However, Dutch municipalities emphasise the use of soft planning
instruments, such as incentives (Mees et al., 2012; Dai, Wörner & van Rijswick, 2018 – see chapter 4.1).
The power of Dutch municipalities to use regulations to enforce the implementation of green roofs can be
quite limited, since a large part of land and buildings in the Netherlands is not owned by the state
(Architectenweb, 2012). For example, 57% of all housing is privately owned, 29% is rental housing owned
by housing corporations and 13% is rental housing owned by companies, investors and private individuals
(CBS, 2019). Moreover, spatial planning in the Netherlands is highly decentralised (Tisma & Meijer, 2019,
see chapter 4.1). Therefore, a higher implementation rate of green roofs is highly dependent on the
behaviour of Dutch inhabitants.
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1.3 Societal relevance
As explained above, there are many benefits of green roofs, yet implementation rates are low in Dutch
municipalities. Researching how policies address green roofs and how behaviour of citizens is addressed
in these policies could give valuable insights. This research indicates successful and less successful aspects
of green roof policies and provide recommendations on what municipalities can do better to increase
green roof uptake. This could lead to a better tailored policy and ultimately to higher implementation rates
of green roofs in Dutch municipalities. As showcased by the example of Utrecht, green roofs can help to
achieve ambitions of Dutch cities to become more climate adaptive, environmentally friendly and healthy.

1.4 Academic relevance
Zhang, Ni, Wang, Chen and Xia (2020) emphasised the necessity of scientific research for green roof
implementation. There is a growing demand for green technologies such as green roofs because of their
benefits for cities, humans and ecosystem services. In order to promote the implementation of green
roofs, not only technical progress, but policy is essential as well. Since policies in the Netherlands are
mostly focused on local actions due to the decentral nature of the Dutch planning system (Tisma & Meijer,
2019), research should be on a local scale to create an academic and sold basis for these policies (Irga et
al., 2017). Because little to no research is published on how behaviour is dealt with in green roof policy in
the Netherlands, this research tries to fill in that gap.

1.5 Problem statement
Implementation rates of green roofs in the Netherlands are low (Mees et al., 2012). In order to find out
why the implementation rate of green roofs in Dutch municipalities is staying behind compared to cities
such as Basel and Stuttgart, it is important to analyse how Dutch municipalities try to change the behaviour
of its inhabitants with their green roof policies. It is important to research how behaviour of Dutch
inhabitants is dealt with in these policies, because the majority of Dutch housing is not owned by the state
(CBS, 2019). Therefore, green roof implementation is dependent on the behaviour of Dutch inhabitants.

1.6 Preliminary research objective and research question
The objective of this research is to determine in what ways municipal green roof policies deal with the
behaviour of Dutch inhabitants. Therefore, the following preliminary research question has been
formulated:
In what ways is the behaviour of Dutch inhabitants dealt with in green roof policies?
Chapter 2 provides a general overview of green roofs – what they are, their benefits and disadvantages,
types of green roof policy and people’s perceptions on green roofs. Behaviour is also discussed in chapter
2. Because the concept of behaviour is too broad to discuss fully in this research, chapter 2.5 and 2.6
explore the concept of behaviour and specify which aspects of this concept can be researched more
specifically in relation to policies. The final research questions can be found at the end of chapter 2.
Chapter 3 discusses the research methods were used. Since ‘Dutch inhabitants’ is too broad as well to
study, chapter 3.1 discusses the study area of this research. Chapter 4 outlines the results of this research,
which are discussed in chapter 5. The final chapter consists of conclusions and recommendations.
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2. Theoretical framework
The aim of this chapter is twofold. Firstly, it narrows down the two main constructs of the research
question: green roof policies and behaviour. Secondly, it functions as a theoretical foundation which is
used to form a basis for answering the research questions.
To define the construct of green roof policies, first an overview of green roof layers is given. This is
supplemented with an overview of the advantages and disadvantages of green roofs. After that, different
types of green roof policy instruments are discussed and a global overview is given of how these policies
are implemented. The last part on green roof policies is an overview of how people, according to
international literature, perceive green roofs and green roof policies.
To delineate behaviour, the second construct, an overview is provided of different behavioural models.
The Theory of Planned Behaviour (Ajzen, Fishbein & Heilbroner, 1980) formed the foundation of these
models and was complemented with an Integrated Model for Change (De Vries et al., 2003) and a Model
of Pro-Environmental behaviour (Kollmus & Agyeman, 2002). The relationship between policies and these
models is discussed. From that, a conceptual model was created, as the basis for the final research
questions, to be found in chapter 2.6.

2.1 What are green roofs?
A green roof is an old phenomenon that dates back to at least 500 BC, when the Hanging Gardens of
Babylon were constructed (Vijayaraghavan, 2016). It is also known that Nordic countries have been using
roof vegetation for thermal insulation for centuries (Thodesen, Kvande, Tajet, Time & Lohne, 2018).
Nowadays, this phenomenon is gaining attention in other countries as well, starting in the 1960s in
Germany. Green roofs are developed on a large scale throughout Germany. But also countries such as
Canada, Singapore, China, Hong Kong and South Korea increasingly implement green roofs (Shafique et
al., 2018). So what are green roofs? Curl and Wilson (2015) defined green roofs as ‘’a roof of a building
with plants growing on it, designed to be environmentally and aesthetically pleasing’’ (p.330). More
generally, green roofs are roofs with a layer of some form of vegetation on top of it (Oberndorfer et al.,
2007; Ismail, Abdullah & Hashim, 2018; Shafique et al., 2018).
Green roofs can be divided into two main categories: intensive and extensive (Carter & Fowler, 2008; Xiao
et al., 2014; Ismail et al., 2018; Shafique et al., 2018). Intensive green roofs often have a bigger variety of
vegetation species because the soil layer is deeper and can support deeper roots, resulting in relatively
high weight. Therefore, this kind of green roofs is most suitable for heavier constructions such as
commercial buildings and parking decks (Carter & Fowler, 2008; Xiao et al., 2014; Vijayaraghavan, 2016).
Extensive green roofs, on the other hand, are much lighter because of their more simple and homogenous
character. This type of green roofs is much thinner
because most plants are groundcover plants or bushes.
Because they are lighter, cheaper and require less
maintenance, they are suitable roofs suitable for private
homeowners or for the retrofitting of existing structures.
Because of these reasons, extensive green roofs are most
widespread globally (Oberndorfer et al., 2007; Carter &
Fowler, 2008; Xiao et al., 2014; Vijayaraghavan, 2016). In
between these two main forms of green roofs are many

Figure 2.1: Layers of a green roof (Vijayaraghavan, 2016)
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other forms (Carter & Fowler, 2008; Ismail et al., 2018; Vijayaraghavan, 2016).
Since green roof prices are dependent on various factors such as location, labour price, slope of the roof
and type of green roof, prices vary significantly per country (Bianchini & Hewage, 2012; Shafique et al.,
2018; Feng & Hewage, 2018). Data on green roof prices is somewhat outdated and varies per location. The
following prices are thus an indication of what green roofs can cost. Feng and Hewage stated in 2012 that
prices could be as low as $15-$45 per m2 in mature markets such as Germany, but up to as high as $30$165 per m2 in Canada. In Singapore, green roof prices ranged from $40 to $65 per m2 and in China the
prices were slightly higher, namely $48 to $76 per m2. Hop & Hiemstra estimated the costs for extensive
green roofs in 2013 to be between $25 and $90 per m2. These costs are solely related to installation, but
green roofs need to be maintained as well. Bianchini & Hewage estimated in 2012 that maintenance of
green roofs in the United states is between $0.7 and $13 per m2 per year. However, green roofs do not
only cost money, they also save money. Ultimately, green roofs can create a benefit of $400 up till $696
per m2 (Bianchini & Hewage, 2012).
Besides financial costs, there are also some technical constraints for implementing green roofs. Due to the
required layers and vegetation, green roofs can only be installed on roofs with a certain angle. Completely
flat roofs are ideal for green roofs, but green roofs can be implemented on roofs with an angle of less than
9o (Dunnett& Kingsbury, 2008) or even 12o (Korol, Shushunova, & Shushunova, 2018) without extra
technical support. With steeper angles, green roofs can still be implemented but do need support systems
that prevent the soil from slipping away. This way, green roofs can be implemented on roofs with an angle
of up to 30o (Dunnett & Kingsbury, 2008) or even 45o (Korol et al., 2018).
Even though there are different types of green roofs, prices vary heavily around the globe and technical
foundations differ globally, green roofs do generally contain the same layers (see figure 2.1;
Vijayaraghavan, 2016). Since roofs can experience extreme weather conditions such as droughts, elevated
temperatures and higher wind speeds, it is important to choose plants that can endure such circumstances
(Oberndorfer et al., 2007; Carter & Fowler, 2008; Xiao et al., 2014; Shafique et al., 2018). Besides that, it is
important to select the layers according to the geographic location and take climatic conditions into
account. In the next section, a more comprehensive explanation of the green roof layers is provided.
Vegetation
Vegetation on green roofs is exposed to drought, heat and wind. Besides that, the soil depth is usually only
between 5-20 (extensive) or >20 (intensive) centimetres, which can limit the space for root growth and
nutrients might be lacking (Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018). In an optimal
situation, vegetation should be able to withstand extreme climate conditions, is cost effective, requires
little irrigation and maintenance, has short roots, has a high rate of evapotranspiration and spreads rapidly
(Vijayaraghavan, 2016; Shafique et al., 2018). Preferably, the chosen vegetation is a native species, since
these species are adapted to local conditions and should be resistant to local pests (Oberndorfer et al.,
2007; Vijayaraghavan, 2016). However, native species are not always available. Consequently, sedum has
arisen as a viable solution for extensive green roof vegetation. This type of succulent has exquisite
transpiration and can survive drought conditions by storing excessive water (Oberndorfer et al., 2007; Xiao
et al., 2014, Vijayaraghavan, 2016; Shafique et al., 2018). Because using only one type of vegetation can
result in pests that can heavily impact the vegetation, sedum species are often accompanied with
turfgrass. The downside of using only these two vegetation types is that it offers relatively little benefits
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to local ecosystem services, as an ecological and biodiverse green roof usually requires five or more types
of vegetation (Xiao et al., 2014).
Growth substrate
The growth substrate, also referred to as soil or growth medium, is important because of two reasons.
Firstly, growth substrate directly influences vegetation growth and therefore the success of a green roof.
If the substrate has a high water holding capacity, it becomes easier for vegetation other than succulents
to thrive on green roofs (Vijayaraghavan, 2016; Shafique et al., 2018). Secondly, the growth substrate
accounts for the majority of the weight of a green roof. Since most buildings have load restrictions, it is
important to take into account both the dry and wet bulk of the substrate. Keeping the weight of the
substrate as low as possible is vital for green roof implementation (Vijayaraghavan, 2016).
Filter layer
The filter layer separates the growth substrate from the drainage layer and prevents clogging in the
drainage layer via plant debris and soil fines (Vijayaraghavan, 2016; Shafique et al., 2018).
Drainage layer
The drainage layer allows that excess water is removed from the growth substrate layer. This way, a
balance between air and water in the system is created, which ensures an aerobic condition in the
substrate layer, necessary for the survival of many plant types. It also protects layers below it as well as
the building structure by reducing the weight of the green roof due to excess water (Vijayaraghavan, 2016;
Shafique et al., 2018).
Protection layer and root barrier
The root barrier and protection layer is particularly important for intensive green roofs, as this layer
prevents roots of vegetation to penetrate into lower layers and ultimately the roof deck itself. This layer
is not required for extensive green roofs (Vijayaraghavan, 2016).
Insulation layer
According to Shafique et al. (2018), the insulation layer ‘’prevents water stored in the green roof system
from extracting heat in the winter or cool air in the summer’’ (p.763).
Water proofing membrane
The water proofing membrane prevents leakage of the roof (Vijayaraghavan, 2016).

2.1.1 Conclusion
All in all, green roofs are roofs with a layer of vegetation on top of it and can be divided into two main
categories: intensive and extensive. An overview of what they look like can be found in figure 2.1. Prices
for green roofs vary heavily per country and they can only be implemented on roofs with an angle of less
than 45o.
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2.2 Why are green roofs important?
As discussed in the introduction, green roofs provide a variety of benefits to nature and mankind.
However, there are also some limitations and drawbacks to the implementation of green roofs. This
section provides an overview of the advantages and disadvantages of green roofs.

2.2.1 Green roof benefits
Green roofs are considered a no-regrets measure for climate adaptation because of the many societal
benefits they offer (Mees et al., 2012). Green roofs offer various ecosystem services such as increased
biodiversity, air pollution reduction and mitigation of the urban heat island effect. Besides that, green
roofs can reduce energy demand, lower stormwater runoff and decrease noise pollution (Oberndorfer et
al., 2007; Carter & Fowler, 2008; Mees et al., 2012; Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al.,
2018). These main benefits of green roofs are explained more comprehensively below.
Stormwater retention
Green roofs provide stormwater retention possibilities because vegetation and the substrate layers has
the capability to store large amounts of water for a longer period of time than regular roof decks. The
absorption of water by the substrate and evapotranspiration of plants reduces the peak flow, lowering
flood risk in cities (Oberndorfer et al., 2007; Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018).
An additional benefit is that green roofs use space that is already occupying ground floor, whereas
conventional stormwater management techniques such as ponds and reservoirs take up valuable urban
space (Oberndorfer et al., 2007).
Green roofs can not only lower the amount of runoff, they can also improve the quality of water. The
substrate and vegetation have the potential to absorb pollutants from rainwater, resulting in cleaner
runoff water. However, there are also researchers that pointed out that pollutants can actually leak from
green roof substrate and thus pollute rainwater (Shafique et al., 2018). This difference in research
outcomes can be explained by the variations in green roofs. Green roofs in different locations use different
substrate compositions, its maintenance is different as well as the age and composition (Vijayaraghavan,
2016).
Thermal benefits
Another benefit of green roofs is energy savings, since vegetation absorbs less solar radiation than
conventional roofs. Due to increased shade and insulation of the roof and improved evapotranspiration
on the roof, green roofs stay significantly cooler on hot days than conventional rooftops (Oberndorfer et
al., 2007; Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018). Shafique et al. (2018) stated that
green roofs can reduce surface temperatures from 30oC up to 60oC. Because green roofs establish a much
more constant surface temperature throughout the day, the most significant effect can be measured
during the afternoon (Xiao et al., 2014).
Thermal benefits of green roofs are not only experienced on the building level, but also on a city scale.
Green roofs can be used as a mitigation measure against the Urban Heat Island effect, because vegetation
lowers the air temperature and has a much higher albedo than impervious surfaces used in cities
(Oberndorfer et al., 2007; Vijayaraghavan, 2016; Shafique et al., 2018). As a result, air temperatures can
be lowered by 0.3oC up to 3oC (Vijayaraghavan, 2016). Oberndorfer et al. (2007) stated that a regional
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simulation model calculated that a ‘’50% green-roof coverage distributed evenly throughout Toronto
showed temperature reductions as great as 2°C in some areas’’ (p. 829).
Improved air quality
Air in urban areas often contains high amounts of pollutants such as particulate matter, CO2, NO2 and O3.
Green roofs can alleviate this problem by capturing many of these pollutants and changing the urban
microclimate (Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018). Xiao et al. (2014) showed that
areas with a green coverage rate of 50% or more can maintain a steady CO2 level of 320 parts per million.
Besides that, 1000 m2 of green roofs has the potential to capture between 160-220 kg of dust per year.
The type of dust was not specified in their research.
Noise reduction
Green roofs can also contribute to noise reduction, since the vegetation and substrate can absorb sound
waves. Because it is harder for sound waves to travel from the environment through the roof inwards if a
green roof is implemented, noise can be reduced up to 10 dB (Oberndorfer et al., 2007; Xiao et al., 2014;
Vijayaraghavan, 2016; Shafique et al., 2018).
Ecological benefits
Green roofs do not only improve the aesthetics of roofs, they can also improve the biodiversity of areas
through local habitat conservation (Oberndorfer et al., 2007; Shafique et al., 2018). Green roofs often
accommodate many insects and birds (Oberndorfer et al., 2007). However, to really increase biodiversity,
five or more different plant types are required, as is often the case on intensive green roofs. Because most
of the green roofs globally are extensive, this benefit might be diluted (Xiao et al., 2014).
Other benefits
There are several other benefits associated with green roofs. For example, they have the potential to offer
psychological benefits for people through relaxation and restoration (Oberndorfer et al., 2007). Besides
that, green roofs can offer a place for urban agriculture as a way of food production or recreation
(Oberndorfer et al., 2007; Shafique et al., 2018). Lastly, green roofs can also increase the value of
properties (Shafique et al., 2018).

2.2.2 Barriers for green roof implementation
Even though green roofs offer a wide variety of benefits, there are also disadvantages to the
implementation of green roofs.
High construction cost
Green roofs provide many benefits to the public and several benefits to private owners, but most of these
benefits are experienced on the long term. However, initial construction costs can be expensive. The
installation costs vary per location and per type of green roof (Vijayaraghavan, 2016; Shafique et al., 2018).
Both Vijayaraghavan, (2016) and Shafique et al. (2018) estimated that implementing green roofs in Canada
cost between $12 and $15 per square feet – equalling $125 up to $160 per square meter.
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Maintenance
Contrary to popular belief, green roofs do require maintenance. Green roofs require regular watering and
fertilisation and the resulting weed growth needs to be controlled. How often green roofs need to be
fertilised and watered depends on the type of green roof (Vijayaraghavan, 2016; Shafique et al., 2018).
Roof leakage problems
Roof leakage problems and roof collapses due to green roofs do occur. However, this can easily be avoided
if green roofs are placed properly after technical assessments. If placed correctly, green roofs can actually
expand the life of roofs (Vijayaraghavan, 2016; Shafique et al., 2018).

2.2.3 Conclusion
Green roofs provide many benefits to ecosystem services. Benefits include increased biodiversity and
reduced air pollution. They also offer non-ecosystem services such as reduced energy demand. However,
they do also provide some drawbacks which are mainly focused on the costs of implementation and
maintenance. Other drawbacks include leakage, but this can be overcome with a calculation on the
construction of the roof upfront. A full overview can be found in table 2.1.

Table 2.1: Benefits and barriers of green roofs

2.3 Green roof policies
This subchapter looks into policies that aim to increase the uptake of green roofs. Firstly, the necessity of
green roof policies is demonstrated. After that, different types of policies are outlined. Lastly, several case
studies are discussed to show the effect of the different types of policies.

2.3.1 The necessity of green roof policies
Green roofs provide many public benefits (table 2.1). However, private investors have to account for these
benefits, even though they don’t fully profit from these benefits (Carter & Fowler, 2008). On the contrary,
the costs of installing green roofs often exceed the private benefits (Claus & Rousseau, 2012). This
discrepancy calls for policy, as experiences in Germany showed that purely relying on the intentions of
building owners is not enough (Ngan, 2004). Therefore, green roof policy can be considered essential for
green roof development (Ismail et al., 2018). Green roof policies can help to overcome barriers and drive
the increase in green roof projects (Irga et al., 2017). Governments have realised this and green roof
policies have been created all over the world. Several types policies can be applied to increase green roof
coverage, as is outlined below.
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2.3.2 Policy instruments
Governments can implement various types instruments in green roof policies, such as financial incentives,
regulations, communication and information provision and leading by example (Ngan, 2004; Carter &
Fowler, 2008; Hop & Hiemstra, 2014). These instruments are discussed more elaborately below.
Direct financial incentives
Direct financial incentives are often provided in the form of subsidies. The height of the total subsidy can
vary substantially per country, but the way the subsidy is calculated is often similar. Subsidy is either
determined by a specified price per square meter or as a percentage of the total expenditure (Ngan, 2004).
An important advantage of this type of policy is that it encourages homeowners to invest in green roofs
by limiting the initial investment costs and thus taking away one of the main barriers (Carter & Fowler,
2008; Hop & Hiemstra, 2014). Besides that, this measure is voluntary and can be used to target specific
areas (Carter & Fowler, 2008). These advantages make it one of the most used methods to increase green
roof uptake and can be found in many countries, including Canada, Denmark, Germany, the Netherlands
and the USA (Hop & Hiemstra, 2014). A successful example is North Rhine Westphalia in Germany. In order
to reduce stormwater runoff, a subsidy program of €320 million for various water management practices
was initiated. Just over €12 million of this budget was used for roof greening between 1999 and 2003,
resulting in 825.000 m2 new green roofs (Ngan, 2004). However, there are also downsides to this policy
measure. Governments can run out of funds to provide subsidies or green roofs might lose priority,
lowering the available funds (Ngan, 2004).
Indirect financial incentives
Financial incentives for green roof implementation can also be provided indirectly. An often used measure
is lowering the wastewater fees. Municipalities can reduce wastewater fees when homeowners can show
that they have taken measures to lower stormwater runoff, for example by implementing green roofs
(Ngan, 2004; Hop & Hiemstra, 2014). These measures can be seen for example in Basel, Cologne and
Portland (Hop & Hiemstra, 2014). Advantages of these kind of measures are their voluntary nature, they
provide a strong basis for interdisciplinary wastewater management and are often effective (Ngan, 2004;
Carter & Fowler, 2008). For example, indirect financial incentives are favoured over direct incentives in
Cologne. Homeowners can apply for a stormwater fee discount. If homeowners can show that they have
water retention measures around the house, a discount can be earned (Ngan, 2004; Hop & Hiemstra,
2014). However, this type of measure has no guarantee that green roofs are installed, since other, more
well-known wastewater management practices can also be used. Besides that, administration fees for this
kind of measure can be quite high for smaller municipalities (Ngan, 2004; Carter & Fowler, 2008).
Regulations
Governments can also choose to use less voluntary policy measures. Even though incentives are desirable
and quite effective, mandatory measures can be even more effective (Ngan, 2004). Mandatory measures
include implementing green roofs in zoning plans, setting a minimum amount of green roof coverage or
making green roofs a prerequisite for a building permit or subsidy. For example, buildings of 1000m2 or
more have to implement 20% or more green roofs in Tokyo, in Toronto buildings of 2000 m2 or more need
to have 20-60% green roof and in Copenhagen all buildings with a roof with up to a 30o angle need to have
a vegetated roof, unless a good reason not to do so is provided (Hop & Hiemstra, 2014; Vijayaraghavan,
2016; Irga et al., 2017; Ismail et al., 2018). The advantages of regulations are that they are not reliant upon
18

available budget and can be very effective in new development areas. The disadvantages of regulations
are that they are hard to implement in existing urban areas and can result in public displeasure and
protests (Ngan, 2004). Therefore, regulations are seldomly implemented as standalone measures. For
example, Stuttgart has had green roof policies in place since 1986 that provide stormwater fees reduction,
ensure active governmental engagement and in certain areas green roofs are mandatory on flat roofs. As
a result, 22% of eligible roof space was covered with green roofs in 2010, totalling at 1.000.000 m2 (Mees
et al., 2012). Hop & Hiemstra (2014) showed that regulations do not always have to be compulsive. For
example, in Washington and Chicago, building permits are granted quicker to people who plan to
implement green roofs than to people who do not.
Communication and information provision
Besides regulations and incentives, there are also other measures that are more focused on providing
people with information and help, to create more awareness. Such measures can be important, since a
lack of awareness has proven to be a barrier for green roof uptake (Hop & Hiemstra, 2014; Sarwar &
Alsaggaf, 2020). For example, London does provide ongoing information and education on green roofs. As
a result, London had implemented 715.000 m2 of green roofs in 2010, accounting for less than 1% of the
eligible roof space (Mees et al., 2012). Lastly, it is also important that governments provide guidance during
the implementation process (Irga et al., 2017), especially because green roofs are seen as a difficult
intervention (Hendricks and Calkins, 2006).
Leading by example
Besides providing information, governments can lead by example and implement green roofs on public
buildings (Ngan, 2014), such as the bus stops in Utrecht (Mobilane, 2020). Governments can even organise
competitions to spur green roof coverage (Ngan, 2004).

2.3.3 Dutch green roof policies
The Netherlands mainly relies on financial incentives and communication for green roof implementation.
Various municipalities subsidise green roofs. The municipality of Nijmegen has a slightly different form of
incentives, as they offer a loan for sustainability measures (Hop & Hiemstra, 2014). All the municipalities
that provide a subsidy for green roofs, also provide information on their website with information on green
roofs. This information is often supplemented with other forms of communication. For example, the
municipality of Rotterdam has created green roofs that are accessible for people to visit, to spread
awareness (Mees et al., 2012).
Regulation is used less often in the Netherlands. There is a system to measure environmental friendliness
of buildings, the BREEAM system. In this system, green roofs and facades can result in a higher
environmental friendliness score (Hop & Hiemstra, 2014). However, municipalities in the Netherlands are
reluctant to impose obligations to implement green roofs. As described above, various cities in foreign
countries have created regulations to implement green roofs, for example when a roof has a certain angle
(Hop & Hiemstra, 2014; Vijayaraghavan, 2016; Irga et al., 2017; Ismail et al., 2018). So far, Dutch
municipalities restrain from using such measures.

2.3.4 Conclusion
Policy is needed to ensure the implementation of green roofs, since green roof investors often don’t fully
profit from provide benefits green roofs provide. The most used type of policy is direct financial incentives,
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often in the form of subsidies. Other forms include indirect financial incentives such as reduced municipal
fees, regulations such as mandatory green development or spreading information and providing help to
people. The Netherlands mainly uses financial incentives and support these incentives with information
provision.

2.4 Green roof perceptions
Even though the advantages and disadvantages have been documented well over the years, people might
experience benefits and barriers of green roof implementation differently. This subchapter explores firstly
if people are aware of the existence of green roofs. Secondly, it shows how people experience benefits,
barriers and implementation processes of green roofs. Some of these aspects are illustrated with different
examples from around the world. These perceptions will be reflected upon in the discussion

2.4.1 Awareness
Despite there being many benefits and little disadvantages to green roofs, people are unaware of green
roofs and have little knowledge of them (Kalantari, Ghezelbash & Yaghmaei, 2016; Everett & Lamond,
2019; Sarwar & Alsaggaf, 2020). Sarwar & Alsaggaf (2020) showed that in Lahore, Pakistan, 41% of the
people were unaware of green roofs. The lack of awareness might not be surprising for countries with a
lack of green roof adoption such as Iran. However, green roofs also suffered from a lack of awareness in
countries who have been using this technology for a longer time such as Canada and the UK (Everett &
Lamond, 2019).
A lack of green roof awareness is problematic since a basic knowledge of green roofs is associated with
positive attitudes towards green roofs and more positive reactions to its aesthetics (Jungels, Rakow, Allred
& Skelly, 2013). Therefore, spreading awareness and increasing environmental consciousness amongst
residents can help to increase green roof adoption (Sarwar & Alsaggaf, 2020). Nonetheless, general
attitudes towards green roofs are often positive, even if people have little knowledge about them (Jungels
et al., 2013).
Green roof awareness is also related to levels of education. The higher the level of education, the more
likely it is that people support green roofs (Jungels et al., 2013). There seems to be no clear relationship
between age and interest in green roofs. Some research reports that green roof support was highest for
people between 35 and 65 years old (Jungels et al., 2013), whereas other studies reported that green roof
interest and support was highest among younger people (Fernandez-Cañero et al., 2013; Kalantari et al.,
2016).

2.4.2 Perceived benefits
Although the general awareness about green roofs might be relatively low, people do perceive to obtain
certain benefits from green roofs in urban areas. For example, Yuen & Hien (2005) and Kalantari et al.
(2016) showed that people appreciate green roofs because they create recreational spaces where one can
take the children, exercise or find peace and quietness. Not only the recreational value, but also the
aesthetics of green roofs were mentioned as a benefit. Respondents felt that green roofs could improve
the aesthetics of the city and provide a more attractive appearance (Yuen & Hien, 2005; Kalantari et al.,
2016; Everett & Lamond, 2019).
A benefit often cited in literature that most people acknowledge, is reduced air pollution (FernandezCañero, Emilsson, Fernandez-Barba & Machuca, 2013; Xiao et al., 2014; Kalantari et al., 2016;
Vijayaraghavan, 2016; Shafique et al., 2018). However, in the research of Yuen & Hien (2005), only several
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respondents addressed the reduction in air pollution by green roofs in Singapore. Another acknowledged
ecosystem service, is increasing biodiversity. The potential of green roofs to improve biodiversity was one
of the most valued benefits in southern Spain (Fernandez-Cañero et al., 2013). Everett & Lamond (2019)
showed that a great majority of green roof owners in Newcastle (UK) valued the potential for improved
biodiversity.
Improved thermal insulation is an advantage of green roofs that is cited many times in literature
(Oberndorfer et al., 2007; Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018), but perceptions
about this benefit are ambiguous. Green roof owners appreciate the thermal benefits provided by green
roofs (Everett & Lamond, 2019), just as residents in southern Spain (Fernandez-Cañero et al., 2013).
However, residents in Zanjan (Iran) and Newcastle (UK) were less certain of the thermal benefits provided
by green roofs (Kalantari et al., 2016; Everett & Lamond, 2019). A similar ambiguity is apparent for
stormwater runoff reduction benefits provided by green roofs. Green roof owners in Newcastle were both
aware and appreciative of the stormwater runoff reduction provided by green roofs. However, there were
less residents of Newcastle (UK) without green roofs that were confident about these benefits (Everett &
Lamond, 2019). Kalantari et al. (2016) also showed that stormwater runoff reduction was valued low by
citizens.
There are also several potential benefits of green roofs discussed in literature that were questioned by
residents. Research showed that green roofs reduce noise pollution (Oberndorfer et al., 2007; Xiao et al.,
2014; Vijayaraghavan, 2016; Shafique et al., 2018), but this benefit was valued low by residents in southern
Spain (Fernandez-Cañero et al., 2013) and also not acknowledged in Newcastle (UK) (Everett & Lamond,
2019). Besides that, some green roof owners believed that green roofs could extend the life of their roofs
(Everett & Lamond, 2019). However, other residents did not show a clear conviction of that (FernandezCañero et al., 2013). Cost-effectiveness and maintenance costs were also questioned (Fernandez-Cañero
et al., 2013; Everett & Lamond, 2019).

2.4.3 Perceived barriers
People do not only perceive benefits, but also barriers to green roof. The barriers can be separated in four
categories: economic, physical, institutional and social cultural barriers and are outlined below.
Perceived economic barriers
The costs of green roof pose one of the biggest barriers for green roof implementation. In the research of
Sarwar and Alsaggaf (2020), 85% of the interviewed people considered the installation costs of green roofs
as a barrier. Hendricks & Calkins (2006) also showed that all their respondents considered the installation
costs of green roofs to be very important. Besides that, some people are afraid that not only installation
of green roofs is expensive, but maintenance will also cost them money (Everett & Lamond, 2019). These
concerns are aggravated by the fact that people find it hard to believe that installing green roofs can
actually be profitable (Fernandez-Cañero et al., 2013).
Perceived physical barriers
As discussed before, green roofs cannot be placed on every roof. The roof should be relatively flat and
needs to have a solid structure (Dunnet & Kingsbury, 2008; Korol et al., 2018; Shafique et al., 2018).
Especially the latter aspect poses a concern for people. Both architects and developers (Wong, Wong, Lim,
Ong & Sia, 2005) as well as homeowners (Hossain, Shams, Amin, Reza & Chowdhury, 2019) consider the
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extra loading that green roofs put upon the roof poses a barrier for implementation. The fact that people
express concerns about the performance aspect could possibly hinder the implementation of green roofs.
Altogether, people perceive green roof technology as a complex topic (Hendricks and Calkins, 2006).
Another physical barrier that people perceive is the location of green roofs. Because they are located on
the roof of buildings, they might be hard to access and make use of the facilities it provides (Yuen & Hien,
2005). The location of green roofs might also diminish the visual benefits they provide (Wong et al., 2005).
Moreover, some people actually say that green roofs do not provide visual benefits at all, even when visible
(Loder, 2014; Sarwar & Alsaggaf, 2020).
Perceived institutional barriers
Besides physical and economic barriers, people also perceive certain institutional barriers. Because of the
costs associated with green roofs, people desire financial compensation or support when implementing
green roofs. However, various researches pointed out that people experience a lack of incentives provided
by local governments (Wong et al., 2005; Hossain et al., 2019; Sarwar & Alsaggaf, 2020). Moreover, people
indicated that legislation is lacking and building codes are unclear, posing a hindrance to green roof uptake
(Wong et al., 2005; Hossain et al., 2019; Sarwar & Alsaggaf, 2020).
Perceived social-cultural barriers
The research of Wong et al. (2005) showed that people fear that green roofs might end up as excessive
spaces, because public appreciation might be too low and ownership is unclear, leading to neglected
spaces. Barnhill & Smardon (2012) also addressed a lack of community involvement as a perceived barrier
for green roof implementation.

2.4.4 Useful policy instruments – according to inhabitants
Since there are several perceived barriers that hinder the uptake of green roofs, governments can
undertake actions to take these barriers away. As mentioned above, one of the main obstacles for
implementing green roofs are the costs associated with it. Not surprisingly, respondents quoted financial
incentives provided by the government as a good measure to increase the likelihood of implementing
green roofs (Hendricks & Calkins, 2006; Kalantari et al., 2016). Sarwar & Alsaggaf (2020) also suggested
subsidizing green roofs to increase uptake. Ngan (2004) and Irga et al. (2017) showed that subsidies can
prove to be effective for green roof implementation
However, there are more obstacles than high installation costs alone. As mentioned above, people are
generally unaware of green roofs and knowledge on green roofs seems to be limited (Kalantari et al., 2016;
Everett & Lamond, 2019; Sarwar & Alsaggaf, 2020). Next to the subsidy mentioned above, raising
awareness could thus be a good tool to increase green roof implementation (Sarwar & Alsaggaf, 2020).
Besides that, green roof technology is perceived to be complex (Hendricks & Calkins, 2006). Therefore,
citizens have named technical support provided by the government as a good measure to take away
barriers for green roof implementation (Kalantari et al., 2016). Sarwar & Alsaggaf (2020) also showed that
the majority of their respondents agreed that green rooftops should be part of building regulations.
Altogether, it is imperative that governments undertake initiatives and take a leading role in the
implementation of green roofs (Sarwar & Alsaggaf, 2020).
All in all, green roofs provide many benefits for humans and ecosystem services. However, there are some
drawbacks, most of them related to costs. Even though there are many different kinds of policies in place
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to stimulate the implementation of green roofs, many people are still unaware of their existence and the
benefits they can provide. In other words, policies have not always succeeded in changing the behaviour
of people. The next section describes how behaviour can be changed by looking into different behaviour
models and how research can influence this process. This illustrates how municipal policies related to
green roofs can influence behaviour of Dutch inhabitants.

2.4.5 Conclusion
Despite there being many benefits and few drawbacks to green roofs, people are unaware of green roofs
and have little knowledge of them. This is problematic, since a lack of knowledge can hinder the
implementation of green roofs. Although the general awareness about green roofs might be relatively low,
people do perceive to obtain certain benefits from green roofs in urban areas. Increase in recreational
space, improved aesthetics, less air pollution and increased biodiversity are benefits that people perceive
to obtain from green roofs. However, people also perceive many barriers for green roof implementation.
The costs of implementation are considered a barrier, people are afraid that green roofs put too much
load on their roofs and people fear that green roofs might end up as unused, excessive space. A fear of
leakage and construction issues are mostly unnecessary, hence raising awareness could be a useful tool to
increase green roof implementation. Green roof costs are substantial, so financial incentives can also
improve green roof implementation. Lastly, regulations can further spur the implementation of green
roofs. An overview of the perceived advantages and disadvantages of green roofs can be found in 2.2.

Table 2.2: Perceived benefits and barriers of green roofs

2.5 Changing behaviour
This research explores how Dutch municipalities deal with behaviour of inhabitants in their policies that
address green roof implementation and sustainability in general. The main goal of public policy is often to
change behaviour (Schneider & Ingram, 1990; Dolan, Hallsworth, Halpern, King & Vlaev, 2010).
Municipalities can create two kinds of policies to change behaviour: policies using ‘soft instruments’ and
policies using ‘hard instruments’ (Dolan et al., 2010). Mees et al. (2012) illustrated that the use of hard
instruments such as legislation and regulation resulted in a high amount of green roofs in Basel and
Stuttgart. Dutch municipalities, however, favour ‘soft instruments’ such as incentives and information
provision (Mees et al., 2012; Dai et al., 2018). These soft instruments are aimed at changing the minds of
people, so that people make the ‘rational choice’ to undertake desired actions. However, people don’t
always make rational choices (Dolan et al., 2010). Therefore, changing the behaviour of people is not a
simple, linear process, but rather complex.
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Because behavioural change is such a complicated matter, there are many models that try to explain
behaviour. One of the earlier models was the Theory of Planned Behaviour (TPB, see figure 2.2), developed
by Ajzen, Fishbein and Heilbroner (1980). This model states that behaviour is a direct result from
someone’s intentions, but might be prone to circumstantial constraints. Intentions are influenced by
environmental attitudes, social norms and perceived behavioural control. Perceived behavioural control
can be explained as someone’s assessment of his or her abilities to behave in a certain way (Zhang, Zhang,
Yu & Ren, 2016).

Figure 2.2 Theory of Planned Behaviour (Ajzen et al., 1980)

Even though the model of Ajzen et al. (1980) was useful because of its simplicity, it lacked enough factors
to properly explain pro-environmental behaviour for the same reason (Kollmuss & Agyeman, 2002). De
Vries et al. (2003) came up with a more elaborate model on behavioural change in general, the Integrated
Change Model (see figure 2.3). In this model, De Vries et al. (2003) stressed the importance of knowledge,
attitudes, social and cultural factors and psychological factors. The Integrated Change Model creates
different categories such as predisposing factors, information factors, awareness factors and motivation
factors. These categories in turn influence the intention state, which results in behaviour but is mitigated
by barriers and ability factors (De Vries et al., 2003; De Klein & Wesselman, 2015), similarly to the model
of the theory of planned behaviour by Ajzen et al. (1980).
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Figure 2.3 An Integrated Model for Change (De Vries et al., 2003)

After researching a large amount of theory, Kollmuss and Agyeman (2002) also created a behavioural
model, but their model was specifically created for studying pro-environmental behaviour. Kollmuss and
Agyeman (2002) determined a variety of factors that influence behaviour. Firstly, they distinguished
demographic factors, such as gender and years of education. Secondly, they distinguished external factors
such as institutional factors (infrastructures), economic factors, and social and cultural factors. Thirdly,
they distinguished internal factors such as motivation, environmental knowledge and awareness, values,
attitudes, emotional involvement, locus of control and responsibilities and priorities. With these factors,
they have formed a pro-environmental behaviour model that can be seen in figure 2.4.

25

Figure 2.4 Model of pro-environmental behaviour (Kollmuss & Agyeman, 2002)

These three models help to explain behavioural change and form the basis for the conceptual model for
this research (figure 2.7). However, the role of policy in this process is not addressed. Therefore, in the
following sections it is explained what the influence of policy on behaviour (2.5.1) could be and which
policy tools can be used to influence behaviour (2.5.2).

2.5.1 What is the influence of policy on behaviour?
Policy influences behaviour in various ways, for example by using soft or hard instruments. However, it is
not yet clear which different factors of behaviour are influenced by policy.
Most interventions in public policies are focused on influencing what people consciously think about
(Dolan et al., 2020) and thus focuses more on the awareness of people. Besides that, policies can increase
the feasibility of certain (pro-environmental) behaviour and thus encourage people. Policies can also target
indirect influence on behaviour by focusing on attitudes, social norms and ability factors (Zhang et al.,
2016). Lastly, policies can change the environment of people in order to change their unconscious
decisions (Dolan et al., 2010).

2.5.2 How can policy influence behaviour?
Even though it is clear that policy can influence behaviour (Kollmuss & Agyeman, 2002; Knott, Muers &
Aldridge, 2008; Dolan et al., 2010; Zhang et al., 2016), it is not yet clear what kind of instruments policy
can use to influence behaviour.
Before looking into the instruments that policymakers can use, it is important to recognize that there is a
difference between the public and private realm, which has implications for policymakers. Behaviour is
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often influenced via factors from the individual (private) realm, such as predisposing factors (De Vries et
al., 2003) or circumstance constraints (Azjen, 1980). However, behaviour is also influenced by factors from
the public realm, such as external factors from the model of Kollmuss & Agyeman (2002). Even though
policy is mostly implemented in the public realm, its influence can extend into the private realm. Knott et
al. (2008) have created a model that showcases this distinction, where step 1, 2, 3 and 4 are mainly in the
private realm, whereas step 5 is mainly in the public realm (see fig 2.5).

Figure 2.5 Cultural Capital Framework (Knott et al., 2008)

In their model, Knott et al. (2008) showed that policy has an influence on both cultural capital as well as
behaviour. Cultural capital consists of attitudes, values and aspirations and is created by the interaction
with the environment and society. Policy tools to influence cultural capital include schooling reform,
establishing role models, creating national debate and improving quality of built infrastructure (Knott et
al., 2008). Even though these tools mainly consist of public interventions, they impact the private realm,
as they can change people’s attitudes, values, perceptions and aspirations.
Policy can also influence our behavioural drivers. Tools to influence these drivers include the 4 E’s, as
explained by Defra (2008): Enable, Encourage, Engage and Exemplify. Enable relates to infrastructures,
such as providing facilities, removing barriers and giving information. Encourage is related to more
regulatory and fiscal measures such as tax systems and subsidies. Engage is all about communication.
Lastly, Exemplify demonstrates how highly the government values certain problems, which they can show
via leading by example (see figure 2.6; Defra, 2008; Knott et al., 2008).
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Figure 2.6: Example policies to smooth and drive behaviour (Knott et al., 2008)

These four categories of tools are more focused on changing external factors in order to stimulate people
and pave the way to pro-environmental behaviour and can be compared to the policy instruments
explained in chapter 2.4. Enabling and engaging are focused on communicating and educating and can
thus be compared to the policy instrument ‘communication and information’ as explained in chapter 2.4
(Hop & Hiemstra, 2014; Sarwar & Alsaggaf, 2020). Encouraging focuses both on subsidies as well as
legislation and penalties. Therefore, it has many similarities to both imposing regulations as well as
financial incentives (both direct and indirect), as discussed in chapter 2.4 (Ngan, 2004; Hop & Hiemstra,
2014; Vijayaraghavan, 2016; Irga et al., 2017; Ismail et al., 2018). Lastly, figure 2.6 shows that exemplify
means to lead by example, which overlaps with leading by example (Ngan, 2004).
The model of Knott et al. (2008) shows that policy both has an indirect effect on our behaviour by
influencing cultural capital and a more direct influence on our behaviour by influencing our behavioural
drivers. In both cases, the instruments policymakers use are mostly non-coercive, aimed to influence
inhabitants (Defra, 2008). The purpose of (soft) policy interventions is not to force the public, but rather
to stimulate them and try to kick-start a process of change (Darnton, 2008).

2.5.3 Conclusion
This section looked at three conceptual models on behaviour change: TPB (figure 2.1), an Integrated Model
for Change (figure 2.2) and the model of pro-environmental behaviour (figure 2.3). These models have
shown that behaviour is a complex matter that consists of various aspects, such as awareness, information
and predisposing factors for example. Policy can influence our behaviour by changing cultural capital and
by influencing our behavioural drivers.

2.6 Conceptual model
There are many factors that influence behaviour and many ways for policy to influence behaviour
(Kollmuss & Agyeman, 2002; Knott, Muers & Aldridge, 2008; Dolan et al., 2010; Zhang et al., 2016). Based
on these models, a conceptual model was created to guide this research (see figure 2.7).
The conceptual model is based on previous behavioural models from Ajzen et al. (1980), Kollmuss &
Agyeman (2002), De Vries et al. (2003) and Knott et al. (2008). In this model, behaviour is ultimately
determined by the intention of the individual, similar to the models from Ajzen et al. (1980) and De Vries
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et al. (2003). The intention is influenced by various factors. Firstly, intention is influenced by the perception
of one’s abilities. If someone is considering to behave in a certain way, their skills will influence their
intention (Ajzen et al., 1980). Secondly, intention is influenced by social and cultural norms. Someone can
be very positive towards environmental behaviour, but if pro-environmental behaviour is uncommon in a
society, someone’s intention will be affected (Ajzen et al., 1980; De Vries et al., 2003). Thirdly, intention is
influenced by someone’s attitude, as your attitude determines the kind of intention you develop towards
certain behaviour (Ajzen et al., 1980; De Vries et al., 2003). Your attitude towards something is also
determined by three factors. Firstly, biological factors such as age and gender play a role in your attitude
(De Vries et al., 2003). Secondly, your attitude is influenced by the emotions related to a certain topic
(Kollmus & Agyeman, 2002; De Vries et al., 2003). Thirdly, you can only develop a certain attitude towards
a subject if you are aware of the existence of such a subject. Awareness can be divided into knowledge,
cues to action and risk perception (Kollmus & Agyeman, 2002; De Vries et al., 2003). Your awareness is
dependent on the information you receive on a subject (De Vries et al., 2003). All these aspects are
highlighted in green.
These factors determine whether intentions result in behaviour. However, intentions to behave do not
automatically result in such behaviour, as certain barriers might be apparent. Barriers can be divided into
internal and external barriers (highlighted in red in figure 2.7). Internal barriers consist of old behaviour
and lack of intentions (Kollmus & Agyeman, 2002). Naturally, when someone does not have enough
intention to behave in a certain way, they will not do so unless forced to. Besides that, old habits can form
a barrier to new behaviour. External barriers consist of physical, economic and political barriers (Kollmus
& Agyeman, 2002). Physical barriers can physically obstruct the development of pro-environmental
behaviour. Likewise, a lack of financial resources can prevent pro-environmental behaviour. Lastly, the
institutional landscape, social and cultural norms can also affect the formation of pro-environmental
behaviour (Steg & Vlek, 2009).
It is important to realise that behaviour itself can also influence factors that influence behaviour, since
behavioural change is an iterative process. For example, when you behave in new ways, this will change
your perception of your abilities and might change internal barriers. This could also influence policy. If
policy manages to change behaviour as it desired to, how sustainable is that change? These factors are
important to acknowledge, but fall outside the scope of this research to take into account.
Policy influences various factors in this model. Firstly, policy can take away the external barriers that were
just mentioned. By providing subsidies, implementing better infrastructure and creating a beneficial
political environment, environmental behaviour can be stimulated. However, policy can also create
barriers for certain groups in the population if the policy does not achieve the intended result. Secondly,
policy can influence the information that is provided to stimulate environmental behaviour by engaging
with citizens and marketing campaigns. Thirdly, policy can directly influence the awareness of people by
giving examples of pro-environmental behaviour. Lastly, policy can influence social and cultural norms by
constantly and consistently promoting pro-environmental behaviour. Besides that, policy can have a
stronger effect on social and cultural norms by imposing certain behaviour via regulation and legislation.

29

Figure 2.7: Pro-environmental behaviour change and the influence of policy on green roof development. Green boxes indicate
factors that can influence behaviour both positively and negatively, red boxes indicate barriers that obstruct behaviour

This conceptual framework provides a solid basis to explain how policy on green roof development
influences pro-environmental behaviour (i.e. implementing green roofs). In order to properly research
how green roof policy influences behaviour, all factors and their relatedness have to be investigated.
However, researching all connections transcends the scope of this research. Focusing solely on behavioural
change is closely related to the psychological science field and less closely related to the spatial planning
science field. Therefore, this research focuses on the direct links between green roof policy and other
behavioural factors – social and cultural norms, information, awareness and external barriers.
However, researching all the direct relations between green roof policy and behavioural factors also
transcend the scope of this research due to time limitations. Researching the effects of policy on social
and cultural norms in general is too broad for this research. Only part of this topic are addressed, in the
external barriers section. Researching how green roof policy influences information is more related to the
communication science spectrum and thus also falls outside of the scope of this research. Therefore, two
relations between green roof policy and behavioural factors remain: awareness and external barriers.
These factors are directly influenced by policy. Awareness can be influenced by leading by example. For
example, the municipality of Utrecht has implemented green roofs on all the bus stops throughout the city
to raise awareness for pro-environmental behaviour (Mobilane, 2020). External barriers can be influenced
by policy in various ways. Physical barriers can be constructed or taken away. Economic barriers can be
taken away by policy via subsidies and other financial incentives. Institutional barriers can be overcome
via legal measures and other institutional procedures. Besides that, policy can change the societal and
cultural realm to construct or take away barriers.
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Taking these factors into consideration, this research focused on the relationship between green roof
policy and awareness and external barriers. Because it is not feasible to research these aspects for the
entire Dutch population, it is necessary to narrow down this research to a certain area. As explained in
chapter 1.2, the municipality of Rotterdam has the highest amount of green roofs in the Netherlands, both
in absolute numbers as well as per inhabitant (Gemeente Rotterdam, 2020b). Therefore, it is more likely
that inhabitants are aware of green roof policies and these green roof policies deal with the behaviour of
inhabitants of the municipality of Rotterdam, making it an appropriate municipality for this research.
Because there are too many factors influencing behaviour, it is too difficult to determine how exactly policy
influences certain aspects of behaviour, since there could be many confounders at play. Therefore, this
research looks how behaviour is dealt with in green roof policies, which can provide a basis for further
research into the influence of green roof policies on behaviour. Taking this into consideration and looking
at the conceptual model and the study area, the following research question has been formulated:
In what ways is the behaviour of inhabitants of the municipality Rotterdam dealt with in green roof
policies of the municipality of Rotterdam?
Taking into account the limitations of this research as mentioned above, this research only looks into the
factors of awareness and external barriers of behaviour. Therefore, the following sub-research questions
support answering this research question:
1. In what ways do policies of the municipality of Rotterdam deal with green roofs?
2. In what ways does the municipality of Rotterdam deal with green roof awareness of its inhabitants
in its policies?
3. In what ways does the municipality of Rotterdam deal with external barriers for implementing
green roofs in its policies?
4. What are important factors in green roof policies dealing with behaviour?
In the next chapter the methods to answer the sub-questions are discussed.
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3. Research methodology
3.1 Research area
This research aimed to determine in what ways the municipality of Rotterdam deals with the behaviour of
Dutch inhabitants through their green roof policies. However, since no research has been undertaken yet
to investigate the effect of green roof policies of the municipality of Rotterdam on behaviour, this research
was explorative. This study specifically explored how green roof policies deal with awareness and external
barriers that prevented desired behaviour, as explained in chapter 2.6. In order to gain as much in-depth
knowledge on this topic, a single-case study was most appropriate. Compared to multiple-case studies,
single-case studies are better to achieve a deeper understanding of a subject and enable the writer to
thoroughly describe the case (Gustafsson, 2017).
This research focused on Rotterdam, since this city has the highest uptake of green roofs within the major
cities of the Netherlands (see table 1.1). Since 2008, the municipality of Rotterdam has implemented an
incentive programme for green roofs. Besides that, they have formulated specific policy on green roofs
and made green roofs mandatory on all buildings that are owned by the municipality and are newly
developed (Mees & Driessen, 2011). These policies have resulted in a total of 400,000 m2 of green roofs in
2019 (Gemeente Rotterdam, 2020b) and iconic projects such as the green roof of De Peperklip, which is
7600 m2, making it the largest green roof in the Netherlands (Gemeente Rotterdam, 2020c). Therefore, it
is more likely that inhabitants are aware of green roof policies, which leads to more valuable insights on
how green roof policies deal with behaviour of inhabitants. These aspects make Rotterdam a frontrunner
on using vegetation as climate adaptation measures and therefore an interesting city for this research.
Other cities have also been considered, such as Utrecht. Because of the low uptake of green roofs in
Utrecht (see table 1.1), it could have been very interesting to compare Rotterdam and Utrecht. However,
this was not possible due to time constraints.
Since green roof policy in Rotterdam is formulated by the municipality of Rotterdam, the policy affects the
entire municipality. Therefore, the study area of this research was the municipality of Rotterdam, as shown
in figure 3.1.

Figure 3.1: Study area - municipality of Rotterdam (PDOK, n.d., edited by the author)
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3.2 Study population
The study population of this research consisted of two groups. The first group was related to the survey
and focused on inhabitants of Rotterdam. This group is referred to as ‘survey respondents’. The second
group was related to the interviews and consisted of experts. This group is referred to as ‘policy experts’.

3.2.1 Survey respondents
For the survey, inhabitants of the municipality of Rotterdam were approached. Inhabitants of Rotterdam
included all inhabitants of the municipality of Rotterdam above the age of 18. Someone was considered
an inhabitant of the municipality of Rotterdam if he or she lives in the municipality. Survey respondents
needed to be over 18 to give consent to take part in the survey. People who own a house are more likely
to invest in the house compared to people in rental housing (Miu & Hawkes, 2020) and are thus likely to
be more interested implementing green roofs. However, focusing solely on homeowners might limit the
study population too much. Therefore, all people above 18 who live in the municipality of Rotterdam and
own or rent a house could take part in the survey, to get a maximum study population. People in rental
houses might not provide as much information as private homeowners, but they could provide useful
information nonetheless. Especially the awareness part of the survey (annex 3) can still provide important
data. No distinction was made considering gender, socio-economic status or ethnic background, in order
not to limit down the study population and possibly reduce or miss out on interesting findings.

3.2.2 Experts
Policy experts included people who were involved in writing sustainability policies at the municipality of
Rotterdam. Policymakers should be aware of the current sustainability policies and should have insights in
the reasons why the policies are formulated as they are. Besides that, policy experts included academic
researchers who have undertaken research in the field of green roofs and policy. Such experts can critically
reflect on current sustainability policies and identify strengths and weaknesses. Lastly, policy experts also
included people or companies who implement and consult on green roofs. These people should be able
to identify barriers for the implementation of green roofs and reflect on how current policies could address
these barriers.

3.3 Data collection
This subchapter outlines how the data was collected for every sub-question.

3.3.1 Sub-question 1
The first sub-question is ‘In what ways do policies of the municipality of Rotterdam deal with green roofs?’.
A general overview of the green roof policies from the municipality of Rotterdam is given in chapter 4.2.
However, to answer the first research sub-question, it was necessary to dive deeper in these policies to
specifically look for external barriers and awareness. Therefore, a policy analysis was applied via a content
analysis. Content analysis is a useful way to determine certain trends in documents (Stemler, 2000) and is
thus useful to analyse the policy documents of the municipality of Rotterdam. The content analysis
followed a structure as proposed by Boréus & Bergström (2017). First, green roof policies of the
municipality of Rotterdam were selected. Secondly, the texts were read and an overview was provided.
Open codes were created based on these texts as well as a priori, based on literature. The open codes
were tested by revisiting the policy documents at a later stage. After that, axial coding was undertaken to
form new categories of the codes. The codes were then counted to create an overview of the importance
of different topics. These topics were then addressed in the expert interviews. A qualitative analysis of the
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outcomes of the policy analysis as well as the interviews was undertaken to come up with an answer to
the first sub-question. This answer was supplemented with the results from the survey among inhabitants.

3.3.2 Sub-question 2
The second sub-question is ‘In what ways does the municipality of Rotterdam deal with green roof
awareness of its inhabitants through green roof policies?’. Policies addressing green roofs are discussed in
chapter 4.2. In order to determine how green roof policies deal with awareness, it is important to recognise
the different aspects of awareness. As can be seen in figure 2.7, awareness consists of three different
aspects: knowledge, cues to action and risk perception.
Firstly, it was necessary to research what kind of knowledge, cues to action and risk perception on green
roofs there is and what aspects of these factors people are generally familiar with. In order to research
this, literature was studied to create a theoretical framework.
Secondly, a policy analysis was undertaken to determine in what way the municipality of Rotterdam aims
to increase the knowledge of inhabitants about green roofs, in what way they want to cue inhabitants to
action and in what way they use risk perception to achieve this.
Thirdly, in order to get a deeper understanding of the relationship between green roof policy and
awareness, in-depth expert interviews were conducted.
Lastly, to research in what ways green roof policies deal with awareness and how inhabitants perceive
green roofs, a survey was held amongst inhabitants and analysed.

3.3.3 Sub-question 3
The third sub-question is ‘’In what ways does the municipality of Rotterdam deal with external barriers for
implementing green roofs through policies?’’. This research investigated how policies deal with the four
types of external barriers as outlined in figure 2.7: physical, economic, political and social-cultural barriers.
The general research methods used per factor are mostly similar, but the physical factor differs from the
other factors and thus follows a slightly different research methodology. Economic, institutional and
social-cultural factors are more similar and follow the same methodology.
In order to research how green roof policies of the municipality of Rotterdam deal with external barriers
for the implementation of green roofs, it was important to delineate what kind of barriers exist. Firstly,
this was done by researching literature and creating a theoretical framework that discusses these barriers.
After the theoretical framework was created, a similar methodology was followed as for sub-question 2.
The policy analysis was undertaken to determine what the municipality aims to do to overcome these
barriers. This policy analysis was supplemented with in-depth interviews with policy experts to gain a
deeper understanding of existing barriers and the goals of green roof policies. To determine how these
policy documents deal with behaviour of inhabitants, it was necessary to conduct a survey among
inhabitants of the municipality of Rotterdam to determine to what extent green roof policy succeeds in
taking away external barriers for the implementation of green roofs.

3.3.4 Sub-question 4
The last sub-research question is: What are important factors in green roof policies dealing with
behaviour?. This question aimed to determine successful and less successful factors from the green roof
policies of the municipality of Rotterdam. To answer this research, a desk research in the form of a critical
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reflection on the previous sub-questions was undertaken. By combining the outcomes of the theoretical
framework, policy analysis, expert interviews and the survey it was possible to determine successful and
less successful aspects of green roof policies of the municipality of Rotterdam.

3.3.5 Data collection methods and respondent selection
This section explains the used methods, the order in which the methods were used, how the interviews
were undertaken and how the survey was distributed. As shown above, the sub-questions consist of
various aspects which are mutually exclusive, but the topics are relatively homogenous. Therefore, it is
possible and most convenient to distribute one survey that covers all topics mentioned above. Similarly,
the topics to be addressed in interviews can also be combined in the same interviews. A total overview of
the research methods can be found in figure 3.2.
Firstly, a theoretical framework was created. In this framework, a short overview was given on literature
on green roofs and greening the city. This provided input for the survey questions related to the second
sub-question. After that, an overview was made of average prices, physical requirements and external
barriers for the implementation of green roofs. These aspects gave more input for the survey questions
that are related to sub-question three.
Secondly, the theoretical framework was supplemented with a policy analysis on similar aspects:
awareness and external barriers. Policy documents that address sustainability and green roofs were
summarised and analysed.
Thirdly, policymakers from the municipality of Rotterdam, researchers, green roof companies and
consultants were interviewed. An interview blueprint (annex 1) was created as the basis for an interview
guide (annex 2). The following topics were covered in these interviews: green roof advantages and
disadvantages, barriers for green roof implementation and policy instruments to improve green roof
implementation. Interviews were undertaken before the survey, so that they could provide input for the
survey. Experts were chosen based on the policy documents read. A snowball sampling technique was
used after the first experts were chosen to find other relevant experts. In total, 9 interviews were
conducted, 8 via (video)call and 1 via mail because of Covid-19 restrictions. 5 experts worked either as a
private consultant or at a green roof company. 2 experts were researchers who have covered green roofs
in their research and 2 experts were policymakers in Rotterdam.
Fourthly, the survey was distributed after the first interviews with policymaker were completed and
enough data was gathered to form the survey. In the survey, the following topics were covered: physical
characteristics of people’s houses to determine whether green roofs can be implemented, the financial
situation of people and the feasibility of green roofs, experiences with institutional and social-cultural
barriers and awareness factors (annex 3). Because of the Covid-19 restrictions in the Netherlands,
distributing a physical survey was complicated. Therefore, survey respondents were selected via an online
‘convenience sampling’ method via social media platforms such as Facebook and LinkedIn.
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Figure 3.2: Overview of research methods

Using an Internet survey can be useful because it is quick and cheap, no prior information of respondents
is required (Kumar, 2019, p.191) and the results only include people who are actually useful for the
research (Kumar, 2019, p.307). This method of data collection is also useful because the survey
respondents are dispersed over a relatively large area – the entire municipality of Rotterdam. However,
an Internet survey also has some drawbacks, which include the exclusion of people without Internet access
and the fact that no regular random sampling method can be used. During distribution, the survey was
accompanied with a text that explains which people are appropriate for this research, so that only the
research population fills in the survey to try to overcome these problems. Nonetheless, several problems
arose after the results had been gathered. Firstly, there was an overrepresentation of people who live
outside the city of Rotterdam. Therefore, a distinction between urban and non-urban survey respondents
was made, which is elaborated below. Secondly, several other biases became clear, which is discussed in
the limitations of this research (chapter 5.6).
In total, 110 people valid responses were gathered. 96 of the survey respondents answered questions
about their characteristics and it can be confirmed that these respondents live in the municipality of
Rotterdam. It should be noted, however, that certain parts of the municipality are either overrepresented
or underrepresented. As can be seen from figure 3.3, Hoek van Holland was overrepresented (large green
circle on the left of the image). In total, almost a quarter of the survey respondents were from Hoek van
Holland. Even though Hoek van Holland is part of the municipality of Rotterdam, it has different geographic
and demographic conditions. For example, less than 2% of inhabitants of the municipality of Rotterdam
live in Hoek van Holland. This is a strong overrepresentation. This overrepresentation can be explained by
the fact that the network of the researcher consists of many people from Hoek van Holland. To overcome
this problem, a distinction is made between urban respondents (the city quarters of Rotterdam, inside the
red circle in figure 3.3) and non-urban respondents (outside the city of Rotterdam, outside the red circle
in figure 3.3) when results between these groups differ substantially. In contrast, neighbourhoods south
of the Maas, often referred to as Rotterdam South, are underrepresented. Only roughly 5% of the survey
respondents are from these neighbourhoods, compared to almost one third of the inhabitants that live
there.
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Figure 3.3: Geographical spread of survey respondents. Source of base layer: ArcGIS (2021).

3.4 Data analysis
Interviews were recorded in order to write literal transcriptions later. The content analysis was done using
the text analysis tool MAXQDA. Main themes could be identified by assigning codes to them and responses
were classified under the main themes (Kumar, 2019). Firstly, semi-open coding was done. After
constructing the theoretical framework, general themes were known to the researcher. To get the most
out of the data and not be restricted to previously determined codes, an open coding was conducted. This
has however been influenced by the precognition of the researcher, making the coding process not entirely
open. Segments with relevant data were distinguished and a list of codes was created as a first step
towards generating findings. Secondly, axial coding was used to evaluate the used codes, create sub-codes
where necessary and finally come up with a list of categories. Lastly, the researcher looked for connections
between categories via selective coding in order to come up with main themes (Boeije, 2009).
The survey was held online and is analysed via Microsoft Excel. Analysis mainly took place in the form of
descriptive statistics because of the explorative nature of this research. Because only a part of the
conceptual model is studied, inductive statistics to explain relations between variables are not used. The
survey not only looked into awareness and external barriers for green roof implementation, but also asked
for basic characteristics of people such as age, gender and income.

3.4.1 Validity and reliability
External validity would be achieved if the outcome of this research would be replicable, generalisable and
transferable to other cities. However, due to the explorative nature of this research, the results are not
generalisable. Replicability and transferability are hard to achieve in qualitative research and are not the
main focus of this research, but the research was described thoroughly to ensure replicability and
transferability where possible.
Similar to external validity, reliability is harder to achieve in qualitative research, but can be approximated
by keeping a close record of the research process. All the steps in the research process were closely
monitored and an extensive appendix helps to improve the reliability of the research.
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3.5 Ethical implications
Ethical implications can affect three parties: all the respondents of the research, the funding institute and
the researcher (Kumar, 2019). Possible ethical implications for these three parties are discussed below.
Besides that, it is discussed how secondary data is handled.

3.5.1 Respondents
It is essential to maintain the confidentiality of respondents. The main way to achieve this is to work with
informed consent. In both the interviews and the survey the respondents were made aware of the
information that the researcher wants from them and why the researcher wants this information. Besides
that, all respondents were instructed on how they are expected to behave in the study. For example, it
was elaborated how they are supposed to answer the questions and what time it would approximately
take them to do so. The main way to avoid any harm in this study was by processing all data anonymously.
All respondents have been made aware of these factors to provide enough information to make an
informed decision to give consent.
During the field work, it is important to handle sensitive data carefully. However, the researcher assumes
that the survey does not, or in a very limited way, discuss sensitive data. Sensitive data might be discussed
during the interviews, as the interviews give an insight to the interviewee’s company or municipality. All
data that can be described as sensitive in the interviews was anonymised. The experts did not want to see
the transcripts after the interviews, indicating a lack of sensitive data.

3.5.2 Researcher and funding institute
This research was carried out as part of the Master programme Urban Environmental Management at
Wageningen University (WUR). WUR has no direct financial contribution to this study. WUR does have
some control over the progress of this research, as this research is conducted under the supervision of
someone who works for WUR. However, this person cannot restrict the researcher in choosing research
methods or other ways.
The researcher has solely used the obtained data for this research and aimed to report the collected data
as objective as possible.
All in all, there was no conflict of interest.

3.5.3 Secondary data
Not only primary data, but secondary data is susceptible to ethical implications as well. The most important
ethical implication is plagiarism. During this research, plagiarism was avoided at all time. Besides that, this
research cannot be completed if it involves plagiarism due to the WUR guidelines.
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4. Results
This chapter outlines the results that were gathered from the applied research methodologies. The results
lay the foundation for an answer to the first three research question, which are formulated in the
discussion. To put the outcomes in the right perspective, this chapter first provides an overview of the
Dutch planning history in general (4.1). After that, a short summary of the analysed policies is given (4.2).
Chapter 4.3 looks into the first sub-question. This question is answered with a content analysis that dives
deeper into the policies to determine what they focus on and how they relate to this research (4.3). The
policy analysis is supplemented with expert interviews. The second (4.4) and third (4.5) research question
also consist of a policy analysis and expert interviews, but are complemented with results from the survey.
Chapter 4.6 summarises the outcomes and compare them to chapter 4.1.

4.1 Dutch planning history
Before discussing the results of the field work to answer the research questions, a short overview is given
of the Dutch planning history to contextualise the results that were gathered.

4.1.1 1945- 1960
After the Second World War, the Netherlands required large quantities of housing to rebuild the country.
Therefore, planning mainly involved a top-down perspective using zoning maps and land-use regulations,
giving governments the power to prevent undesired forms of land use (Tisma & Meijer, 2019). This
resulted in low-density neighbourhoods which consisted mainly of public housing in the form of flats and
row-houses, where every-day facilities and vegetation were mainly focused in the neighbourhood centres
(Lörzing, Harbers & Schluchter, 2008; Wagenaar, 2011). Examples include Moerwijk (Den Haag) and
Slotermeer (Amsterdam; Lörzing et al., 2008). The new neighbourhoods were mainly focused on car usage,
as car ownership had spread rapidly after the Second World War (Wagenaar, 2011). Besides that, urban
functions were mostly segregated (Lörzing, et al., 2008). As a consequence, inner cities were prone to
plans to make them more accessible for cars at the cost of historical aspects (Wagenaar, 2011).

4.1.2 1960-1985
In 1960, the First National Spatial Planning Policy (Eerste Nota Ruimtelijke Ordening) was issued and
focused on outward expansion of the Randstad. This expansion aimed to expand small or medium-sized
cities near bigger cities, so that these ‘overflow cities’ could become independent cities themselves. This
was the start of the Dutch New Town planning policy (Groeikernenbeleid) (Spoormans, Navas Carrillo,
Zijlstra & Pérez Cano, 2019), which was further developed with the Second (1966) and Third (1974)
National Spatial Planning Policy (Tweede en Derde Nota Ruimtelijke Ordening). These policies further
elaborated on state-led ‘bundled deconcentration’ (gebundelde deconcentratie). Initially, only a few New
Towns were allocated, mainly in Zeeland, to accommodate projected growth from the harbour and
industry. Later, more New Towns were allocated in order to form new cores near the existing urban
regions. Examples are Alkmaar, Capelle aan den IJssel and Nieuwegein (Zonneveld, 1991).

4.1.3 1988-2006
The traditional top-down, government-led planning approach from the initial National Spatial Planning
Policies had led to an increase in low-density suburbs, towns and cities dominated by car use. This led to
a call for a more integral planning approach, taking into account economics, a dynamic society and
including citizen participation (Tisma & Meijer, 2019). The government attempted to achieve this by
issuing the Fourth National Spatial Planning Policy (Vierde Nota Ruimtelijke Ordening) in 1988, which was
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complemented in 1992 with the Fourth National Spatial Planning Policy Extra (Vierde Nota Ruimtelijke
Ordening Extra).
This policy aimed to overcome the problems created by previous policies by reducing car use, focusing on
concentrated urban expansion, including less public housing and more owner-occupied housing based on
market typologies (Tweede Kamer der Staten-Generaal, 2007; Wagenaar, 2011). As a result, a more
decentralised approach was created in which the National Government only allocated a few expansion
areas and the majority of the policy was worked out by local municipalities. Examples of these so-called
‘Vinex-locations’ are Leidsche Rijn (Utrecht) and Ypenburg (Den Haag) (Tweede Kamer der StatenGeneraal, 2007). These Vinex-locations are more focused on their own strengths and competitiveness,
which reflected a new international paradigm: the Welfare state was something of the past, the focus
shifted towards promising parts of the economy (Wagenaar, 2011).

4.1.4 2006 and further
The shift towards decentralisation of the Dutch planning system was continued in 2006, when the Spatial
Planning Policy (Nota Ruimte) was accepted by the government. The main principle of this policy was
‘central where necessary, decentral where possible’ (Tweede Kamer der Staten-Generaal, 2004), shifting
most of the planning responsibilities towards provinces and local municipalities (Tisma & Meijer, 2019).
This Spatial Planning Policy was further materialised in the Spatial Planning Act (Wet Ruimtelijke ordening)
in 2008. This Act has since been the legal foundation for Dutch spatial planning, which aims to decrease
the hierarchical planning structure even more and further increase the responsibilities of municipalities
(Kamphorst, Pleijte, Kistenkas & Kersten, 2008). The goal was to increase the overall competitiveness of
the Netherlands, ensuring vital urban and rural areas and improving safety (Tweede Kamer der StatenGeneraal, 2004). Spatial planning is no longer focused on controlling, but rather on stimulating and
supporting (Tisma & Meijer, 2019) and puts the user central (Ministerie van Infrastructuur en Milieu,
2012). The combination of decentralisation and recent developments such as the development of a
sustainable economy, smart cities, urbanisation and growing mobility (Wagenaar, 2011; Tisma & Meijer,
2019) have caused uncertainties about the future of the landscape in the Netherlands (Tisma & Meijer,
2019).
Since 2020, a new National Spatial Planning Policy has been issued: the National Environmental Vision
(Nationale Omgevingsvisie). The national government acknowledges that there are new challenges that
are too big for municipalities or provinces to tackle, such as the energy transition and the construction of
one million houses before 2030. In order to overcome these challenges, the national government wants
to take on a more controlling role than it has done in the last two decades. For now, it does so by
appointing locations which are meant for specific development such as houses or windmills (Rijksoverheid,
2020).
All in all, ‘’the welfare state with a centralised spatial planning system supported by “hard” (financial and
regulation) instruments gradually transformed into a decentralised planning system with “soft” (guidelines
and stewardship) planning instruments’’ (Tisma & Meijer, 2019, p. 276) and currently the government is
slowly shifting back towards a more centralised spatial planning system (Rijksoverheid, 2020).

4.2 Summary of policies from the municipality of Rotterdam
This section outlines the sustainability policies of the municipality of Rotterdam. First, in chapter 4.2.1 an
outline is given of general sustainability policies, namely the ‘Rotterdams WeerWoord’ (2019) and the
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‘Duurzaamheidskompas’ (2019). The ‘Rotterdams WeerWoord’ policy focuses more on climate
adaptation, whereas the ‘Duurzaamheidskompas’ provides an overview of all sustainability policies. After
that, policies on greening the city are discussed (4.2.2), which are ‘Rotterdam gaat voor groen’ (2019) and
‘Een groene sprint’ (2020), which is a reflection on the ‘Rotterdam gaat voor groen’ policy. Lastly, the
‘Programmaplan voor Multifunctionele Daken 2019-2022’ (2019) policy is discussed (4.2.3). This policy
outlines the various possibilities to use roofs more efficiently, including green roofs and focuses more on
actions to achieve the goals set out in the more general sustainability policies – Rotterdams WeerWoord
and Duurzaamheidskompas.

4.2.1 Sustainability policies
Rotterdam values sustainability and climate adaptation because Rotterdam is a vulnerable city due to its
geographical characteristics. Located in a delta with altitudes as low as almost 6 meters below sea level
(PDOK, n.d.), a rising sea level poses a serious threat due to the increased likelihood of floods (Gemeente
Rotterdam, 2019c; Gemeente Rotterdam, 2019d). Besides that, Rotterdam will face more tropical days
(>30oC), droughts, heavy rainfall and high water in the future (Gemeente Rotterdam, 2019d).
These changes can basically be categorized into four topics: Rotterdam will get warmer, wetter, the sea
level is rising and more droughts will occur (Gemeente Rotterdam, 2019d). In order to cope with these
changes, the municipality has formed five basic rules (Gemeente Rotterdam, 2019c):
1.
2.
3.
4.
5.

We have to learn and facilitate innovation
We have to make use of synergies
We have to provide legislation
We have to give the right example
We do it together with citizens and partners from Rotterdam

This last point is particularly important. Because Rotterdam owns only 40% of the land, it is dependent on
the cooperation of other parties for the implementation of sustainability practices (Gemeente Rotterdam,
2019b; Gemeente Rotterdam, 2019c; Gemeente Rotterdam, 2019d). Due to this fact, Rotterdam is now
focusing more on small projects that include inhabitants of the city rather than large scale projects that
only involve the municipality (Gemeente Rotterdam, 2019d). However, the other points also indicate that
the municipality wants to use policy instruments such as imposing regulation and leading by example.
Main interventions the municipality can undertake to increase sustainability include replacing hard
surfaces, installing services in less vulnerable areas and increasing the amount of vegetation in the city
(Gemeente Rotterdam, 2019c; Gemeente Rotterdam, 2019d). The policies in the next section focus on
increasing the vegetation in the municipality.

4.2.2 Greening the city policies
As mentioned in the ‘Rotterdams WeerWoord’ and the ‘Duurzaamheidskompas’, the municipality of
Rotterdam sees greening the city as a way of climate adaptation. Therefore, they have formulated specific
policy on greening the city. The main goal of this policy is to implement 20 hectares (200.000 m2) of
vegetation in the city between 2019 and 2022 (Gemeente Rotterdam, 2019b, Gemeente Rotterdam,
2020a). This can be achieved by creating parks and boulevards, but also by greening neighbourhoods
(Gemeente Rotterdam, 2019b). In order to reach their goal, the municipality formulated four pillars: green
working locations, green in public spaces, green nearby the house and green roofs.
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By the beginning of 2020, 8,9 hectares
(89.000 m2) of vegetation were already
realised (Gemeente Rotterdam, 2020a).
By ‘realised’ the municipality means
implemented or part of definite plans.
Figure 4.1 shows the realised and
expected hectares for green nearby
homes (upper left), green roofs (upper
right), green in public spaces (bottom
left) and green on working locations
(bottom right). The municipality aims to
realise the remaining hectares via
subsidies, giving the right example and
providing
information
(Gemeente
Rotterdam, 2020a).
As can be seen from figure 4.1, 2.8 out of
8 hectares of vegetation on roofs has
been implemented (upper right). This
means 5.2 hectares of vegetation still
need to be implemented on roofs to
reach the goals of the municipality
(Gemeente
Rotterdam,
2020a).
Rotterdam
has
1800
hectares
(18.000.000 m2) of roofs. Not all of this
can be used for green roofs due to their
physical characteristics, but it shows the
potential of Rotterdam (Gemeente
Rotterdam, 2019b). Currently, 400,000
Figure 4.1: Results and goals for greening the city per hectare
m2 of roofs are green roofs (Gemeente
Rotterdam, 2020b). The municipality tries to increase this number by subsidising the implementation of
green roofs. There is a climate adaptation subsidy of €15 per square meter for people, developers and
housing corporations that want to create a green or water retaining roof (Gemeente Rotterdam, 2019b;
Gemeente Rotterdam, 2020a). Besides that, there is an information point where people can ask their
questions and large example projects will be stimulated by the municipality. Examples of such large
projects are the Dakpark, a 1200 m2 green roof that was opened in 2014 (Dakpark Rotterdam, n.d.) and
more recently, De Peperklip got a green roof of 7000 m2 that focuses on biodiversity (Resilient Rotterdam,
2020). Moreover, a collaboration with Rooftop Revolution on local scale aims to stimulate local
inhabitants.

4.2.3 Green roof policy
An important part of the sustainability policy of the municipality of Rotterdam is using roofs more
efficiently. Therefore, they have formulated specific policy for the use of roofs called ‘Programmaplan voor
Multifunctionele Daken’. In this policy, they specify seven different types of roofs, of which green roofs is
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one of the most important types. Other types of roofs include blue roofs that focus on water retainment
and yellow roofs that focus on energy generation (Gemeente Rotterdam, 2019a).
The rise of multifunctional roofs in Rotterdam was possible because the rooftop landscape of Rotterdam
consists of many flat roofs due to the reconstruction of the inner city after the Second World War. Besides
that, the city has many buildings with a large roof surface. The ‘Programmaplan Multifunctionele Daken’
aims to further improve the use of these roofs to reach a total of 1.000.000 m2 of multifunctional roofs,
whilst simultaneously maintain the quality of public space. This should lead to lower CO2 emissions, better
air quality, less flood risk and more available space for the construction of new buildings (Gemeente
Rotterdam, 2019a).
However, even though the physical characteristics might be favourable for green roof implementation,
there are some challenges. The municipality of Rotterdam does not only own a small part of the land, they
also own a very small part of the roofs in the city. Therefore, the municipality has to cooperate with many
different parties and their role is mainly to inform, facilitate, stimulate and where possible oblige. In the
‘Programmaplan Multifunctionele Daken’, the municipality has stated that the first few years of green roof
implementation were focused on providing subsidy. They will maintain to provide these subsidies, but
complement them with information and education. On the long term the municipality will resort to
creating legislation that obliges the laggards to catch up (Gemeente Rotterdam, 2019a).

4.3 Sub-question 1
The summaries of the policy documents give an overview of the policies that have been implemented over
time to make the municipality of Rotterdam more climate adaptive and make sure the rooftops in
Rotterdam are used more often and more effectively. Chapter 4.1 showed that the Netherlands currently
has a decentralised governance style. This chapter dives deeper into the policy documents to find out what
kind of policy instruments the municipality wants to adopt to achieve their goals for green roofs. Besides
that, the interviews with experts and the results from the survey were used to reflect on the policies. This
should provide an answer to sub-question 1: ‘’In what ways do policies of the municipality of Rotterdam
deal with green roofs?’’. Firstly, an outline of the focus of the policy documents is provided. An overview
of all the codes that were used in the content analysis can be found in annex 4. Secondly, the different
policy instruments that the municipality uses are discussed and compared to the results of the expert
interviews and the survey.

4.3.1 Focus of the policy documents
Figure 4.2 shows the different themes that were used during the coding and in which documents they
were mentioned. The focus of the policy documents can be seen from the colours of the boxes, as light
blue indicates a code was only mentioned a few times, whereas bright red indicates a code was mentioned
more often. When looking at the figure 4.2, two things stand out. Firstly, there is an emphasis on
‘awareness’ in all policy documents. Especially the ‘Rotterdams WeerWoord’ has a strong focus on
awareness. Awareness addresses knowledge, cues to action and risk perception. Secondly, external
barriers were hardly covered by the policy documents and were not covered at all in some documents.
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Figure 4.2: Overview of themes per policy document

4.3.2 Policy instruments
The previous paragraph showed that there is a focus on awareness in the policy documents. This is further
elaborated in chapter 4.4. This chapter focuses on policy instruments. As can be seen in figure 4.3, the
policy instrument that was addressed most often is financial incentives. Besides that, communication and
information, leading by example and cooperation are other policy instruments that were mentioned often.
Regulation was mentioned less often. The focus on more supportive policy instruments is in line with the
current Dutch spatial planning style, which focuses less and less on controlling (Tisma & Meijer, 2019).

Figure 4.3: Policy instrument per policy document

Financial incentives
The most important policy instrument discussed is the use of financial incentives. Financial incentives were
mostly in the form of subsidies. The municipality stresses that they have been stimulating green roof
implementation with subsidies for years (Gemeente Rotterdam, 2020a). The fact that the municipality
places so much emphasis on financial incentives is reflected by the fact that they have allocated €12,5
million for the implementation of vegetation (Gemeente Rotterdam, 2019b) and emphasised that they
were the first municipality to implement a subsidy (Gemeente Rotterdam, 2019a).
This subsidy, however, has changed from a specific green roof subsidy to a more general climate
adaptation subsidy. The total subsidy available for green roofs has thus lowered. Currently, only €500,000
is available for climate adaptation subsidies, which is not fully reserved for green roofs (Gemeente
Rotterdam, 2019e). As such, even though financial incentives are mentioned most often as an important
policy instrument, the availability of this instrument is rather low.
The fact that the subsidy is rather limited is problematic, as outlined in the expert interviews and survey.
Out of the 9 policy experts who were asked about the use of financial incentives to encourage green roof
implementation, 7 indicated that financial incentives in the form of subsidies can help to encourage the
implementation of green roofs (E1-7):
‘’It helps a lot… and it is a justified subsidy, since it does not only concern your roof. It functions as
water retention, captures CO2, the whole city profits. The municipality profits from it as well, so it
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makes sense if they pay for it too. Instead of the inhabitant paying for CO2 reduction even though
he uses a shared car’’ (E6)
Respondents of the survey also stressed the need for financial incentives. Financial incentives for residents
was considered the second most important measure to increase the amount of green roofs in Rotterdam,
after implementing regulations. Financial incentives for companies were valued less important by survey
respondents (annex 6, question 17). Coincidentally, the instalment cost of green roofs was considered the
biggest barrier for green roof implementation (chapter 4.5). This combination suggests that financial
incentives are necessary for green roof implementation.
The fact that the subsidy has been lowered is not the only problematic aspect of this policy instrument.
Several experts had remarks on the use of subsidies by the municipality of Rotterdam. Expert 3 indicated
that subsidies should be focused more on helping people that need it. Similarly, expert 4 stated that it
would be interesting to research if it is possible to spread subsidies geographically and emphasise lowincome areas. This is important, because with the current subsidies ‘’people in Kralingen will live better
than they already did, whilst in the highly urbanised areas… the gap just gets bigger and bigger’’ (E4).
Alternatively, it could be interesting to research the possibility to offer special subsidies to housing
corporations, to enable large scale green roof implementation (E6).
Some experts also highlighted that the subsidies of the municipality of Rotterdam are not always as
effective as they are aimed to be. For example, expert 1 stated that ’’the financial stimulus is there, it’s just
that not enough people know how to find it. Besides that, the stimulus is not enough to move people’’.
Moreover, expert 3 questioned if the subsidies lead to the result they intended. Survey respondents
indicated that green roof procedures and permits can be complex and almost half of the respondents do
not know about regulation and permits. Besides that, the survey showed that respondents value financial
incentives, but instalment costs are still a major barrier (chapter 4.5). These results support the statement
of experts 1 and 3.
The financial incentives mentioned above are direct financial incentives in the form of subsidies. Indirect
financial incentives were also discussed in the interviews, but experts were less familiar with this form of
incentive. Some experts highlighted that indirect financial incentives are interesting to look into and
explore as a future measure (E1 & E4). Expert 1 argued that it would be helpful if there was a loan to buy
a green roof, but the loan would be coupled to the building the green roof is implemented on rather than
to the person who implemented the green roof. Lowering wastewater fees was also mentioned, but expert
6 explained that this measure would be difficult to implement, only results in a small discount for people
and the people that did not use water retention measures would have to pay more to compensate the
lowered wastewater fees.
Communication and information
Another important policy instrument to influence awareness is using communication and information. The
municipality wants to spread information via websites, but also by being present on events and
information nights (Gemeente Rotterdam, 2019d; Gemeente Rotterdam, 2020a). This way, the
municipality wants to provide information for inhabitants, but also get in contact with them to
communicate and work on a smaller scale. The municipality uses people such as project managers,
ecologists, civil servants from the maintenance department and people from the communication team to
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get in contact with people. The combination of top-down and bottom-up communication should lead to a
wide audience and as such, to more implementation.
Experts also stressed the importance of communication and information. This policy instrument was
discussed with 8 experts and all of them agreed that communication and information are important for
the implementation of green roofs. Almost 90% of the survey respondents agree that raising awareness
can help to increase the amount of green roofs in Rotterdam (annex 6, question 17).
Experts indicated that communication and information provision led to higher awareness of inhabitants
and thus take away perceived barriers. Moreover, more awareness could result in a word of mouth
promotion, which would lead to more green roofs. Several experts stated that promotion is a useful way
to inform people about green roofs, mostly in the form of campaigns (E1, E4, E6, E7 & E9). Experts 5 and
7 talked about tours on roofs and information nights as more direct and effective ways to raise awareness
for green roofs. The survey did not address green roof tours, but several survey respondents did leave
remarks about the Rotterdamse Dakendagen, a yearly green roof festival. Moreover, more than half of the
survey respondents indicated that they have visited green roofs on buildings of companies (annex 6,
question 19). It is not clear how this has influenced the awareness of survey respondents.
However, some experts indicated that the communication of the municipality of Rotterdam has to be
improved. Currently, municipal websites providing information on green roofs are too complex and not
insightful enough (E1, E3 & E7). Besides that, there are too many ‘sources of information’, rather than one
strong and compelling narrative: ‘’the information channels of the municipality are a state of total
confusion. No mortal can get through those websites. Because of the communication’’ (E7). The
miscommunication is further aggravated by the fact that the information is not created for the right
audience, as expert 3 explains:
‘’For example, the Rotterdam Water Sensitive document is really a civil servant document.
Internally it is very valuable, but I wonder if there is a single inhabitant in Rotterdam who thinks he
or she lives in a Water Sensitive City. They don’t care, they just want to see Feyenoord play. So
that’s a big mismatch’’.
To resolve this problem, experts stated that the communication should be simplified (E1) and the
municipality should create a clearer narrative (E3). Respondents of the survey indicated that they do not
think that green roofs are a complex topic (annex 6, question 13). However, most survey respondents
received information about green roof from other parties than the municipality (annex 6, question 19).
Leading by example
Besides financial incentives and communication and information, the municipality considers leading by
example an important policy instrument. The municipality wants to support the creation of example
projects, which should inspire people to undertake action (Gemeente Rotterdam, 2019b). Moreover, the
municipality wants to make sustainability a basic condition for projects, to give the right example
(Gemeente Rotterdam, 2019c).
Several experts highlighted the importance of example projects, since people will memorise information
better if it is combined with an example project (E2, E5 & E6). For example, demonstration projects can be
combined with information provision to maximise effectiveness. More than half of the survey respondents
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indicated that either seeing or visiting green roofs contributed to their experience with green roofs,
indicating the usefulness of example projects (annex 6, question 19).
Regulation
In line with the Dutch shift towards decentralisation and liberalisation, the municipality currently focuses
on stimulating and raising awareness rather than enforcing. Regulations as a policy instrument was only
mentioned 6 times, of which 1 time was to explicitly stated that enforcement of rules is not how the
municipality wants to achieve a more climate adaptive city: ‘’Change is not based on coercion, but because
change is appealing and is offered in an attractive way’’ (Gemeente Rotterdam, 2019d, p.50). There are
some regulations for sustainability concerning new construction. For existing buildings, the municipality
mainly proposes guidelines (Gemeente Rotterdam, 2020a). Besides that, regulations can be used to
motivate the late majority of people (Gemeente Rotterdam, 2019a). A reason that the municipality does
not enforce many regulations is because the majority of regulations are formulated on a national level
(Gemeente Rotterdam, 2019a).
The lack of commitment from the municipality to apply regulation is in contrast with the outcomes of the
expert interviews. All experts touched upon the topic of regulation and several experts indicated that
regulation can be an effective way to improve the amount of green roofs in Rotterdam (E1-4 & E6-8).
Respondents of the survey supported this, as regulation was considered the most effective way to increase
the amount of green roofs (annex 6, question 17). 6 experts highlighted the use of regulation in new
construction (E1-3, E5, E7 & E9). It is relatively easy for the municipality to impose rules on project
developers who are constructing new buildings. These rules can be quite strict, for example by demanding
that a roof has to be used for a certain goal such as climate adaptation or energy generation. But rules can
also be less strict and function more as a performance indicator. For example, requiring buildings to store
a certain amount of water on the plot imposes climate adaptation measures, but gives architects and
developers the freedom to create their own designs (E4 & E5).
Therefore, some experts pointed out that there is still room for improvement (E1-4, E6 & E8). Rotterdam
has many buildings that are fit for green roofs (Gemeente Rotterdam 2019a), but there is too limited use
of regulation to encourage green roof implementation in the renovation of buildings. One quarter of the
survey respondents supported this, as they stated that the municipality dedicates too little effort to
imposing regulation. 40% of the respondents did not know how much effort the municipality dedicates to
imposing regulation (annex 6, question 18). Moreover, some experts argue that the rules for new
construction are also too loose:
‘’I think Rotterdam takes too long to make a clear statement. The incorporation of roof regulations
in new construction is mediocre. Yes, good things happen in Rotterdam, but to me it seems more
like an incident rather than the result of clear policy’’ (E3).
The civil servants that were interviewed agreed that regulation is lacking for the implementation of green
roofs in renovation and could be better for new construction. However, the municipality is confronted
with a lack of legislative power to implement stricter regulation. They are subject to national legislation.
Even though the municipality tries to influence legislation on higher levels, the legal framework prevents
municipalities from imposing rules that are stricter than the national rules (E8). Besides that, it is difficult
to formulate legislation that does not negatively affect people who can’t afford green roofs (E5).
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Cooperation
Besides the policy instruments that were determined according to the theoretical framework (chapter
2.3), the municipality stressed another instrument that they think is very important for the
implementation of green roofs: cooperation. The idea is that a variety of actors is responsible for the
development of rooftops, since these actors can learn from, inspire and stimulate each other. The content
analysis shows that cooperating with other actors is one of the main policy instruments the municipality
wants to apply. The municipality wants that all inhabitants can participate in climate adaptation
(Gemeente Rotterdam, 2019d) and considers climate adaptation a shared responsibility: ‘’Inhabitants,
companies, housing corporations and the municipality together ensure that gardens, streets, parks, roofs
and schoolyards become even greener. It is good to see that everyone enthusiastically thinks about green’’
(Gemeente Rotterdam, 2019d, p.1).
The reason that the municipality focuses so much on cooperation is because the municipality owns less
than half of the (exploited) land in Rotterdam and thus relies on cooperation with other actors (Gemeente
Rotterdam, 2019b; Gemeente Rotterdam, 2019c; Gemeente Rotterdam, 2019d). Cooperation should
function as a leverage that leads to co-financing of other actors.

4.4 Sub-question 2
To answer the second sub-question, a policy analysis, expert interviews and a survey were undertaken.
Since the second sub-question focuses on awareness, this section outlines the aspects of knowledge, cues
to action and risk perception (figure 2.7). The second sub-question is: ‘’In what ways does the municipality
of Rotterdam deal with green roof awareness of its inhabitants in its policies?’’. Firstly, an overview of how
often the factors of awareness were addressed in the policy documents is provided. Secondly, it is
discussed in what ways the municipality deals with awareness factors in their policies and compare it with
the results of the expert interviews and the survey.

4.4.1 Awareness in the policy documents
The policy analysis aimed to look at how policy documents of the municipality that address green roofs
deal with the different aspects of awareness: knowledge, risk perception and cues to action. The previous
section showed that awareness is the main focus of the policy documents, but that its focus on awareness
differs per policy document.
The more general policy documents, ‘Rotterdams WeerWoord’ and ‘Duurzaamheidskompas’ focus quite
equally on the three different aspects (figure 4.4). The greening policies and the program for
multifunctional roofs are focusing more on the ‘knowledge’ aspect, which in most cases means discussing
the benefits of green roofs, and focus less on cues to action and risk perception.

Figure 4.4: Awareness codes per policy document
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4.4.2 Awareness factors
As can be seen above, knowledge is the aspect of awareness that was mentioned most often in the policy
documents. However, cues to action and risk perception were also mentioned often. This section outlines
the main outcomes of the policy analysis, expert interviews and survey for all three aspects. The full survey
results can be found in annex 6 and a more elaborate discussion on differences between urban and nonurban respondents and topics covered less extensively can be found in annex 7.
Knowledge
When looking at knowledge, several codes were made ‘a priori’ (annex 4). What stands out is that the
benefits of green roofs are covered extensively in the policy documents. In contrast, the price, different
layers and the difference between extensive and intensive green roofs are only briefly touched upon
(figure 4.5). An overview of the most important advantages and disadvantages mentioned in the survey is
shown in figure 4.6.

Figure 4.5: Knowledge aspects mentioned in policy documents
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Figure 4.6: Responses of inhabitants to statements on the advantages and disadvantages of green roofs

The benefit that is mentioned most often in the policy documents is the water retention capacity of green
roofs. This can be related to the fact that flooding was mentioned most often as a climate change risk. The
water retention capacity was mostly referred to as a ‘buffer’ for the city: ‘’Green roofs store water during
heavy rainfall. In total they store 9 million litres of water, almost 4 Olympic swimming pools. In doing so,
they heavily contribute to the water task of Rotterdam.’’ (Gemeente Rotterdam, 2019a, p. 8). Since the
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green roof programme was started as a ways to support the sewerage system, it is clear that the water
retention capacity of green roofs is considered an important benefit by the municipality of Rotterdam. The
experts discussed water retention less often, only as a benefit they recognised but not as a benefit
inhabitants could perceive. This partially aligns with the results from the survey, as some survey
respondents did not know the effect of green roofs on water retention. However, the majority of the
survey respondents agreed that green roofs help to decrease flooding (figure 4.6).
Another important benefit is that green roofs improve the aesthetics of the city. It is mentioned that green
roofs can improve the work and living environment, because it makes the environment ‘’more attractive,
which is important for employers’’ (Gemeente Rotterdam, 2019b, p.5). Besides that, ‘’green roofs have
many advantages, they literally make the city greener’’ (Gemeente Rotterdam, 2020a, p.10). This benefit
was also mentioned most often and most clearly as a possible benefit for inhabitants during the expert
interviews: ‘’people say the view is fantastic’’ (E1). These results align well with the results from the survey,
as there were almost no survey respondents disagreeing with the aesthetic value of green roofs (figure
4.6).
Besides water retention and aesthetics, improved biodiversity is mentioned often. The municipality states
that green roofs can improve biodiversity because it creates more green areas, making animals feel more
at home in the city. Besides that, green roofs can ‘’contribute to connecting natural areas and increase
biodiversity‘’ (Gemeente Rotterdam, 2019a, p. 10). This benefit was also mentioned during expert
interviews, although the experts questioned to what extent inhabitants actually perceive this benefit. The
survey showed that inhabitants do perceive this benefit, as almost 90% agreed that green roofs can
improve biodiversity and no survey respondent disagreed (figure 4.6). Especially urban respondents
agreed strongly with this statement (annex 7, figure A6).
There are 3 benefits that are mentioned several times: the fact that green roofs can create new options
for sport and recreation, the health benefits that green roofs provide and its role in tackling the Urban
Heat Island effect. The latter was also mentioned during the expert interviews. The survey showed that
respondents also consider green roofs a good measure to cool the air, but there were also several
respondents that did not know if green roofs can do so. Survey respondents responded very positively to
the capability of green roofs to increase mental health (figure 4.6).
Improved roof life, improved value of real estate and CO2 reduction were mentioned less often. Improved
value of real estate was also covered in the survey. Survey respondents agree that green roofs positively
affect real estate value, but did not agree as much as compared to topics such as biodiversity and
aesthetics (figure 4.6). These topics were not discussed during the expert interviews.
The expert interviews also discussed benefits of green roofs that inhabitants may perceive that were not
mentioned by the municipality. For example, experts mentioned ‘doing the right thing’, which is an
intrinsic motivation for people to show that they are doing ‘something good’: ‘’People want to post it on
Facebook. It’s the same with solar panels, it’s a classic motivation’’ (E9). Other advantages that were
mentioned are that green roofs can bring back nature into the cities (E6) and the fact that the variety of
advantages create a strong synergy (E4). These benefits were not addressed in the survey.
The municipal green roof policy documents also mention the fact that green roofs could provide an
outcome to green the city and create new space, without further pressurising the already dense ground
space. The policy documents mention some barriers and disadvantages to implementing green roofs. For
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example, the financial resources are limited for implementing green roofs. Besides that, green roofs impact
the water balance in the city. Green roofs might increase the need for water in summer due to irrigation
and green roofs increase the storage capacity of rainwater. This can be disadvantageous in several areas
of Rotterdam in which ground water levels are already high.
The expert interviews discussed potential disadvantages of green roofs more elaborately. The major
disadvantages that were mentioned are the fear of roof leakage and the fear that green roofs attract
insects or rodents: ‘’biodiversity is considered an advantage, but can also be seen as a disadvantage by
people. I might like it when there are bats fluttering on my roof, but there are also people who don’t like
that’’ (E6). However, the survey showed that almost half of the people disagree that green roofs cause a
nuisance of insects and rodents. Fear of leakage also did not clearly appear as a disadvantage for people,
as almost half of the survey respondents filled in ‘do not know’ for this statement (annex 6, question 13).
Experts also considered the high costs and required maintenance a disadvantage for inhabitants. Besides
that, expert 7 was somewhat sceptic if green roofs and their advantages are known to the public at all: ‘’if
you ask someone on the streets what a green roof is, they will say: you mean with moss on it? Is that a
thing?’’ (E7). High costs is also a disadvantage that emerged in the survey, as approximately 37% of the
survey respondents agreed that green roofs are expensive, whereas only roughly 17% disagreed (figure
4.6). There were some discrepancies between urban and non-urban respondents regarding the costs of
green roofs, as more than half of the non-urban respondents stated that green roofs are expensive,
compared to less than a third of the urban respondents (annex 7, figure A6).
The majority of the codes related to knowledge are about the benefits of green roofs. Besides that, many
segments of text from the policy documents were labelled ‘solutions to combat climate change’. The
municipality did not only discuss the risks that climate change poses, but also possible solutions. The policy
documents mainly address solutions for flood risk, possibilities to apply vegetation and using local
solutions. Moreover, the policy documents stress that these solutions do not have to compete with each
other, but can coexist and create synergies.
It is not only important how often, but also in what ways the municipality aims to deal with knowledge of
inhabitants about green roofs. The codes ‘knowledge’ and ‘solutions to combat climate change’ merely
relate to facts about green roofs and possible climate adaptation solutions. These segments of text hardly
address how the municipality wants to achieve these solutions. In order to find out how the municipality
wants to influence the knowledge of inhabitants, the different policy instruments have to be analysed in
combination with the code ‘knowledge’. These segments of texts are discussed below.
When looking at the policy instruments that are related to the code ‘knowledge’, there are 11 segments
of text to be analysed. Most of these segments are linked to the policy instrument ‘communication and
information’. The municipality of Rotterdam acknowledges the need for increasing knowledge on green
roofs, as ‘’many inhabitants of Rotterdam are not yet familiar with the potential of green roofs. Information
provision is thus an important pillar’’ (Gemeente Rotterdam, 2019a, p.19). The municipality undertakes
several actions to spread knowledge about green roofs.
Various actions of the municipality are focused on actively communicating and spreading knowledge of
green roofs. For example, the municipality started a campaign about climate change in 2020, executed in
two neighbourhoods. The experience gained from this campaign should be the basis for further
communication with the city as a whole. Besides that, the municipality has created a ‘menu’ with several
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options for inhabitants to help to green the city. By organising a conference, the municipality wanted to
gain attention about this menu. Moreover, the municipality is working on a communication strategy and
fitting instruments to support inhabitants.
Other measures are aimed to spread knowledge as well, but more passively. The municipality of Rotterdam
already provided some instruments to support inhabitants who want to make their neighbourhood
greener and more climate adaptive. An example is a digital and physical platform created by the
municipality, where people can exchange knowledge, inspire each other and meet. The municipality also
continues to create information points where people can ask questions. Besides that, ecologists of the
municipality aim to spread the knowledge that the goal is not only to create more green, but also to
improve biodiversity: ‘’ecologists create a list with examples of plants, bushes and trees that are applicable
when creating new green spaces and lead to higher quality nature’’ (Gemeente Rotterdam, 2019b, p.5).
The fact that the municipality focuses on communication and information to spread knowledge about
green roofs is justified. The survey showed that information provided by the municipality contributed very
little to the image of green roofs of people (annex 6, question 19). Therefore, there is room for
improvement for this policy instrument of the municipality.
The other 2 segments of policy instruments that are linked to ‘knowledge’ were linked to the policy
instruments ‘financial incentives’ and ‘cooperation’. The municipality of Rotterdam recognises that
cooperation can be a good way to share and spread knowledge, as ‘’a solid knowledge foundation, a
coordinative role and continued cooperation with knowledge institutes are necessary to achieve a climate
adaptive Rotterdam’’ (Gemeente Rotterdam, 2019d, p. 58). In order to achieve this, the municipality
established a research programme with research institutions such as Erasmus MC. Besides that, the
municipality uses financial incentives to spread knowledge. The municipality created subsidies to
financially support the actions mentioned above in order to spread knowledge of climate adaptation.
Risk perception
In total, 36 segments of text were allocated under the code ‘risk perception’ (figure 4.7 shows a sum of 42,
but risk perception excludes the overall code awareness, which consists of 6 segments). Whilst coding it
became clear that subcodes within risk perception could be made. All the risks that were discussed in the
policy documents were related to climate change. Several different climate change effects were
addressed, for which a separate code was created (see figure 4.7). These codes are discussed below.

Figure 4.7: Risk perception per policy document

Sometimes no particular effect was discussed, these codes were grouped under ‘general climate change
effects’. Flooding was the most prominent climate change effect. Flooding relates both to sea level rise as
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well as pluvial flooding due to increased peak rains. An example of the prominence of flooding is a
somewhat dystopian vision of Rotterdam in 2050, created in the ‘Rotterdams WeerWoord’, to show what
the future might look like if no action is undertaken:
‘’We see that extreme rainfall can shut down the city for days. Because the sewerage can no longer
handle the amounts of rainwater, roads are flooded and prevent the emergency services from
working. More and more often water intrudes our homes. The damage increases with every
rainfall.‘’ (Gemeente Rotterdam, 2019d, p.6).
This aligns well with the outcome of the survey. Almost 80% of the survey respondents consider floods
because of peak rain events a climate change risk, making it the second biggest risk according to survey
respondents (see figure 4.8).
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Figure 4.8: Perceived climate change risks by survey respondents

Another prominent climate change risk is heat stress. The significance of heat stress is discussed in the
‘Rotterdams WeerWoord’:
‘’Due to more and longer periods with higher temperatures in the city, quality of life declines. This
can lead health issues for vulnerable inhabitants. It also obstructs a comfortable stay in the city for
both inhabitants and visitors. Currently, 30% of the inhabitants cannot find a cooling place near
home’’ (Gemeente Rotterdam, 2019d, p.31).
The majority of the respondents of the survey agreed that heat stress is a risk posed by climate change.
Especially urban respondents perceive this risk (figure 4.8).
Other climate change risks were mentioned less often in the policy documents. These risks include
lowering air quality, droughts, lowering water quality and problems with ground water levels. The majority
of these risks were addressed in the ‘Rotterdams WeerWoord’, as can be seen in figure 4.7. Some risks
from the policy documents did not align with the survey, as increasing periods of drought emerged as the
biggest climate change risk perceived by the survey respondents. 80% of the survey respondents perceive
this risk (figure 4.8), but was hardly mentioned in the policy documents (figure 4.7).
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The risks from figure 4.7 have not been linked to a certain policy instrument. Rather, the risks form a
foundation and justification for the policy documents. The combination of actions outlined in the green
roof policy documents should mitigate climate change risks and make the municipality of Rotterdam more
climate adaptive.
The results from the expert interviews suggest that climate change risks should perhaps be addressed
more clearly by the municipality. 5 experts indicated that overall awareness is still lacking (E1-3, E6 & E9).
Experts stated that there is still a big group of people that don’t consider climate change as a big problem,
for example because they have other priorities such as paying rent (E5) or worrying about the next episode
of their TV show (E9).
However, experts indicated that awareness has been increasing throughout the year: ‘’12 years ago,
people would laugh at you. When you told people they should do something with their roof, they would
say it will leak, attract mosquitos and there’s no reason to invest in your roof… that’s changed’’ (E8). A
reason for this could be the increasing amount of peak rain events and heatwaves (E1 & E5). These experts
are supported in their opinion by the result from the survey, which showed that almost 90% of the survey
respondents consider climate change a problem for Rotterdam (annex 6, question 7).
Cues to action
In total, 47 segments of text were labelled under the theme ‘cues to action’ (figure 4.9 shows a sum of 53,
but cues to action excludes the overall code awareness, which consists of 6 segments). Two codes were
created to discuss this theme (see figure 4.9). The majority of these segments are in the ‘Rotterdams
WeerWoord’. Cues to action fit well within this document, as it is an urgency document about climate
adaptation. The ‘Programma voor Multifunctionele Daken’ mentions cues to action less often, just as the
Duurzaamheidskompas. ‘Een groene sprint – Rotterdam gaat voor groen’ and ‘Rotterdam gaat voor groen’’
hardly used cues to action.

Figure 4.9: Cues to action per policy document

The first code is the general code ‘cues to action’. Whenever a segment of text discussed ways to
encourage people, both by the municipality and external parties, it was labelled as a cue to action.
Encouraging people could be an active action by the municipality, but also favourable conditions to
undertake action, examples that inspire to undertake action, stressing the importance to undertake action
or external parties encouraging people. A good example of the municipality actively encouraging people
was given in the preface of the ‘Programma voor Multifunctionele Daken’: ‘’Do you have or use a flat roof?
Walk on it and think about what could be possible on the roof. The possibilities are endless!’’ (Gemeente
Rotterdam, 2019a, p.2).
Several segments of text that were labelled with the general code ‘cues to action’ were linked to the policy
instrument communication and information. The municipality considers communication and information
as an important way to reach out to inhabitants and involve them in making the city more climate adaptive.
An important way to do so is by supporting stakeholders, for example via information provision or
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facilitating processes. Another important way to cue inhabitants to action is by reaching out to them and
involve them. By creating platforms to share ideas, but also by ‘’participating in festivals, markets and
other events in the city, both online and offline’’ (Gemeente Rotterdam, 2019d, p.50). Moreover, the
municipality does not only focus on its outward communication, but also aims to improve its internal
communication between civil servants and actively inform them on their role in creating a climate adaptive
city.
The municipality of Rotterdam also wants to take on a leading role to cue inhabitants to action. This can
be deducted from the fact that codes from ‘cues to action’ were related to ‘leading by example’. By giving
the right example, the municipality hopes that inhabitants will follow their lead, as they ‘’create example
projects that inspire people of Rotterdam to get started themselves and are an icon for the transformation
towards a climate adaptive city’’ (Gemeente Rotterdam, 2019d, p.56). Therefore, the municipality aims to
make sustainability an integral part of their projects and urges its civil servants to ‘’be aware of his or her
contribution to this transition’’ (Gemeente Rotterdam, 2019c, p.19).
The last policy instrument that was linked to ‘cues to action’ is financial incentives to ‘’stimulate private
individuals to green their rooftops, by continuing the subsidy programme’’ (Gemeente Rotterdam, 2019b,
p.4). The question is whether subsidies really cue people to action or merely support the people who
already decided to implement a green roof. This is further addressed in the discussion.
The second code is ‘shared responsibility’. The municipality places a lot of emphasis on the fact that they
can’t tackle climate change risks alone. Therefore, they reiterated many times that there is a shared
responsibility to undertake action and tackle climate change together: ‘’Real change only occurs when
inhabitants, companies and other parties together shape change’’ (Gemeente Rotterdam, 2019d, p.11).
The segments of text from the code ‘shared responsibility’ did not link to a specific policy instrument, since
most were not more than a call for action. However, some of these calls to action were complemented
with more concrete actions. These segments of text were linked to a new policy instrument: cooperation
(see figure 4.3). The fact that the municipality places so much emphasis on reiterating that climate change
is a shared responsibility seems to be fruitful, as survey respondents consider climate change a challenge
that needs to be overcome by many different stakeholders. Especially urban respondents agreed with this,
since at least two-thirds of the urban respondents stated that both the national, provincial and municipal
governments as well as housing corporations, companies and citizens are responsible for climate change
measures. Non-urban residents, however, placed most emphasis on the national government and less on
other stakeholders. Provinces, municipalities and housing corporations were all selected by less than half
of the non-urban respondents (annex 7, figure A8).
The results from the expert interviews suggest that the municipality has made a good choice to focus on
raising awareness. The majority of the experts think inhabitants are not cued to undertake action, since 8
segments of texts were assigned to the code ‘not cued to action’ (E1-4,E6, E7 & E9) whereas only 3
segments of texts were assigned to the code ‘cued to action’ (E3, E4 & E8). This shows that the majority of
experts thinks that inhabitants are not cued to action, although some experts are not certain. An important
reason that was discussed why people might not be cued to action is because of the amount of money it
costs to implement green roofs or take climate adaptation measures in general. For some people, climate
change might not be their main priority (E7) and expert 6 highlighted that ’’investing €10,000 in climate
change might be a lot to ask’’. Expert 3 seconds this:
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‘’In the end it comes down to ‘put your money where your mouth is’. The awareness has to be
there, to make it normal that you invest your money in a green roof rather than a holiday to
Curacao. You can only spend your money once’’ (E3).
However, there were also some experts (E3, E4 & E8) that indicated that inhabitants of Rotterdam are
cued to action. Experts referred to a growing amount of initiatives as a sign that inhabitants are in fact
encouraged more and more to undertake action. Expert 8 also highlighted that the municipality
emphasises the necessity of inhabitants taking part in climate adaption measures.
Even though the experts agreed that inhabitants are mostly not cued to action, the survey suggests
otherwise. The survey showed that roughly 96% of the respondents agree that measures should be taken
against climate change. Almost all survey respondents stated that it is the responsibility of the national
government to undertake action against climate change. However, three-quarters of the survey
respondents indicated that citizens are also responsible for measures against climate change, suggesting
respondents do feel cued to take action (see figure 4.10).
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Figure 4.10: Responsibility for climate change measures according to the survey respondents

4.5 Sub-question 3
The third sub-question follows the same methodology as the second sub-question: a policy analysis, expert
interviews and a survey were undertaken. The third sub-question is: ‘’In what ways does the municipality
of Rotterdam deal with external barriers for implementing green roofs in its policies?’’. There are four
external barriers: physical, economic, institutional and social cultural (figure 2.7). Firstly, an overview of
how often the different external barriers were mentioned in the policy documents is given. Secondly, it is
discussed in what ways the municipality deals with external barriers in their policies. These results are
compared with the results of the expert interviews and the survey.

4.5.1 External barriers in the policy documents
In total, only 7 segments of text were labelled as ‘external barriers’. Most of the codes could be found in
‘Rotterdam gaat voor groen’. The other codes could be found in the ‘Rotterdams WeerWoord’ and
‘Programma Multifunctionele Daken’, as can be seen in figure 4.11. A segment of text was only labelled as
an external barrier if it explicitly addressed a barrier. For example, in ‘Rotterdam gaat voor groen’, a
segment of text stated that ‘implementing vegetation is expensive’ and was thus labelled as a financial
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barrier. How the separate barriers were addressed and how experts and survey respondents reflected on
them is discussed below.

Figure 4.11: External barriers per policy document

4.5.2 External barriers
As can be seen in figure 4.12, economic and social-cultural barriers were mentioned most often in the
policy documents. Physical barriers were mentioned once and institutional barriers were not mentioned
at all. This section outlines the main outcomes of the policy analysis, expert interviews and survey for all
barriers. An overview of the most important barriers according to survey respondents can be seen in figure
4.13.

Figure 4.12: Different external barriers per policy document
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Figure 4.13: Green roof barriers according to survey respondents

Economic barriers
The fact that economic barriers are worth mentioning can be derived from the following statement: ‘’to
realise 20 hectares of green before 2022, €12.5 million has been reserved. The creation of public space is
expensive. The budget is mostly used as a leverage, co-finance mechanism and stimulation for projects and
initiatives.’’ (Gemeente Rotterdam, 2019b, p.10). This segment of text was linked to the policy instrument
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‘financial incentives’. However, from the €12.5 million that has been reserved, only €500,000 is reserved
for climate adaptation measures such as green roofs (Gemeente Rotterdam, 2019e).
The fact that the municipality uses financial incentives to overcome this barrier is supported by the results
of the expert interviews and the survey. Approximately 37% of the survey respondents agreed that the
costs of instalment are the biggest barrier for green roof implementation (see figure 4.13). Especially
respondents from non-urban areas considered this a big barrier. 8 experts highlighted that there are
financial barriers that inhabitants can encounter when they want to implement green roofs. Green roofs
can be expensive, especially when a construction calculation needs to be done (E1 & 4). Both experts (E2,
E4, E6, E8) and respondents of the survey (almost 90%) suggested to provide subsidies to inhabitants to
overcome this financial barrier, which is in line with the policy of the municipality. Survey respondents also
highlighted the use of providing financial incentives to project developers (annex 6, question 17).
However, economic barriers are aggravated because the costs of green roofs can be untransparent or
unclear (E4) and financial barriers are spread unevenly over the city (E5). The fact that not everyone
benefits from or is aware of subsidies was reflected in the survey, as survey respondents think the
municipality dedicates between ‘little’ and ‘neither little nor much’ effort towards providing financial
support to people. Besides, more than a quarter of the survey respondents do not know how much effort
the municipality dedicates to providing financial incentives (annex 6, question 18).
Moreover, expert 4 also addressed that it is difficult to monetise the profits of green roofs, as compared
to other sustainability measures such as solar panels. Therefore, experts suggested to use other forms of
financial support than currently available. Expert 3 indicated that subsidies should be used more effectively
by focusing on a different and broader audience. Currently, subsidies benefit rich people more than they
do poor people (E4). Moreover, expert 8 suggested to support people in the subsidy application process
and expert 4 discussed the possibility to look into indirect financial incentives.
Physical barriers
There was only one segment of text that was labelled as a physical barrier. This segment of text mentioned
that not all roofs are fit for vegetation. No policy instrument was linked to overcome this possible barrier.
Experts and survey respondents also did not discuss any policy instruments to overcome physical barriers.
This indicates that physical barriers are either not considered as important as other barriers or not taken
into consideration at all.
However, experts addressed that inhabitants can perceive physical barriers, whether they are justified or
not. According to the experts, some inhabitants fear that green roofs may result in leakage or construction
problems: ‘’people fear the roof is not strong enough or the constructor might say it is not strong enough,
even though it is’’ (E8). Besides that, experts stated that inhabitants fear that green roofs attract
unintended insects or rodents (E2 & E6). Lastly, expert 6 indicated that inhabitants might consider it a
barrier if they can’t access their roof and thus can’t enjoy all of its benefits.
The survey showed that only a lack of roof access is a physical barrier that respondents somewhat perceive.
42% of the survey respondents agreed or strongly agreed that a lack of roof access is a barrier for
implementing green roofs. However, since more than half of the respondents disagree this is a barrier, it
cannot convincingly be labelled as a barrier (figure 4.13).
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A fear of construction issues or leakage are not considered a barrier by the survey respondents. Only one
fifth of the respondents fear that construction issues may arise when implementing green roofs. Similarly,
almost one fifth of the respondents fear that leakage may occur (figure 4.13).
Institutional barriers
When looking at the specific barriers that were mentioned, it becomes clear that the policy documents
don’t mention institutional barriers. However, the expert interviews and the survey showed that there are
institutional barriers for the implementation of green roofs.
Experts indicated that a prominent barrier is the complexity of ownership (E3 & E6-9). Many people have
a rental house and thus don’t own their roof. Decisions then have to be made by the owners association,
which ‘’can take up to a year or 2’’ (E3). Such decision making processes are not only long, but also complex
(E8). Besides that, it can be unclear who has the rights to apply vegetation on the roof. The survey results
indicated, however, that complexity of ownership is not a barrier, as only roughly 21% agreed with this
statement (figure 4.13).
Another possible institutional barrier is the fact that information about green roofs can be complex and
dispersed throughout several websites and authorities (E1). Similarly, the subsidy procedure is considered
to be complex (E1, E2 & E4). The survey supported the results from the expert interviews, as unclear
legislation and procedures is considered the second biggest barrier by survey respondents, after
instalment costs. It is important to note that almost half of the respondents (49%) answered ‘do not know’
to this statement, indicating that respondents are unfamiliar with legislation and procedures (figure 4.13).
Experts suggested to simplify information provision to overcome barriers surrounding legislation and
procedures (E1 & E3). Survey respondents also indicated that help with the implementation of green roofs
is desired, as over 90% indicated that this is a measure that can help to increase the amount of green roofs
in Rotterdam (annex 6, question 17). This does not necessarily need to concern the difficulty of legislation
and procedures, but providing help with these procedures could be beneficial for green roof
implementation nonetheless. Especially because survey respondents think that providing help with the
implementation of green roofs is the measure municipality dedicates least effort to (annex 6, question 18).
Survey respondents also indicated that an obligation of a certain amount of vegetation for new
constructions will help tremendously for green roof implementation, as roughly 91% of the respondents
think this measure will help (annex 6, question 17). Especially urban respondents addressed this measure.
Even though the municipality does have some regulation in place regarding roof usage for new
construction, almost half of the survey respondents is not aware of this.
Social-cultural barriers
Both the segments of text for social-cultural barriers addressed the fact that roofs can be used for a variety
of functions. Whether green roofs are implemented instead of solar panels for example, is thus a choice
society has to make. The municipality has not coupled any policy instrument to overcome this possible
barrier.
Experts mainly addressed a lack of knowledge as a social-cultural barrier for inhabitants. Many people
don’t know about green roofs or don’t know enough about the topic (E1-3, E7 & E9). And because the
topic is perceived to be rather complex, people are reluctant to learn more about them: ‘’It is quite a
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complex topic. Both technical and procedural. Is it legally sound? Who has which responsibilities?’’ (E3).
And even people who are familiar with green roofs are hesitant to implement them, because they don’t
know where to start and who to contact (E1 &E5). To increase knowledge of people, the municipality
should simplify the information they provide to people (E1, E3 & E7). The experts from the municipality
indicated that the municipality is working on information provision, for example via information nights or
by leading by example (E6 & E8).
The survey showed that the majority of the survey respondents (roughly 79%) does not consider green
roofs a complex topic (figure 4.13). Especially urban respondents do not consider green roofs to be
complex. Therefore, a lack of knowledge or green roofs being too complex does not pose a barrier.
However, almost 90% of the survey respondents did indicate that raising awareness is an important
measure to increase green roof implementation (annex 6, question 17). Roughly one-third of the
respondents thinks the municipality does not dedicate enough effort to this measure (annex 6, question
18).
Survey respondents rather indicated that a lack of neighbourhood involvement can be perceived as a
barrier for green roof implementation. This was considered the third biggest barrier. However, with an
average score of approximately 2.9, this barrier cannot be seen as a big barrier for inhabitants (annex 6,
question 15 + 16).

4.6 Conclusion
Chapter 4 clearly showed that the main way the municipality deals with the behaviour of inhabitants is by
applying a mixture of policy instruments. Financial incentives, leading by example and communication and
information are the main policy instruments the municipality uses to deal with behaviour of inhabitants.
Financial incentives are mainly in the form of subsidies, leading by example is by promoting example
projects and communication and information provision is both active on a local scale as well as passive on
a more citywide scale. However, regulation is hardly used and is limited to new construction sites.
Experts stressed the importance of all different policy instruments and agreed that the municipality
dedicates a lot of effort to these instruments. Especially leading by example was mentioned positively.
However, there was critique on the execution of other instruments by the municipality. The experts
indicated that financial incentives are not focused on the right people (E3) and there is a lack of indirect
financial incentives (E1, E4). This is reflected by the fact that the instalment costs of green roofs are still
considered high by respondents of the survey. Besides that, the current form of communication and
information provision is too dispersed and complex (E1, E3 & E7) and misses a strong narrative (E3).
Moreover, the lack of regulation was criticised by both inhabitants and experts. The latter indicated that
there is a lack of more creative forms of legislation (E4 & E5), whereas survey respondents stated that the
municipality does not dedicate enough effort to creating and imposing regulations (annex 6, question 18).
When looking at awareness, it becomes clear that the many benefits that green roofs provide are
acknowledged by all actors involved. The municipality, experts and inhabitants all highlighted the possible
water retention capacity, aesthetic value and improved biodiversity as important benefits of green roofs
as a climate adaptation measure (figure 4.4). However, the municipality does not address potential
disadvantages related to green roofs, whereas experts and inhabitants have clearly done so. For example,
the costs of green roofs is mentioned as an important disadvantage by inhabitants, but the municipality
hardly addresses this.
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The municipality addressed the main climate change risks such as flooding and heat stress. These risks are
also perceived by the survey respondents, even though experts suggested that awareness is still lacking.
An important climate change risk that was not mentioned by the experts or survey respondents is low air
quality, even though the municipality addressed this a few times in their policy documents. Experts also
indicated that inhabitants are not cued to action, but the majority of the survey respondents indicated
that inhabitants need to undertake action against climate change (figure 4.10).
When looking at external barriers, a few things stand out. The municipality focuses strongly on the role of
other actors in Rotterdam such as inhabitants and companies, as reflected in their focus on a ‘shared
responsibility (figure 4.9). The fact that the municipality is counting on other actors to undertake action is
reflected by the fact that the municipality hardly addressed external barriers in the policy documents
(figure 4.11). This makes it seem like green roof implementation only provides benefits without there being
possible barriers or disadvantages. This is contradictory to the findings of the expert interviews and survey,
which highlighted that the cost of instalment, a lack of roof access and a lack of neighbourhood
involvement can provide barriers for green roof implementation (figure 4.13).
Based on this analysis, it is clear that the municipality of Rotterdam takes part in the shift towards
decentralisation that is taking place in the Netherlands, as described in chapter 4.1. The municipality takes
on a more neoliberal approach by setting the guidelines for the market. In line with Dutch spatial planning
(Tisma & Meijer, 2019), the municipality of Rotterdam focuses on stimulating and supporting, rather than
controlling. The Ministerie van Infrastructuur en Milieu (2012) stated that the user is central in the new
spatial planning paradigm. The municipality of Rotterdam does this by transferring part of their
responsibilities to a lower level of power, namely the inhabitants of Rotterdam, by emphasising the
positive aspects of climate adaptation and calling for cooperative action.
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5. Discussion
Chapter 4 outlined the results of the policy analysis, expert interviews and the survey. This chapter answers
the sub-research questions, reflect on the findings and put them in perspective. Outcomes are discussed
and compared to the theoretical framework.

5.1 Sub-research question 1
The first sub-research question is ‘’In what ways do policies of the municipality of Rotterdam deal with
green roofs?’’. The outcomes of chapter 4 illustrate that the most recent policy documents that deal with
green roofs focus on awareness. The policy instrument that is mentioned most to deal with awareness and
address climate change and green roofs is the use of financial incentives. Financial incentives are mainly
in the form of subsidies. Besides that, leading by example and communication and information are also
considered important. Main forms of communication are websites and organising more local events such
as information nights. Moreover, the municipality stresses that climate adaptation and green roof
implementation are ‘shared responsibilities’. The municipality is reluctant to use enforcement and
regulation to spur green roof implementation. One of the reasons why the municipality is not
implementing more regulation is because regulation is often formed on a national level. This is in line with
the shift towards decentralisation (Tisma & Meijer, 2019). Besides that, the municipality has difficulty
implementing more regulation because of the lack of ownership of land and buildings (CBS, 2019). These
results are discussed in more detail below by looking at the literature and the results from the expert
interviews and survey.
Financial incentives
The use of financial incentives is one of the most used policy instruments (Hop & Hiemstra, 2014) and is
praised for its voluntary nature (Carter & Fowler, 2008). This aligns with the vision of the municipality, who
prefers to implement voluntary measures rather than regulation and enforce people (Gemeente
Rotterdam, 2019d). This vision is partially supported by experts and survey respondents, as both indicate
the importance of financial incentives for encouragement of green roof implementation (E1-7). However,
experts do not fully reject the use of regulations, which is discussed later.
There are some points of critique on the municipality focusing on direct financial incentives. Firstly,
subsidies are finite (Ngan, 2004). The viability of a policy that focuses on a finite source can be questioned.
This is illustrated by the fact that the municipality has already started lowering the subsidy they provide
over the years (E8). A report from the municipality also stressed the possibility of the funding for subsidies
running out (Bender, 2016). However, the survey showed that the costs of green roofs are still a major
barrier (figure 4.13) and financial incentives for residents are considered an effective way to increase the
amount of green roofs by the survey respondents (annex 6, question 17), indicating the importance of
subsidies. Secondly, current subsidies are very general and not focused on specific demographic groups or
locations. Therefore, experts stated that current subsidies might not be as effective as they could
potentially be (E3, E4 & E6). Spending finite sources in an ineffective way leaves room for improvement.
The municipality could experiment with indirect financial incentives. On the one hand, expert 6 indicated
that indirect financial incentives can be expensive to implement, whilst their benefit is negligible. On the
other hand, expert 1 and 4 both indicated that indirect financial incentives could be interesting to
experiment with, for example by decoupling loans from people and coupling them to buildings. Experts
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are supported by Ngan (2004) and Carter & Fowler (2008), who advocated that indirect financial incentives
for green roof implementation can be effective.
Communication and information
The results showed that the municipality also considers communication and information provision
important. The municipality is supported by both the expert interviews, as all experts consider this policy
instrument important, as well as the respondents of the survey and the literature (Hop & Hiemstra, 2014;
Sarwar & Alsaggaf, 2020).
There are some differences in approach that have to be mentioned. The municipality focuses more on
information provision via websites and small scale communication, such as being present on information
nights (Gemeente Rotterdam, 2019d; Gemeente Rotterdam, 2020a). Several experts rather considered
promotion on a larger scale a more effective way of communication and information provision (E1, E4, E6,
E7 & E9). Irga et al. (2017) stressed the importance of guidance during the implementation process, but it
is not yet known which form of communication and information provision – large scale or small scale – can
guide people best. The survey showed that respondents also consider help and guidance during the
implementation process as an important measure to increase the amount of green roofs (annex 6,
question 17). However, the expert interviews revealed that current information provision is insufficient to
guide people properly, as communication is often too vague and information provision is too dispersed
(E1, E3 & E7).
Regulation
Chapter 4 exhibited that the municipality is hesitant to use regulation to further encourage green roof
implementation, as illustrated by Gemeente Rotterdam (2019d, p.50): ’Change is not based on coercion,
but because change is appealing and is offered in an attractive way’’. The reluctance of the municipality
can partially be explained by the fact that many regulations are made on a national level, restraining the
options of municipalities (E8). Ngan (2004) stressed the difficulty to impose regulations, especially for
existing buildings. This is aggravated by the fact that the municipality of Rotterdam owns less than half of
the existing buildings (CBS, 2019). Besides that, expert 5 stated that it is difficult to create rules that have
no drawbacks for people who can’t afford green roofs.
Nonetheless, experts (E1-4 & E6-8) and more than 90% of the respondents from the survey (annex 6,
question 17) both indicated that regulation can be an effective way to increase green roof implementation.
Ngan (2004) even stressed mandatory measures can be more effective than financial incentives. A report
from the municipality of Rotterdam even suggested that a coercive government can be necessary and that
‘the time has come for a form of regulation for green roofs’ (Bender, 2016). Moreover, regulations are not
reliant upon budget and can be very effective in new development areas.
Besides, experts suggested that regulation does not only have to imply strict rules. For example,
performance indicators can be used as regulations (E4 & E5). Other examples are making green roofs a
prerequisite for a building permit, requiring a green roof unless there is a good reason not to implement
it or including green roofs in zoning plans (Hop & Hiemstra, 2014; Vijayaraghavan, 2016; Irga et al., 2017;
Ismail et al., 2018). The report from the municipality suggested similar solutions such as an obligation to
collect rainwater on your own parcel or including vegetation in zoning plans (Bender, 2016). Hop &
Hiemstra (2014) went even further and showed that regulations don’t have to be compulsive at all. For
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example, in Washington and Chicago building permits are granted quicker to people who plan to
implement green roofs than to people who do not.
Mees et al. (2012) also emphasised that regulations are seldomly standalone measures and should be
implemented in a market that is relatively mature. The question is whether Rotterdam has to be
considered a mature market, with green roof policy in place since 2008 (Mees & Driessen, 2011). All in all,
there are various options to impose regulations, but the municipality is aversive to most of them.

5.2 Sub-question 2
The second sub-question is: In what ways does the municipality of Rotterdam deal with green roof
awareness of its inhabitants in its policies?. To answer this question, awareness was broken up into the
aspects knowledge, risk perception and cues to action. When looking at knowledge, the outcomes of
chapter 4 demonstrated that the policy documents dealing with green roofs focus strongly on the benefits
of green roofs and hardly discuss other aspects such as disadvantages and layers. Main benefits that were
discussed are the water retention capacity, the aesthetics and improved biodiversity. Cues to action are
mainly addressed in the more general policy documents (Rotterdams WeerWoord and
Duurzaamheidskompas). The municipality mainly uses communication and information provision to
increase the knowledge of people and cue them to action. When looking at risk perception, the main risks
that are outlined in the policy documents are flooding and heat stress. These risks were outlined as a
foundation for the policy instruments, but are not actively coupled to certain policy instruments. The
implications of these results are discussed below by looking at the literature, expert interviews and survey
results.
Knowledge
The knowledge aspect focuses mainly on benefits of green roofs in the policy documents. One of the main
advantages that is mentioned in literature is stormwater retention capabilities of green roofs researchers
(Oberndorfer et al., 2007; Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018). Stormwater
retention is also the main benefit of green roofs mentioned by the municipality of Rotterdam. Both the
experts and literature did not suggest that people perceive stormwater retention as a benefit of green
roofs, but the survey showed that roughly 77% of the respondents from the municipality of Rotterdam do
perceive this as a benefit (figure 4.6).
The aesthetic value of green roofs is another main benefit discussed by the municipality. Literature
discussed aesthetic value of green roofs as a perceived benefit (Yuen & Hien, 2005; Kalantari et al., 2016;
Everett & Lamond, 2019) and experts from the interviews also covered aesthetics extensively as a
perceived benefit for inhabitants (E1, E3 & E4). The aesthetics of green roofs was the second biggest
benefit that respondents from the survey perceived, as approximately 94% of the respondents indicated
that green roofs embellish the neighbourhood (figure 4.6).
Oberndorfer et al. (2007), Fernandez-Cañero et al. (2013), Shafique et al. (2018) and Everett & Lamond
(2019) all stressed the potential of green roofs to improve biodiversity, which is covered various times in
the policy documents and was addressed by experts as a perceived benefit (E2, E3 & E4). Respondents
from the research of Fernandez-Cañero et al. (2013) and Everett & Lamond (2019) also perceived this as
an important barrier. Improved biodiversity is considered the biggest benefit of green roofs by the
respondents of the survey (figure 4.6).
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Oberndorfer et al. (2007) and Shafique et al. (2018) also indicated that green roofs can create new spaces
for leisure activities. Yuen & Hien (2005) and Kalantari et al. (2016) also stressed that this is a benefit that
inhabitants perceive. This benefit is mentioned several times by the municipality as well. However, this
benefit was not mentioned in the interviews and was not asked about in the survey. Based on this analysis,
the municipality has been unsuccessful to properly communicate the potential of green roofs to create
space for leisure activities.
Another major advantage discussed in literature (Oberndorfer et al., 2007; Vijayaraghavan, 2016; Shafique
et al., 2018) and also mentioned in expert interviews (E1 & E3), is the potential cooling effect of green
roofs. The municipality addressed this benefit several times. However, more than one quarter of the
survey respondents indicated that they are not familiar with this benefit (figure 4.6). This finding aligns
with research of Kalantari et al. (2016) and Everett & Lamond (2019), who showed that inhabitants are not
convinced of this benefit. The lack of knowledge about potential cooling benefits by inhabitants of
Rotterdam indicates that the municipality has not addressed this benefit clearly enough, even though it is
mentioned as an important benefit in literature.
Green roofs can also alleviate psychological problems (Oberndorfer et al., 2007). The municipality
addressed this benefit several times, but only two experts mentioned health benefits of green roofs (E1 &
E6). Nonetheless, almost 80% of the survey respondents indicated that green roofs can improve mental
health of people (figure 4.6).
Literature showed that green roofs can increase roof life (Vijayaraghavan, 2016; Shafique et al., 2018).
Respondent 1 and 9 also addressed this benefit. However, research showed that inhabitants do not clearly
perceive this benefit (Fernandez-Cañero et al. 2013). The municipality barely addressed this benefit and
40% of the survey respondents did not know what the effect of green roofs on the life expectancy of
conventional roofs is (figure 4.6). This indicates that the municipality was unsuccessful in communicating
this benefit.
Besides that, many researchers stressed the importance of green roofs because of their air filtering
capabilities (Xiao et al., 2014; Vijayaraghavan, 2016; Shafique et al., 2018), although Yuen & Hien (2005)
showed not many people are aware of this benefit. Roughly 94% of the survey respondents also stated
that this is an important benefit (figure 4.6). However, both the municipality and experts hardly address
air quality as a green roof benefit. Considering the tremendous health benefits of cleaner air (Parrish &
Zhu, 2009), the municipality failed to address this benefit properly.
An interesting finding from the interviews that was not covered in literature and was not mentioned by
the municipality or the respondents from the survey, is that people want to implement green roofs
because it feels as if they are ‘doing the right thing’ (E1, E4, E6 & E9). Green roofs do not only provide
tangible benefits, but also give people a better feeling.
Even though the benefits of green roofs were covered extensively in the policy documents, the
municipality dedicates less effort discussing how they want to implement green roofs. Moreover, possible
barriers or disadvantages of green roofs are somewhat neglected. The municipality only addressed that
financial resources sometimes run out. However, the expert interviews showed that costs are not the only
barrier. A fear of leakage (E1, E6, E7 & E9), maintenance (E1 & E4) and the fact that green roofs can attract
insects or rodents (E2, E3, E6, E7 & E9) are also barriers. Moreover, the municipality addressed financial
barriers only once, even though literature suggests it is a substantial barrier (Vijayaraghavan, 2016;
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Shafique et al., 2018). In addition, the survey showed that approximately 37% of the respondents think
instalment costs of green roofs are too high (figure 4.6). This research showed that possible disadvantages
of green roofs are underrepresented in green roof policies.
Risk perception
As described above, the municipality addressed several risks in their policy documents. However, these
were not linked to a certain policy instrument, but were rather mentioned to address the problem of
climate change. This section outlines the risks the municipality mentioned and how those relate to the
literature. Besides that, general awareness is discussed and the risks inhabitants perceive are outlined.
The main climate change risks the municipality discussed are flooding and heat stress. These risks are also
emphasised in the literature (Willems et al., 2012; IPCC, 2014; Kaspersen et al., 2017; Hasegawa, 2018).
Other risks in the policy documents include decreasing air quality, droughts, degrading water quality and
rising ground water.
The major risks outlined by the municipality are also considered important by the respondents of the
survey. Almost 80% of the respondents consider an increasing amount of peak rain events a risk and
roughly 64% of the respondents consider heat stress a risk. The biggest risk survey respondents perceived
was increasing periods of droughts (80%). Decreasing water quality was considered a risk by less than half
of the survey respondents (figure 4.8).
The fact that survey respondents perceive various climate change risks indicates that inhabitants are aware
of climate change risks. This is supported by the fact that almost 90% of the survey respondents consider
climate change a problem for Rotterdam (annex 6, question 7). This is contradictory to the results from
the interviews and literature. Even though experts stated that awareness is increasing (E1-E5, E8 & E9),
the majority of the experts indicated that awareness is still low among inhabitants (E1-E3, E6 & E9).
Literature also suggested that awareness is low among inhabitants (Kalantari, et al., 2016; Everett &
Lamond, 2019; Sarwar & Alsaggaf, 2020). The results show that green roof awareness of inhabitants of
Rotterdam is higher than anticipated by experts and literature.
All in all, the municipality does address various risks, but has not linked them to certain policy instruments.
Therefore, it is hard to say whether high or rising awareness can be credited to the work of the
municipality.
Cues to action
This section discusses in what ways the municipality wants to cue inhabitants to action and how
encouraged inhabitants actually are.
The results showed that the municipality mainly uses communication and information to encourage
people to undertake action. Examples are creating platforms and supporting stakeholders. Besides that,
the municipality wants to encourage people by giving the right example and collaborating with other
parties. Lastly, using financial incentives in the form of subsidies should encourage people to implement
green roofs.
The fact that the municipality focuses mainly on communication and information instead of financial
incentives is problematic, as many experts stated that inhabitants are not cued to action (E1-4, E6, E7 &
E9). This is in line with literature, as researchers indicated people are generally unaware of green roofs
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(Kalantari et al., 2016; Everett & Lamond, 2019; Sarwar & Alsaggaf, 2020). A reason why they are not cued
to action is because of the financial costs associated with green roofs and general climate change measures
(E3).
Even though most experts stated that inhabitants are not cued to action, roughly 96% of the survey
respondents agrees that action should be undertaken against climate change (annex 6, question 6) and
roughly 76% state that part of the responsibility to undertake this action is with citizens (figure 4.10).
However, this could be the result of a self-selecting bias (see chapter 5.5). Besides that, when people say
they think citizens are responsible to undertake action against climate change, this does not automatically
mean they think that they have to undertake action themselves. For example, most survey respondents
also indicated other parties that are responsible for climate change measures, such as the national
government (over 96%) or municipalities (almost 70%).
All in all, the municipality focuses on communication, information and leading by example. As the results
showed, the answers from survey respondents suggest that they are already somewhat aware and many
respondents also think that inhabitants should take action. Yet, implementation rates are low in the
Netherlands (see also table 1.1, overview of amount of green roofs in Dutch cities). Experts suggested that
financial costs are a reason why people are not cued to action. This aligns with literature (Sarwar and
Alsaggaf, 2020) and the survey, which showed that instalment costs of green roofs are the major barrier
for inhabitants.
Providing financial incentives could thus be an important way to cue people to action. However, it is
important to notice that current financial incentives (mainly subsidies) are not sufficient enough. Experts
addressed that subsidies might mainly be used by people who are already cued to action (E4), making it a
bonus rather than a cue to action. Besides that, the costs of green roofs are still considered as the main
barrier for green roof implementation by survey respondents, suggesting that this measure has not been
effective. Experts also advocated that current financial incentives are not used effectively, because they
are not aimed at the right audience (E4) and that other forms of (indirect) financial incentives could be
worthwhile to experiment with (E1 & E4). Based on this analysis, it is clear that the municipality has not
used financial incentives properly to cue inhabitants to action.

5.3 Sub-question 3
The third sub-question is: In what ways does the municipality of Rotterdam deal with external barriers for
implementing green roofs in its policies?. External barriers was broken up in four different barriers:
economic, physical, institutional and social-cultural barriers. The results showed that these barriers were
only touched upon scarcely by the municipality. The high costs of green roofs, possible construction issues
and the fact that green roofs face competition for space on rooftops were discussed. Institutional barriers
were not mentioned in the policy documents. The municipality aims to overcome these barriers by
providing subsidies and by giving the right example. Even though the municipality does undertake a lot of
action to overcome external barriers, barriers are not explicitly stated. This subchapter discusses why this
can be problematic, by looking at literature, expert interviews and the survey results.
Economic barriers
The municipality acknowledges that the implementation of green roofs can be expensive (Gemeente
Rotterdam, 2019b). This is aggravated by the fact that municipal financial resources to overcome this
barriers are limited (Gemeente Rotterdam, 2019d). Vijayaraghavan (2016) and Shafique et al. (2018) also
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highlighted the high instalment costs of green roofs to be a major barrier. Hendricks & Calkins (2006) and
Sarwar & Alsaggaf (2020) showed inhabitants also perceive this as an important barrier. Experts
highlighted that not only the high instalment costs can be an important barrier (E1 & E4), but also the fact
that these costs can be unclear (E6) and that it is hard to monetise the benefits of green roofs, are
considered a barrier (E4). These findings are reflected in the survey, which showed that instalment costs
of green roofs are the main barrier for people (figure 4.13). Instalment costs were not considered as big
of a barrier as literature suggested. Approximately 37% indicated that instalment costs are too high,
whereas in the research of Sarwar and Alsaggaf (2020), 85% considered the installation costs of green
roofs as a barrier. Important to note is that over one quarter of the survey respondents did not know
whether instalment costs are a barrier or not.
Although the municipality acknowledges financial costs as a barrier, economic barriers are only touched
upon, by stating ‘implementing vegetation in green spaces is expensive and thus a €12.5 million budget
has been allocated’ (Gemeente Rotterdam, 2019b, p.10). In 2021, only €500,000 is available for climate
adaptation measures, which includes green roofs (Gemeente Rotterdam, 2019e). Despite money being an
important barrier, the municipality has lowered the available subsidy over the last few years (E8). This is
problematic, since researchers showed that people experience a lack of financial incentives provided by
local governments (Wong et al., 2005; Hossain et al., 2019; Sarwar & Alsaggaf, 2020). This is supported by
the expert interviews (E2-4, E7 & E8).
Physical barriers
The municipality highlighted in their policy that not all roofs are suitable for green roofs. However, they
have not coupled any actions to this barrier. Experts (E2 & E8) and literature (Wong et al., 2005; Hossain
et al., 2019) also indicated that inhabitants might fear construction issues or leakage, but the survey
showed that neither are considered a barrier, as roughly 46% of the survey respondents disagree with the
former and over half of the respondents disagree with the latter (figure 4.13). The fact that these factors
are not considered a barrier might be because construction issues or leakage are often the result of
malpractice (Vijayaraghavan, 2016; Shafique et al., 2018).
Institutional barriers
The municipality did not discuss institutional barriers in their policy documents, but the literature, expert
interviews and survey suggested there are institutional barriers for implementing green roofs. Experts
indicated that rooftop ownership can be complex or unclear, which could be a barrier for green roof
implementation (E3 & E6-9). Besides that, information provision can be unclear (E1) and the subsidy
process is considered to be complex (E1, E2 & E4), which inhabitants can perceive as a barrier.
Complex procedures were also considered an important barrier by the survey respondents, as unclear
legislation was the second biggest barrier (figure 4.13). The fact that almost half of the respondents filled
in ‘do not know’, might support the fact that legislation is unclear or unknown to people. Several
researchers indicated that unclear legislation can be a problem and that inhabitants can perceive this as a
problem as well (Wong et al., 2005; Hossain et al., 2019; Sarwar & Alsaggaf, 2020).
Moreover, survey respondents indicated that help with the implementation for green roofs is desired
(annex 6, question 17). This does not necessarily need to be focused on institutional barriers, but it
indicates that the municipality falls short in supporting inhabitants. Besides that, the municipality does not
discuss institutional barriers in their policy documents even though different actors suggest these barriers
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exist. Based on this analysis, it can be stated that the municipality lacks self-reflection. Institutional barriers
are partially formed by the municipality and can thus also partially be taken away by the municipality.
Social-cultural barriers
The municipality hardly addressed possible social-cultural barriers. The only barrier that could be qualified
as a social-cultural barrier is the fact that green roofs compete with other functions that could be
implemented on top of roofs by society. This is in line with the fact that the municipality addresses rooftop
development from an integrated perspective and does not only focus on green roofs.
Experts, literature and the survey suggested other social-cultural barriers that were not addressed by the
municipality. Experts suggested a lack of knowledge as a barrier (E1-3, E7 & E9) or that green roofs might
be perceived as a complex topic (E3). Barnhill & Smardon (2012) stated that a lack of community
involvement could be perceived as a barrier for green roof implementation, which was also reflected in
the survey. A lack of involvement of the neighbourhood was considered the third biggest barrier, although
‘a lack of neighbourhood involvement’ only scored roughly 2.9 on a scale of 1 (strongly disagree) to 5
(strongly agree). The survey also showed that respondents do not perceive complexity of green roofs as a
barrier (scored roughly 2.0) (annex 6, question 15 + 16). These results showed that there are social-cultural
barriers that were not addressed by the municipality.

5.4 Sub-question 4
This subchapter outlines successful and less successful aspects of green roof policies of the municipality of
Rotterdam to identify important factors for green roof policy. This provides an answer to the last subquestion: What are important factors in green roof policies dealing with behaviour?.
Successful aspects
The results showed that the municipality of Rotterdam mainly focuses on implementing market based
policy instruments such as financial incentives and communication and information. As a result, the green
roof surface in Rotterdam has increased from roughly 40,000 m2 in 2012 (Mees et al., 2012) to 400,000
m2 in 2019 (Gemeente Rotterdam, 2020b). The municipality has attempted to reach inhabitants both via
active communication and more passive information provision. A part of these survey respondents derived
information from the municipality, suggesting that the municipality contributed to spread knowledge on
green roofs (annex 6, question 19). Therefore, the use of communication seems to have been useful, as
survey respondents clearly indicated that green roofs are not a complicated topic (figure 4.6). The
municipality is supported in their choice for financial incentives and communication and information by
both experts and literature. Several experts emphasised the necessity for financial incentives (E1-7) and
communication and information provision (E1, E3-9). Carter & Fowler (2008) praised these measures for
their voluntary nature.
Lately, the municipality implemented regulations for new constructions regarding climate adaptation (E1,
E4, E5). Experts highlighted the need for regulation to improve green roof implementation (E1-4 & E6-8).
Several studies (Mees et al., 2012; Irma et al., 2017) showed that more regulation in cities has led to a
higher implementation rate of green roofs.
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Less successful aspects
Even though the amount and surface of green roofs in the municipality of Rotterdam has grown
tremendously in the past few years, Rotterdam is still lagging behind other European cities such as Basel
and Stuttgart (table 1.1). There are several factors that could explain this difference.
Firstly, survey respondents indicated that the costs of instalment of green roofs are the biggest barrier
(figure 4.13). This conflicts with the fact that the municipality uses financial incentives as their most
important policy instrument. A variety of reasons could explain this conflict. The municipality has lowered
the available subsidy for green roofs considerably and as a result, only €500,000 in total is available for
climate adaptation measures such as green roofs (Gemeente Rotterdam, 2019e). Moreover, experts
indicated that the available subsidy is not aimed at the right audience and mostly benefits wealthy people
(E3 & E5). Lastly, the municipality does not make use of indirect financial incentives, even though experts
(E1 & E4) and literature (Ngan, 2004; Carter & Fowler, 2008; Hop & Hiemstra, 2014) suggested such
incentives can increase green roof implementation.
Secondly, the municipality stresses the importance of communication and information provision, but
experts indicated that information is too complex (E1, E3 & E7) and too dispersed, which causes it to lack
a strong and compelling narrative (E3). As a result, several aspects of green roofs remain uncertain or
unknown to inhabitants. For example, institutional barriers such as (legal) procedures were mentioned as
the second biggest barrier by survey respondents, even though this is something the municipality is
directly responsible for, partially by providing correct and simple information. Besides that, many survey
respondents indicated not knowing the effect of green roofs on the duration of roof life or possibilities of
roof leakage (figure 4.6).
Thirdly, the municipality hardly addresses regulation in their policy documents. They even stated to be
reluctant to use regulation, whilst most experts stressed the need for more regulation (E1-4, E6, E8). Ngan
(2004) also highlighted that regulation can be more efficient than financial incentives or communication
and information. As mentioned above, regulation can lead to more green roofs (Mees et al., 2012, Irma et
al., 2017). Based on this research, it can be stated that the municipality was unsuccessful in exploring
options to implement regulations other than obligations for new construction.
Conclusion
All in all, the municipality focuses on market based policy instruments such as financial incentives and
communication and information. This focus fits well into the narrative of Dutch spatial planning as outlined
by Tisma & Meijer (2019) and the general goals of policy as explained by Darnton (2009). The municipality
is to some extent limited to non-coercive policy instruments because of the lack of building ownership
(CBS, 2019). Besides that, this focus has not changed over the years, as Mees et al. recognised in 2012 that
Rotterdam mainly uses voluntary instruments such as financial incentives and communication. In 2021,
the municipality still focuses on these policy instruments. For good reason, because experts emphasised
the need for financial incentives (E1-7) and communication and information (E1, E3-9). Moreover, the
growth of the amount of green roofs, combined with the outcomes of the expert interviews, show that
the use of these policy instruments are successful and important policy factors. Especially the use of
subsidies and the combination of both active and passive communication have proven to be effective.
However, experts (E1, E3-5 & E7)and survey respondents (annex 6, question 18) indicated that there is still
a lot of room to improve the use of these policy instruments. Moreover, both respondents, experts (E1-4,
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E6 &E8) and literature (Ngan, 2004; Hop & Hiemstra, 2014; Irga et al., 2017) suggested that the use of
regulation is essential for a quicker and more effective implementation of green roofs.

5.5 Limitations of the research methodology
This research was prone to several limitations. Firstly, the survey amongst inhabitants of Rotterdam had
to be done online due to the restrictions because of Covid-19. As a result, it was harder to reach certain
respondents and a more representative sample. Ideally, the sample consisted of 49% man and 51% woman
(CBS, 2019), the average income would be around €24,100 with 15% of the people having a low income
(lower than 9300) (CBS, 2018b), neighbourhoods would be represented equally to their amount of
inhabitants and the level of education would reflect the level of education in the municipality of
Rotterdam. However, there were several biases.
The main bias is that there is an overrepresentation of survey respondents from Hoek van Holland.
Because of the different geographic and demographic conditions compared to Rotterdam, this slightly
skewed the results from the survey. The most important differences between results from urban and nonurban areas were discussed in chapter 4. There were several other biases in the results of the survey.
Firstly, highly educated people were overrepresented (annex 6, question 23), as much more people from
HBO or University studies completed the survey than the Dutch average (CBS, 2018a). Secondly, more
women than men filled in the survey (annex 6, question 21) compared to the Dutch average (CBS Statline,
2020). Thirdly, there was an underrepresentation for certain age groups (annex 6, question 22). Especially
people older than 65 years were underrepresented (CBS, 2019; CBS Statline, 2020). The elaborated
characteristics of the respondents of the survey can be found in annex 7. Fourthly, the income of
household of the survey respondents was much higher (annex 6, question 24) than the normal distribution
in the Netherlands (CBS, 2020). Fifthly, there was an underrepresentation of inhabitants from Rotterdam
South, as shown in 3.3.5 (CBS, 2019). Lastly, some results indicate that this research was impacted by a
self-selecting bias. A self-selecting bias means that those who fill in the survey have different
characteristics than those who don’t (Kumar, 2019). Therefore, the results from the survey can be skewed
because a certain group is left out, whereas another group is not. The self-selecting bias is reflected by the
fact that 96% of the survey respondents agree that action should be undertaken against climate change
and all actors included in the survey were held responsible by at least 50% of the respondents. This is
substantially higher than other research suggests. For example, Ricart, Olcina & Rico (2019) showed that
only 16% of their survey respondents indicated that regional and local authorities should undertake action
against climate change. The highest responsibility was dedicated to national governments, but only 43%
of the respondents of their survey indicated national governments. The self-selecting bias in this research
could be explained by the fact that attitudes towards green roofs are generally positive, even if people
have little knowledge about them (Jungels et al., 2013).
Besides biases in the results of the survey, there were also some limitations as a result of time constraints.
Firstly, only descriptive statistics were applied to the results of the survey. Because the researcher also
had to undertake interviews and do a policy analysis, it was not possible to conduct further statistical
analysis on the results. Similarly, this research initially aimed to include interviews with inhabitants to gain
a deeper understanding of awareness and external barriers that the inhabitants perceive. However, these
interviews were also not conducted due to time constraints. Housing corporations were also approached
as part of the expert interviews, but did not respond or refused to give an interview.
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Lastly, there were some limitations to the use of the theoretical framework. There is a lot of literature on
behaviour and behavioural aspects, but the behavioural aspects are covered quite superficial in most
researches. For example, the different aspects of awareness (knowledge, risk perception and cues to
action) are not covered in-depth but rather cursory. This can be considered an important research gap.
Also, it creates an incompleteness in the theoretical framework of this research and leaves room for
subjectivity of the research. Similarly, the policy instrument ‘leading by example’ is not elaborately
discussed in literature. This was a hindrance to solidly include this policy instrument in the discussion of
this research.
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6. Conclusion and recommendations
This research tried to identify why the implementation rate of green roofs in the Netherlands is lagging
behind compared to other cities in Europe such as Basel and Stuttgart (Table 1.1 – overview of green roof
implementation). The objective of this research was to identify important factors of municipal green roof
policies dealing with behaviour of Dutch inhabitants, because green roof implementation is dependent on
citizen behaviour due to the Dutch political landscape (Mees et al., 2012; Dai et al., 2018) and the fact that
the majority of Dutch land and buildings is not owned by the state (CBS, 2019).

6.1 Method
To achieve this objective, a policy analysis, expert interviews and a survey amongst inhabitants of the
municipality of Rotterdam was conducted. The policy analysis looked into policies of the municipality of
Rotterdam that either address green roofs directly or indirectly. The experts that took part in the
interviews included policymakers, researchers, green roof companies and consultants. The survey was
filled in by 110 inhabitants of the municipality of Rotterdam.

6.2 Sub-questions
The policy analysis and expert interviews showed that the municipality of Rotterdam mainly relies market
based policy instruments. Financial incentives in the form of subsidies combined with active
communication and passive information provision are the main instruments the municipality applies to
realise more green roofs. Besides that, the municipality wants to lead by example and show that climate
adaptation is a shared responsibility. Regulations are hardly used, mainly because legislation is mostly
formulated on a national level.
The policy analysis also showed that the main part of the behaviour of inhabitants that the municipality of
Rotterdam wants to address is the knowledge of inhabitants. The main aspect of knowledge that the
municipality deals with is the benefits of green roofs, such as water retention capacity, the aesthetics and
improved biodiversity. The main policy instrument to increase the knowledge of inhabitants is the use of
communication and information. This should also cue inhabitants to action. The knowledge and cues to
action were supported with an overview of climate change risks such as flooding and heat stress. Even
though experts disputed the successfulness of this approach (E1-4, E6, E7 & E9), the survey showed that
the respondents are aware of green roof benefits, climate change risks (figure 4.8) and agree that action
should be undertaken, partially by inhabitants themselves (figure 4.10).
The policies of the municipality that address green roofs hardly focus on external barriers. The municipality
acknowledged that green roof barriers such as high instalment cost, possible construction issues and
competition for rooftop space exist. The municipality did not address any institutional barriers, indicating
a lack of self-reflection. Financial incentives in the form of subsidies and leading by example are the main
policy instruments that should overcome external barriers. However, subsidies were lowered over the
years, even though literature (Vijayaraghavan, 2016; Shafique et al., 2018; Sarwar & Alsaggaf, 2020) and
survey respondents highlighted instalment costs as the main barrier for green roof implementation (figure
4.13). Institutional barriers such as complex legislation were identified as a barrier by the survey and
literature (Wong et al., 2005; Hossain et al., 2019; Sarwar & Alsaggaf, 2020), even though the municipality
neglects this type of barrier.
All in all, several successful and less successful factors of green roof policies of the municipality of
Rotterdam were identified. The focus of the municipality on market based policy instruments such as
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communication and information and financial incentives has been quite successful, considering the
increase in green roofs over the years and the increase of green roof knowledge. However, information
provision is still quite dispersed and complex. Moreover, financial incentives are diminishing. Lastly, there
is a lack of regulation and legislation, combined with institutional barriers, to encourage green roof
implementation. Improving these policy instruments could spur green roof implementation and possibly
close the gap with leading cities in Europe.

6.3 Main question
These outcomes form an answer to the main research question: In what ways is the behaviour of
inhabitants of the municipality Rotterdam dealt with in green roof policies of the municipality of
Rotterdam?. The results showed that the municipality of Rotterdam mainly focuses on the use of noncoercive, market based policy instruments to increase the knowledge of inhabitants. The municipality also
wants to raise awareness on climate change risks and cue inhabitants to action, by emphasising that
climate change measures and green roof implementation are a shared responsibility. The municipality of
Rotterdam fails to acknowledge and highlight external barriers that complicate the uptake of green roofs.
Moreover, the municipality is reluctant to use regulation and move towards a more centralised approach,
away from neoliberal ideas, to further spur green roof implementation. This can partially be explained by
the lack of building ownership.

6.4 Academic relevance
The outcomes of this research help to fill the research gap of how behaviour is dealt with in green roof
policies in the Netherlands. Moreover, it has created a basis for future research on green roof policies, to
address more successful and less successful aspects. The results of this research emphasised the need for
more financial incentives, both direct and indirect, which supports research of Ngan (2004), Carter &
Fowler (2008) and Hop & Hiemstra (2014). Besides, the results suggest that more regulation or at least
more research on regulation is needed, building on research of Ngan (2004), Hop & Hiemstra (2014) and
Irga et al. (2017).

6.5 Societal relevance
By highlighting successful and less successful aspects (chapter 5.4), this research created a proposition for
better tailored policy. Moreover, the results of this research and recommendations for future research
provide a scientific foundation for improvements of green roof policy. This should lead to a higher amount
of green roofs in Rotterdam and the Netherlands in general.

6.6 Recommendations for future research
There are several research gaps that emerged from this research that could be subject of future research.
Firstly, this research was explorative and aimed to explore in what ways green roof policies of the
municipality of Rotterdam deal with behaviour. This research identified important policy instruments that
the municipality can apply to deal with behaviour and identified the general effect of these policy
instruments. However, this research has not measured the exact effect of these policy instruments nor
has it researched the effect of individual policy instruments. A more quantitative research that focuses on
single policy instruments can provide more insights. Such a research could also better identify how policy
instruments interact with one another and research which mix of policy instruments is most effective.
Special effort could be dedicated to the policy instrument ‘regulations’, since this instrument is hardly used
in Rotterdam, even though research showed its potential to improve green roof uptake. Research could
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also focus on the possible effects of new regulations on new construction in Rotterdam. This could clarify
the effectiveness of these new regulations and whether or not they should be supplemented with further
regulations.
Besides that, using communication and information provision to increase awareness is one of the main
policy instruments of the municipality. The experts and literature support the municipality in using this
instrument. However, it is not yet known what forms of communication and information provision work
best. Future research could try to identify and assess various forms of communication and information on
their usefulness.
The main policy instrument that the municipality uses is financial incentives. However, the amount of
subsidy available for green roofs has declined. It is not yet known what the effect of lower subsidies is on
the implementation rate of green roofs. Future research could elaborate on this.
Similarly, leading by example was considered an important policy instrument by the municipality of
Rotterdam. However, literature does not discuss this policy instrument elaborately, which could be a goal
for future research.
This research mainly focused on how policies deal with behaviour. This research has not looked in detail
into personal motives to implement green roofs. What emerged from the interviews is that people not
only implement green roofs because they provide benefits (both tangible and non-tangible), but also
because they care about the environment and because it feels like ‘doing the right thing’. This has not
been shown in previous research and could be an interesting topic for future research. Such future
research could include a survey amongst inhabitants to examine whether or not this is a motivation for
people and if so, how strong this motivation is. Future research could also focus more on the
successfulness of policy by looking at the reasons of people for installing green roofs.
Another factor that can influence green roof implementation that has not been researched properly is roof
ownership. This research looked into policy measures that can influence green roof implementation, but
roof ownership can also play an important role. Researching this role could for example help to better
identify why there is a difference in green roof implementation between Rotterdam and, for instance,
Basel and Stuttgart.
Lastly, the literature on behaviour can be extended. Currently, most of the conceptual models on
behaviour change are quite sophisticated and elaborated. Many different factors that influence behaviour
have been established. However, the individual factors that influence behaviour are poorly discussed.
Most researches only touch upon these factors and describe them superficially. Future research that
provides a solid definition of these factors could be valuable. Besides that, current behavioural model focus
strongly on individual behaviour. However, models that explain the effect of individual behaviour on the
public domain and the role of policy in this process are scarce. Future policy can expand existing models.

6.7 Policy recommendations
Based on this research, several recommendations were formulated to improve future green roof policies.
Implementing these recommendations can help to better address awareness and external barriers and
thus better address behaviour of inhabitants.
When looking at awareness, it has become clear that the municipality focuses on the benefits of green
roofs. As a result, most benefits such as aesthetic value, improved biodiversity and mental health benefits
75

are well known to inhabitants and experts. However, benefits such as leisure creation, the cooling effect
of green roofs, increased roof life and improved air quality are still more unknown and deserve more
attention in future policy documents. Moreover, the experts indicated that many people implement green
roofs because it feels like they are ‘doing the right thing’. This is something not mentioned in the policy
documents, but could be addressed in future policy documents. Besides that, even though the benefits of
green roofs were highlighted extensively, more effort can be dedicated to explaining and demonstrating
how green roofs will be implemented.
Potential (perceived) disadvantages such as leakage or rodents and the high costs of green roofs were
hardly mentioned in the policy documents. To create a more well-balanced policy, mentioning potential
disadvantages and what risks they pose can be valuable. The risks of climate change were covered
extensively and inhabitants are familiar with these risks. Based on this study it is recommended to continue
addressing these risks. Similarly, inhabitants feel cued to action. It is unclear what the role of the
municipality is, but it is worthwhile to continue encouraging inhabitants to action.
When looking at external barriers, it became clear that these are underrepresented in green roof policies
of the municipality of Rotterdam. Identifying and addressing external barriers for the implementation of
green roofs could provide more structure and guidance to the policy documents. Moreover, it can help to
distinguish important from non-important goals and measures. For example, subsidies for green roofs
have lowered over the years, even though economic barriers persist and are considerable. It is important
to research what the effect of this measure is and how much incentives people require to undertake
action. This research showed that perceived physical and social-cultural barriers by respondents are
marginal and neglected by the municipality, but it could be worthwhile to at least mention the possibility
of construction issues. Besides that, survey respondents indicated there is a lack of neighbourhood
involvement (figure 4.13). The municipality is encouraged to continue their projects on neighbourhood
scale.
The municipality is also encouraged to critically reflect on their own organisation. Inhabitants indicated
that unclear legislation is an important barrier. Literature supports this (Wong et al., 2005; Hossain et al.,
2019; Sarwar & Alsaggaf, 2020). The municipality should start with acknowledging the institutional barriers
that exist and research how to overcome them. Simplifying green roof procedures could be a first step to
contribute to higher green roof implementation rates. Besides that, providing help with the
implementation of green roofs can take away barriers for inhabitants.
All in all, it has become clear that the municipality focuses on voluntary measures such as financial
incentives and communication. These measures can be very valuable, but there is room for improvement.
Firstly, research what the effect is of lowering subsidies. Instalment costs of green roofs remain to be very
important. Besides that, diversify existing financial incentives. Focus possible subsidies on inhabitants and
neighbourhoods that need them most. Also experiment with indirect financial incentives such as
decoupling loans from people and coupling them to buildings. The communication and information
provision have to be simplified and one strong, compelling narrative of the importance of green roofs
should be created to maximise the impact.
Lastly, experiment more with regulations that are possible on local level that don’t rely on national
legislation. A report from the municipality of Rotterdam has already outlined possibilities for the
municipality to impose regulations for green roof implementation (Bender, 2016), yet this is not reflected
in the current policies. Regulation does not only imply strict rules, but can for instance include granting
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building permits quicker to projects that include green roofs or including green roofs in zoning plans.
Bender (2016) showed that the latter is a viable option for the municipality of Rotterdam. This can spur
green roof implementation, without negatively impacting inhabitants or having to deal with problems as
a result of national legislation.
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Annex 1: Interview blueprint
1. RQ1: In what ways do policies of the municipality of Rotterdam address green roofs?
Objective 1: To find out how policies aim to improve green roof implementation
Topic 1: Direct financial incentives
Aspect 1: Subsidy
Topic 2: Indirect financial incentives
Aspect 1: Lower wastewater fee
Aspect 2: Lower other municipal taxes
Topic 3: Communication and information
Aspect 1: Information provision
Aspect 2: Leading by example
Aspect 3: Guidance throughout the implementation process
Topic 4: Regulation
Aspect 1: Implement green roofs in zoning plans
Aspect 2: Green roofs as a prerequisite of a building permit
Aspect 3: Setting a minimum amount of green roofs for new buildings
2. RQ2: In what ways does the municipality of Rotterdam influence green roof awareness of its
inhabitants through policies?
Objective 1: To identify green roof awareness of inhabitants
Topic 1: Risk perception
Aspect 1: Flooding
Aspect 2: Heat stress
Aspect 3: Bad air quality
Aspect 4: Droughts
Aspect 5: Lowering water quality
Topic 2: Cues to action
Topic 3: Knowledge
Aspect 1: Green roof characteristics: layers, intensive/extensive
Aspect 2: Green roof prices
Aspect 3: Green roof benefits
Aspect 4: Green roof drawbacks
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Objective 2: To determine how municipalities aim to influence green roof awareness of
inhabitants
Topic 1: Leading by example
Topic 2: Establishing compelling and consistent messages
3. RQ3: In what ways does the municipality of Rotterdam influence external barriers for
implementing green roofs through policies?
Objective 1: To identify external barriers for the implementation of green roof
Topic 1: Financial barriers
Aspect 1: Installation costs
Aspect 2: Maintenance costs
Topic 2: Physical barriers
Aspect 1: Structure of the roof
Aspect 2: Complexity of green roofs
Aspect 3: Accessibility of green roofs
Topic 3: Institutional/procedural barriers
Aspect 1: Lack of incentives
Aspect 2: Unclear building codes
Aspect 3: Lacking legislation
Topic 4: Social-cultural barriers
Aspect 1: Unclear ownership
Aspect 2: Lack of community involvement
Objective 2: To determine how municipalities aim to diminish external barriers for green roof
implementation
Topic 1: Measures to overcome financial barriers
Aspect 1: Subsidies
Aspect 2: Other financial incentives
Topic 2: Measures to overcome physical barriers
Topic 3: Measures to overcome institutional/procedural barriers
Aspect 1: Providing technical support
Aspect 2: Building regulations
Topic 4: Measures to overcome social-cultural barriers
Aspect 1: raising awareness
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Annex 2: Interview guide
Ik ben Sven van den Bos en voer onderzoek uit naar groene dakenbeleid in Rotterdam voor mijn studie
Urban Environmental Management voor Wageningen University. Fijn dat je daar aan bij wilt dragen. Het
doel van dit interview is om te kijken wat uw houding tegenover groene daken is en te achterhalen wat u
denkt dat de houding van burgers is tegenover groene daken. Hierbij gaan we in op het bewustzijn van
mensen, mogelijke barrières en het effect van verschillende beleidsvormen. Dit interview zal ongeveer 45
tot 60 minuten duren en is verdeeld in 3 secties. Neem de tijd om een antwoord te formuleren en weet
dat er geen goed of fout antwoord is, maar dat ik puur benieuwd ben naar je mening.
De inhoud van dit interview wordt alleen gebruikt voor dit onderzoek en zal anoniem verwerkt worden.
Om dit interview goed te kunnen analyseren wil ik het graag opnemen. Mag dat van u?
Laten we dan beginnen met het interview. Om te starten, zou je me iets kunnen vertellen over jezelf?
1. Op welke manier ben je betrokken bij groene daken?
- Hoe lang ben je al betrokken bij groene daken?
- Op welke manier heb je contact met inwoners van Rotterdam omtrent groene daken?

RQ2: In what ways does the municipality of Rotterdam influence green roof awareness of its inhabitants through policies?
Objective 1: To identify green roof awareness of inhabitants
Topic 1: Risk perception
-> 5 minutes

2. In hoeverre zie je klimaatverandering als een probleem voor de stad Rotterdam?
- Wat voor risico’s zie jij voor de stad?

3. In hoeverre denk je dat burgers klimaatverandering zien als een probleem voor de stad
Rotterdam?
- Welke gevaren denk jij dat burgers voor de stad zien?
Topic 2: Cues to action
-> 5 minutes

4. In hoeverre denk je dat burgers zich aangezet voelen om actie te ondernemen tegen
klimaatverandering?
Vraag om toelichting. Waarom voelen zij zich wel of niet aangezet? En waardoor?
Ik ben natuurlijk bij u uitgekomen vanwege uw expertise op het gebied van groene daken. Groene daken
kunnen ook een belangrijke rol spelen om klimaatverandering tegen te gaan, daarom wil ik graag een
aantal vragen stellen over groene daken.
Topic 3: Knowledge
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-> 10 minutes

5. Welke voordelen associeer je met groene daken? (Deze hoeven niet gekoppeld aan
klimaatverandering te zijn)
Water
retenti
e

Schoner
e lucht

Toename
biodivers
.

Daling
Temper
.

Verbeterd
e isolatie

Minder
geluidso
.

Toenam
e
waarde

Esthetisc
h

Extra
sport/recreati
e

Ander
s

6. Welke nadelen associeer je met groene daken? (Deze hoeven niet gekoppeld aan
klimaatverandering te zijn)
Kosten installatie

Kosten onderhoud

Lekkage

Gewicht

Anders

7. Welke voordelen denk je dat burgers associëren met groene daken?
Vraag om toelichting
Water
retentie

Schonere
lucht

Toename
biodivers.

Daling
Temper.

Verbeterde
isolatie

Minder
geluidso.

Toename
waarde

Esthetisch

Extra
sport

Anders

7b Wanneer de tijd het toelaat
Welk van deze voordelen denk je dat het zwaarst weegt voor burgers?

8. Welke nadelen denk je dat burgers associëren met groene daken?
Vraag om toelichting
Kosten installatie

Kosten onderhoud

Lekkage

Gewicht

Anders

8b Wanneer de tijd het toelaat
Welk van deze nadelen denk je dat het zwaarst weegt voor burgers?
We hebben het gehad over het bewustzijn van burgers over groene daken. Hierbij keken we naar de
risico’s die zij ervaren, hoe zij zich aangezet voelen om iets met die risico’s te doen en welke kennis zij
bezitten over groene daken. Aangezien ik naar het beleid kijk en de invloed daarvan op dit bewustzijn,
wil ik je een laatste vraag in deze sectie stellen.
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Objective 2: To determine how municipalities aim to influence green roof awareness of inhabitants
-> 5 minutes

9. Hoe beïnvloedt gemeente Rotterdam het bewustzijn van haar burgers over groene daken?
Vraag om toelichting

9b. Wat zou de gemeente nog meer kunnen doen om bewustzijn te vergroten?

Naast het feit dat er voor- en nadelen zijn aan de aanleg van groene daken, kunnen mensen ook barrières
ervaren wanneer zij overwegen om groene daken aan te leggen. Met een barrière wordt een nadeel
bedoeld dat zodanig groot is dat men geen groen dak meer wilt aanleggen door dit nadeel.
RQ3: In what ways does the municipality of Rotterdam influence external barriers for implementing green roofs through policies?
-> 20 minutes
Objective 1: To identify (perceived) external barriers for the implementation of green roof

10. Welke barrières denk je dat burgers ervaren wanneer zij een groen dak willen aanleggen?
Mochten de onderstaande punten benoemd worden, hoeft dit niet meer apart gevraagd te
worden. Vraag ook om toelichting
Topic 1: Financial barriers

10b. Welke financiële barrières kunnen burgers ervaren?
Topic 2: Physical barriers

10c. Welke fysieke barrières kunnen burgers ervaren?
Topic 3: Institutional barriers

10d. Welke institutionele of procedurele barrières kunnen burgers ervaren?
Topic 4: Social-cultural barriers

10e. Welke sociaal-culturele barrières kunnen burgers ervaren?
Objective 2: To determine how municipalities aim to diminish external barriers for green roof implementation

11. Op welke manier kan de gemeente deze barrières weg te nemen?

Topic 1: Measures to overcome financial barriers

11b. Welke maatregelen kan de gemeente nemen om financiële barrières weg te nemen?
Topic 2: Measures to overcome physical barriers

11c. Welke maatregelen kan de gemeente nemen om fysieke barrières weg te nemen?
Topic 3: Measures to overcome institutional/procedural barriers
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11d. Welke maatregelen kan de gemeente nemen om institutionele of procedurele barrières
weg te nemen
Topic 4: Measures to overcome social-cultural barriers

11e. Welke maatregelen kan de gemeente nemen om sociaal-culturele barrières weg te nemen?
Dat was de laatste vraag van de tweede sectie. We hebben nu gekeken naar het bewustzijn van mensen
van groene daken en de barrières die zij kunnen ervaren wanneer ze overwegen een groen dak aan te
leggen. Hierbij hebben we ook gekeken wat de gemeente kan doen om dit te beïnvloeden. In het laatste
deel wil ik graag kijken naar algehele beleidsvormen die de gemeente in kan zetten om groene daken en
hoe je denkt dat deze vormen ingezet kunnen worden.
RQ1: In what ways do policies of the municipality of Rotterdam address green roofs?
Objective 1: To find out how policies aim to stimulate green roof adoption
-> 10 minutes
Topic 1: Direct financial incentives

12. In hoeverre denk je dat directe financiële stimulansen de aanleg van groene daken kan
aansporen?
Vraag om toelichting
Topic 2: Indirect financial incentives

13. In hoeverre denk je dat indirecte financiële stimulansen de aanleg van groene daken kan
aansporen?
Vraag om toelichting

Topic 3: Communication and information

14. In hoeverre denk je dat communicatie en informatievoorziening de aanleg van groene daken kan
aansporen?
Vraag om toelichting
Topic 4: Regulation

15. In hoeverre denk je dat regulatie en wetgeving de aanleg van groene daken kan aansporen?
Vraag om toelichting
Einde interview
Bedankt voor de antwoorden, dit waren al mijn vragen.
-

Geef een kort overzicht van belangrijkste uitkomsten
Vraag of hier nog aanvullingen op zijn
Vraag of ik later nog contact op kan nemen
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-

Herhaal hoe de data verwerkt wordt. Geef aan dat je de transcriptie op kan sturen als daar
behoefte naar is
Bedankt voor de deelname
Social talk
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Annex 3: Survey questions
Welkom bij dit onderzoek
Voor mijn masterscriptie aan Wageningen University & Research kijk ik naar de relatie tussen groene
daken en bewoners van Rotterdam. In deze enquête wordt eerst gekeken naar klimaatverandering in het
algemeen, vervolgens zijn er wat algemene vragen over groene daken en tot slot zijn er stellingen over uw
mening over groene daken. Alle antwoorden die u geeft zullen anoniem blijven.
De enquête zal ongeveer 10 minuten duren. Uw deelname is vrijwillig en u kunt op elk moment stoppen
met de enquête. Door deel te nemen aan dit onderzoek geeft u toestemming om uw antwoorden te
gebruiken voor dit onderzoek en erkent u dat u 18 jaar of ouder bent.
Type woning
1. In wat voor soort woning woont u?
1. Appartement
2. Huis (rijtjeshuis, vrijstaand, 2-onder-1-kap etc.)

2. Woont u in een koop- of huurwoning?
1. Koopwoning
2. Huurwoning
3. Heeft u een puntdak of een (overwegend plat) dak?
1. Puntdak
2. (Overwegend) plat dak

Klimaatverandering
Het eerste gedeelte van dit onderzoek gaat over klimaatverandering. Met klimaatverandering wordt de
verandering van het klimaat door toedoen van de mens bedoelt.
4. Welke risico’s vormen de gevolgen van klimaatverandering voor steden volgens u?
Meerdere antwoorden mogelijk
1. Overstroming door toename regenval
2. Overstroming door stijging zeespiegel
3. Toename gezondheidsproblemen door extreme warmte
4. Toename periodes van droogte
5. Verslechtering kwaliteit van water
6. Anders, namelijk…
7. Weet ik niet
5. Er moeten maatregelen genomen worden tegen de gevolgen van klimaatverandering in het
algemeen
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
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6. Wie heeft volgens u de verantwoordelijkheid om maatregelen te nemen tegen
klimaatverandering in het algemeen?
Meerdere antwoorden mogelijk
1. De Rijksoverheid
2. Provincies
3. Gemeentes
4. Woningcorporaties
5. Bedrijven
6. Burgers
7. Niemand
8. Anders, namelijk…
9. Weet ik niet
7. Ik zie klimaatverandering als een probleem voor Rotterdam
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
Groene daken
Het tweede gedeelte van dit onderzoek gaat over groene daken. De eerste paar vragen zijn er op gericht
om te kijken hoe bekend u bent met groene daken.
8. Weet u wat groene daken zijn?
1. Ja
2. Nee
Indien 2, 6+7 overslaan
9. Heeft u zelf een groen dak?
1. Ja
2. Nee
3. Weet ik niet
10. Bent u wel eens op een groen dak geweest?
1. Ja
2. Nee
11. Hoeveel denkt u dat de aanleg van 1 vierkante meter groen dak gemiddeld kost in Rotterdam?
1. Minder dan €10
2. €10-€25
3. €26-€40
4. €41-€55
5. €56-€70
6. Meer dan €70
7. Weet ik niet
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12. Groene daken kunnen helpen om klimaatverandering te bestrijden
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
13. In hoeverre bent u het eens met de onderstaande stellingen over groene daken:
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
Een groen dak:
1. Is duur
2. Verfraait de buurt
3. Vermindert gezondheidsproblemen door extreme warmte
4. Verbetert isolatie van het huis
5. Vermindert wateroverlast
6. Verbetert de luchtkwaliteit
7. Verbetert de biodiversiteit
8. Vergroot de kans op lekkage
9. Verkort de levensduur van een dak
10. Vergroot de waarde van vastgoed
11. Vergroot overlast door insecten of ongedierte
12. Vermindert geluidsoverlast
13. Verbetert de mentale gezondheid van mensen
14. Welke ervaringen hebben bijgedragen aan uw beeld van groene daken?
Meerdere antwoorden mogelijk
1. Ik heb groene daken gezien/bezocht bij mensen in de buurt
2. Ik heb groene daken gezien/bezocht op gebouwen van bedrijven
3. Ik heb groene daken gezien/bezocht op overheidsgebouwen
4. Ik heb informatie gekregen via de social media kanalen van de gemeente
5. Ik heb informatie gekregen via andere social media kanalen
6. Ik heb informatie gekregen via folders/brochures van de gemeente
7. Ik heb informatie gekregen via folders/brochures van bedrijven
8. Ik heb over groene daken gelezen in een krant/tijdschrift/website
9. Groene daken zijn onderdeel (geweest) van mijn studie
10. Ik ben bij groene daken betrokken door mijn werk
11. Anders, namelijk…
12. Geen van bovenstaande
De volgende vragen gaan nog altijd over groene daken. Er wordt gekeken naar mogelijke
barrières die u kunt ervaren als u een groen dak aan wilt leggen en hoe de gemeente u zou
kunnen helpen om de aanleg makkelijker te maken. Voor de volgende vragen moet u zich
inbeelden dat u van plan bent een groen dak aan te leggen.
15. Beslist u wat er op uw dak geplaatst mag worden?
1. Ja 2.Nee
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Ja -> 13, Nee -> 14
16. Geef aan in hoeverre u het eens bent met de onderstaande stellingen over groene daken
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
1. De kosten van de aanleg zijn te hoog
2. De kosten van onderhoud zijn te hoog
3. Ik ben bang dat een groen dak tot lekkage leidt
4. Ik ben bang dat mijn dak niet sterk genoeg is voor een groen dak
5. Ik vind groene daken een te ingewikkeld onderwerp
6. Ik heb geen toegang tot mijn dak
7. De wetgeving en vergunningen omtrent groene daken zijn onduidelijk
8. Het is onduidelijk wie er eigendom heeft van een groen dak
9. Gebrek aan betrokkenheid van de buurt
10. Een groen dak past niet in mijn buurt
11. Anders, namelijk …

17. Ga er bij deze vraag van uit dat u wel zou kunnen beslissen wat er met uw dak gebeurt. Geef aan
in hoeverre u het eens zou zijn met de onderstaande stellingen over groene daken.
Schaal: 1. Zeer oneens 2. Oneens 3. Niet eens, niet oneens 4. Eens 5. Zeer eens
1. De kosten van de aanleg zijn te hoog
2. De kosten van onderhoud zijn te hoog
3. Ik ben bang dat een groen dak tot lekkage leidt
4. Ik ben bang dat mijn dak niet sterk genoeg is voor een groen dak
5. Ik vind groene daken een te ingewikkeld onderwerp
6. Ik heb geen toegang tot mijn dak
7. De wetgeving en vergunningen omtrent groene daken zijn onduidelijk
8. Het is onduidelijk wie er eigendom heeft van een groen dak
9. Gebrek aan betrokkenheid van de buurt
10. Een groen dak past niet in mijn buurt
11. Anders, namelijk …
18. In hoeverre denkt u dat de onderstaande maatregelen kunnen helpen om het aantal groene
daken in Rotterdam te verhogen:
Schaal: 1. Niet 2. Nauwelijks 3. Niet weinig, niet veel 4. Veel 5. Heel veel
1. Het bewustzijn over groene daken vergroten
2. Financiële stimulansen vanuit de gemeente om ontwikkelaars te helpen
3. Financiële stimulansen van de gemeente om bewoners te helpen
4. Bonus/korting voor ontwikkelaars die groene daken ontwikkelen
5. (Technische) hulp bij de aanleg van groene daken
6. Trainingen over het nut en de aanleg van groene daken
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7. Verplichting van bepaalde hoeveelheid groen bij nieuwbouwprojecten
8. Groene daken onderdeel maken van onderwijs architecten/stedenbouwkundigen
9. Anders, namelijk…
19. Hoeveel moeite denkt u dat de gemeente besteedt aan de onderstaande maatregelen om het
aantal groene daken in Rotterdam te verhogen?
Schaal: 1. Geen 2. Nauwelijks 3. Niet weinig, niet veel 4. Veel 5. Heel veel
1. Het bewustzijn over groene daken vergroten
2. Financiële stimulansen vanuit de gemeente om ontwikkelaars te helpen
3. Financiële stimulansen van de gemeente om bewoners te helpen
4. Bonus/korting voor ontwikkelaars die groene daken ontwikkelen
5. (Technische) hulp bij de aanleg van groene daken
6. Trainingen over het nut en de aanleg van groene daken
7. Verplichting van bepaalde hoeveelheid groen bij nieuwbouwprojecten
8. Groene daken onderdeel maken van onderwijs architecten/stedenbouwkundigen
9. Anders, namelijk…
20. Heeft u nog suggesties of ideeën om het aantal groene daken in Rotterdam te verhogen?
Open vraag, met als optie ‘weet ik niet’
Persoonskenmerken
21. Wat is uw geslacht
1. Man
2. Vrouw
3. Anders
4. Zeg ik liever niet
22. Wat is uw leeftijd?
1. Jonger dan 25 jaar
2. 25-35 jaar
3. 36-45 jaar
4. 46-55 jaar
5. 56-65 jaar
6. Ouder dan 65 jaar
7. Zeg ik liever niet
23. Wat is uw hoogst afgeronde opleiding?
1. Bassisschool
2. VMBO
3. HAVO
4. VWO
5. MBO
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6. HBO
7. Universiteit
24. Wat is uw inkomen?
1. <€10.000 bruto per jaar
2. €10.000-€20.000 bruto per jaar
3. €20.001-€30.000 bruto per jaar
4. €30.001-€40.000 bruto per jaar
5. €40.001-€50.000 bruto per jaar
6. >€50.000 bruto per jaar
7. Zeg ik liever niet
25. Wat zijn de vier cijfers van uw postcode?
1. Open
2. Zeg ik liever niet
26. Zou u er voor open staan uw antwoorden verder toe te lichten in een interview van 30 minuten?
1. Ja (vul dan uw e-mail adres in de open ruimte in)
2. Nee
27. Heeft u nog vragen of opmerkingen?
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Annex 4 – Code system content analysis
This annex shows the codes that have been used to analyse the policy documents of the municipality of
Rotterdam. However, before showing the coding system, first an overview will be given how these codes
have been constructed.
Several codes were created ‘a priori’. Since this research focuses on two main constructs, behaviour and
green roof policies, a theoretical framework was created around these constructs. From this framework,
several codes could be derived. The construct of behaviour has been narrowed down to external barriers
and awareness. Awareness can be divided into three aspects: knowledge, cues to action and risk
perception (see figure 2.7).
These three aspects have been included as codes, to see if and how the municipality discusses the
awareness of green roofs of its inhabitants. The aspect ‘knowledge’ was too broad to analyse, so it has
been narrowed down further, in line with the theoretical framework (Carter & Fowler, 2008; Bianchini &
Hewage, 2012; Xiao et al., 2014; Vijayaraghavan, 2016; Feng & Hewage, 2018; Ismail et al., 2018; Shafique
et al., 2018). ‘Knowledge’ was divided into the following aspects: intensive and extensive green roofs, the
price of green roofs, the layers of green roofs, the benefits they provide and barriers of implementing
them. The policy documents hardly included cues to action to implement green roofs or talk about the risk
of a lack of green roofs, but rather talk about general climate change. Therefore, the cues to action and
risk perception focus on climate adaptation in general rather than just green roofs.
External barriers is the other aspect of behaviour that is discussed in this research. Figure 2.7 shows that
external barriers consist of four different barriers: physical, institutional, economic and social-cultural.
These four barriers have been further broken down, as can be seen in the table below.
For the second construct, green roof policies, policy styles that have been discussed in the theoretical
framework were used as codes. These policy styles are direct and indirect financial incentives, regulations,
communication and information and leading by example (Ngan, 2004; Carter & Fowler, 2008; Hop &
Hiemstra, 2014). The open coding has resulted in another policy style, namely coordination, also referred
to as networking. Segments of text have been assigned to policy style codes. However, not all the segments
that have been classified as these codes are related to green roofs or behaviour (awareness and external
barriers).
Besides codes that were derived from the theoretical framework, open codes have also been derived from
the policies. The three axial codes that have been created are shared responsibilities,
cooperation/networking and solutions to combat general climate change. The latter has been divided into
many other codes, which can be seen in the table below. Shared responsibilities and cooperation with
other parties have been mentioned several times in the policy documents – 19 and 17 times respectively.
Hence, they were selected as an axial code. The policy documents also elaborated on a variety of measures
to combat climate change, but none was mentioned more than 5 times. Because of this and there
homogenous nature, these codes have been combined into the axial code ‘solutions to combat climate
change in general’, including the specific codes as separate open codes.
Segments from the policy documents have been assigned to the open codes if they were explicitly saying
something about the code. For example, ‘’Green roofs have many advantages; they make the city literally
greener, but also form a buffer for water retention’’ (Gemeente Rotterdam, 2020a, p.10) was assigned the
open code ‘water retention’, which is part of the axial code ‘green roof benefits’. If the segment of text
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mentioned the topic of the code implicitly, the segment was assigned to the axial code. An example of this
is ‘’by making the municipal real estate more sustainable, we give a good example for the rest of the city’’.
This has been assigned to the open code ‘leading by example’ as part of the ‘policy styles’, but also to the
axial code ‘awareness’, since giving this example is aimed to make people more aware.

Code system content analysis

Frequency

Total

278

Codes created ‘a priori’
Policy styles

0

Financial incentives

27

Leading by example

13

Communication and information

17

Regulation

6

Cooperation/networking*

17

Awareness

6

Knowledge

9

Intensive/extensive difference

0

Price information

0

Layer information

1

Green roof benefits

0

Green roof benefits

1

Water retention

9

Improved aesthetics

7

Improved Biodiversity

6

New options for sport and recreation

4

UHI

4

Health benefits

4

Increased roof life

3

Improves value of real estate

2

CO2 reduction

1

Barriers for climate adaptation*
Increasing density

0
3
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Financial

1

High ground water

1

Increasing water demand

1

Cues to action

30

Risk perception

0

General climate change effects

12

Flooding

8

Heat stress

7

Air quality

3

Droughts

3

Water quality

2

Ground water

1

External barriers

2

Physical

1

Hard to access

0

Extra load on roofs

1

(Perceived) leakage

0

Institutional

1

Unclear building codes

0

Lack of legislation

0

Complexity of green roofs

1

Economic

16

High maintenance cost

0

High installation cost

0

Social-cultural

3

Conflicting functions

2

Lack of community involvement

0

Unclear ownership of green roofs

0

Lack of awareness

1

Open codes
Solutions to combat climate change
Solutions - creating synergies

0
5
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Solutions - flood prevention

4

Solutions - (smart) greening

4

Solutions - local

4

Solutions - building climate adaptive

2

Solutions - green roofs

2

Solutions - upscaling

2

Solutions - entrepreneurship

2

Solutions - build higher

1

Solutions - impervious surfaces

1

Shared responsibility

19

* These codes have not been made ‘a priori’, but during the coding
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Annex 5: Coding system interview analysis
The coding system for analysing the expert interviews is based on the interview guide (annex 3), which has
been based on the theoretical framework. The codes used to analyse the interviews have been created ‘a
priori’. Because the interviews were semi-structured, the segments of texts could all be related to the
previously created codes. In the first table below, it is shown which codes are assigned to what question
from the interview guide (annex 3). In the second table below, the entire coding system with all the codes
is shown.

Code System
Axial codes related to interview questions

Frequency

Total codes

390

Climate change risks – respondent → Q2

22

Awareness respondent

0

Green roof advantages → Q5

32

Green roof disadvantages →Q6

14

Awareness inhabitants

7

Risk perception → Q3

23

Cues to action → Q4

16

Knowledge

42

Green roof advantages → Q7

6

Green roof disadvantages → Q8

4

Municipality influencing awareness → Q9

9

External barriers inhabitants → Q10

1

Financial → Q10b

17

Physical → Q10c

9

Institutional → Q10d

12

Social-cultural → Q10e

14

Policy styles respondents - Green roofs
Financial incentives

7
12

Direct financial incentives → Q12

10

Indirect financial incentives → Q13

4

Communication and information → Q14

32

102

Regulation → Q15

43

Leading by example

10

Other barriers

13
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Code System
All codes

Frequency

Code System

390

Climate change risks - respondent

22

Too hot/Heat stress

6

Heavy rainfall/pluvial flooding

5

Droughts

2

Awareness respondent
Green roof advantages

46
32

Health benefits

4

Increased biodiversity

4

Heat stress reduction

3

Aesthetics

3

Improved thermal insulation

3

Water retention

2

Reduced air pollution

2

Green roof disadvantages

14

Construction issues

4

High costs

2

Awareness inhabitants
Risk perception

7
23

Increasing awareness

11

Lack of awareness

9

Cues to action

16

Not cued to action

8

Cued to action

3

Knowledge
Green roof advantages

42
6

'Doing the right thing'

4

Aesthetics/view

3

Cooling effect

2
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Increased biodiversity

2

Extended roof life

2

Green roof disadvantages

4

Proliferation of insects/rodents

5

Roof leakage

5

High cost

4

Maintenance

2

Municipality influencing awareness

9

Promotion

10

Subsidy

9

Example projects

7

Information provision

5

Hiring external parties

4

Cost-benefit analysis

2

Diverse policies

2

Cooperations

2

External barriers inhabitants
Financial

1
17

High cost

6

Priority of investing

3

Construction calculation

2

Physical

9

Fear of leakage

2

Proliferation of insects/rodents

2

Construction issues

2

Institutional

12

Complexity of ownership

7

Complexity of information provision

2

Social-cultural

14

Lack of knowledge

5

Complex topic

4

105

How to implement
complexity

green

roofs?

Policy styles respondents - Green roofs
Financial incentives
Direct financial incentives

- 3
7
12
10

Not enough to motivate people

3

Spreading investments geographically

2

Indirect financial incentives
Communication and information
Promotion

4
32
8

Creating better information provision - 4
website
Simplifying information provision

3

Information nights/events

2

Regulation

43

New construction

7

Renovation

5

Simplifying/helping with procedures

5

Lack of legislative power municipality

4

Performance indicators

2

Juridically difficult

2

Leading by example
Other barriers

10
13

Other priorities

5

Difficult product to sell

2

Limited window of opportunity

2
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Annex 6: Survey results
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Annex 7: Survey results
It has become clear how the municipality deals with green roof awareness of inhabitants and how experts
perceive awareness of inhabitants, but it is important to research how inhabitants experience green roofs
themselves. This chapter will outline the results of the survey, in which it will be addressed whether
inhabitants are familiar with green roofs, whether they perceive climate change as a risk and who they
think are responsible. However, before that, it is necessary to describe the characteristics of the sample
population.
Sample population
The survey was overrepresented by women, as 64.6% of the respondents is women, whereas only 34.4%
is men. 1% indicated to be of a different gender. In total, 96 respondents answered this question, 27
respondents skipped the question. In the Netherlands in general, 49.7% of the population is male, 50.3%
is female (CBS Statline, 2020). The answers differed strongly between urban and non-urban areas. 58.6%
of non-urban respondents was male, 41.4% was female. In the city of Rotterdam, only 23.9% of the
respondents was male and 74.6% was female.
The respondents are relatively young. 17.7% of the respondents is younger than 25 and 32.3% is between
25 and 35 years old. 10.4% is between 36 and 45 years old, 20.8% is between 46 and 55 years old, 17.7%
is between 56 and 65 years old and only one respondent (1%) is older than 65 years. As can be seen in
table A1, especially people older than 65 years are underrepresented. People younger than 25 years are
also underrepresented, although a large part (0-18 years old) could not fill in the survey. However, there
is a difference between inhabitants of the city of Rotterdam and inhabitants of Hoek van Holland and
Hoogvliet. Of the inhabitants of Rotterdam, 65.7% was younger than 35, whereas 82.8% of the inhabitants
of Hoek van Holland and Hoogvliet were 46 years or older (figure A1).
< 25 years old
25-35 years old
36-45 years old
46-55 years old
56-65 years old
> 65 years old

Respondents
17.7%
32.3%
10.4%
20.8%
17.7%
1%

Rotterdam
29,2%
30.8%
24.5%
15.4%

Netherlands
28%
12.9%
11.9%
14.2%
13.6%
19.6%

Table A1: CBS 2019; CBS Statline 2020
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Age of respondents in years
35%
30%
25%
20%
15%
10%
5%
0%
<25

25-35

36-45
Urban

46-55

56-65

>65

Non-urban

Figure A1: Age of respondents

The level of education also differentiates between Rotterdam and Hoek van Holland and Hoogvliet. As can
be seen from figure A2, urban residents have completed higher levels of education. 50.7% of urban
respondents have completed a degree at a university, whereas no non-urban respondent has. All
respondents have completed primary education and some form of secondary education. The majority of
non-urban respondents has completed either MBO (34.5%) or HBO (37.9%). For urban respondents, 31.3%
has completed HBO and 9% has completed MBO as a highest level of education. The overall level of
education is skewed compared to the Netherlands. In the Netherlands, only 30% has completed either
HBO or University (CBS, 2018a), whereas for the respondents this was a combined of 68.8%.

Highest level of completed education
40%
35%
30%
25%
20%
15%
10%
5%
0%

Primary
school

VMBO

HAVO

VWO
Urban

MBO

HBO

University Rather
not say

Non-urban

Figure A2: Highest level of completed education

When looking at the income of the respondents, a few things stand out. Firstly, the income of the
respondents of Hoek van Holland and Hoogvliet is higher than Rotterdam. For example, 48.3% of the nonurban respondents earned more than €50,000 per year, compared to only 10.4% of the urban respondents.
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Besides that, 10.4% of the urban respondents earns less than €10,000 per year and 6% earns between
€10,000 and €20,000 per year. For the non-urban respondents, only 1 person (3.4%) earns less than
€20,000 per year (figure A3). This could be explained by the fact that the urban respondents were younger
compared to the urban population. Overall, the income is higher than the average in the Netherlands. For
example, only 9.8% of the households in the Netherlands earn €50,000 or more (CBS, 2020), whereas
21.9% of the respondent does.

Gross income per year
25%
20%
15%
10%
5%

0%

Urban

Non-urban

Figure A3: Gross income per year of respondents

50,9% of the respondents lives in an apartment, while 49,1% lives in a house such as a terraced house.
However, the answers were heavily skewed between urban and non-urban residents. From the 29
respondents from non-urban areas, 27 live in a house (93.1%) and only 2 live in an apartment (6.9%). This
is a stark contrast with respondents from urban areas. 45 respondents from urban areas live in an
apartment (67.2%), whereas 22 respondents live in a house (32.8%). 14 respondents did not specify where
they live. 9 of these respondents live in an apartment, 5 in a house. The overall results don’t differ a lot
from the national average, where 57.9% lives in an apartment and 42.1% lives in a house (CBS, 2016b).
These results concur with the ownership of residences. 57 people own their house (51,8%), 53 people rent
their house (48,2%). The majority of non-urban respondents (93.1%) owns a house and only 6.9% rents
their residence. On the other hand, 35.8% of respondents owns their house and 64.2% rents their house
in urban areas. This is in line with the average of Rotterdam, where 38.8% owns their own house (CBS,
2016a).
50.9% of the people indicated to have a predominantly flat roof. 49.1% has a slanted roof. Similarly to
previous questions, there is a difference between the neighbourhoods of Rotterdam and the non-urban
areas. 82.8% of the respondents of the non-urban areas indicated that they have a slanted roof, compared
to 38.8% of the urban population. This is in line with the typology of the city of Rotterdam (Gemeente
Rotterdam, 2019b).
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Knowledge
When determining the knowledge of green roofs of respondents, this research has researched whether
respondents know what green roofs are, if respondents have been on a green roof, if they have an idea of
the price of green roofs, whether they think green roofs can help to alleviate climate change effects and
what they consider advantages and disadvantages to green roofs.
The majority of the respondents are familiar with green roofs. 88.2% indicated that they know what a
green roof is. 51 respondents (52.6%) answered that they have actually been on a green roof. However,
there is a difference between urban and non-urban respondents. From the 23 non-urban respondents that
answered this question, only 8 (34.8%) indicated that they have been on a green roof, whereas 35 out of
60 (58.3%) of the urban respondents did. Only 6 respondents (6.2%) indicated that they have a green roof.
5 of these respondents are from the city of Rotterdam, 1 of them is from Hoek van Holland.
All respondents provided a price estimation for a square meter of green roof. As can be seen from figure
A4, the answers are relatively evenly spread. 2.7% of the respondents thinks a square meter costs less than
€10 and 6.4% between €10 and €25. The majority of the respondents think the price is above €26 per
square meter: 23.6% answered between €26 and €40, 22.7% answered between €41 and €55, 18.2%
answered between €56 and €70 and 19.1% answered more than €70. 7.3% of the respondents did not
know the price of a green roof. There is no substantial difference between urban and non-urban
respondents, as all the answers differ less than 4 percentage points.

What are the instalment costs of green roofs per
square meter?
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%

<€10

€10-€25
Urban

€26-€40

€41-€55

Non-urban

€56-€70

>€70

Don't know

Address unknown

Figure A4: Estimation of green roof instalment costs

All respondents have answered all statements about the advantages and disadvantages of green roofs. An
overview of all results can be seen in figure A5, a comparison between the average response of urban and
non-urban responses can be seen in figure A6.
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The respondents are unsure about the costs of green roofs, as 27 respondents (24.5%) do not know
whether green roofs are expensive or not and 23 respondents (20.9%) neither agree or disagree with the
statement ‘green roofs are expensive’. On a scale of 1 (strongly disagree) to 5 (strongly agree), the average
score was 3.3. Therefore, there is no clear indication whether respondents think green roofs are expensive
or not, although there is a small tendency towards ‘agree’. There is, however, a big difference between
urban and non-urban respondents as urban respondents have an average score of 2.85 and thus scored
closely to ‘neither agree nor disagree’, whereas non-urban respondents score an average of 3.94, scoring
much closer to ‘agree’. Therefore, relatively more non-urban respondents think that green roofs are
expensive than urban respondents.
Respondents think that green roofs embellish the neighbourhood, as 41.8% agree and 51.8% strongly
agree, leading to an average score of 4.44. Only 2 respondents (1.82%) disagree with this statement. The
differences between urban and non-urban respondents are less substantial than the previous statement,
but there are differences nonetheless. Urban respondents have an average of 4.6, leaning slightly more
towards ‘strongly agree’, whereas non-urban respondents have an average of 4, which is exactly ‘agree’.
Respondents are also positive towards the prospect of green roofs decreasing heat stress, as 40.9% agree
and 21.8% strongly agree green roofs can do so. However, 30 respondents answered ‘do not know’, slightly
skewing these results. As can be seen in figure A6, the difference between urban and non-urban
respondents is marginal.
To the statement ‘green roofs increase the insulation of the house’, 50.9% agree and 34.5% strongly agree.
Only 1 respondent (0.9%) disagrees with this statement and 13 respondents (11.8%) do not know. With an
average score of 4.35, respondents are very positive about this statement. Urban respondents are slightly
more positive than non-urban respondents (figure A5).
Most of the respondents also agree that green roofs can decrease flooding. 53 respondents (48.2%) agree
and 32 respondents (29.1%) strongly agree with this statement, whilst 16 respondents (14.6%) do not
know.
Another statement the respondents agree on was that green roofs improve the quality of the air. 58.2%
of the respondents agree with this statement and 34.5% strongly agree, resulting in an average score of
4.33.
The statement that respondents are most positive about is ‘green roofs improve biodiversity’. With an
average score of 4.48, the result is balanced between ‘agree’ and ‘strongly agree’. 48 respondents (43.6%)
agree and 50 respondents (45.5%) strongly agree, while 10 respondents (9.1%) do not know. Urban
respondents were slightly more positive (4.56 average) than non-urban respondents (4.27 average).
Many respondents had difficulty answering the statement whether green roofs increase the chance of
leakage or not, since 45 respondents (40.9%) answered ‘do not know’. The other respondents balance
between ‘disagree’ and ‘neither agree nor disagree’, since the average score was 2.48. Urban respondents
tend to disagree more than non-urban respondents, with respective averages of 2.37 and 2.71.
The other statement respondents had difficulty answering was ‘green roofs shorten roof life’, as 44
respondents (40%) answered ‘do not know’. The respondents that filled in this statement balance right
between ‘disagree’ and ‘neither agree nor disagree’ with an average score of 2.5.
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50% of the respondents agree that green roofs increase the value of real estate and 15.5% strongly agree.
With an average of 3.93, close to ‘agree’, respondents were positive about this statement. However, it is
important to note that 20 respondents (18.8%) filled in ‘don’t know’.
The majority of respondents do not think that green roofs lead to an increase of vermin (rodents and
insects). 41 respondents (37.7%) disagreed with this statement and 13 respondents (11.8%) strongly
disagreed. However, 19 respondents (17.3%) did agree with this statement, whilst 21 respondents (19.1%)
answered they don’t know. This statement was answered quite differently by urban and non-urban
respondents, since urban respondents answered closer to ‘disagree’ with an average score of 2.17,
whereas non-urban respondents score closer to ‘neither agree nor disagree’ with an average score of 3.29.
Important to note is that 27.6% of the non-urban respondents answered ‘do not know’.
Respondents mainly agree with the statement ‘green roofs decrease noise nuisance’, as 47.3% agree with
this statement and 15.5% strongly agree. Only 5 respondents (4.5%) disagree. No major differences
between urban and non-urban respondents were found, but 23.6% of the people did answer ‘do not
know’.
Lastly, respondents are positive about the mental health benefits of green roofs. 54.5% of the respondents
agree and 24.5% strongly agree to the statement ‘green roofs improve the mental health of people’. This
led to an average score of 4.09.

Green roofs...
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

Don't know

Figure A5: Responses to statements on the advantages and disadvantages of green roofs
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Figure A6: Differences between the average of urban and non-urban responses to statements on the
advantages and disadvantages of green roofs

As can be seen from figure A6, respondents are generally positive about green roofs. On the one hand, the
respondents scored high on advantages of green roofs such as aesthetics and improved mental health. On
the other hand, respondents scored quite low on disadvantages of green roofs such as costs.
The fact that the respondents are positive about green roofs also shows from the statement ‘green roofs
can help to tackle climate change’. The majority of the respondents (88.2%) agrees with this statement,
because 53 respondents (48.2%) agree and 44 respondents (40%) strongly agree with this statement. 6
respondents (5.5%) did not agree nor disagree, only 3 respondents (2.7%) disagreed and no respondent
strongly disagreed. This resulted in an average score of 4.3, leaning slightly more towards ‘agree’ than
‘strongly agree’. There was a difference between urban and non-urban respondents, as the average score
of urban respondents was 4.33, whereas the score of non-urban respondents was 3.6. However, it is
important to mention that 13.8% of the non-urban respondents answered ‘don’t know’.
Risk perception
To identify the risk perception of respondents, they have been asked whether they see climate change as
a problem and what kind of risks they perceive.
88.2% of the respondents consider climate change a problem for Rotterdam, as 44.5% agreed and 43.6%
strongly agreed to the related statement. Only two people (1.8%) did not consider climate change a
problem, as one person disagreed and one person strongly disagreed. The average answer was 4.33 and
thus between ‘agree’ and ‘strongly agree’. Respondents from urban areas leaned slightly more towards
‘strongly agree’ with an average of 4.53, whereas respondents from non-urban areas leaned more towards
‘agree’ with an average score of 4.04.
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The major risks that people identify are increasing periods of drought (80%) and increasing amount of
floods because of peak rain events (79.1%). 63.6% of the respondents answered increasing health
problems due to heat stress as a climate change risk for cities. Floods because of sea level rise and
decreasing surface water quality (both 46.4%) are risks that less respondents perceived. As can be seen
from figure A7, more respondents from the city of Rotterdam perceive climate change risks than from nonurban areas – both absolutely and relatively.

Perceived climate change risks
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Figure A7: Perceived climate change risks by respondents

Cues to action
To the question whether measures need to be taken against climate change effects, 75 respondents
strongly agreed (68.2%) and 31 respondents agreed (28.2%). Only 3 respondents neither agreed nor
disagreed (2.7%) and 1 respondent disagreed (0.9%). On a scale of 1 (strongly disagree) to 5 (strongly
agree), the average answer was 4.64 and thus very close to strongly agree. There is a difference between
respondents from urban and non-urban areas: the average for urban respondents was 4.79, for non-urban
respondents this was 4.31.
It is clear that respondents agree that measures should be taken against climate change. When looking at
who should take those actions, the vast majority (96.4%) of respondents sees climate change measures as
a task for the national government (figure A8). Besides that, respondents indicate there is a role for citizens
to tackle climate change, as 76.4% of the respondents indicated citizens are also responsible for taking
climate change measures. Companies (70%), municipalities (69.1%), provinces (65.5%) and housing
corporations (55.5%) were indicated less often, but still more than half of the respondents considered
these parties responsible for climate change measures. The urban residents consider climate change a
challenge that needs to be overcome by many different parties, since all the parties were selected by at
least two-thirds of the urban respondents. Non-urban residents, however, place most emphasis on the
national government and less on other parties. Provinces (44.8%), municipalities (41.4%) and housing
corporations (31%) were all selected by less than half of the non-urban respondents.
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Who is responsible for climate change measures?
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Figure A8: Responsibility for climate change measures according to the respondents

Role of the municipality
It has become evident that most respondents are familiar with green roofs and acknowledge their
advantages, both for humans and the environment.
95 respondents have stated what kind of experiences have contributed to their opinion on green roofs. 22
respondents (23.2%) indicated that their opinion was to some extent formed by the municipality, either
through brochures, social media or by visiting green roofs on municipal buildings. The majority of people
(55.8%) has read about green roofs in magazines, books or on websites. This could also be from the
municipality, so the role of the municipality might be slightly bigger. The biggest contributor to
respondents’ opinion on green roofs is either seeing or visiting green roofs. 33.7% of the respondents has
seen or visited green roofs in the neighbourhood and 50.5% of the respondents has seen or visited green
roofs at companies (figure A9).

Which experiences have contributed to
your opinion on green roofs?
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Figure A9: Experiences that have contributed to the opinion on green roofs of people
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