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Abstract

This study explores the intersection of climate adaptation and urban greening, with a specific focus
on the phenomenon of green gentrification. Urban greening, often perceived as apolitical, can
unintentionally drive green gentrification, emphasising the necessity for climate adaptation policies
that also ensure social equity. Existing studies on green gentrification have predominantly focused on
single-city case studies in the U.S., with limited research on the Dutch context, a lack of
spatiotemporal approaches, and an overreliance on property values as a proxy. This has left a critical
gap in understanding the spatial, temporal, and social dynamics of green gentrification in state-led
urban greening processes.

The present study employs a multilevel regression analysis in combination with relevant control
variables to examine the hypothesis that gentrification occurring between 2013 and 2019 precedes,
coincides with, or follows urban greening in the four years before and after this period (2009-2013
and 2019-2023) in the five major Dutch cities. Employing a multidimensional framework and
spatiotemporal methods, this study assesses gentrification through changes in income levels, WOZ-
value, and education attainment, comparing these with changes in urban green space using GIS data
from the Basis Registratie Topografie (BRT) dataset. Neighbourhood statistics presented both spatially
and using boxplots provided the needed context to interpret the relationships.

The findings concerning the three hypotheses are inconclusive, with the hypothesis that urban
greening precedes gentrification being marginally supported but inconsistent. As is evidenced by
Eindhoven and The Hague, which show some indications of green space increases relating to higher
education levels and fewer low-income residents. However, the mixed-regression model contradicts
this by linking green space loss to later WOZ increases. The hypothesis that greening co-exists with
gentrification is supported to a lesser extent, with an inverted effect in Eindhoven. The hypothesis
that greening follows gentrification is largely refuted, however, existing tree coverage is associated
with a decline in lower-income residents, particularly in The Hague, with moderate effects in
Eindhoven and Rotterdam. In contrast, grass coverage in Rotterdam has been found to be inversely
related to reductions in lower-income residents.

The findings emphasise the complexity of green gentrification dynamics and underscore the pivotal
role of existing green space characteristics and recently developed real estate in green areas. The
necessity of equitable urban planning strategies that balance climate adaptation with social justice
goals is essential. The utilisation of a principle-based urban greening standard, which focuses on all
aspects of environmental development and justice, is advocated to ensure future equality. Itis
recommended that future research explores longer timeframes, incorporates residential mobility
data and incorporates street bound green space. This would allow for the more accurate capture of
displacement effects and the refinement of possible policy interventions. Such interventions could
include better monitoring, improved participation in green space projects, the maintenance of a
certain amount of social housing around green spaces, the prioritisation of neighbourhoods for urban
greening, and the characteristics of added green space.

Keywords: Urban greening, housing policy, green gentrification, state-led gentrification, social
sustainability, environmental justice.



Introduction

Research problem statement

In the Netherlands, current projections indicate that in the absence of substantial CO, reductions
prior to the year 2080, the frequency of tropical days, characterised by temperatures exceeding 30
degrees Celsius, will experience an increase of 5to 30 per year on average. By the year 2100,
temperatures of 40 degrees Celsius will become a near annual occurrence. Even under the scenario
aligning with the emission reduction following the Paris Agreement, an average of 9 tropical days
would occur. A similar trend is observed in relation to drier summers, characterised by more extreme
rainfall and wetter winters (Bessembinder et al., 2023). These projections indicate that, irrespective
of climate mitigation efforts, the number of tropical days and other extreme weather events in the
Netherlands will increase. Consequently, irrespective of the effectiveness of mitigation strategies, the
necessity for adaptation measures to combat the consequences of climate change is indisputable.

The risks associated with climate change can be considered as a function of both probability and
impact. Concerning probability, on average the 73 largest cities in the Netherlands experience higher
temperatures compared to non-urban areas, both by day (2.9 °C) and by night (2.4 °C). This
phenomenon is attributed to the Urban Heat Island (UHI) effect (Klok et al., 2012). Additionally, the
issue of pluvial flooding escalating in urban areas due to climate change and the extensive presence
of impervious surfaces (Kabisch et al., 2017).

Projections indicate that the Dutch population is expected to grow until 2050, with the majority of
this growth anticipated to occur in the Randstad and other urban areas due to immigration (Jong et
al., 2022). Consequently, the probability and the impacts of these risks are expected to increase,
particularly in urban areas. To ensure the continued liveability of these cities, there is a need for
effective climate adaptation strategies. One such strategy that is frequently employed in urban
climate policies is urban greening (Graga et al., 2022).

While the advantages of urban greening have been proven in terms of liveability, health, climate
adaptation, biodiversity, and economic attractiveness (Veerkamp et al., 2023), these advantages are
not evenly distributed in the Netherlands. Research indicates that the quality and quantity of green
space tends to be lower in neighbourhoods with a lower socioeconomic status (de Vries et al., 2020).
This phenomenon is associated with the effects of the UHI, which are disproportionately distributed
along the Dutch population at the regional level. In this context, non-western inhabitants are
disproportionately affected by higher land surface temperatures (Mashhoodi, 2021).

In consideration of these findings, a potential solution could be to provide higher quantities and
qualities of green spaces in urban areas, prioritising neighbourhoods with a relatively lower socio-
economic status. A proposed approach to achieve provide a more equitable distribution of green
spaces among neighbourhoods is to establish greening norms. Examples include the norm of 75 m2
of green space per household (Veerkamp et al., 2023) and the recently developed ‘Handreiking
Groen in en om de stad’ (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2024).

Following the implementation of greening initiatives, a phenomenon known as green gentrification
can occur and is observed in both European and North American cities (Anguelovski et al., 2022).
Furthermore, scholars have theorised the existence of a green gentrification cycle in which
gentrification does not only follows urban greening initiatives but can also precede them (Rigolon &
Collins, 2023), and can happen simultaneously (Sharifi et al., 2021).



Research aim and research question

The objective of this research is to provide insight into green gentrification dynamics within the
Dutch context, guided by the framework of the green gentrification cycle (Rigolon & Collins, 2023),
drawing insights from studies conducted in Melbourne and Canada (Quinton et al., 2023; Sharifi et
al., 2021). The research aim is to empirically test the hypothesis that the process of gentrification
occurs before, during, and/or after urban greening. This is broken down into three distinct
hypotheses:

H1: Urban greening precedes gentrification, indicating a significant positive relationship between the
change in the percentage of urban green space in a neighbourhood and the process of gentrification
that occurs afterwards.

H2: Urban greening co-exists with gentrification, there is a significant positive relation between the
change in the urban green space in a neighbourhood and a process of gentrification during the same
period.

H3: Urban greening follows gentrification, there is a significant positive relation between the change
in the percentage urban green space in a neighbourhood and a process of gentrification beforehand.

The research focuses on the period from 2013 to 2019 (as explained in the methodology section).
The following research question will be addressed:

To what extent does gentrification proceed, coincide with, or follow urban greening initiatives in
neighbourhoods of Amsterdam, Rotterdam, The Hague, Utrecht and Eindhoven between 2013 and
2019?

The following sub-questions have been formulated:

- What are the driving factors, as identified in planning literature, behind the phenomenon of
(green) gentrification?

- How do these factors manifest within the context of the Dutch cities of Amsterdam,
Rotterdam, The Hague, Utrecht and Eindhoven?

- Which neighbourhoods in these cities experienced gentrification during the period from 2013
to 2019?

- What changes in urban green space occurred in the four years before, during and four years
after the period from 2013 to 2019?

- What is the relationship between the process of gentrification and urban greening within the
studied neighbourhoods?

Scientific and societal relevance of the proposed research

Scientific relevance

Existing studies on green gentrification have predominantly focused on case studies within the
United States, with the majority (91%) focusing on a single city and only a small number (16%)
investigating non-Anglo contexts, such as Europe (Quinton et al., 2022). Given the importance of
considering the geography of gentrification (Lees, 2012), these studies offer insufficient insight into
the Dutch dynamics to draw conclusions. Furthermore, the spatiotemporal methods utilised in this
thesis have been employed infrequently (30%) and are concentrated in the period between 2017 and
2021 (Quinton et al., 2022). It is acknowledged that gentrification is a dynamic process, and therefore
it is understood that the insights gained from such studies are limited in terms of the processes
behind gentrification (Van Gent & Boterman, 2019).



In the Dutch context, only two recent studies have employed quantitative methods to explore green
gentrification. However, both studies relied exclusively on property value (WOZ) as a proxy for
gentrification (Bockarjova et al., 2020; Broitman, 2023). This underscores a significant knowledge gap
concerning the spatial, temporal and social dynamics of gentrification and urban greening in the
Netherlands.

Examining the Dutch context can provide a more comprehensive understanding of green
gentrification dynamics, applicable both within the Netherlands and internationally. Gentrification is
frequently described in waves with different drivers and outcomes (Hackworth & Smith, 2000). In the
Netherlands the third wave, characterised as state-led gentrification, remains the most prominent
form (Hochstenbach, 2017; Hochstenbach & Musterd, 2021; Van Gent & Boterman, 2019).
Consequently, investigating the relevance of green gentrification in this typology is of significant
value, as state-led urban greening processes may potentially amplify gentrification forces (Verlaan &
Hochstenbach, 2022). Additionally, research in Chicago has demonstrated that the provision of a
sufficient quantity of social housing can inhibit gentrification (Stuhlmacher et al., 2022). In this
regard, the Netherlands presents a valuable case study to further explore the dynamics of green
gentrification dynamics, both within the Netherlands and in other regions.

Societal relevance

In terms of societal relevance, the policies of urban greening are frequently perceived as apolitical.
These measures are of crucial importance in enhancing urban resilience to climate change, yet they
may also give rise to unintended socio-economic consequences. However, by establishing a link
between urban greening policies and gentrification —a term that is widely regarded as highly political
- attention is drawn to the social (in)justices associated with these processes (Quinton et al., 2022).
Concurrently, urban greening is being adopted more frequently as a climate adaptation strategy
(Graca et al., 2022).

In order to comply with with European legislation, which aims to achieve no net loss of urban nature
by 2030, anincrease of urban nature in 2040 and a minimum of 10% tree canopy cover (THE
EUROPEAN PARLIAMENT, 2024), cities are implementing greening policies. The “Vierde Nota
Ruimtelijke Ordening Extra” (75m2 green per household), currently indicates that 36% of Dutch
neighbourhoods (and 75% of high-density urban neighbourhoods) have insufficient green space, and
50% of Dutch municipalities have insufficient tree canopy cover (Veerkamp et al., 2023). Moreover,
the quality and quantity of green space is frequently found to be lower than in other Dutch
neighbourhoods (de Vries et al., 2020). This observation suggests that the implementation of urban
greening policies in these areas is a potential strategy to mitigate the impact of climate risks, such as
heat stress and flooding, to which these communities tend to be more vulnerable to. However, while
the implementation of such policies would contribute to achieving climate adaptation goals, it could
also result in the phenomenon of green gentrification. This phenomenton is consitent with the
proposed principles proposed by the environmental planning agency (Veerkamp et al., 2023) for the
establishment of a green norm. The same planning agency has argued that, given the wide variety of
places, people and values involved, the use of principle-based standards is more suitable than
metric-based standards (Bulkeley et al., 2023). Drawing on international research and best practices,
the aforementioned reports from the environmental planning agency posit that a national green
norm should be grounded in four principles:

1. Realizing nature with multiple benefits especially the four core challenges: climate change
adaptation; biodiversity loss, economic development and well-being. This can be achieved
through the promotion of 'learning-by-doing' and the visibility of trade-offs;



2. The promotion of inclusivity: for example, by engaging a range of actors, knowledge, and values
in the design process and establishing accessible opportunities for participation. Itis important to
note that projects aimed at greening which fail to take into account the local contexts in which
they are implemented do not reach their full potential and can fail due to a lack of support and
legitimacy.

3. Ensuring equality: including justice, for example, through a fair distribution of benefits and
burdens and integrating nature into the social and cultural context without deepening
inequalities leading potentially to distrust and lack of political support to advance environmental
policies.

4. Addressing underlying causes: this primarily involves explicit attention to tackling the climate and
biodiversity crisis in design and evaluation, and to prevent 'greenwashing'. The provision of urban
greening projects, if implemented in parallel ongoing undermining policies and actions, risks
undermining their credibility, resulting in a loss of public trust and losing investment from the
financial sector. To mitigate this risk, it is recommended that initiatives be supported that
promote nature experiences and nature-inclusive behaviours, such as the reduction of fossil
energy, sustainable consumption and production and nature education.
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Figure 1: a norm for nature in and around the city based on four principles (Planbureau voor de Leefomgeving, 2023).

The purpose of this research is to provide valuable input on the importance of promoting inclusion
and ensuring equality in the implementation of green norms, particularly in the context of climate
adaptation policies. By analysing the unintended externalities of urban greening, such as green
gentrification, this study highlights the need for socially just climate adaptation strategies. By offering
better insights into the dynamics and magnitude of green gentrification in the Netherlands, this
study seeks to inform policymakers and urban planners. It is vital to ensure that these initiatives do



not inadvertently contribute to displacement or social inequality (Anguelovski et al., 2019; Wolch et
al., 2014). It is essential to recognise and address these social dimensions to ensure that climate
adaptation measures, such as urban greening, contribute not only to environmental resilience but
also to social cohesion and justice (Kabisch et al., 2017).

Literature review and theoretical framework

Gentrification

The term ‘gentrification’ was first coined by Ruth Glass in 1964 to describe the social changes she
observed in London caused by an influx of higher income households into lower socio-economic
areas (Glass, 1964).

“By gentrification | mean the process by which working class residential neighbourhoods are
rehabilitated by middle class homebuyers, landlords and professional developers. | make the
theoretical distinction between gentrification and redevelopment. Redevelopment involves
not rehabilitation of old structures but the construction of new buildings on previously
developed land” (Glass, 1964, pp. xviii-xix).

Prior to the conceptualisation of the term, the phenomenon of gentrification was already in effect, as
evidenced by instances of anti-gentrification protests in Greenwich Village in 1922, the

Hausmannisation of Paris in the 1850s, which exemplifies state-led gentrification, the redevelopment
of the Josefov in Prague, Beacon Hill in Boston and the French Quarter in New Orleans. Furthermore,
examples can be found of the reuse of ruins from ancient Greece to Renaissance Italy (Osman, 2016).

Subsequent research has been extensive, gentrification becoming a major topic of discussion in the
field of spatial planning research. It has been identified as the most politically loaded word in human
geography (Davidson & Lees, 2005). Consequently, it is incorrect to assume a uniform definition in
different contexts and time periods (Hackworth & Smith, 2000; Lees, 2000). A comprehensive
understanding of gentrification can be encapsulated by four key characteristics: capital reinvestment,
social upgrading by high-income in-movers, landscape change and displacement of low-income
groups (Quinton et al., 2022). This aligns with the definition for gentrification as an influx of new
investment and new residents with higher incomes and educational attainment into a
neighbourhood (Finio, 2022). Furthermore, it is crucial to recognise that different global waves of
gentrification can be classified (Hackworth & Smith, 2000). While the description of these waves is
based on York City, its periodisation is applicable to a wider set of cases as it describes the influence
of broader scale political events (Aalbers, 2019).



First wave: Sporadic gentrification / classic gentrification (1950-1973)

In the initial phase of /—| price
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was sporadic and state-led,
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their own use in /_| house value potential ground
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neighbourhoods in the USA, Figure 2: the rent gap explained (Smith, 1979).
Western Europe and Australia

(Hackworth & Smith, 2000). During this period, Ruth Glass coined the term ‘gentrification’ in London.
Depending on the city context, the process was dubbed as “brownstoning”, “homesteading”,
“whitepainting” or “red-brick chicing” (Hyra et al., 2020). At the time, fundamental supply and
demand drivers were theorised. On the supply side, rent-gap theory posits that as time progresses,
capitalised ground rent may decrease relatively to the potential ground rent. This phenomenon
occurs as properties age and depreciate, while the city’s economy and thus land value increase. This
disparity, the rent gap, creates the conditions for neighbourhoods to become gentrified in the future.
This rent gap might be identified by gentrifiers, and redevelopment takes place (Smith, 1979).

This theory emerged as a response to the demand-side factors influencing gentrification, with a focus
on the characteristics and motivations of the gentrifiers. A range of factors have been identified by
residents as key reasons for their preference for gentrified areas. These include proximity to available
jobs and the city centre, access to environmental amenities, neighbourhood characteristics, historical
status, affordability, and investment potential as key reasons for preferring these neighbourhoods
(Ley, 1988). While these drivers remained significant in subsequent waves, the manner, timing and
location of gentrification underwent changes. As time progressed, these demand factors became
increasingly significant, coinciding with the expansion of higher education in urban areas, the
decrease in size of households, and the rise of ‘the creative class’. This shift led to the reconfiguration
of the labour market around the cognitive-cultural economy (Hochstenbach & Musterd, 2021).
Nevertheless, the most substantial changes were observed on the supply side, with the role of the
finance sector and state becoming increasingly prominent (Hackworth & Smith, 2000).

Second wave: The anchoring of gentrification (1970 — 1980)

In the aftermath of the recession, the global economy experienced a revival, which gave rise to a
resurgence of gentrification, characterised by the second wave linked to deindustrialisation,
suburbanisation and the back to the city movement (Hyra et al., 2020). The phenomenon of
gentrification expanded to smaller, non-global cities, with a stronger involvement of state actors
adopting more laissez-faire policies and increased influence from global real estate and banking
institutions. Local state initiatives have encouraged the private market integration, thereby
incorporating gentrification into broader global and national economic and cultural processes.
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Gentrification, therefore, is not merely, a class-residential change, as the presence of an art
community prior to gentrification has been shown to facilitate the smoothing of capital flow (Aalbers,
2019; Hackworth & Smith, 2000).

Third wave: Post recession / State-led gentrification (mid-1990’s)

The process of gentrification underwent a period of relative stagnation following the stock market
crash of 1987 and the subsequent recession. However, gentrification experienced a transformation,
leading to a new phase. This subsequent wave was designated ‘post-recession’, ‘government
sponsored’, or ‘state-led gentrification’, gentrification was increasingly employed as a policy
instrument, reflecting a neoliberal shift towards market-oriented and market-based approaches
(Hackworth & Smith, 2000). Gentrification expanded to encompass neighbourhoods beyond the
immediate central districts, with prominent real estate developers assuming a predominant role in
this process. This transition occurred in tandem with the globalisation and restructuring of the real
estate market. Effective resistance to gentrification declined and anti-gentrification groups often
became housing service providers. In addition, the state assumed a more active role compared to its
involvement in the second wave of gentrification (Hackworth & Smith, 2000). Local and national
authorities utilised their regulatory and financial authorities to boost developers profits (Aalbers,
2019). This shift resulted in a transfer of land ownership to higher income groups, a process termed
“ground rent dispossession” (Kresse & van der Krabben, 2022). The subsequent section will delve
into the intricacies of these powers within the Dutch housing market, as elucidated in the following
section, entitled "Geography of Gentrification in the Netherlands."

Fourth wave: Financialization of homes (2000 — 2010)

The fourth wave introduced the financialization of homes, characterised by reinforced pro-
gentrification politics and polarised urban policies. This wave was US-specific with the lowering of
federal interest rate and the rise of mortgage products playing central roles (Aalbers, 2019). The next
phase emerged with the housing bubble burst (Hyra et al., 2020).

Fifth wave: Rise of corporate landlords and platform capitalism (2010 — 2020)

The fifth wave saw finance taking a leading role and supplementing the state as the main actor. The
financialization of housing has been facilitated by mortgage products and the rise of corporate
landlords (B. Aalbers et al., 2021), as well as platform capitalism (Aalbers, 2019). Platforms such as
Airbnb have contributed to the touristification of certain neighbourhoods, often located close to city
centres with high levels of tourist amenities. Furthermore, global investments became more
significant in both commercial and low- and middle-income real estate, thereby functioning as a ‘safe
deposit box’ for excess capital in tourism capitals (Aalbers, 2019). The financialization of homes has
spread beyond the US, resulting in house price inflation and high levels of indirect displacement
(Hochstenbach & van Gent, 2015).

Stages of gentrification

The gentrification stage model conceptualises a progression of successive waves of new residents
that contribute to the gentrification process (Kerstein, 1990), transitioning from pioneer gentrification
to mature gentrification. The model was developed during the 1970s and 1980s, drawing on
observations of gentrified neighbourhoods in American cities such as Boston, Philadelphia, San
Francisco, and Washington. The model delineates the following stages:

1. This initial stage is characterised by the arrival of a small group of individuals who enter the
neighbourhood and renovate properties for personal use, typically with minimal
displacement effects. This stage is concentrated in small areas and often involves individuals
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such as designers or artists who possess the skills, time, and ability to carry out extensive
property rehabilitation.

2. The process progresses with discreet promotional activities, and displacement begins to
occur as housing becomes increasingly scarce.

3. Media and official interest begin to focus on the neighbourhood, and urban renewal efforts
may start. This is characterised by visible physical improvements, rising housing prices, and
ongoing displacement. An increasing number of individuals perceive housing to be an, leading
to their relocation in the area. Consequently, tensions may arise between new and original
residents, and defensive measures against crime are often initiated. The neighbourhood is
perceived to become safer and more attractive to larger numbers of young middle-class
professionals.

4. A further influx of middle-class residents, including a higher proportion of individuals from
business and managerial backgrounds, is observed. This process gives rise to the emergence
of specialised retail stores, professional services, and commercial activities. The rise in
housing prices and rents, further intensifies this process.

It is important to note that in this phase model is, new inhabitants often have relatively low incomes
but high levels of education in the initial stages. This allows them to act as early gentrifiers or
pioneers. As these early gentrifiers continue to settle in the neighbourhood and initiate its upgrading,
they pave the way for successive waves of residents with higher incomes (Hochstenbach & van Gent,
2015). This progression ultimately results in more mature gentrification and subsequent
socioeconomic transformation. The examination of the interplay between socioeconomic factors,
such as WOZ (property value), education levels, and income, enables the assessment of the phase of
gentrification a neighbourhood or city is experiencing (see methods section).

Green gentrification

Since the 1990's, urban growth has increasingly exerted pressure on the liveability of cities,
prompting municipalities and developers to incorporate urban greening into redevelopment and
renewal projects (Anguelovski, 2016). The concept of ‘green gentrification” was introduced into the
domain of urban political ecology (Heynen & Perkins, 2005) and was initially employed to denote the
process of gentrification that followed the redevelopment of brownfield sites, locations that formerly
served industrial or commercial purposes. The term was later broadened (Checker, 2011) and coined
to highlight gentrification processes facilitated by the creation or restoration of environmental
amenities (Gould, 2012). Green gentrification can be defined as a process whereby the creation or
restoration of environmental amenities, such as parks or green spaces, attracts increased investment
and developer attention, leading to the relocation of residents who are unable to adapt to the
increased costs of living to relocate’ (Sax et al., 2022). This definition of green gentrification
underscores its role as a supply-driven process.

A framework for understanding urban green gentrification has been proposed (Sax et al., 2022)
identifying key dimensions and their relationships (figure 3):

1. Conceptual foundations: these are the socio-economic foundations and discourses that
justify, motivate, and execute urban greening. These foundations can be further subdivided into two
‘green hegemonies’ and ‘sustainable capital’. The concept of ‘green hegemonies’ refers to the social,
moral, and ideological dominance that ascribes social and economic value to green spaces, in an
often apolitical and pragmatic solution to environmental concerns. This branding strategy was
successfully established using an increasingly individualistic and performative conception of
sustainability among the public. These green growth coalitions have vested interests in two of the
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three pillars of sustainable development: economic and environmental. However, this approach
overlooks the critical pillar of social equity, resulting in the unequal distribution of environmental
amenities. This omission not only fails to address these issues, but also uses these impacts to create
the impression of greening (Gould & Lewis, 2016). The concept of sustainable capital, which is
presented as a means of addressing environmental concerns, is a euphemistic term for the pursuit of
profit, and perpetuates the cycle of capital accumulation and power consolidation in a neoliberal
society.

2. Design and implementation: this involves the decisions and strategies that translate the
conceptual foundations into design procedures, leading to the displacement of marginalised
residents. It is comprised of two factors: exclusion /suppression and procedural injustice. The former
involves the exclusion /suppression of marginalised voices in the decision-making process, as these
voices are often viewed as passive beneficiaries opposed to the needs of imagined incoming
residents. The second subdimension, procedural injustice, refers to the procedural norms that hinder
these residents in the design and implementation process. These procedural norms can differ
depending on the scale of the project; larger-scale projects often encourage more speculative
investment, whereas smaller community lead processes have more nuanced procedural restrictions.
The design and implementation dimension relates back directly to the concept of environmental
justice and its aspects of participation in the political process, with differences in representation and
political power, and the recognition of the diversity of inhabitants and their different environmental
values (Schlosberg, 2004).

3. Socio-spatial change: this captures the physical and psychological alterations in social-spatial
arrangements and interactions with place that occur during and following the implementation of
urban greening initiatives. The physical changes are the outcomes such as an increase in property
prices, an influx of new residents, and increased investments to exploit the rent gap. The magnitude
of these effects is influenced by the project’s visibility and proximity to existing transportation
infrastructure, commercial and retail facilities. This acknowledges that greening projects are not the
sole factors influencing gentrification. Psychological changes result from the exclusion of existing
residents in the decision-making process. The focus on new residents can result in alienation and
changes in behavioural and social norms within affected communities. These socio-spatial changes
are linked to the notion of distributional environmental justice (Schlosberg, 2004).
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Figure 3: Relationships between the three dimensions and six sub-dimensions of green gentrification identified through a
scoping review (Saxet al., 2022).
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Green gentrification and gentrified greening

As green gentrification is a dynamic process rather than a static phenomenon, a green gentrification
cycle has been proposed (Rigolon & Collins, 2023). This suggests that green gentrification is driven by
both supply and demand factors. This framework builds upon the concept of green gentrification by
observing that in the Global North, greening initiatives have been implemented disproportionately in
low-income areas that are already gentrifying in relation to areas that continue to be disinvested.
This phenomenon has been termed ‘gentrified greening’ (Sharifi et al., 2021).

Greening initiatives increase property values:
Gentrification follows greening initiatives

Gentrification

Greening initiatives are prioritized in already gentrifying low-income
communities: Gentrification precedes greening initiatives

Figure 4: the green gentrification cycle (Rigolon & Collins, 2023).

The potential for gentrification to occur prior to urban greening (i.e. gentrified greening) can be
attributed to two possible factors. These factors correspond with the demand- and supply-side
explanations for gentrification. These factors are context dependent and apply to countries with a
relatively unregulated real estate market and some degree of participation in planning processes. On
the demand side, gentrifiers exert pressure trough their advocacy for greening policies, leveraging
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their political influence. These gentrifiers are often characterised as more progressive, younger, and
environmentally minded, and (especially in the US) tend to receive greater attention from elected
government officials (Rigolon & Collins, 2023). On the supply side, a push from the green growth
machine refers to the fact that developers and elected officials are using greening initiatives to bridge
the rent gap and increase profits from real estate development and property tax revenue (Cooke,
2018). In gentrifying neighbourhoods gentrifiers are already investing money, thereby facilitating the
closure of the the rent gap. As will be discussed in later sections on the geography of gentrification

in the Netherlands, property tax differs from that observed in Anglo-Saxon countries.

Green space characteristics

Green gentrification is an additional factor in an already complex dynamic which is time- and-context
dependent. In Chicago, this dynamic is dependent on the amount of initial green space; gentrification
does not occur when there is already an adequate amount of green space and a relatively high
amount of social housing units (Kim et al., 2024). Furthermore, characteristics such as location, size,
accessibility, the quality of green spaces, neighbouring land use and environmental conditions

around green spaces can alter these dynamics. It was also found that passive, natural and medium-
sized green spaces can contribute to leading gentrification, while active and small-sized green spaces
nearby can alleviate gentrification to some extent (Kim & Wu, 2022).

Policy measures

The development of affordable housing is one of the most direct and effective measures to guarantee
housing security for low-income groups, and such housing is guaranteed to be affordable through
active government intervention in the price of rent and ownership of their homes and the approach
of ‘just green enough’ (Curran & Hamilton, 2012). This approach to green space development works
closely with residents to explore the needs of local communities and residents for green space. It
involves residents in developing the green space rather than development and planning based on
value-added market demand. This started around brownfield development of former industrial areas
where much of the environmental hazard is removed to achieve a certain health level, while still
allowing industrial uses to maintain the working-class population. More recently equal access to
green space and democratic not privatised planning was added to this concept (Curran & Hamilton,
2017). Focus on organizing and actions, active participation and affordable housing and land trusts
(Pearsall & Anguelovski, 2016).

However, it has been argued that this approach is less effective in global cities with growing real
estate markets (Gould & Lewis, 2016). Moreover, the hypothesis that smaller, dispersed parks are
more capable of resisting gentrification is currently a subject of debate, as is the notion that the scale
of green space may play a role. It has been found that larger parks do not lead to gentrification more
than smaller parks and that this is linked to the distance to downtown areas and whether it has an
active transportation function (Rigolon & Németh, 2020).In conclusion, the aforementioned authors
argue that parks must meet residents demands through meaningful, bottom-up planning, design and
management efforts, in addition to strategies to construct and preserve affordable housing for the
most vulnerable residents (Rigolon & Németh, 2020).

Furthermore, different strategies were found to be effective in the United States depending on the
pressure on the local real estate market. The importance of community engagement is emphasised
in policies aimed at mitigating displacement, particularly in the initial stages of a project through
multidisciplinary approaches integrating affordable housing and support for small businesses (Rigolon
& Christensen, 2019).
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The extent to which urban planners are aware of and recognize green gentrification is, in general,
limited. In light of this, guiding principles have been recommended for urban planners in Europe to
ensure just and equitable green urban living for all residents. These principles include supporting
grassroots and community groups, aligning greening efforts with the needs of vulnerable residents
before demands from developers and the market, requiring local planning agencies to evaluate and
mitigate possible gentrification pressures and outcomes prior to development and continuing and
increasing funding for social housing and social welfare services. In addition to these local
recommendations, there are global recommendations that should be considered. These include the
need to understand the needs of vulnerable residents in their historic and political context, to
implement participatory planning practices and community engagement in the (re)development of
green spaces, to ensure stable, affordable housing via measures such as rent control, subsidies and
the use of land banks, to ensure equal access to green space, to improve maintenance and the
security of public spaces that address the needs of the community, to fund and provide green space
for food security and socialisation, and to use environmental tools such as zoning, green bonds or
conservation areas to enhance climate change mitigation and adaptation (Oscilowicz et al., 2021).

Furthermore, a new mode of practice would do three things differently. First it would avoid
opportunistic implementation of green climate interventions by prioritising greening implementation
according to ecological and social health/wellbeing benefits, taking a multidisciplinary approach to
urban climate governance and place real estate development at the service of human and ecological
health and wellbeing. Secondly, it would incorporate a comprehensive evaluation of the benefits and
disbenefits of green interventions, accounting for social equity effects through continuous
assessment and evaluation of both immediate and mid-term impacts. Thirdly, it would place green
climate urbanism at the service of social and ecological transformation (Connolly et al., 2023).

Geography of gentrification

Dynamic processes such as green gentrification are significantly shaped by contextual factors. Given
that majority of research on green gentrification is conducted in the United States, it is important to
compare the American and Dutch contexts. This context, which encompasses the spatial and
temporal dimensions of gentrification, is referred to as the ‘geography of gentrification’ (Lees, 2012).
The subsequent section will address the context of the Netherlands with respect to (green)
gentrification , employing the multidimensional framework for urban green gentrification and
practice (Sax et al., 2022) to facilitate a comparative analysis wit.

Geography of gentrification in the Netherlands

Urban policy plays a significant role in shaping Dutch gentrification, distinguishing it from other
contexts. In the Netherlands, gentrification is a central aspect of both local and national housing
policies. This is mitigated by the country’s comparatively strong welfare state and substantive social
housing sector, which together contribute to less extreme forms of gentrification (Doucet, 2014). This
unique context results in different conceptual foundations, design- and implementation strategies
and spatial outcomes. While gentrification first emerged in Amsterdam in the mid-1970s (Van Gent,
2013), it is now widely acknowledged that the third wave is currently prevalent in most of western
Europe and the Netherlands (Davidson & Lees, 2005; Hochstenbach, 2017; Uitermark et al., 2007;
Van Gent, 2013), as will be further elaborated on below. However, recent observations in Amsterdam
suggest the emergence of characteristics indicative of a fifth wave (Aalbers, 2019; B. Aalbers et al.,
2021).
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Conceptual foundations

A noteworthy distinction between the Netherlands and Anglo-Saxon countries can be observed in
the role of government in urban policy on both the national and regional level (Doucet, 2014). The
United States is characterised by a more common laissez-faire approach, where local governments
play a central role in driving state-led gentrification motivated by the necessity of increasing tax
revenues. In contrast, the Netherlands employs a different approach, often referred to as ‘state-led
gentrification’. This strategy initiated at the national level, aims to promote social integration,
enhance urban quality of life and foster less segregated neighbourhoods. However, it is noteworthy
that state-led gentrification is not a frequently used term among Dutch policymakers. Instead, they
prefer terms such as ‘social mixing’, ‘urban restructuring’ or ‘urban renaissance’ (Teernstra, 2015).

State-led gentrification

The evolution of Dutch urban policy demonstrates a transition from a focus on social justice and
housing improvement in the 1970s and 1980s, to a shift towards neighbourhood restructuring and
social mixing in the 1990s and 2000s. This was followed by a shift towards market-driven approaches
and reduced public spending from 2010 and 2020. Early policies sought to provide support to
disadvantaged residents without the unintended consequence of gentrification; however,
subsequent policies have encouraged the establishment of mixed-income neighbourhoods and
private sector involvement. This has created conditions that have promoted economic upgrading and
have increased the risk of displacement for lower-income residents. (Musterd & Ostendorf, 2023).

State-led gentrification in the Netherlands became prevalent in the 1990s, marked by a significant
shift in housing policy away from social housing towards the promotion of more expensive dwellings.
In 1995, housing associations were deregulated and required to generate their own income.
Homeownership was promoted as the ‘superior’ tenure form, with policy makers seeking to address
a range of issues through this ideological shift. Simultaneously, the dismantling of the welfare safety
net, resulted in the prioritisation of asset accumulation, with homeownership facilitating the
accumulation of assets for households as mortgage and house prices increased (Hochstenbach,
2017).

During the 1990s, a number of other factors contributed to the shift towards the promotion of
higher-end housing. Primarily, there was a necessity to reduce public expenditure on social housing
policies. Moreover, the scarcity of high-end residences during this period gave rise to concerns
among policy makers regarding the potential migration of middle- and high-income households into
more suburban areas (Kempen & Weesep, 1994). Another reason is the difference between the jobs
that were in the city centre and where the people holding these jobs live, who mostly live in the
suburbs. Gentrification was considered a means to enhance the competitiveness of cities (Doucet,
2014). Furthermore, under the discourse of promoting liveability, strategies of ‘urban restructuring’
increased the proportion of middle-class households in many disadvantaged neighbourhoods from
the 1997 onwards. Consequently, gentrification was perceived to attract middle-class residents to
these disadvantaged areas with the aim of civilising and exercising greater control over these
neighbourhoods (Teernstra, 2015; Uitermark et al., 2007). While the existence of these substantial
neighbourhood effects remains contested, there is evidence to suggest that these claims have had a
significant impact (Hochstenbach, 2017).

Urban greening

The Dutch government has outlined a policy objective to promote sufficient natural environments
within and in the surrounding areas of urban areas. The establishment of nature standards are a key
element in achieving this objective. A current programme that aims to achieve this objective is
‘Programma Mooi Nederland’ (Ministerie van Binnenlandse zaken en Koninkrijksrelaties
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Volkshuisvesting en Ruimtelijke Ordening, 2022). The Dutch policy is in alignment with the objectives
of the European Nature Restoration Law (Natuurherstel wet), a legislative component of the
European green deal (Veerkamp et al., 2023). The European Nature Restoration Law sets out the
objectives of preventing the net loss of urban nature by 2030, increasing urban nature by 2040 and
ensuring a minimum tree canopy cover of 10%.

When contextualising this information within the dimensional framework, it can be concluded that
the conceptual foundations of green gentrification are different in the Netherlands than in the US.
The aforementioned information suggests a potential for a more pronounced role for green
hegemony, attributable to a heightened emphasis on liveability, accompanied by a diminished role
for sustainability capital, given the constraints imposed by prevailing policies on financial gains.

Design and implementation

Gentrification

Significant changes in Dutch housing policy were marked by the memorandum ‘Volkshuisvesting in de
jaren negentig’ (1989) and the following ‘Besluit Beheer Sociale Huursector (1992 and 2005), which
liberalised social housing. Consequently, social housing associations were required to become self-
supporting and were granted greater autonomy. This shift gave rise to numerous regeneration
projects centred on the concepts of renewal and social diversification, with a particular focus on low-
demand and peripheral post-war areas (van Gent & Hochstenbach, 2020). The financial crisis of 2008
and the European debt crisis were followed by further neo-liberalised housing policies, which
included the reduction of housing allowances and the imposition of a landlord levy on housing
associations, thereby transforming them into a hybrid organisation tasked with providing affordable
housing while also generating income (Doucet, 2014).

The primary instruments employed to reduce the size of the social rental stock are demolition and
sales. In Amsterdam, there is a general trend towards prioritising the sale of buildings in relation to
renewal. The number of properties sold to individual households increased from 434 in 2002 to 2682
in 2014, while 1814 dwellings were demolished in 2007 and 1304 in 2015. This phenomenon of
tenure structuring was predominantly concentrated in neighbourhoods close to the city centre of
Amsterdam (Hochstenbach, 2017). However, the existing social housing sector continues to mitigate
the effects of gentrification (Hochstenbach & Musterd, 2018).

Urban greening

There is an increasing acknowledgement of the significance of expanding urban green spaces,
particularly in disadvantaged neighbourhoods, with a goal to mitigate health inequalities (Veerkamp
et al., 2023). Nature standards have been proposed as a potential solution to address these
inequalities, however, as will be outlined in the methods section, no systematic monitoring of green
space has been developed as yet. One such proposed standard is the 3-30-300 rule (Browning et al.,
2024), which advocates for the presence of 3 trees within sight range, 30% tree canopy cover of
neighbourhood area, and that accessible nature areas are within a 300-meter radius. It is to note
that this standard lacks a robust theoretical foundation. The effective implementation of urban
greening policies demands the consideration of context-based spatial and qualitative conditions,
informed by customisation and citizens participation (Veerkamp et al., 2023).

The emphasis on urban greening to enhance the liveability of neighbourhoods has resulted in the
development of green standards in the Netherlands. However, neighbourhoods with a lower socio-
economic status have historically had less green space (de Vries et al., 2020). The implementation of
green standards in these areas has the potential to widen disparities, as inhabitants might face
challenges in participating in the decision-making process regarding green space allocation and
development. Focusing on social housing, there are three important limitations for urban greening

18



are identified: 1) the social limitations leading to conflicts in the joint use of recreational spots 2) a
high building density and a limited amount of space for green infrastructure and 3) financial
limitations due to limited investment budgets for social housing corporations (Snep et al., 2023).

Socio-spatial change

Gentrification

The decline in social housing can be attributed primarily to the low rate of construction and the sale
of existing social housing and (van Gent & Hochstenbach, 2020). This trend has resulted in low-to-
middle income and unemployed households increasingly relocating to the outskirts of cities,
particularly to high-density satellite towns such as Almere.

Despite these pressures, the Netherlands has a relatively limited amount of direct displacement, as
tenants’ rights are well protected (Hochstenbach & van Gent, 2015). The distinction can be made
between direct and indirect or exclusionary displacement. Direct displacement is characterised by
the outwards migration of lower-income residents, while indirect displacement is marked by the
inability of households that previously had access to do so due to changing housing market
conditions, such as increasing rental prices or a reduction in social rental houses (Hochstenbach &
van Gent, 2015).

Alongside the (in)direct displacement and the outward expansion of gentrification from the inner city
(Musterd et al., 2020), households may overcome barriers to stay, remain living in the area by taking
on higher rent burdens (at the expense of other fixed costs), sharing houses with others, or accepting
risky housing arrangements (Hochstenbach & Musterd, 2018). The share of tenants with insufficient
income to pay rent increased from 9 to 18% (van Gent & Hochstenbach, 2020).concurrently, middle-
income groups encounter growing challenges in purchasing homes due to the escalating cost of
property since 2013 and the imposition of more restrictive mortgage regulations. Simultaneously, the
private rental sector is undergoing a period of expansion in the Netherlands, particularly in larger
cities and those with a university campus, increasing its share in the Dutch housing market (B.
Aalbers et al., 2021).
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Figure 5: Tenure composition of Dutch housing stock (Musterd, 2014 & CBS, 2024).
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Urban greening

In accordance with the “Vierde Nota Ruimtelijke Ordening Extra”, a significant proportion of Dutch
neighbourhoods fall short of the standard 75m2 of green space per household, with a mere 36%
meeting this target. Particularly high-density urban neighbourhoods (75%) fall short of meeting these
standards. In addition, 50% of Dutch municipalities have insufficient tree canopy cover (Veerkamp et
al., 2023). Research indicate that Dutch neighbourhoods with lower socioeconomic status generally
have both lower quality and quantity of green spaces (de Vries et al., 2020). Green interventions
have been found to have the potential to increase local property prices by up to 20% in the city of
Utrecht (Bockarjova et al., 2020). Additionally, a process of ‘passive’ green gentrification was
identified during the COVID-19 pandemic. While the quality of green infrastructures remained
unimproved, an increase in the valuation of residential properties in close proximity to parks and
other green spaces was observed, attributable to individuals assigning greater value to green space
during the lockdown period (Broitman, 2023). It should be noted that both of these studies
employed housing prices as a proxy for gentrification, which may not fully capture the nuances of the
complex processes under investigation.

While these methods differ from the methods proposed in this thesis, they offer empirical support
for the hypothesis that gentrification proceeds and/or co-exists and/or follows urban greening
policies between 2013 and 2022 in the four largest cities in the Netherlands.

A tale of five cities

The geography of gentrification encapsulates not only a nation, but also cities and distinct
neighbourhoods. The subsequent section will provide concise overview of the similarities and
differences between the cities of Amsterdam, Rotterdam, The Hague, Utrecht and Eindhoven as
reported in Musterd et al. (2020).

Amsterdam: Multi-Layered and Global

A substantial body of research has been dedicated to the study of gentrification in Amsterdam,
arguably the most prominent city in the Netherlands to have experienced this phenomenon. The
city's distinctiveness is rooted in its historical significance as a multifaceted, global city, firmly
anchored in the 17th-century era of global trade and entrepreneurship. Its historic role as a hub for
international commerce, symbolised by landmarks such as Schiphol Airport and its stock exchange,
has been reinvigorated in recent decades. In contrast to other cities, Amsterdam has never been
dominated by manufacturing; rather it has focused on trade and finance. However, since the late
20th century, the process of housing marketisation and privatisation have led to a substantial
reduction in social housing, skyrocketing house prices, and intensified urban gentrification. By 2015,
the city’s affluent yet polarised centre housed both high- and low-status groups, with a ripple effect
of suburbanisation pushing lower-income groups to the periphery. Between 2007 and 2015, the
proportion of low-status groups residing in close proximity to the city centre declined, while suburban
areas experienced an increase in lower-income households, indicative of the suburbanisation of
poverty.

Rotterdam: Industrial Legacy and Tentative Gentrification

Rotterdam’s identity as a former industrial hub is evident in its port and manufacturing sectors,
historically dominated by shipbuilding, oil transport, and logistics. In recent years, the city has
undergone a process of diversification, resulting in the emergence of new urban layers in business,
consumer, and public services. Despite these efforts, population recovery in Rotterdam has been
slower than in Amsterdam, with an economic structure that transitions more slowly from industrial
activity. The socio-spatial layout of Rotterdam mirrors that of late-industrial U.S. cities, characterised
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by a poor inner city and an affluent suburban periphery. While gentrification efforts have proven
partially successful, the city has witnessed an increase in low-status households in the central areas
between 2007 and 2015. The overall trend between 2007 and 2015 has been a mild gentrification of
the core with the periphery impoverishing.

The Hague: Bureaucratic Capital with Upgrading Periphery

The Hague, as the de facto capital of the Netherlands, is distinguished by its concentration of public-
sector jobs and international organisations. This economic profile has supported population recovery,
with growth outpacing that of Rotterdam since 1985. The city is characterised by affluent suburbs
with increasing shares of high-status groups, while the central city mirrors Rotterdam’s challenges
with low-status households. The city as a whole is economically disadvantaged, with an upgrading
urban periphery.

Utrecht: National Hub with Multi-Layered Structure

Utrecht functions as a multi-layered national hub, capitalising on its geographical location and focus
on education, consultancy, and ICT services. The city’s historical character, which has been well-
preserved, makes it an attractive place to live, drawing students and highly educated workers. The
city has experienced housing-market pressures similar to those observed in Amsterdam, albeit to a
lesser extend. A socio-spatial comparison with Eindhoven reveals a similar trend, with high-status
groups concentrating in suburban areas and economically disadvantaged peripheral districts. A
similar process to that experienced by Amsterdam can be seen in Utrecht, where gentrification has
resulted in the displaced of poverty to the urban fringe and suburbs that are stably affluent.

Eindhoven: High-Tech Creative Mono-Layered City

Eindhoven, a relatively recently developed urban agglomeration, has undergone a transition from its
industrial origins in textiles and tobacco to become a prominent high-tech, creative hub. This
transition can be traced back to the pivotal role played by Philips, with subsequent emergence of
prominent spinoff companies such as ASML and NXP further propelling this transformation. Despite
its economic structure remaining mono-layered, it is evolving as a high-tech creative centre with a
growing creative sector. In contrast to other cities, Eindhoven has experienced limited shifts in socio-
economic trends, exhibiting a stable pattern characterised by with affluent cores and relatively
impoverished urban areas.

The conclusion of this analysis is that Amsterdam and Utrecht already have already undergone
gentrification, accompanied by peripheral impoverishment, while the suburbs in Utrecht have
remained relatively stable. Rotterdam has undergone a tentative gentrification process, exhibiting a
similar spatial distribution of change. Conversely, The Hague has undergone a process of upgrading in
its peripheral areas. In contrast, Eindhoven has exhibited minimal alterations in its socio-economic

landscape.
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Conceptual research framework
The methodology for testing this hypothesis is outlined in a conceptual research framework, which is

divided into three parts, as stated in the introduction. Gentrification is operationalised using the

relative percentual change in WOZ-value, change in the percentage of inhabitants in the lowest 40%

income class, change in the percentage of inhabitants that have obtained a high level of education
and the change in % of social housing for gentrification. The assessment of greening is based on the
percentual change in green space in a neighbourhood. The precise operationalisation of these

variables will be discussed further in the next section.
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Figure 6: Conceptual research framework
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Methodology
Research philosophy and paradigm

Firstly, it is essential to establish the ontological and epistemological framework guiding this thesis,
alongside the author’s perspectives on (green)gentrification and personal beliefs (van Thiel, 2014).
Ontology concerns the problem of whether a phenomenon, in this case a relation between urban
greening and gentrification, is real or tangible and how certain one can be about its the nature or
existence (Moon et al., 2014; van Thiel, 2014). A range of different ontological positions can be
distinguished, ranging from realism to relativism. Realism posits the existence of a singular reality,
while relativism acknowledges that multiple realities are possible as it is not fixed and can change
according to how humans understand or describe it (Moon et al., 2014). The present thesis aligns
with the ontology of critical realism, which posits that ‘Reality is captured by broad critical
examination’. This position acknowledges the existence of a singular reality yet recognizes however it
recognizes its inherent limitations due to the constraints of human intellect and the complexity of
phenomena. Consequently, the most effective approach to understanding these phenomena is
through critical examination (Guba & Lincoln, 1994).

In contrast, epistemology, the study of the nature of knowledge and the process of knowledge
creation, explores the existence of one or multiple realities (Moon et al., 2014; van Thiel, 2014).
Various epistemological positions are possible, including objectivism (reality exists in object),
constructionism (subject constructs reality of object) and subjectivism (subject imposes meaning on
object). This thesis adopts a constructionist view on green gentrification, recognising that this
process is not an objective truth, but a complex interplay of different actors (and researchers), with
different views on the subject based on historical, cultural, and social perspectives (Moon et al.,
2014; Moses & Knutsen, 2012). The research design utilises proxies selected for gentrification, while
acknowledging its limitations in capturing the entirety of the gentrification process.

The present thesis is founded upon a theoretical perspective that is rooted in critical theory, with a
particular emphasis on power relations and the challenging of prevailing assumptions (Moon et al.,
2014). The focus on gentrification and its relation to environmental justice can be seen as a relatively
emancipatory approach. Itis important to note, however, that the methods proposed in the
subsequent sections do not align with in the conventional view on the critical theory perspective
(Guba & Lincoln, 1994). While this approach is often associated with qualitative research, it is argued
that it is equally applicable to quantitative research on (green) gentrification. The subject is shaped
by a myriad of social, historical, cultural, ethnic, and economic factors relating to historical realism.
Furthermore, the measurement of greening and gentrification can be considered as proxies for ‘real’
phenomena, and are mediated by human values that link to the transactional and subjectivist
position on epistemology (Guba & Lincoln, 1994).

Operationalisation and research strategy

The operationalisation process is comprised of three phases. Initially, definitions are formulated to
delineate the scope of study. Subsequently, the manifestation of this theoretical construct in the real
world is determined, together with the translation of these variables into measurable indicators.
Finally, each variable is assessed to determine what values it can assume and how these variables
relate to each other (van Thiel, 2014). The most significant dimensions for measuring urban greening
and for gentrification are time, the spatial unit, and the measurement variables (Easton et al., 2020).
These will be addressed in the following sections, with separate discussion of gentrification and
urban greening.
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Gentrification

Gentrification can be defined as an influx of new investment and new residents with higher incomes
and educational attainment into a neighbourhood (Finio, 2022). It is characterised by four main
characteristics: capital reinvestment, social upgrading by high-income in-movers, landscape change
and displacement of low-income groups (Quinton et al., 2022).

Concerning time, gentrification’s ongoing process has led to many different time intervals in research
methodologies. While a consensus exists measuring gentrification over ten or fewer years (Quinton
et al., 2022), there is no theoretical discussion on the choice of time intervals. These are often based
on available data (Finio, 2022). Dutch census data (including WOZ-value, social housing, and income
level) is available for a limited time period (2004-2023) (Centraal Bureau voor de Statistiek) and
education levels have been reported for 2013, 2019, 2021 and 2022 (Centraal Bureau voor de
Statistiek). High resolution satellite images in colour and the ‘Basisregistratie Topografie’ (BRT) are
available from 2007, with the most recent images from 2023 (Kadaster).

Taken together, these facts form the basis for assessing the first change in urban green space
between 2009 and 2013 and the second change between 2019 and 2023, both four years. The period
between 2013 and 2019 is designated as the assessed gentrification period. Although a six-year span
might be considered limited (Quinton et al., 2022), an initial prototype test demonstrated that the
results are comparable to the 2013-2022 period, which is the maximum gentrification period

possible with the available data (see figure 7). The neighbourhood is defined as the spatial unit of
analysis in accordance with the definition of gentrification (Finio, 2022), and the census data
corresponds with this analysis area.

With regard to the variables relevant to the process of gentrification, the methods employed in
relevant literature exhibit significant variation (Quinton et al., 2022). While the displacement of
individuals stands is widely regarded as the most ideal metric, spatial analyses of displacement pose
substantial challenges in terms of quantification due to the necessity of tracking numerous
individuals, rendering such data currently unavailable in the Netherlands and requiring several years
to collect. Consequently, indicators must be selected as proxies for displacement (Easton et al.,
2020).

These proxies must align with the provided definitions, focusing primarily on income and educational
attainment (Finio, 2022). The percentage of people in the lowest 40% income group is chosen as the
variable to measure income level, as the average household income fails to capture the necessary
nuances. However, it is important to note the limitations of this data, which include the exclusion of
trends in middle and higher incomes as well as potential distortions caused by part-time workers and
students. The second variable is education attainment level, measured as the percentage of the
population with a high education level (HBO and WO). However, it should be noted that this data
may be subject of distortion as older people frequently possess a lower level of education compared
to younger people. The WOZ-value is incorporated as a variable to measure the capital reinvestment
in a neighbourhood. The WOZ-value is determined by the yearly taxation value of a property, as
yearly determined by a municipality for the purpose of levying. This value provides an indication of
both the attractiveness of a neighbourhood and capital investment. However, it is important to note
that this perceived attractiveness, together with the potential variations in taxation methods and
(rental)market dynamics, can introduce distortions in this value.

Initially, thresholds were proposed for the identification of neighbourhoods that met the criteria for
gentrification. Despite the criticism levelled at the arbitrary nature of these thresholds, it has been
argued that they are accurate, simple and clear, and thus are utilised extensively (Liu et al., 2019;
Sharifi et al., 2021). Additionally, the standard deviation (SD) can be utilised as an additional
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threshold to address random distribution errors and ensure the manageability of the number of
neighbourhoods in subsequent steps (Quinton et al., 2022). Furthermore, it is proposed to
incorporate the eligibility of a neighbourhood for a gentrification process to consider gentrification
drivers (Ley, 1988; Smith, 1979). This can be achieved by incorporating the initial value at the
commencement of the gentrification period and comparing it to the average city value. However, this
approach would also overlook the dynamics of possible super gentrification (Quinton et al., 2022). To
assess the effectiveness of different these different thresholds for the indicators, a prototype study
was conducted for the city of Eindhoven (appendix 1). The selection of Eindhoven is a deliberate one,
given its status as the fifth largest city in the Netherlands and the current place of residence of the
researcher.

It was observed that none of the neighbourhoods in Eindhoven satisfied all four conditions. As
demonstrated in Figure 7 and Appendix 1, four neighbourhoods exhibited more than two indicators
exceeding the standard deviation (SD) threshold (red), fourteen neighbourhoods demonstrated more
than one indicator surpassing the SD (orange) and six neighbourhoods with no indicator > SD
(yellow). It is noteworthy that no neighbourhood exhibited a change exceeding a standard deviation
from the mean for more than two criteria. In light of these results, it was proposed that a minimum
of two variables with a change larger than one standard deviation be utilised as a criterion for
assessing gentrification. The findings underscore the observation that neighbourhoods in close
proximity to other gentrified neighbourhoods exhibit a heightened susceptibility to gentrification
(Anguelovski et al., 2022).

While the overall picture from these proxies was found to be correct, it was determined that a binary
subdivision between gentrified and non-gentrified neighbourhoods was not effective. As previously
mentioned, gentrification is a dynamic and complex process, which in this case means that it is
difficult to classify neighbourhoods. A range of classification systems were trialled, based on the
gentrification stages (early, mid, late/mature and super gentrification), before this classification
method was abandoned. Ultimately, the selected method for measuring changes in green space
rendered this classification redundant, as it was possible to measure the amount of green space and
green space changes in relation to these three proxies for all the residential neighbourhoods in the
investigated cities.

2013-2019 2013-2022

Sintenbuurt Sintenbuurt
Genderdal

Gildebuurt Gildebuurt

Bennekel-Oost Bennekel-Oost

X Vlokhoven

Kerstroosplein Kerstroosplein

X Lakerlopen

X Nieuwe Erven

X Drents Dorp

X Bennekel-West, Gagelbosch

X Burghplan

Schouwbroek Schouwbroek

Oude Gracht-West Oude Gracht-West

Limbeek-Noord Limbeek-Noord

X Tempel

X Mensfort

Looiakkers X

Figure 7: Comparing gentrification between the periods of 2013-2019 and 2013-2022
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Urban greening

Urban greening is defined as the implementation of the new, improved, or remediated integration of
green spaces, trees, and associated vegetation into urban public spaces (Sax et al., 2022). This
definition encompasses both the quantity and quality of green space in urban public spaces.

The Normalised Difference Vegetation Index (NDVI) has been utilised as a metric to assess urban
greening (Ghosh & Das, 2018; Helbich et al., 2020; Sharifi et al., 2021). The NDVI exhibits higher
values for trees and shrubs in comparison to grass, thereby functioning as a measure of both the
guantity and quality of green space (Martinez & Labib, 2023). However, as given the necessity to
compare neighbourhood-level data from 2009, 2013, 2019 and 2023 over a 14-year span, it is
essential that the data is both consistent and of a sufficiently high resolution. However, for the
Netherlands, this is not the case. While Landsat 7 and 8 data can be compared (Roy et al., 2016) and
the resolution is adequate for this research (10 to 300 meters), this data is not available for Europe in
these years. Data for Europe with a good resolution is only available from 2014 onwards. Finally, and
most importantly, no distinction can be made between public and private greening using NDVI. An
example can be found in appendix 2 using the WUR Groenmonitor (Wageningen University and
Research).

A different methodology was thus tested for assessing urban greening. Based on satellite data
available from 2009 to 2023, it is possible to empirically assess which areas have undergone greening
(Kadaster). In the prototype of Eindhoven, this method is tested for the neighbourhood of Woensel-
West, a neighbourhood classified as gentrified in the earlier stages of this research. The analysis
revealed that before and after the gentrification period, changes in the quantity of green space could
be observed. The combination of satellite data with Google Street View images (Google) enabled the
assessment to be conducted as detailed as possible (see Appendix 3). Nevertheless, the use of these
methods for the accurate and consequent assessment of changes in public space quality was not
feasible. Consequently, a map was generated (wee Appendix 4), which showcases the example of
Woensel-West, displaying newly added, removed, and existing green spaces. Constructed using QGIS,
this map facilitates the calculation of the amount of change in green space per period and the
amount of existing green space within the neighbourhood and within a 400m buffer around the
neighbourhood. The incorporation of existing green space in the analysis is crucial as it may serve as
a vital indicator in comprehending the impact of green investments (Anguelovski et al., 2019). A
comparison of the NDVI map (see Appendix 2) with the map under consideration here reveals the
greater accuracy and sensitivity to small changes in green space of the method employed here.

However, it should be noted that this study utilised the Basisregistratie Topografie (BRT) dataset
provided by Kadaster. This dataset, which is available internally at the Environmental Assessment
Agency (Planbureau voor de Leefomgeving), spans from 2007 to 2024. The BRT dataset characterised
by being uniform, consistent, and it provides nationwide coverage of the Netherlands. It includes the
TOP10NL dataset, which is based on aerial photography supported by 360-degree imagery and
occasional terrain reconnaissance. The scale of the dataset ranges from 1:5,000 to 1:25,000, with
timeliness defined by the date of the aerial survey, which is typically conducted between January and
April. The quality of the BRT data is rigorously validated for logical consistency, positional accuracy,
completeness, thematic accuracy, and user feedback (Kadaster, 2011).

In this research, the “terrein” layer of the BRT dataset was utilised. This layer contains visibly
delineated land parcels that have not been classified as road or water features. A selection of specific
land use types relevant to the study was made: Forest: mixed forest, Forest: meadow, Forest:
deciduous forest, and Forest: coniferous forest. These features were then combined into a single
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category, which was labelled “trees.” The land-use type grassland was classified as “grass.” These
categories were then used to analyse changes in green space.

The analysis was conducted using QGIS version 3.34 (QGIS Development Team, 2024). The
identification of changes in green space was facilitated by employing the ‘difference’ algorithm,
which compared BRT layers from different time intervals. This algorithm extracts features from an
input layer that fall outside or partially overlap with features in an overlay layer. For instance,
features present in the 2013 BRT data but absent in the 2009 BRT data were identified as newly
added green spaces, while features present in the 2009 BRT data but absent in the 2013 BRT data
were classified as removed green spaces. This procedure was repeated for three-time intervals
(2009-2013, 2013-2019, and 2019-2023), resulting in six layers representing green space additions
and removals.

In order to guarantee the reliability of the BRT data, which may contain inconsistencies in
classification protocols, each feature in the six resulting layers, along with the aggregated “trees” and
“grass” layers, was manually verified using historical aerial imagery from Topotijdreis (Kadaster). This
verification process ensured the accuracy of green space changes. An illustrative of these layers is
presented in figure 8.

N
k - - groen_weg_1923
= ] |:| groen_nieuw_19_23
- Groen_weg_13_19
D groen_nieuw_13_19
ke |:| groen_nieuw_9_13
- groen_weg_9_ 13
- bos
- Gras

Figure 8: QGIS screenshot showing the different input analysis layers
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The data was then aligned with the delineated boundaries of the investigated neighbourhoods, and
spatial grouping was performed. The total area of the eight derived layers within each
neighbourhood was calculated using the GroupStats plugin in QGIS (further information available at
https://github.com/HenrikSpa/GroupStats). Additionally, green space outside the neighbourhoods
was analysed by creating a 400-metre buffer zone around each neighbourhood boundary. This was
achieved using the buffer function in QGIS, which computes a buffer area for all features in an input
layer (neighbourhood boundaries) based on a fixed distance of 400 metres.

The resulting dataset comprised total areas for grass and trees within the buffer zones. These values
were exported to Excel, recalculated as percentages of the total neighbourhood area, and linked by

neighbourhood names to the CBS neighbourhood dataset. This final dataset was then utilised as the
input for the regression analysis and provided the descriptive statistics that were used in the results
section.

Sampling

In light of the data availability and its associated constrains on resources and time, a purposive
sample is employed, a form of non-probability sampling that is grounded in theoretical principles
(van Thiel, 2014). The five most populus cities in the Netherlands have been selected for the purpose
of assessing gentrification processes, given that the four most populous cities experience the highest
levels of delineation and the lowest levels of place attachment (Van Der Graaf & Veldboer, 2009).
Moreover, an extensive study has been conducted that also included the city of Eindhoven regarding
past gentrification trends, providing an extensive background (Musterd et al., 2020). However, it
should be noted that neighbourhoods in which the data for neighbourhood statistics were left blank
were excluded from the data analysis. These predominantly included neighbourhoods with
insufficient population density, resulting in the exclusion of data from the CBS neighbourhood data
set due to privacy constraints. Additionally, neighbourhoods with populations of less than 400
inhabitants were excluded from the study. Data analysis

Multilevel regression analysis was conducted utilising the statistical software package Stata (Stata
corp, 2023) to test each hypothesis individually, as illustrated in the conceptual research framework.
The regression coefficients and their significance (p < 0.05) were examined in relation to the
percentage change in green space and changes in WOZ, percentage of inhabitants in the lowest 40%
income group and the percentage of inhabitants having followed higher education (HBO and WO).

It is noteworthy that phenomena tend to exhibit similarity when in proximity (area homogeneity).
Consequently, standard regression models are deemed insufficient for assessing the relationship
between green space quantity and gentrification during specific periods (Easton et al., 2020).
Multilevel modelling, which groups individual observations based on city-level nesting, is employed
to address these data characteristics. The control variables employed include the initial WOZ start
value, the percentage change in WOZ, the initial percentage of people within the lowest 40% income
group, the percentage change in the percentage of people within the lowest 40% income group, the
initial percentage of people having followed higher education, the change in the percentage of
people having followed higher education, the percentage of initial social housing, change in the
percentage of social housing, the initial neighbourhood inhabitants’ density, the percentage change
in the inhabitants density, the distance to the city centre, the percentage of people younger people
(between the age of 25 and 45), the change in the percentage of younger people (between the age
of 25 and 45), the percentage of houses being rented in the private rental sector, the change in the
percentage of houses being rented in the private rental sector, the percentage of older people
(between the age of 45 and 65), the change in the percentage of older people (between the age of
45 and 65), the percentage of people with a non-western background, the percentage of people with
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a non-Western background, the average household size, the change in the average household size,
and whether the neighbourhood was included in the list of ‘Vogelaarwijken’ (Rijksuniversiteit
Groningen).

The inclusion of these variables was initially limited to their role as control variables. However, they
were also found to offer insights into the gentrification dynamics observed in the investigated cities,
as reported in the results section.

Furthermore, the percentage of area in a certain neighbourhood typology was used as an interaction
effect per neighbourhood. The utilisation of interaction effects facilitates the examination of whether
the relationship between the target and the independent variable changes depending on the value of
another independent variable. In this case, the objective is to determine whether the changes in
green space in relation to the gentrification proxies depend on the neighbourhood typology. The data
underpinning this inquiry was anchored in a developed urban typology, which discerned distinctions
between historical city blocks, pre-war city blocks, garden towns, residential housing, post-war garden
city low-rise, post-war garden city high-rise, community neighbourhood, and sub-urban expansion (
vinex) and high-rise city centre (Kleerekoper, 2016), The application of an artificial intelligence model
marked neighbourhoods and smaller sections having the same postal code (Hogeschool van
Amsterdam et al., 2023). The interaction effects are discussed in the results section.

Validity and reliability of research

Reliability is dependent on the accuracy and the consistency of the methods employed to measure
the aforementioned variables. Achieving a satisfactory level of accuracy necessitates the meticulous
and precise capture of variables. Given that the data is based on census data, it is not possible to
improve its reliability. Furthermore, under similar circumstances, it is essential that the same
measurements consistently yield the same results (van Thiel, 2014). In context of gentrification this is
typically straightforward to achieve; however, for the analysis of greening measures it is essential to
device a procedure to evaluate these variables, as is outlined in this research.

Two main types of validity are recognized: internal and external. For internal validity it is important
that (1) the chosen theoretical construct is soundly operationalized and (2) if the relationship
between dependent (gentrification) and independent (greening) variable does exist. In the preceding
section, the operationalisation of the constructs is specified based on existing literature and common
methods. While the proxies have certain limitations, it is argued that using these variables will result
in sound results. Regarding the relationship between dependent and independent variables it is very
possible that these do not have a causal relationship, as it is probable that greening is not acting
alone in promoting gentrification (Quinton et al., 2022). This is the rationale behind the incorporation
of control variables in the regression analysis.

External validity of the study is examined through consideration its generalizability beyond the
selected sample. The study’s limitations stem from its exclusive focus on the five largest cities in the
Netherlands, which may result in findings with limited applicability to other European or Anglo-Saxon
countries due to the context-specific nature of gentrification processes, particularly in a state-led
gentrification context.
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Results

Social-economic status and greening
This section examines the overall status of neighbourhoods in 2013, as well as the changes observed
between 2013 and 2019 across the analysed cities with regard to social-economic status and

greening. Furthermore, this section discusses the relationship between these changes and initial
values, as well as correlations between changes in key indicators, such as WOZ changes and income

changes. These correlations provide an initial understanding of how neighbourhoods evolve over
time and reveal broader patterns of socio-economic development (see table 1).

Amsterdam Rotterdam The Hague Utrecht Eindhoven
WOZxincome 0,71 0,66 0,71 0,59 0,59
WOZx education 0,61 0,6 0,77 0,63 0,61
Educationxincome 0,62 0,64 0,81 0,59 0,71
WOZ change xincome change 0,77 0,24 0,53 0,4 0,51
WOZ change x education change 0,27 0,39
Education change xincome change 0,54 0,28 0,36 0,31
WOZxtrees -0,23 0,5 0,53
woz x grass 0,25 0,22
woz xtrees 400 -0,32 0,45 0,43
woz x grass 400 -0,35
woz change x9-13
woz change x 13-19
woz change x 19-23 0,33
Education xtrees -0,41 0,39 0,3
education x grass -0,52 -0,23 -0,44
education xtrees 400 -0,53 0,5 -0,32
education xgrass 400 -0,54 -0,54
education change x9-13 -0,22
education change x 13-19 0,26 0,21
education change x 19-23
Income x trees 0,33 0,38
income x grass 0,24 0,28
income xtrees 400 0,43 -0,23 0,22
income x grass 400 0,26 0,32
income change x9-13 -0,24 -0,23 0,27
income change x 13-19 0,26
income change x 19-23 0,28

Table 1: Neighbourhood correlation coefficients between socio-economic indicators and green space indicators colour coded

according to the magnitude of the correlation. The colour coding system is employed as follows: very strong correlation

(red), strong correlation (yellow), medium correlation (green), and weak correlation (blue).

The subsequent section on gentrification dynamics will discuss the relation between initial values and
changes, as well as their implications for gentrification processes. While correlations offer valuable

insight into patterns and associations, the regression analysis in the subsequent section delves
deeper into causality, exploring how initial conditions and other factors influence changes over time.
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The findings from this study, when viewed in the context of the literature that has been discussed
provide a comprehensive and nuanced understanding of the regression analysis results that are
presented in the following section. To capture the subtle variations in these changes, the data is
presented using boxplots and colour-coded neighbourhood maps, which offer a more comprehensive
and spatially detailed perspective that cannot be conveyed through average values alone.

Initial neighbourhood green levels
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Figure 9: Boxplots of green space characteristics.

The mean levels of green space are generally comparable across the five cities under review are
generally comparable. However, it is notable that outer neighbourhoods tend to exhibit a greater
proportion of green space compared to inner-city neighbourhoods, although outliers are relatively
limited in number. The majority of this green space consists of grass areas, which exhibit similar
distribution patterns to the overall green space.

However, a different picture emerges when focusing on tree coverage. The Hague (7%) and
Eindhoven (6%) have the highest percentages of tree coverage in their neighbourhoods, as indicated
by boxplots (figure 9), which also reveal the presence of significant outliers in these cities, reflecting
the presence of large parks with extensive tree coverage. Notable green spaces in The Hague include
Het Haagse Bos, Westduinpark, Scheveningse Bosjes, and De Uithof, while in Eindhoven, prominent
examples are Stadswandelpark, Philips de Jongh Park, Wandelpark Eckhart, and Genneperparken.
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In addition to analysing neighbourhood averages, the study also examined green space within a 400-
metre radius. The results indicated that, in general the amount of green space located just outside
the neighbourhoods was marginally smaller in comparison to the green space within the
neighbourhoods. However, there were exceptions to this pattern; in Utrecht, the values were
comparable, and in Eindhoven, external green space was found to be more abundant. A notable
finding was that the consistently higher tree coverage outside the neighbourhoods than within
neighbourhoods, suggesting the presence of city parks that were excluded from the analysis due to
their low residential density or lack of residential functions. The distribution of initial green space can
be seen in figures 9 and 10.

Green changes

Green change 09-13 Green change 13-19 Green change 19-23
Amsterdam -0,20% -0,44% 0,22%
Rotterdam -0,12% 0,11% 0,31%
Den Haag -0,46% 0,05% 0,08%
Utrecht -2,56% -0,54% 0,21%
Eindhoven -2,15% -0,37% -0,58%

Table 2: green changes for selected periods and cities.
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Figure 10: boxplot showing green changes for selected periods and cities

As demonstrated in table 2 and figures 10 and 11, from 2009 to 2013, there was a general decline in
green space across the selected cities, particularly at the municipal fringes, with the most significant
reductions recorded in Utrecht and Eindhoven. From 2013 to 2019, the changes became more
nuanced and less extreme, and by 2019 to 2023, an overall increase in green space was evident, with
the exception of Eindhoven.
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In the 2009 to 2013 period, Amsterdam (-0.20%), Rotterdam (-0.12%), and The Hague (-0.46%)
experienced minor decreases in green space, while Utrecht (-2.56%) and Eindhoven (-2.15%) saw
more significant reductions. In Utrecht, losses were concentrated around Vleuten-De Meern and
Leidsche Rijn, whereas in Eindhoven, reductions were more evenly distributed as green areas were
converted into building space, with a significant decline in Tongelresche Akkers (-83%). In Amsterdam,
the most substantial decreases occurred in Bijlmer and Zeeburgereiland, while in Rotterdam and The
Hague, the reductions were more dispersed.

2009-2013

2019-2024 [ ] 0014-0,027
[ 0,027 - 0,041
Il 0.041-0055

Figure 11: map showing green changes for selected periods and cities

During the period 2013 to 2019, green space remained relatively stable, with slight increases
observed in Rotterdam and The Hague, but continued decreases in Amsterdam, Utrecht, and
Eindhoven. It is notable that neighbourhood-level variations increased during this period, especially
in Utrecht, where ongoing development in Vleuten further reduced green space. In the 2019-2023
period, most cities experienced an overall increase in green space, with the exception of Eindhoven,
which displayed the greatest variability. Significant declines were evident in Tongelresche Akkers (-
17%) and Bosrijk (-14%), underscoring the uneven development patterns within the city. The outliers,
as demonstrated by the boxplots and spatial maps in figures 10 and 11, were found to have a
significant impact on the average green space values presented in table 2.
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Initial WOZ values and WOZ changes
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Figure 12: boxplot of the initial average WOZ neighbourhood values and relative changes.

The initial WOZ-level is equivalent to a neighbourhood average of 250.000 in Amsterdam and
Eindhoven in 2013 (250.000), and 163.00 in Rotterdam, with The Hague and Utrecht in between
these figures (240.000). An analysis of the distribution of these values within these cities reveals that,
with the exception of Utrecht, all cities exhibit a preponderance of values on the high side. The
Hague, in particular, demonstrates the most significant spread. The magnitude of the change in the
WOZ-value is most pronounced in Amsterdam (60%), followed by Rotterdam (26%) and Utrecht
(29%), and significantly exceeds the levels observed in Eindhoven (11%). Notably, Amsterdam not
only exhibited the most significant increases, but it also had the highest outliers, with Houthavens
(239%) and Zeeburgereiland (143%) far exceeding with Ouden Westen (110%) in Rotterdam,
Binckhorst (91%), Abstede (55%) and Philipsdorp in Eindhoven (40%). It is notable that these
increases in the WOZ tend to coincide with major redevelopment projects, such as the
transformation of Binckhorst into a mixed-use urban area or the development of Zeeburgereiland as
a residential area (see figure 12).

As demonstrated in figure 13, the starting values and changes of the WOZ exhibit distinct spatial
patterns. Higher starting values are frequently observed cities’ centres, with lower values more
prevalent on the outskirts, as evidenced by the examples of Amsterdam (north and east), Rotterdam
(south), and Utrecht (north and south). In The Hague, a clear distinction is evident between higher
values in the northern region and lower values in the southern region. A more heterogeneous pattern
is observed in Eindhoven. The analysis reveals that the phenomenon of WOZ increases is
characterised by spatial clustering, which is influenced by the city context. In Rotterdam, the highest
increases are concentrated in central districts like Cool and Middelland, whereas southern districts
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show lower or negative changes. In contrast, Amsterdam displays a more dispersed pattern, with
significant increases both in central areas and in emerging peripheral neighbourhoods like Noord and
Nieuw-West. Meanwhile, neighbourhoods experiencing a decline in WOZ values, tend to cluster in
peripheral areas characterised by stagnant or declining socio-economic conditions. The subsequent
section will delve into the intricate interplay between initial WOZ values and ensuing increases, with a
particular focus on the dynamics of gentrification.

The relationship between initial WOZ values and greening is found to be highly city-dependent. In
Amsterdam, a negative correlation is observed between WOZ and the percentage of trees (-0,23),
trees within 400m (-0,32), and grass within 400m (-0,35). n contrast, a positive correlation was
observed in The Hague, where WOZ was found to be associated with an increase in the percentage of
trees (0.5), grass (0.25), and trees within 400m (0.45). A similar observation was made in Eindhoven,
where a positive correlation was evident between WOZ and the percentage of trees (0,53), grass
(0,22), and trees within 400m (0,43). However, no significant results were observed for Rotterdam
and Utrecht below the level of P<0.05. A significant albeit weak correlation was identified between
WOZ change and green change between 2019 and 2023 in Amsterdam (0.33) (see table 2).
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Figure 13: Spatial distribution of the initial average WOZ neighbourhood values and relative changes.



Initial education levels and education changes
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Figure 14: Boxplot showing initial education levels and education changes.

As illustrated in figure 14, variations in education levels are less pronounced both within and between
cities. There are no significant outliers, and average values are more closely aligned. However,
Amsterdam and Utrecht demonstrate the highest average education levels while Rotterdam exhibits
the lowest. The Hague and Eindhoven fall in between. The spatial distribution of initial education
levels largely corresponds with the initial average WOZ-values yet there are differences between
these cities (see figure 15). The Hague (0,77), Utrecht (0,63) and Eindhoven (0,61) and Amsterdam
(0,61) demonstrate a strong correlation, Rotterdam (0,60) exhibits a medium correlation. When
examining average values, changes in education level are comparable between cities. However,
differences between neighbourhoods within cities are significant, with numerous outliers, particularly
in Eindhoven. For instance, in Amsterdam; De Omval (32%), in Rotterdam; Zuiderpark (26%) and CS
Kwartier (25%), in The Hague; Transvaalkwartier-midden (24%) and Zorgvliet (-21%), in Utrecht; Halve
maan-zuid (-30%) and Hoog-Caterijne NS enJaarbeurs (27%) and in Eindhoven; Gildenbuurt (29%)
and Elzent-Zuid (-33%).

A further examination of the correlation between changes in education and WOZ reveals a weak
correlation in Rotterdam (0,39) and Amsterdam (0,27). With regard to greening, a negative

correlation is observed in both Amsterdam and Utrecht with a single negative correlation with grass (-
0,23) in Rotterdam. For The Hague and Eindhoven limited positive correlations are evident. In
Amsterdam, a negative correlation was observed with trees (-0,41), grass (-0,52), trees within 400m (-
0,53) and grass within 400m (-0,54). In Utrecht a negative correlation was identified with grass (-
0,44), trees within 400m (-0,32) and grass within 400m (-0,54). The Hague exhibits a positive
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correlation with trees within 400m (0,5) and trees in neighbourhood (0,39) just as in Eindhoven (0,3).
A negative correlation between changes in green space and education level is evident between 2009
and 2013 (-0,22) while there is both for Utrecht (0,21) and The Hague (0,26) a positive relation with
green space change between 2009-2013) (see table 1).
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Figure 15: Spatial distribution of the initial average high-education levels and relative changes.
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Initial income levels and income changes
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Figure 16: Boxplot showing initial low-income levels and changes and relative changes.

As depicted in figure 16, the disparities in income levels are once again less pronounced. The highest
largest percentage of individuals in the lowest 40% income class was observed in Rotterdam (43%),
followed b Amsterdam (40%), Eindhoven (39%), The Hague (38%), and Utrecht (38%), with only
Amsterdam's Zeeburgereiland/Nieuwe Diep (76%) exhibiting a significantly higher percentage. The
spatial distribution of income levels aligns with both the WOZ-values and education levels (see figure
17), with a strong correlation between initial WOZ value and income level in Amsterdam (0,71), The
Hague (0,71) and Rotterdam (0,66) and a medium correlation in Utrecht (0,59) and Eindhoven (0,59).
Education and income levels are also associated with each other, exhibiting a very strong correlation
in The Hague (0.81), a strong correlation in Eindhoven (0.71), Rotterdam (0.64) and Amsterdam
(0.62), and a medium correlation in Utrecht (0.59).

The Hague witnessed an average increase in the percentage of people in the lowest 40% income
group (2%), while in Rotterdam and Eindhoven it remained constant and in Amsterdam (-2%) and
Utrecht (-1%) it decreased. Once again there are numerous outliers, including lJburg-West (9%),
Houthavens (-31%) and Zeeburgereiland/Nieuwe Diep (-32%) in Amsterdam, Oude Noorden (21%)
and Oud-lJsselmonde (-19%) in Rotterdam, De Venen (13%) and Binckhorst (-24%) in The Hague,
Rijnsweerd (14%) and Queeckhovenplein en omgeving (-19%) in Utrecht and Genneperzijde (8%) and
Strijp-S (-16%) in Eindhoven.

The data demonstrate a strong correlation between changes in the WOZ and changes in income for
Amsterdam (0,77), a medium correlation for The Hague (0,53), Eindhoven (0,51) and Utrecht (0,4)
and a weak correlation for Rotterdam (0,24 In the context of educational change and income change,
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a medium correlation is observed in Amsterdam (0.54), while a weaker correlation is evident in
Utrecht (0.36), Eindhoven (0.31) and The Hague (0.28). Again, for green data there is a positive
relation between income levels and green space area in both Eindhoven and The Hague. In The
Hague it is for trees (-0,33), grass (-0,24), trees within 400m (-0,43) and grass within 400m (-0,26) and
in Eindhoven respectively -0,38, -0,28, -0,22 and -0,32. In Utrecht a reversed correlation is observed
between trees within 400m (0,23). For green changes both Amsterdam (0,24) and Rotterdam (0,23)
have a positive correlation with a change in green space between 2009-2013 while in The Hague this
correlation is reversed (-0,27). Furthermore, a negative correlation is observed between green
changes in Utrecht between 2019-2023 (-0,28) and Eindhoven between 2013-2019 (-0,26) (see table
1).
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Figure 17: Spatial distribution of the initial average low-income levels and relative changes.
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Gentrification dynamics

This section provides a comprehensive overview of the gentrification dynamics of the studied cities,
focusing on both green space and for the relevant control variables. These control variables ensure
that the impact of green spaces on socio-economic dynamics cannot be attributed to other factors
(i.e. covariances), thereby offering a nuanced understanding of the prevailing dynamics in each city.
The analysis uncovers the predominant drivers of gentrification and situates them within the specific
gentrification phase or wave. The text is limited to the most significant dynamics and the top
coefficients for the control variables (marked in green in table 3), with the regression coefficients
described one way for the sake of clarity, despite the possibility of these coefficients working both
ways. To illustrate, a positive relation between initial WOZ values and increases in high education
levels indicates a decrease in high education levels in neighbourhoods with lower WOZ values. The
regression table can be found below for further detail.

Amsterdam, rotterdam, utrecht en d{Amsterdam Rotterdam Den haag Utrecht Eindhoven
R-squared 0,74 0,79 0,29 0,84 0,96 0,59 07 094 0,46 072 083 0.4 0,59 0,76 0,58 0,61 0,88
\era Income education |WOZ Income education |WOZ Income education |WOZ Income education |WOZ Income education |WOZ Income education
change  change  change |change  change change change  change  change [change change  change [change change  change change change  change
2013-2019 2013-2019 2013-2019 |2013-2019 2013-2019 2013-2019 |2013-2019 20132019 2013-2019 [2013-2019 2013-2019 2013-2019 [2013-2019 2013-2019 2013-2019|2013-2019 2013-2019 2013-2019
vogelaar wijk yes/no 2007 0,19
WOZ start value 2013 0,24 -0,53 064 0,42 0,25 0,41 -0,2
WOZ change 2013-2019 -0,34 -0,18 -0,24 0,57, -0,19 -0,2
urban green change 2009-2013 0,07 0,15 0,3T
urban green change 2013-2019 -0,07| 0,12 9 -0,53
urban green change 2019-2023 N h -0,16' -0,35]
Grass in neighbourhood 0,17
Trees in neighbourhood b 0,13 9 0,18' h 0,16' 0,22' h h 0,13 0,3
grass around neighbourhood 0,31
trees around neighbourhood 0,37
Greenin neighbourhood 2013 0,37 0,35]
green within 400 m of 2013
Income start 2013 0,83 0,34 0,31 0,65 0,98 04 1
Income change 2013-2019 03 -0,41] 06 -1,11] 0,75 0,29 0,43 0,38
Education start 2013 h 025 0,17 -0,53] -0,18 0,77 0,83 0,13 1,23 025 0,21 0,41 -1,16| 1,1
Education change 2013-2019 -0,09 0,31 -0,1 0,13
Social rental start 2013 0,17 -0,39 0,32 0,49 -0,54]
Social rental change 2013-2019 027 021 0,07 0,82 073 03] -0,86 0,52 021 -0,39
Inhabitants start 2013
Inhabitants change 2013-2019 01 0,15 -0,12 0,39 -0,16 04 -0,46 02 -0,58
Other rentstart 2013 -0,34
Other rentchange 2013-2019 0,18 057 0,29 0,85 -0,49 037
Young start 2013 -0,25 -0,29 -0,14 0,26 0,3 -0,26 0,47 -0,36
young change 2013-2019 0,24 0,16 0,45 -0,54 0,28 0,26 -0,51 0,39 0,24 0,67
oldstart 2013 -0,23 -0,13 -0,22) 0,59 -0,36
old change 2013-2019 0,34 0,15
notwestern background start 2013 033 -0,46 0,52 03 -0,36 04 -0,66| 0,26
notwestern background change 2013-2019 -0,18] -0,11 -0,24] 0,13 0,29 -0,53
household size start 2013 0,19 -0,15 0,19
Household size change 2013-2019 0,18 -0,12 0,29 -0,22 -0,13 -0,13 0,32
Distance to center 2013 -0,15 0,14 -0,17 -0,22 -0,36 0,33

Table 3: Regression coefficient table with only the significant values.
Overall

Whilst the dynamics are less pronounced when considered as a whole, they are important to draw
some overarching conclusions. Regarding greening, a loss of green space precedes an increase in the
WOZ-value (-0,07) and there is a loss of green space during an increase in the percentage of highly
educated inhabitants (-0,07). However, these effects are reversed for the tuinstad laagbouw (garden
city low-rise) typology, with values of 0,04 and 0,08, respectively. In addition, the stedelijkbouwblok
(urban building block) typology exhibits a positive relationship (0,05). The strongest overall
relationship observed with regard to the increase in WOZ is with a lower initial WOZ value (-0,24), a
decrease in the number of people with a low income (-0,3) and a higher percentage of people with a
high level of education (0,25). In terms of income changes, a lower percentage in the lowest 40%
income group is predominantly associated with an increase in WOZ increase (-0,34), a higher initial
percentage of low-income inhabitants (-0,83) a lower initial percentage of people with a non-western
background (0,33) and less social housing (0,27). With respect to educational changes, an increase in
highly educated inhabitants is related to a lower initial education level (-0,53), a decrease in the
percentage of low-income inhabitants (-0,41) and a lower initial percentage of low-income
inhabitants (-0,34).
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Amsterdam

In Amsterdam, the existing tree coverage within residential neighbourhoods has been found to have a
positive relationship with changes in WOZ (property value), with a coefficient of +0.19. This suggests
that the presence of trees contributes to anincrease in property values, irrespective of the specific
typology of the neighbourhood. Among the socio-economic variables examined, a decrease in low-
income groups (-0.6) exerted the most significant effect on WOZ growth, followed by an increase in
the share of older residents aged 45-60 (+0.34) and an increase in household size (+0.29). The decline
in the proportion of low-income inhabitants is more pronounced in neighbourhoods with a lower
initial income level (-0,31), where there is a higher proportion of young people at the beginning (-
0,29) and a greater influx of young people (-0,45). Conversely, an increase in high educational level is
found to be strongly influenced by a decrease in low-incomes (-1.11), is higher in neighbourhoods
with a lower initial education level (-0.77) and a lower percentage of people with a non-Western
background (-0.46).

Rotterdam

In Rotterdam, the relationship between green coverage and socio-economic change is more complex.
Unlike in Amsterdam, higher green percentages within neighbourhoods correlate negatively with
WOZ increases (-0.37). However, neighbourhoods of the type naoorlogse woonwijk (post-war
residential area) (+0.28) and tuinstad hoogbouw (garden city high-rise) neighbourhoods (+0.46)
exhibit a positive effect of green space on WOZ value growth. Furthermore, a positive relationship
was identified between the increase in green space between 2013-2019 and WOZ value growth
(0,12). The effect in “bloemkoolwijken” is slightly smaller (0,07), while a decrease in the % of people
having a low income is also larger in neighbourhoods with more trees (-0,16) and less grass (0,17),
both regardless of neighbourhood typology. Additionally, an increase in the prevalence of high
education levels has been observed to be positively associated with a greater proportion of green
space, independent of the specific nature of green space (0,35). However, this association is found to
be negative in the context of villa neighbourhoods (-0,44). In addition, a decline in low-income
households is associated with a higher percentage of initial low-income households (-0,65), a
decrease in the percentage of social housing (+0.73) and a lower initial percentage of people with a
non-Western background (+0.52). Conversely, an increase in the proportion of the population with a
high level of education is negatively associated with higher initial educational levels (-1.23) and
positively influenced by initial property values (+0.64) and growth in the WOZ (+0.57).

The Hague

In The Hague, the positive impact of tree coverage on a decrease of low-incomes (+0.22) diminishes
in neighbourhoods with a larger percentage of a tuinstad hoogbouw typology (garden city high-rise)
(-0.12). Furthermore, an increase in green spaces between 2009-2013 (-0.15) precedes a decrease in
low-incomes. The positive association between WOZ growth and a decrease in social housing (-0,9)
and private rental (-0,9), indicating an increase in homeownership, is also noteworthy. Furthermore,
an increase in population density has a positive effect (0,4), along with a lower initial WOZ-value (-
0,4) and a lower initial percentage of social housing (-0,4). Declines in low incomes are predominantly
associated with a higher initial proportion of individuals with low-incomes (-0.98), an increase in
population density (-0.46), and lower initial level of social housing in a neighbourhood (0,32).
Increases in high educational attainment has been found to be significantly linked to a smaller group
of highly educated people in the neighbourhood (-0,41) and anincrease in the percentage of young
people between the ages of 25 and 45 (0,26).
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Utrecht

In Utrecht, grass coverage within a 400-metre radius has been found to be positively associated with
an increase in high education levels (+0.31). However, this relationship is negative in
‘bloemkoolwijken’ (cauliflower-shaped neighbourhoods) (-0.44). WOZ growth is linked to decreases in
low-incomes (-0.43), a lower initial percentage of people with a non-western background (-0,36) and
reductions in social housing (-0.52) and private rental (-0.49). A decline in lower incomes is observed
to be more pronounced where initial incomes are lower (-0,4), where there is an influx of young
people between the ages of 25 and 45 into the neighbourhood (-0,5), and where there is a decline in
individuals with a non-western background (0,4). Conversely, high educational attainment levels
exhibited a more pronounced improvement in conjunction with lower initial education levels (-1.2), a
higher percentage of young people between 25-45 (0,47), and a lower initial share (-0,7) and decline
in the share of people with a non-western background (-0.5).

Eindhoven

In Eindhoven, a positive relationship has been identified between tree cover within a 400-metre
radius of neighbourhoods and increases in the WOZ value (+0.37), with the exception of villa
neighbourhoods, where a negative relationship was observed (-0.58). Furthermore, a relation has
been established between WOZ value increases and green loss during the period under investigation
(-0.53) and following it (-0,16). Furthermore, an increase in highly educated inhabitants is associated
with an increase in green space beforehand between 2009 and 2013 (0,31), with the exception of the
historical inner city (-0,12) and decrease in green space afterwards (-0,35), with the exception of the
typologies tuinstad laagbouw (garden city low-rise) (0,19) and volkswijk (0,19). The percentage of
tree coverage has been found to have a positive relationship with a decrease in low income (-0.13),
particularly in neighbourhoods with a higher presence of industrial zones (-0,16) and an increase in
high education levels (0.3), more for Vinex neighbourhoods (new-build) (0,42) and slightly less in
volkswijken (working-class neighbourhoods) (0,2). Next to the already stated influences on WOZ
increases, in Eindhoven only a decrease in low-income groups (-0,38) and a lower average initial WOZ
(-0,2) are related. A decrease in low-income groups is most positively related to a relative high
percentage of low incomes (-1,0) a lower initial percentage of social housing (0,49) and an increase in
inhabitants’ density (-0,58). For anincrease in high education levels the most important relevant
relations are lower percentage of highly educated people (-1,1), a lower percentage of social housing
(-0,54) and an increase in young people (0,67).
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Conclusion

In the following section, the findings will be contextualised by referencing the literature that has been
discussed in the preceding section. This linkage will serve to situate the outcomes within the broader
historical, socio-economic, and urban context, as well as the various phases of gentrification and the

dynamics of green gentrification.

Socio-economic context and subsequent changes

The presented data on gentrification dynamics, the initial socio-economic values, and the relationship
between these initial values and subsequent changes allow for the positioning of the studied cities
along a spectrum of earlier to later stages of gentrification. As previously stated, early stages of
gentrification are characterised by the influx of highly educated residents with relatively low incomes,
followed by a shift toward higher-income residents in later stages (Hochstenbach & van Gent, 2015).
As demonstrated in the literature review, Amsterdam and Utrecht had already undergone significant
gentrification, with Amsterdam’s suburbs experiencing impoverishment while Utrecht’s suburbs
remained relatively stable. In contrast, Rotterdam exhibited tentative gentrification with a similar
spatial distribution, and The Hague experienced upgrading at its periphery but minimal change in its
suburbs. Eindhoven showed little evidence of gentrification during the same period (Musterd et al.,
2020).

As discussed in the results section concerning gentrification dynamics, these trends have largely
persisted in the subsequent period. On average, Amsterdam and Utrecht display the fastest rates of
increase in WOZ values, education levels, and decreases in low-income households. Spatially, these
trends are evident in both cities, with their central areas showing generally higher WOZ values,
education levels, and income levels. However, while the city centres continue to upgrade, the most
significant socio-economic changes are occurring in neighbourhoods just outside the centres, such as
‘Amsterdam-Noord’, ‘Amsterdam-West’, and ‘Utrecht Noordwest’.

The correlation coefficients presented in table 1, can be divided into multiple components. Firstly, the
initial clustering of socioeconomic status is evident with The Hague demonstrating the highest
average correlation among the cities studied (0,65), particularly between education levels and
income levels (0,81). The remaining cities exhibit comparable average values, with notable clustering
observed between WOZ and income in Amsterdam (0,71), WOZ and education in Utrecht (0,63) and
education and income (0,71) in Eindhoven. In Rotterdam no particular factors emerged as
significantly more pronounced. Secondly, the clustering of socio-economic change. Overall changes in
WOZ and income demonstrate an average correlation of 0,49, with particularly strong associations
observed in Amsterdam (0,77). The city of Amsterdam has the highest overall correlation between
socio-economic changes (0,53). The Hague, Utrecht and Eindhoven are very similar, with medium
correlations on WOZ and income and weak correlations on education change and income change and
an average correlation of around 0,40. In Rotterdam, this correlation is lowest (0,32). The correlation
between green space indicators and socio-economic status is negative and weak for WOZ (-0,3) and
medium for education levels (-0,5) in Amsterdam. The Hague and Eindhoven show a number of weak
to positive correlations for both WOZ and income, indicating the relatively strong pre-existing
patterns of green gentrification. The cities of Utrecht and Rotterdam have less pronounced
correlations, with only a number of negative relations with education levels and green space
indicators similar to those in Amsterdam.

A key similarity between Amsterdam and Utrecht is the relatively weak and not-significant regression
between initial WOZ values and subsequent increases, respectively -0,005 and -0,11 (p>0,05),
suggesting that both low- and high-value properties are experiencing upgrades. This aligns with the
notion of more mature gentrification. Another shared characteristic is the relatively limited relation
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between the initial low-income levels and subsequent changes in income, compared to other cities,
respectively -0,31 and -0,4. However, it should be noted that there are important differences
between the two cities. As shown in table 3, in Utrecht, there is a strong association between WOZ
increases and rising homeownership rates, while in Amsterdam, they are more closely linked to an
influx of older residents with higher incomes and larger households. A decline in low-income
households is evident in both cities, attributable to an influx of residents aged 25—-45. However, in
Utrecht, cultural factors appear to play a more significant role, as neighbourhoods with a substantial
non-Western population exhibit a reduced rate of decline in low-income households. A comparable
dynamic is observed in educational attainment levels, where a non-Western background correlates
with a more moderate increase. Amsterdam, in contrast, is the only city where decreases in low-
income households are strongly linked to increases in high educational attainment. Furthermore, in
Amsterdam recent brownfield developments, such as those in Zeeburgereiland (143%) and
Houthavens (+239%), also play a significant role in driving WOZ increases in Amsterdam. These
findings suggest that Amsterdam and Utrecht are in a relatively mature phase of gentrification.

Rotterdam, The Hague, and Eindhoven display more diverse dynamics but can be grouped within the
early to mid-stages of gentrification. Eindhoven represents the earliest stage of gentrification,
Rotterdam occupies a later stage, and The Hague falls in between (Musterd et al., 2020). This
categorization is consistent with the observed changes in WOZ values, education levels, and income
levels as discussed in the results section. Spatially, Rotterdam and The Hague exhibit a north-south
divide in terms of socio-economic status, with relatively higher socio-economic status in the north
and lower status in the south. Eindhoven displays a more dispersed pattern (see figures 13, 15 and
17). As can be seen in figure 3, the primary drivers of gentrification are similar across these cities but
vary in magnitude. In Rotterdam, socio-economic changes are most strongly linked to shifts in
education, income, and reductions in social housing. In The Hague, these changes are driven by
increases in population density, rising homeownership rates, and an influx of residents aged 25—45. In
Eindhoven, the initial high proportion of social housing, changes in density, and an increase in
residents aged 25-45 are the most significant factors inhibiting or driving gentrification.

Greening dynamics and gentrification phases

Utilising the aforementioned categorisation of Amsterdam and Utrecht as cities in a later stage of
gentrification, Rotterdam and The Hague as mid- to early-stage gentrification cities, and Eindhoven as
being in the early stages, enables an examination of the dynamics of gentrification in relation to
urban green space depending on a city’s phase of gentrification.

In cities with more mature forms of gentrification, changes in green space show limited connections
to socio-economic changes. The only significant relationships that were identified were between the
percentage of tree coverage in Amsterdam and the percentage of grassland outside neighbourhood
boundaries in Utrecht. Conversely, in cities within the early to mid-stages of gentrification, socio-
economic changes exhibit a more pronounced relationship with changes in green space. In
Rotterdam, this relationship was evident during the studied period, while in The Hague it became
more pronounced after the period under investigation. In Rotterdam, the overall amount of green
space was negatively associated with WOZ-value increases but positively related to increases in
educational attainment. Eindhoven, as the only city firmly in the early stages of gentrification,
displayed more complex developments. During and after periods of WOZ-value increases, the city
experienced a loss of green space, while increases in green space were observed before rises in
educational attainment, followed by a subsequent decrease.

In all cities categorised as being in the early and mid-stages of gentrification, a notable relation was
identified between the percentage of tree coverage and a reduction in the proportion of residents
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within the lowest 40% income group. This effect was most pronounced in The Hague, while it was
more moderate in Eindhoven and Rotterdam. In Rotterdam, a clear inverse relationship was observed
between the percentage of grass area in a neighbourhood and change in the percentage of residents
within the lowest 40% income group. A similar pattern was observed in Eindhoven, with a stronger
relationship noted for educational attainment levels. The correlation output between green space
characteristics and the initial socio-economic neighbourhood status already showed a pre-existing
positive relationship between these two for Eindhoven and The Hague.

These findings suggest that changes in urban green space have a complex and context-dependent
relationship with gentrification and socio-economic dynamics. The role of green space in amplifying
or mitigating existing socio-economic trends is dependent on various city-specific factors, including
the quantity and quality of existing green space, relevant policies, and the socio-economic
characteristics of the area. In summary, the geography of green gentrification is shaped by the
interplay of these factors.

In the context of the rent gap theory, as discussed in the literature review, Amsterdam and Utrecht
appear to exhibit relatively minor rent gaps, as evidenced by the negligible relation between the
increase in WOZ and the initial WOZ value. This observation could provide an explanation for the
limited influence of green space in driving socio-economic changes. The presence of green space in a
neighbourhood has the capacity to increase the potential ground rent, and the manner in which this
rent gap is ultimately closed in the Netherlands differs from that observed in Anglo-Saxon contexts. In
the Dutch context, a combination of urban planning policies, regulations, and housing market
conditions seem to reduce the magnitude of the rent gap. However, the socio-economic context and
prevailing dynamics within the city reveal specific effects.

Testing hypotheses and answering sub-questions

Hypotheses
In light of the findings, a re-examination of the stated hypotheses and the sub-questions is warranted

H1: Urban greening proceeds gentrification; This hypothesis is only marginally supported, and
evidence suggests a reversed effect. Eindhoven and The Hague illustrate instances of increased urban
green space leading to a higher proportion of highly educated residents (in Eindhoven) and a
decrease in low-income inhabitants (in The Hague). However, this relationship is not consistent across
all cities, and the mixed regression analysis shows a positive relation with a loss of green space before
WOZ-increases. In other cities and with other gentrification variables, no significant relations were
observed when controlling for other variables.

H2: Urban greening co-exists with gentrification; this hypothesis is weakly supported, if not evidence
is found for a reversed effect. The data indicates that urban greening can occur simultaneously with
gentrification processes. This phenomenon is exemplified by case of Rotterdam, where an increase in
WOZ was observed; however, this effect was found to be strongly reversed in Eindhoven. The mixed
regression analysis further demonstrated a weak negative relationship between rising education and
green space changes during the gentrification period. In the context of other cities and with different
gentrification variables, no significant relationships were identified when controlling for other
variables

H3: Urban greening follows gentrification; this hypothesis is refuted. While many of the cities do not
demonstrate a significant relationship, in Eindhoven anincrease in WOZ and education levels is even
related to a following loss of green space.
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Sub-questions
What are the driving factors, as identified in planning literature, behind (green) gentrification?

In the Netherlands, neo-liberal housing policies have been implemented with the aim of increasing
home ownership, thereby achieving a certain mix of social housing, private rental and home
ownership, with the objective of enhancing the liveability of specific neighbourhoods. The results and
methods of these policies are dependent on the historical and socio-economic context of the cities
under study. Green gentrification, being less an isolated phenomenon and more an integrated part of
existing gentrification dynamics, shapes the outcomes of changes in green space quantity and quality.

Which neighbourhoods in these cities experienced gentrification during the period from 2013 to
2019?

Gentrification is not a binary phenomenon; rather, it can be situated on a spectrum with different
factors influencing each other. Therefore, the labelling of neighbourhoods as gentrified or not is of
negligible value. While there are neighbourhoods that have undergone an abnormal change in the
studied proxies for gentrification, no statements are made on the amount of gentrification being
experienced.

How do these factors manifest in the context of the Dutch cities of Amsterdam, Rotterdam, The
Hague, Utrecht and Eindhoven?

The primary similarity between the studied cities is their status as the five largest cities in the
Netherlands. consequently, the driving (green) gentrification factors vary considerably. In Amsterdam
and Utrecht, which are in later stages of gentrification, redevelopment projects, rising
homeownership (Utrecht), and an influx of highly educated, higher-income residents (Amsterdam)
have been identified as the primary drivers. Rotterdam and The Hague, in mid-stages of
gentrification, are experiencing shifts linked to education, income, and reductions in social housing
(Rotterdam), as well as increased population density and younger residents (The Hague). Eindhoven,
in its early stage of gentrification, shows limited signs of gentrification, influenced by the prevalence
of social housing, changes in density, and a younger demographic.

What changes in urban green space occurred in the four years before, during, and four years after
the period from 2013 to 2019?

Between 2009 and 2013, there was a general decrease in green space across all cities, with the
largest reductions occurring in Utrecht and Eindhoven due to urban expansion at the municipal
fringes. From 2013 to 2019, changes became more stable, with slight increases observed in
Rotterdam and The Hague but continued losses in Amsterdam, Utrecht, and Eindhoven. By 2019 to
2023, most cities demonstrated an overall increase in green space, with the exception of Eindhoven,
which experienced further losses with uneven development patterns.

What is the relationship between the process of gentrification and urban greening within the
studied neighbourhoods?

The relationship between gentrification and urban greening is both limited and complex. It cannot be
considered in isolation from existing gentrification dynamics, and it has the potential to act as a
catalyst if certain conditions are met.
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Answering research question
The following research question can now be addressed based on the evidence supporting the three
hypotheses:

—To what extent does gentrification proceed, coincide with, or follow urban greening initiatives in
neighbourhoods of Amsterdam, Rotterdam, The Hague, Utrecht, and Eindhoven between 2013 and
2019?

The findings indicate that urban greening initiatives in Dutch cities do not follow a uniform temporal
relationship with gentrification and is part of existing neo-liberal housing policies. The classification of
neighbourhoods as either gentrified or not is not possible; rather, the relationship varies depending
on the city's stage of gentrification, neighbourhood typology, policy context, and the existing quantity
and quality of green space. While urban greening can, in certain cases, influence or coexist with
gentrification, the relationship is neither uniform nor unidirectional across the studied cities.

Policy implications

Further research is required to fully comprehend these dynamics. However, it is possible to identify
several potential policy implications of this study, which could inform the development of urban
greening initiatives aimed at mitigating the potential gentrification dynamics. To structure these
policy implications, the framework for urban green gentrification research and practice previously
discussed (Sax et al., 2022) is employed.

Conceptual foundations
Urban green space standards

Whilst the prevailing policy discourse is centred on quantitative greening norms, this approach may,
in principle, serve to reinforce prevailing gentrification dynamics. The adoption of a principles-based
standard has the potential to be more effective in the provision of urban nature, and if adopted in an
appropriate manner, could also serve to limit potential gentrification dynamics (Bulkeley et al., 2023).
The following principles have been proposed: focusing on urban nature provision that is delivering
multiple benefits (climate change adaptation, biodiversity loss, economic development and well-
being), is inclusive, equitable and addresses the underlying drivers of climate change and biodiversity
loss (Veerkamp et al., 2023). In the author's opinion, this approach would establish a more robust
socio-economic foundation, providing a more compelling rationale for the promotion and execution
of urban greening initiatives, in contrast to the demands posed by developers and market
forces(Connolly et al., 2023; Oscilowicz et al., 2021).

Design and implementation
Prioritising neighbourhoods for urban greening

In order to optimise the effectiveness of urban greening initiatives as a tool for climate adaptation,
this research proposes a hybrid approach that integrates socio-economic indicators (such as income
levels and property values) with "greenable" standards. These standards account for factors like
proximity to cooling areas, shade on residential buildings, walkability, and the presence of vulnerable
populations, such as elderly residents. While the intuitive approach might be to prioritise
neighbourhoods with limited green space and lower socio-economic status, the findings of this
research suggest that this may inadvertently exacerbate gentrification effects. The targeting of poorer
neighbourhoods first, where the quantity and quality of green space are often inadequate, can make
these areas more attractive to wealthier residents, ultimately displacing existing populations. Adopt a
phased approach that ensures equitable distribution of green space across the city. A balanced
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strategy is key to prevent the reinforcement of systemic inequalities through urban greening. A
uniform "minimum green" policy, where all neighbourhoods are required to meet a baseline green
space standard, may inadvertently accelerate gentrification, particularly if such policies overlook the
socio-economic dynamics of the target areas. It is therefore essential that urban greening initiatives
are tailored to account for the specific vulnerabilities and needs of different neighbourhoods.

Participation

Community participation in urban greening initiatives can be identified as a recurring theme in the
literature. A key finding is that bottom-up approaches to planning, design, and management are
crucial for ensuring that green spaces meet the needs of residents and do not unintentionally
contribute to displacement. Grassroots initiatives, collective organising, and financial support for
community-led projects have been shown to enhance the inclusiveness and equity of green space
development (Oscilowicz et al., 2021).

The "just green enough" strategy, which emphasises the creation of green spaces that serve existing
residents rather than driving market-driven redevelopment, is a notable approach. This strategy
involves the design of functional, small- to medium-sized green spaces that improve health and well-
being without drastically altering neighbourhood dynamics. Community engagement is fundamental
to this approach, as it ensures that green spaces reflect the needs and priorities of current residents.
Participatory processes are thus vital, as they foster a sense of ownership and help design socially
sustainable interventions (Curran & Hamilton, 2012, 2017). However, the success of this approach 3is
dependent on the real estate pressure in the city (Gould & Lewis, 2016).

Socio-spatial change
Social housing

A central recommendation is the prioritisation of affordable housing development alongside green
space projects, as evidenced by the findings that the availability of social housing has been shown to
reduce the risk of direct and indirect displacement and that it has been a limiting factor in this study
for large changes in socio-economic status (see table 3). Municipal policies could mandate the
inclusion of affordable housing in redevelopment projects that involve urban greening and public
investment in social housing near newly created or enhanced green spaces can further protect
vulnerable residents. The implementation of rent control or subsidies has been identified in literature
as a potential strategy to complement these measures, with the aim of ensuring that long-term
residents are not displaced by rising housing costs (Oscilowicz et al., 2021; Rigolon & Németh, 2020).

Green space characteristics

The characteristics of green spaces themselves have been demonstrated in existing literature to exert
a considerable influence on the dynamics of gentrification. In particular, passive and natural spaces,
which are small to medium-sized and integrated into the existing urban fabric, have been show to
reduce the likelihood of gentrification in certain contexts when compared to highly aestheticized or
large-scale projects. It is vital to ensure accessibility and avoid privatization of these spaces.
Furthermore, the strategic location of green spaces must be carefully considered. While proximity to
downtown areas or integration with active transportation networks can enhance accessibility, they
may also exacerbate gentrification if not balanced with adequate housing policies (Kim et al., 2024;
Kim & Wu, 2022).
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Monitoring

Finally, the impact of green space projects could be continuously monitored and evaluated.
Municipalities could develop metrics to assess the social, economic, and environmental outcomes of
urban greening initiatives. Regular reviews of demographic and housing data can inform policy
adjustments and ensure that green spaces remain inclusive and equitable prior to development
(Connolly et al., 2023; Oscilowicz et al., 2021).

In conclusion, it is argued that integrating urban greening with affordable housing strategies, fostering
community participation, and tailoring interventions to local contexts are critical steps to mitigate
green gentrification. These measures can ensure that urban greening benefits all residents,
particularly the most vulnerable, while maintaining the social and ecological sustainability of urban
environments.

Discussion

Research strengths and weaknesses

This study makes a significant contribution to the existing body of literature on green gentrification by
employing a spatiotemporal approach to multiple Dutch cities, a context that has been under-
explored in previous research. The integration of multilevel regression analysis, combined with GIS-
based measurements of urban greening, provides a robust framework for examining the relationship
between gentrification and green space development. Furthermore, the incorporation of multiple
socioeconomic indicators, including WOZ-value, income levels, and education attainment, provides a
multidimensional perspective on gentrification, thus expanding the conventional reliance on property
values as a sole proxy. Beyond its methodological contributions, this study benefits from a
comparative approach, examining green gentrification across five major Dutch cities. This multi-city
perspective enhances the robustness of the findings and allows for a more nuanced understanding of
how green gentrification manifests in different urban contexts. Additionally, by distinguishing
between different stages of gentrification, the study provides insights into how green space interacts
with gentrification processes at various phases.

However, it is important to acknowledge several limitations in the study. Firstly, inconsistencies key in
neighbourhood boundaries, particularly in Amsterdam, where administrative redefinitions between
2013 and 2019 complicate longitudinal comparisons, are a key constraint. To mitigate this, the
analysis is conducted at the district level, though this may obscure finer-grained spatial dynamics.
Secondly, small-scale green space elements, such as street trees, which are not captured in the BRT
dataset, are excluded. Consequently, certain greening initiatives may be underestimated, particularly
in highly urbanised settings. Furthermore, while the six-year gentrification period (2013-2019) is
methodologically sound, it remains relatively short for fully capturing the long-term cycles of
gentrification and its interplay with urban greening. The absence of detailed residential mobility data
further constrains the analysis, limiting insights into displacement processes, a key dimension of
gentrification. Although the WOZ-value, income distribution, and education levels serve as useful
proxies for gentrification, they may not fully capture socio economic shifts and have, as discussed in
the methods section, certain limitations.

Another potential source of bias lies in the classification of green space within the BRT dataset.
Despite efforts to manually validate the data, misclassification remains a possibility, particularly in
areas with mixed land-use patterns. Furthermore, while large-scale green changes are
comprehensively captured, smaller greening interventions, such as green facades or urban gardens,
remain outside the scope of this analysis. Next, the geographical focus of the study on five Dutch
cities - Amsterdam, Rotterdam, The Hague, Utrecht, and Eindhoven - limits its generalizability. The
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Dutch housing and planning context, characterised by a strong welfare state and state-led urban
renewal, differs, as discussed in the literature overview, significantly from contexts outside Europe or
in countries with less regulated housing markets. Additionally, the study does not fully incorporate
qualitative data, such as resident perceptions or policy motivations behind greening projects, which
could provide a more comprehensive understanding of the mechanisms driving green gentrification.

Despite these limitations, the study provides valuable empirical insights into the Dutch context and
advances the understanding of green gentrification in state-led urban development. Future research
would benefit from longer observation periods, integration of residential mobility data, and inclusion
of finer-scale greening elements to refine the analysis further. Thus, incorporating qualitative data on
resident experiences and local policy initiatives could offer a more comprehensive perspective on the
social impacts of green gentrification.

Further research

This study identifies several avenues for future research to further explore the relationship between
urban greening and gentrification. One promising approach is to utilise residential mobility data from
CBS to distinguish between internal social upgrading (where existing residents improve their socio-
economic status) and external social upgrading (driven by the influx of more affluent residents). This
distinction can provide a clearer understanding of population dynamics and displacement within
neighbourhoods undergoing gentrification.

Furthermore, expanding geographical the scope of research to include cities beyond the usual
suspects, such as Amsterdam, Rotterdam, Utrecht, and The Hague, could also yield valuable insights.
This study hypothesises that the dynamics of green space in early gentrifying or non-gentrifying cities
might differ significantly, offering opportunities to examine the role of greening in diverse urban
contexts. The addition of smaller cities such as Hengelo, Enschede, Almelo, Breda, and Tilburg as
comparators could provide valuable insights into the interplay between gentrification and greening
interact across different urban scales.

A further significant area for future research is the inclusion of smaller green typologies, such as
street trees, to assess their specific impact on socio-economic changes. These smaller interventions
may play a nuanced role in shaping neighbourhood dynamics and distinguishing them from larger
green spaces, often linked to demolition or new housing developments, could help clarify their
relative contributions. Moreover, maintenance and replacement strategies for urban greenery
warrant further exploration. For instance, inadequately administered programmes for replacing street
trees might inadvertently signal neighbourhood decline, thereby undermining the benefits of
initiatives to enhance green spaces.

The interplay between public and private green spaces also merits closer investigation, as the
increasing conversion of public green areas into private gardens or courtyards by infill development
necessitates a comprehensive understanding of how this shift affects access, ecological benefits, and
social equity. Similarly, analyses that differentiate between street greenery and larger green spaces
might reveal its specific impacts. Combining these typologies risks conflating their effects, as larger
green areas are often associated with housing development, while street greenery might play a more
subtle but equally important role.

Another recommendation is to extend the temporal scope of gentrification research. This would allow
for the identification of long-term trends and shifts in consumer preferences, such as whether
gentrifiers prefer private gardens over accessible public green spaces. The understanding of such
preferences could illuminate how urban greening strategies influence neighbourhood change over
time.
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Finally, comparative studies of cities with similar socio-economic and spatial characteristics could help
refine our understanding of urban greening’s role in gentrification processes. Comparing cities such
as Enschede, Almelo, and Hengelo, or Eindhoven, Breda, and Tilburg, offer opportunities to identify
patterns that may be unique to urban contexts, thereby strengthening the generalizability of findings.

By addressing these research directions, future studies can provide a deeper understanding of the
complex interactions between urban green space and gentrification, thereby informing policies that
promote ecological sustainability and social equity.
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Appendix 1: Gentrification model
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Figure 8: NDVI Eindhoven map 26-5-2017 (left) and 4-6-2023 (right) from: Groenmonitor, 2023
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Appendix 3: Example assessment of green on street
level

Figure 9: Google Streetview pictures from same location (red dot bottom right) in 2008 and 2023.
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Appendix 4: Evaluation example from satellite data

Zoek op de kaart Q l\ Topotijdreis

Over Topotijdreis (T]

Delen ()

Zoek op de kaart Gl stop vergelijken [T] /\ Topotijdreis

Figure 10: example evaluation of satalite data (Topotijdreis,2023)

Over Topotijdreis (1)

Over Topotijdreis (1]

Delen (1)

Delen (M)
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