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Abstract: Making our cities more sustainable includes the need to make the transition a just one.
This paper focuses on distributive justice with regard to greenspace in cities. Urbanisation and
densification will likely result in less greenspace in urban residential areas, especially in deprived
neighbourhoods. This is a threat to the aim of healthy and liveable cities, as greenspace has
positive effects on human health and well-being. In this study, we show that in The Netherlands,
neighbourhoods with a low socioeconomic status already tend to have a lower presence and quality
of greenspace than those with a high socioeconomic status. This outcome is independent of the
greenness metric that was used. However, depending on the precise greenness metric, socioeconomic
differences in greenness between neighbourhoods are smaller in highly urban municipalities than in
less urban municipalities, rather than larger. The paper discusses the implications of these outcomes
for policy and planning regarding urban greenspace.

Keywords: distributive justice; access metrics; land use; NDVI; household income; residential
property value

1. Introduction

Current debates on sustainable cities not only focus on a transition towards greener cities, but
also on the need to make this transition a just one. For example, the recently published European
Green Deal recognises that environmental justice is key for a successful transition towards sustainable
cities. This Green Deal “aims to protect, conserve and enhance the EU’s natural capital, and protect
the health and well-being of citizens from environment-related risks and impacts. At the same time,
this transition must be just and inclusive” [1] (p. 2). Environmental justice can be conceptualised as
distributive, procedural and recognitional justice [2]. According to the World Health Organization,
distributive justice refers to the spatial distribution of environmental risks and amenities and the
resulting disparities among socioeconomic and racial groups [3]. In this study, we focus on distributive
justice regarding urban greenspace, more specifically on socioeconomic differences in the presence
and quality of greenspace in residential environments in The Netherlands. Our reason for doing so is
based on a combination of factors.

To begin with, the world’s population is rising, and growing numbers will be housed in cities.
An important element of this urbanisation is the densification of cities. In line with global trends,
although already heavily urbanised, The Netherlands is also expected to further densify its cities. Based

Sustainability 2020, 12, 5889; doi:10.3390/su12155889 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-0525-6967
http://dx.doi.org/10.3390/su12155889
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/15/5889?type=check_update&version=2

Sustainability 2020, 12, 5889 20f17

on prognoses, its national government foresees a need for 700,000 new dwellings by the year 2025 [4].
Furthermore, it has decided that in principle these new dwellings should be realized within the existing
urban fabric. Although compact cities may have some advantages, even with regard to certain health
aspects [5,6], densification is likely to lead to less open space being available, certainly on a per capita
basis [7,8]. This includes green open space, such as urban parks and domestic gardens. At the same time,
providing universal access to safe, inclusive and accessible, green and public spaces is one of the targets
of the UN’s Sustainable Development Goal 11: to make cities and human settlements inclusive, safe,
resilient and sustainable (target 11.7) [9]. The relevance of this target is supported by mounting evidence
for a positive effect of the presence of and contact with nature on human health and well-being [10-14].
This effect appears to be even stronger for people with a low socioeconomic status (SES) and/or
living in deprived neighbourhoods. Examples of studies showing this are Brown et al. (USA) [15],
Cusack et al. (USA) [16], Balseviciene et al. (Latvia) [17], Markevych et al. (Germany) [18], Xu et al.
(China) [19] and Maas et al. [20], De Vries et al. [21], Groenewegen et al. [22] (all The Netherlands).
Therefore, we consider it relevant to assess the presence and quality of greenspace in Dutch residential
neighbourhoods, and whether this differs by the socioeconomic status of those neighbourhoods.

1.1. Previous Studies on Inequalities in Access to Greenspace

Recently, the distributive justice issue of unequal presence of greenspace has started to be
highlighted [23]. For example, Landry and Chakraborty evaluated the spatial distribution of
public right-of-way trees in Florida and observed a significantly lower proportion of tree cover
in neighbourhoods containing a higher proportion of low-income residents [24]. In the Netherlands,
Kruize et al. investigated the disparities in the availability of public greenspace across socioeconomic
status in the highly urban Rijnmond Region [25]. They found that the higher-income groups within this
region generally had better access to environmental amenities, especially to public greenspace, while the
lower-income groups lived in places with somewhat lesser environmental quality. More recently, Schiile
and others concluded that this was also the case in several other European countries [26]. However,
high-income groups do not always have more greenspace nearby. Vaughan et al. conducted research on
the distribution of park availability, features, and quality across income levels in Kansas City, Missouri.
They found that the population of low-income neighbourhoods shared more parks. However, these
were parks of a low quality. The parks of medium-income neighbourhoods contained more aesthetic
features per park. The high-income neighbourhoods enjoyed more parks with basketball courts,
but fewer parks with trails [27]. So, in addition to the amount of greenspace, environmental injustice
may also occur in terms of the quality of greenspace. Therefore, ideally distributive environmental
justice in this case implies that everybody has equal access to good quality greenspace.

1.2. Research Questions

In this study, we will look at socioeconomic inequality in the distribution of greenspace in
the Netherlands. We aim to extend the earlier research by Kruize et al. [25] from 2007 in several
ways. To begin with, we will explore the robustness of the phenomenon by comparing results for
different greenness metrics, including quality-based metrics. We will also look at different ways to
characterize the socioeconomic status of a neighbourhood. Secondly, we will not only look at highly
urban neighbourhoods, but also at less urban neighbourhoods. Much of the research on (differences
in) the presence of greenspace focuses on highly urban environments. Presumably, this is partially
based on the assumption that socioeconomic differences in presence are likely to be more pertinent in
environments were greenspace is scarce (and therefore having it nearby may be expensive). In our
study, we will explore whether socioeconomic differences in presence indeed vary by level of urbanity.
To summarize, our research questions are:

1. Is the presence and quality of greenspace in residential environments in the Netherlands related
to the socioeconomic status of the neighbourhood?
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2. To what extent do such differences depend on the specific socioeconomic characteristic and/or the
greenness metric that is used to characterize the neighbourhood?

3. Do the above differences, if present, vary by the level of urbanity of the municipality in which the
neighbourhood is located?

2. Materials and Methods

2.1. Neighbourhoods, Their Socioeconomic Classification and Level of Urbanity

Within this study, the neighbourhood is used as unit of observation, because it is the smallest
spatial unit on which socioeconomic information is publicly available nationwide. We used data from
2012, because this was the most recent year for which data were available for all greenness metrics we
thought to be of interest. Neighbourhoods are administrative units with boundaries decided upon by
municipal authorities. In 2012, The Netherlands was divided into 12,001 neighbourhoods. They had
an average size of about 300 ha (land only), with sizes being smaller in urban areas and larger in rural
areas. The average population size was about 1400 people, with larger populations in urban areas and
smaller ones in rural areas.

We classified neighbourhoods according to their socioeconomic status based on three different
characteristics:

e  Percentage of households with a low annual income;
e  Percentage of households with a high annual income;
e  Average residential property value.

All three characteristics are based on the ‘Key figures for neighbourhoods’ database from Statistics
Netherlands (in Dutch: Centraal Bureau voor de Statistiek, or CBS) for the year 2012 [28]. A low-income
household was defined by CBS as a household with an annual disposable income of 25,100 euro at
maximum; this is about 40% of all households. Neighbourhoods are separated into three categories:
neighbourhoods where low-income households comprise a maximum of 30% of all households, those
where that figure is between 30% and 50%, and finally those where at least 50% of all households are
designated as low-income. Note that a high percentage of low-income households signifies a low
socioeconomic status of the neighbourhood.

A high-income household is defined by CBS as a household with an annual disposable income
above 46,500 euro; this is about 20% of all households. Furthermore, for this characteristic,
neighbourhoods are separated into three categories: neighbourhoods where high-income households
comprise a maximum of 20% of all households, those where that figure is between 20% and 35%, and
finally those where at least 35% of all households are designated as high-income. Finally, the average
residential property value is based on the Valuation of Immovable Property Act (Dutch acronym:
WOZ). All owners of real estate pay real estate tax based on the WOZ value in Netherlands. The WOZ
value is also separated into three categories: <200, 200-300, and > 300 (all * 1000 euro).

An additional variable that is used in this study is the level of urbanity of the municipality to
which the neighbourhood belongs. As mentioned before, we wanted to investigate whether the
relationship between socioeconomic status and greenness differs between cities and small towns/the
countryside. The data for urbanity are likewise taken from Statistics Netherlands (CBS). Urbanity is
based on address density and is presented by CBS in five classes, from very strongly urban to not
urban. In our analyses we combined very strongly urban and strongly urban, as well as moderately,
weakly urban and not urban. A density above 1500 addresses per km? is defined as highly urban and
densities below this value as signifying a low level of urbanity. Of all neighbourhoods, 32% are located
in a high-urban municipality and 68% in a low-urban municipality (see Figure 1).
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Figure 1. Map of the Netherlands showing the level of urbanity of municipalities.

2.2. Types of Greenness Metrics and Buffer Sizes

One of the reasons we chose to look into distributive justice issues specifically with regard to
greenspace is its association with human health and well-being. Most of the epidemiological studies
on this topic focus on greenspace in the residential environment. However, they have used different
definitions of greenspace and of its accessibility. In their narrative review, Ekkel and de Vries distinguish
two categories of access metrics: cumulative opportunity metrics and residential proximity metrics [29].
The first category focuses on the total amount of greenery or greenspace that is present within a certain
area, or distance from home. The second category focuses on the distance to the nearest green area
that satisfies certain criteria, usually having at least a minimum size and being open to the public.
Ekkel and de Vries tentatively conclude that cumulative opportunity metrics are more consistently
related to health indicators. Therefore, in this study we will focus on this type of metric and look at two
commonly used cumulative opportunity metrics: the percentage of green land use in the residential
environment and its average score on the Normalized Difference Vegetation Index (NDVI) [29].

We calculated the percentage of green land use in the residential environment based on the
National Land Cover Classification database (LGN7), which contains the dominant type of land use of
each 25 x 25 m grid cell for the whole of The Netherlands for the year 2012 [30]. Several categories of
land use were combined to arrive at the total amount of greenspace, following Maas et al. [20]: urban
greenspaces (e.g., parks), agricultural areas, forests and nature areas. Focusing on a buffer around
the midpoint of every 6-digit postcode area in the Netherlands (containing about 15 households on
average), we determined the percentage of the area covered by greenspace. Since a range of different
buffer sizes are used in the greenspace health literature, without it being clear which size is to be
preferred [31-33], we applied two buffer sizes: a rather small one (250 m) and a relatively large one
(2.5 km). The data were aggregated to the neighbourhood level by calculating the average percentage
over all 6-digit postcodes within a neighbourhood. Since the density of postcodes indicates where most
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people live within the neighbourhood, the average score of all 6-digit postcodes in the neighbourhood
constitutes approximately a population-weighted neighbourhood mean.

The Normalized Difference Vegetation Index (NDVI) indicates the presence of green biomass,
based on the ratio of near infrared and red light [34]. The NDVI approach differs from the land-use
approach in that small green elements, such as street trees and domestic gardens, also contribute.
Furthermore, different types of greenery result in different NDVI scores. For example, woodlands
(when in leaf) tend to score higher than grassy areas. NDVI assessments are based on satellite imagery,
in this case on LANDSATS5 data for 25 May and 25 July 2012, both cloud-free days. The average of
the NDVI scores for these two days was used. In principle, the NDVI score is unitless and ranges
from minus one (—1) to plus one (+1). We re-scaled the scores. For convenience, the original scores
above 0 were multiplied by 250. All original scores below or equal to 0 (indicating an absence of
green biomass, which may include surface waters) were given a new score of 1, to prevent blue space
(water) and greenspace from cancelling each other out. Subsequently, scores were aggregated to the
neighbourhood level in two steps. In the first step, mean NDVI values were calculated for the same
two distances (buffers) around each 6-digit postcode as before. In the second step, the average of these
means was calculated over all 6-digit postcodes within a neighbourhood (see Figure 2).

ICIMunicipal boundary
"1 Neighbourhood boundary |
0

Figure 2. Map of the municipality of Amsterdam, showing NDVI-values and neighbourhood boundaries.
The maps on the right zooms in on a part of Amsterdam, additionally showing 6-position postcode
centroids. By way of example, buffer boundaries of 250 m and 2.5 km are drawn for one of the centroids.
Mean Normalized Difference Vegetation Index (NDVI) values within each buffer are calculated for all
postcode centroids. Subsequently, the average of the means per buffer size for all postcode centroids
within a neighbourhood is calculated.

Specifically, for this study, we developed an additional metric to assess the presence of small green
elements within predominantly built-up areas, the NDVI-B (B for built-up area). As mentioned before,
small green elements also contribute to the NDVI score. However, the average score for a buffer is
likely to be dominated by green areas. We developed the NDVI-B to be more complementary to the
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percentage of greenspace, whereas the regular NDVI score is likely to correlate rather highly with
this percentage, since green land uses by definition imply higher NDVI values. The NDVI-B score is
calculated in the same way as the previous NDVI score, but now only for the built-up area within the
buffer. The same land-use database that was used to determine the percentage of greenspace (LGN?7) is
used to determine the built-up area within the different buffers: all types of land use that are not green
or blue (water). The mean NDVI-B score is calculated for the same two buffer sizes, 250 m and 2.5 km,
and subsequently averaged per neighbourhood.

As for relevant qualities of greenspace, the scientific literature offers less information, presumably
for two reasons. The first reason is that it is not yet known which characteristics of greenspace are
the most relevant with regard to human health and well-being [10-14]. As with different buffer sizes,
this may depend on the pathway linking greenspace with health, as well as on the particular health
aspect at hand. The second reason is that it is more difficult to gather large-scale data on quality aspects.
Whereas quantity and distance information on greenspace usually is acquired by making use of remote
sensing and geographical databases, this tends not to be an option for more detailed information on its
qualities. The costs of acquiring quality information by site visits quickly become prohibitively high.
However, based on existing models in The Netherlands, we will look at two quality aspects.

The first quality aspect deals with the peace and quiet that may be experienced during visits to
nearby greenspaces. Given that stress reduction is an important pathway linking greenspace and
health [35], this is likely to be a relevant quality aspect with regard to well-being effects. The metric
is based on the amount of greenspace that is locally available, in relation to the number of people
that may be expected to visit this greenspace for recreational purposes. The lower the availability
per person, the less peace and quiet is likely to be experienced during a visit. Thus, in contrast to the
previous metrics, this metric not only looks at the amount of greenspace, but takes the size of the local
demand for greenspace into account, specifically the demand for walking in a natural environment.
Green land uses are assigned a capacity in terms of the number of people they can accommodate
per hectare per day. This capacity is high for urban parks and forests and low for agricultural areas,
especially if the path density in the latter is low and its visual openness is high (one can oversee a
large area at one glance). Subsequently, the available capacity is distributed over the neighbourhoods,
having their midpoint within a distance of 2.5 km of the green area, proportionally to the size of
the demand originating from the different neighbourhoods within this distance. The outcome is the
capacity assigned to a neighbourhood, expressed as a percentage of the capacity that is needed to fully
satisfy the demand originating from that neighbourhood. Within the model, a neighbourhood is not
allowed to receive more capacity than it needs; therefore, the maximum value of this metric is 100%.
Values below 100% are indicative of shortages. The model, called AVANAR, has been described in more
detail elsewhere [36]. Its outcomes have been shown to be related to recreational behaviour [37,38].
In this study, supply data are mainly from 2008 and demand data from 2012 (see Figure 3).

The second quality aspect is about the scenic beauty of the greenspace. More beautiful areas are
likely to attract more visits; plus, visits of such areas may be expected to lead to more pleasurable
experiences, resulting in a more positive effect on one’s mood [39]. This metric is based on a model
that predicts the average scenic beauty score that Dutch people assign to the countryside surrounding
their place of residence, the GIS-based Landscape Appreciation Model (GLAM). Its predictions are
based on four indicators: naturalness, historical character, nearby urban development and skyline
disturbance. Each indicator itself is based on data on physical characteristics of the landscape. GLAM
is described in more detail elsewhere, and has been validated [40]. In this study, version 2 of GLAM
is used, with the main data from 2009. GLAM produces predictions for each 250 x 250 grid cell of
countryside. We calculated the average value for all grid cells of countryside within a 2.5 km bulffer for
each (6-position) postcode, the same buffer size as used for the AVANAR model. Likewise, in a second
step these values are averaged over all postcodes within a neighbourhood.
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Figure 3. Map of the Netherlands showing the available capacity for recreational walks in a natural
environment within 2.5 km as a percentage of required capacity, per neighbourhood (polygon),
with the map on the right zooming in on the municipality of Amsterdam, showing the same available

capacity per neighbourhood, but now for neighbourhood centroids. By way of example, for one of

the neighbourhood centroids the 2.5 km buffer boundary has been drawn. Percentages of available
capacity are based on the AVANAR model, which looks at the capacity present within such a buffer,
in relation to the size and composition of the neighbourhood population. NB: in case of overlapping
buffers, the capacity that is present in the overlapping part is distributed relative to the size of the
demand originating from the neighbourhoods involved.

To summarize, eight greenspace metrics are used to characterise neighbourhoods, three of which

for a 250 m buffer:

e  percentage of greenspace, averaged over 6-digit postcodes—scale: 0-100;
e NDVIscore, averaged over 6-digit postcodes—scale: 1-250;

e  NDVIscore for the built-up area only (NDVI-B), averaged over 6-digit postcodes—scale: 1-250;

and five of which for a 2.5 km buffer:

e  percentage of greenspace, averaged over 6-digit postcodes—scale: 0-100;
e NDVIscore, averaged over 6-digit postcodes—scale: 1-250;
e  NDVIscore for the built-up area (NDVI-B), averaged over 6-digit postcodes—scale: 1-250;

e  percentage of the demand for opportunities for recreational walks in a green environment that is
satisfied by the local supply—scale: 0-100;

e average predicted scenic beauty of the countryside—scale: 1-10.

2.3. Analysis

In all analyses, neighbourhoods are the units of observation. As a first step in the analysis, we look
at the bivariate Pearson correlations among the eight greenspace metrics, as well as those among the
three socioeconomic metrics. Pearson correlations are a measure of covariation, more specifically
for the extent to which two variables are linearly related. If bivariate correlations are very high,
then there is less need to conduct all possible analyses resulting from crossing each socioeconomic
metric, as independent variable, with each greenspace metric, as dependent variable. The most
redundant metrics will be discarded for further analysis.

As mentioned before, each socioeconomic metric is binned into three classes: low, middle
and high. To assess differences in presence of greenspace between socioeconomic classes, separate
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analyses of variance are conducted for each combination of a remaining socioeconomic classification as
independent variable (factor) and a remaining greenness metric as dependent variable. Analysis of
variance (ANOVA) is a common statistical method to test whether groups have different means for the
dependent variable. It is based on comparing the between-group variation (differences between group
means) with the within-group variation. The first factor defining groups is one of the socioeconomic
classifications. Since we are interested in whether socioeconomic differences in greenspace presence
vary by the level of urbanity of the municipality (high or low), level of urbanity constitutes a second
factor in the ANOVA. However, our interest is not in differences in greenspace presence or quality by
level of urbanity as such, but in whether or not differences between socioeconomic categories vary by
level of urbanity of the municipality. Therefore, the design of the analysis also includes the two-way
interaction between the socioeconomic class of the neighbourhood and the level of urbanity of the
municipality to which it belongs.

3. Results

Table 1 shows the size of the three classes for each of the three socioeconomic characteristics,
overall as well as by level of urbanity. Note that for the percentage of low-income households, few low
incomes indicate a high socioeconomic status. Income data are more frequently missing than data
on residential property value. Furthermore, note that for the low-income metric the category with
the highest percentage of low incomes was chosen rather extreme, containing a low share of all
neighbourhoods (16.4%). In other words, for the percentage of low-income households this category
contains the very poor neighbourhoods. Conversely, for the percentage of high-income households the
highest category contains the very wealthy neighbourhoods (15.6%).

Table 1. Number and percentage of neighbourhoods in each of the three socioeconomic categories
based on three different socioeconomic metrics, overall and by level of urbanity.

Municipal Level of Urbanity

Socioeconomic Category N (Overall) Overall Low High
Based on percentage of low-income households (N = 8082)

low (= 50%) 1325 16.4% 8.0% 31.0%

medium (30-50%) 3635 45.0% 48.9% 38.2%

high (< 30%) 3122 38.6% 43.1% 30.8%
Based on percentage of high-income households (N = 8082)

low (< 20%) 3681 45.6% 39.0% 57.0%

medium (20-35%) 3143 38.9% 45.1% 28.1%

high (> 35%) 1258 15.6% 16.0% 14.9%

Based on average residential property value (* 1000 euro) (N = 9193)

low (< 200) 2622 28.5% 19.9% 45.6%

medium (200-300) 3705 40.3% 42.9% 35.2%

high (> 300) 2866 31.2% 37.2% 19.2%

The distribution of neighbourhoods over the three classes per socioeconomic characteristic
differs by municipal level of urbanity. In high-urban municipalities, neighbourhoods with many
low-income households (= low status) are more common than in low-urban municipalities: 31% versus
8%. Consistent with this, in high-urban municipalities neighbourhoods with few high-income
households (= poor) and those with a low average residential property value are more common as
well. At the same time, in low-urban municipalities there are more neighbourhoods with few low
incomes (= rich) and more with a high average residential property value. To summarize, high-urban
municipalities contain relatively many poor neighbourhoods and fewer wealthy neighbourhoods than
low-urban municipalities.



Sustainability 2020, 12, 5889 90f17

Table 2 shows the scores for all eight greenness metrics, separately for high-urban and low-urban
municipalities. As to be expected, neighbourhoods in high-urban municipalities score lower on all
greenness metrics (all p < 0.001). When comparing the results for the two buffer sizes for a specific
metric, values are higher for the large buffer of 2.5 km than for the small buffer of 250 m, especially for
the percentage of greenspace. On the other hand, the difference between high-urban and low-urban
municipalities seems quite similar for the two buffer sizes.

Table 2. Average neighbourhood values for eight greenness metrics (with standard deviation) by
municipal level of urbanity.

Municipal Level of Urbanity

Greenness Metric Low High
(n = 7948-8058) * (n = 3610-3747) *
Percentage of greenspace (0-100)
within 250 m 59.9 (23.2) 36.4 (19.1)
within 2.5 km 76.8 (14.2) 51.5(14.2)
Average NDVI-score (1-250)
within 250 m 131 (23) 107 (23)
within 2.5 km 135 (21) 110 (22)
Average NDVI-score for Built-up area (NDVI-B: 1-250)
within 250 m 121 (21) 99 (21)
within 2.5 km 125 (19) 103 (18)

Percentage of demand for opportunities for recreational walks that is satisfied (0-100)
within 2.5 km 48.1 (6.7) 37.3 (15.2)

Average scenic beauty score of countryside (1-10)
within 2.5 km 7.84 (0.76) 6.89 (0.87)

* Number of neighbourhoods vary depending on greenness metric, due to missing data; lowest numbers are for the
percentage based on the AVANAR-model, in which neighbourhoods without inhabitants do not receive a score (no
demand: zero denominator).

Before looking at greenness by socioeconomic class and level of urbanity, we first look at the
interrelationships between the eight greenness metrics, as well as those between the three socioeconomic
characteristics. Table 3 shows the results for the greenness metrics. NDVI and NDVI-B correlate
about 0.95, given the same buffer size. Therefore, it was decided to drop one of these two metrics in
subsequent analyses. Because of conceptually less overlap with the percentage of greenspace, NDVI-B
was retained. It may be noted, however, that NDVI-B correlates about the same with the percentage
of greenspace as NDVI. Furthermore, NDVI-B for 250 m and for 2500 m also correlate 0.95. So, as a
further reduction we only retained NDVI-B for 250 m. This choice was made because health-wise small
natural elements are assumed to be mainly important in close vicinity to one’s home. The highest
interrelation between the five remaining metrics is the one between the percentage of greenspace and
NDVI-B, both within 250 m (r = 0.79).

Table 3. Correlations between greenness metrics for neighbourhoods.

Green-Space 2.5 NDVI250 NDVI2.5 NDVI-B NDVI-B Available Scenic

km m km 250 m 2.5 km Capacity Beauty

Greenspace 250 m 0.69 0.83 0.78 0.79 0.78 0.41 0.54
Greenspace 2.5 km 0.72 0.80 0.69 0.77 0.57 0.73
NDVI 250 m 0.95 0.96 0.94 0.44 0.63
NDVI 2.5 km 0.89 0.95 0.48 0.69
NDVI-B 250 m 0.95 0.43 0.63
NDVI-B 2.5 km 0.48 0.70
Available capacity 0.57

NB: metrics that are no longer retained because of their high correlation with other metrics are greyed.
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Furthermore, the neighbourhood socioeconomic characteristics are correlated with one another.
Correlations were calculated on the original data, before the binning in three classes. Correlations are:

e  percentage of low-income households with percentage of high-income households: r = —0.83;
e percentage of low-income households with average residential property value: r = -0.57;
e  percentage of high-income households with average residential property value: r = 0.79.

Since the percentage of high-income households overlaps most with the other two socioeconomic
metrics, it was decided to exclude it from further analysis.

The first analysis of variance was conducted for the percentage of greenspace within 250 m, with
percentage of low-income households as basis for the socioeconomic classification. Both main effects,
as well as the interaction, are significant at p < 0.001. As expected, the percentage of greenspace within
250 m is lower when the socioeconomic status of the neighbourhood is lower. However, this difference
is larger in low-urban municipalities than in high-urban municipalities (see Table 4A). A similar pattern
emerges for the average NDVI-score for the built-up area within 250 m (NDVI-B; see Table 4B).

Table 4. ANOVA results for socioeconomic category based on percentage of low-income households in
a neighbourhood by level of urbanity for five greenness metrics: cell means and test statistics (all main
effects and 2-way interactions are significant at p < 0.001).

4A: neighbourhood percentage of greenspace within 250 metres (n = 8082)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1038 (1,8076)
.. . low 33.6 47 .4 57.6 Low incomes: 404 (2,8076)
1 1 of
Municipal Level of Urbanity high 26.5 29.9 37.1 Interaction: 55 (2,8076)

Adj. R? =29%
4B: neighbourhood average NDVI-B score within 250 metres (n = 8082)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1021 (1,8076)
.. . low 100 114 122 Low incomes: 437 (2,8076)
M 1 Level of Urbanit !
Hpiclpal Level P IR high 91 97 105 Interaction: 25 (2,8076)

Adj. R? =28%

4C: neighbourhood percentage of greenspace within 2500 metres (n = 8082)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 4019 (1,8076)
.. . low 64.2 75.7 76.3 Low incomes: 336 (2,8076)
M 1 Level of Urbanit ’
unicipal Level of Urbanity ., 431 493 55.8 Interaction: 37 (2,8076)

Adj. R? = 48%

4D: neighbourhood percentage of available recreational capacity with 2500 metres (n = 8045)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1686 (1,8039)
.. . low 95.7 95.7 94.9 Low incomes: 34 (2,8039)
M 1 Level of Urbanit ¢
unicipal Level of Urbanity ., 64.1 73.7 77.5 Interaction: 42 (2,8039)

Adj. R? =23%

4E: neighbourhood average scenic beauty score for countryside within 2500 metres (n = 8082)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1365 (1,8076)
- . low 7.25 7.81 7.82 Low incomes: 181 (2,8076)
1 Level of 4
Municipal Level of Urbanity high 6.59 6.89 7.07 Interaction: 15 (2,8076)

Adj. R? = 26%
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For the percentage of greenspace within the larger distance of 2.5 km, socioeconomic differences
are more similar for the two levels or urbanity. There is still an interaction, but this seems now to
be due to the middle socioeconomic category: in low-urban municipalities this percentage is more
similar to that of the high socioeconomic category than in high-urban municipalities (Table 4C; see
also Supplementary Materials, Figure S3). The results for the percentage of available recreational
capacity differ in that there are no substantial socioeconomic differences in low-urban municipalities:
in all three classes, the average percentage is close to the maximum of 100% (Table 4D). In high-urban
municipalities this is not the case, especially not for the least wealthy neighbourhoods, in which on
average only two thirds of the needed capacity is available. For the scenic beauty rating, the main
effects are similar to those for the first three metrics: higher scores in low-urban municipalities than in
high-urban municipalities and lower scores in less wealthy neighbourhoods (Table 4E). The interaction
pattern is similar to that for the percentage of greenspace within 2.5 km. In low-urban municipalities,
the middle socioeconomic class scores practically the same as the high socioeconomic class (see also
Supplementary Materials, Figure S5).

Table 5 contains the results for the socioeconomic classification based on the average residential
property value. The patter is quite similar to that based on the percentage of low-income households,
as can more easily be seen in the Supplementary Materials (Figures S1-S5).

Table 5. ANOVA results for socioeconomic category based on the average residential property value in
a neighbourhood by level of urbanity for five greenness metrics: cell means and test statistics (all main
effects and 2-way interactions are significant at p < 0.001).

5A: neighbourhood percentage of greenspace within 250 metres (n = 9193)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1994 (1,9187)
. . low 42.0 49.3 68.0 Property values: 834 (2,9187)
Municipal Level of Urbanity . 28.4 30.2 452 Interaction: 38 (2,9187)

Adj. R? = 38%
5B: neighbourhood average NDVI-B score within 250 metres (n = 9193)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1727 (1,9187)
.. . low 109 115 129 Property values: 682 (2,9187)
Municipal Level of Urbanity oy 94 96 112 Interaction: 8 (2,9187)

Adj. R? =34%

5C: neighbourhood percentage of greenspace within 2500 metres (n = 9193)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 5648 (1,9187)
- . low 72.0 75.8 78.5 Property values: 210 (2,9187)
Municipal Level of Urbanity high 463 50.6 56.7 Interaction: 12 (2,9187)

Adj. R? = 46%

5D: neighbourhood percentage of available recreational capacity with 2500 metres (n = 9153)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 2004 (1,9147)
- . low 97.1 94.6 96.6 Property values: 65 (2,9147)
M 1 Level of Urbanit
unicipal Level of Urbanity . 68.8 71.7 82.1 Interaction: 61 (2,9147)

Adj. R? =23%

5E: neighbourhood average scenic beauty score for countryside within 2500 metres (n = 9193)

Socioeconomic Category Effects: F (df1, df2)
low medium high Urbanity: 1927 (1,9187)
- . low 7.50 7.77 8.04 Property values: 435 (2,9187)
M 1 Level of Urbanit
unicipal Level of Urbanity . 6.62 6.89 7.44 Interaction: 24 (2,9187)

Adj. R? =31%
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4. Discussion and Conclusions

4.1. Greenness Metrics

The five greenness metrics, differing in spatial scale as well as in content, quite consistently
show socioeconomic differences in the greenness of neighbourhoods in the Netherlands, more or less
regardless of which characteristic is used to determine the socioeconomic status of a neighbourhood.
Even the two greenness metrics dealing with the quality of the greenspace show similar patterns as
those dealing with quantities of greenspace. Therefore, the answer to our first research question is yes:
the presence and quality of nearby greenspace in Dutch neighbourhoods differs by socioeconomic
status, with low status neighbourhoods having lower presence and quality scores.

As for our second research question, the pattern of the socioeconomic differences between
neighbourhoods hardly differs by greenspace metric. The substantial correlations between the
greenspace metrics help to explain why this is the case. These high correlations are informative in
themselves. Within 250 m, the amount of greenspace in the form of green areas, as signified by the
percentage of greenspace, is highly correlated with the amount of greenery outside green areas (i.e.,
NDVI-B: small green elements within the built-up area, such as street trees and domestic gardens). So,
both types of greenspace, large and small, tend to go together, rather than that the presence of one type
is used to compensate for the absence of the other. Furthermore, correlations across different buffer
sizes are high, suggesting homogeneity in the presence of greenspace up to a relatively large distance.
This implies that a lack of greenspace in the direct residential environment, in terms of green areas or
small natural elements, is generally not compensated by a more abundant supply of greenspace at a
somewhat larger distance.

As for our third research question, the differences between socioeconomic classes do vary by
level of urbanity of the municipality in which the neighbourhood is located. Somewhat unexpectedly,
socioeconomic differences in greenness are not always larger in more urban settings. On the contrary,
for some greenness metrics they are larger in less urban settings. This is especially the case for the
percentage of greenspace within 250 m. This may signify that in highly urban municipalities greenspace
is scarce for everyone, including the wealthy. It may also mean that, in highly urban environments,
the wealthy (that are assumed to have more choice in where to live) prioritize other things in their
residential environment than large amounts of greenspace. The only metric that shows a clearly larger
socioeconomic difference in the presence of greenspace in more urban municipalities, is available
recreational capacity. This metric a) also takes the size of the local demand for greenspace into account
and b) poses an upper limit on how much recreational capacity may be assigned to a neighbourhood.
In that case, in low-urban municipalities even the least wealthy neighbourhoods tend to reach the
maximum value of 100%.

4.2. Socioeconomic Characteristics

Looking at the other part of our second research question, the two socioeconomic characteristics
also produce highly similar patterns regarding greenspace presence and quality. However, there
are some differences. Using the average residential property value as basis for the socioeconomic
classification tends to lead to a higher greenness score for the most wealthy category than is the case
for the percentage of low incomes (see Figures S1-S5 in Supplementary Materials), despite this most
wealthy category not being more exclusive in terms of its size (see Table 1). However, a low presence
of poor households does not necessarily imply a high presence of very wealthy households: many
households may fall into the middle category of household incomes. When comparing the results
for the two socioeconomic metrics for the lowest status class, using the percentage of low-income
households as socioeconomic characteristic (i.e., the category with the highest percentage of low
incomes) tends to lead to a lower greenspace score, especially within the category of neighbourhoods in
low-urban municipalities (see Figures S1-55). This may be because in that case the low-status category
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is more ‘exclusive’: it contains only 8% of all neighbourhoods in low-urban municipalities, indicating
that these are the poorest among the poor neighbourhoods within this category of municipalities.

4.3. Other Benefits of Greenspace, Besides Health Benefits

In this study, we looked at socioeconomic inequalities in the presence and quality of nearby
greenspace in residential areas. An important reason to do so, was that the availability of
nearby greenspace has been shown to be associated with the health and well-being of the local
population [10-14], especially so in deprived neighbourhoods [15-22]. However, when taking policy
and planning decisions, requiring cost and benefit analyses and trade-offs, it is important to realize
that green spaces are also associated with other types of benefits. For example, green spaces have
a higher water retention capacity than sealed surfaces. They can also help to mitigate heat stress,
by reducing the urban heat-island effect. Both will help to make a city climate-proof [41]. Moreover,
increasing biodiversity in the city may be a goal on its own. Furthermore, although the precise value
of the services that urban greenspace provides usually remains highly uncertain [42], the concept of
nature-based solutions was launched partially based on the idea that this type of solution is frequently
more efficient than technical solutions, because of its multifunctionality, i.e., its ability to address
several societal problems simultaneously [43,44].

4.4. Limitations and Directions for Future Research

A first limitation of our study is that we primarily used data from 2012, which might be considered
dated. We chose 2012 because data on the two greenspace quality metrics were available only for
that year. However, changes in the amount and quality of greenspace tend to occur incidentally
and locally [45]. More importantly, we think that the associations between the greenspace and the
socioeconomic metrics observed in our national analysis are unlikely to have changed much since
2012. Another limitation is that we did not take the accessibility of the greenspace into account. If a
green area is not open to the public, it may only be experienced from the outside, if at all. However,
although this type of experience is limited, it should not be dismissed. In the context of health benefits,
the evidence shows that looking at greenspace is already beneficial [10]. Thus, even inaccessible green
areas may contribute to human well-being, as long as visual contact with the greenery is possible.
For small natural elements, such as street trees, green walls and domestic gardens, visibility may be
the issue anyway, rather than access (i.e., being able to enter the area). Whereas street trees may be
experienced by everybody, for green walls and domestic gardens this is likely to depend strongly on
where they are located. For example, front gardens are more likely to offer opportunities for visual
contact with nature to the general public than back gardens.

As for the type of nature, in this study we only looked at greenspace. However, other types
of nature may be relevant too. A recent review indicates that presence of blue space (water) is also
positively related to human health and well-being [46]. Therefore, it would be interesting to look at
the socio-spatial distribution of blue space as well. Even more so because there are indications that
to some extent blue space and greenspace may act as substitutes for one another [21]. Furthermore,
nature may not only differ by type, but also by the qualities it possesses, given the type to which it
belongs. Some first studies show that quality matters when it comes to health, perhaps even more so
than quantity [47]. However, it is unclear how quality is best defined. Due to data limitations, in this
study we looked at indicators for peace and quiet and for scenic beauty only, and observed differences
for both. While we deem both to be relevant with regard to health and well-being, other quality aspects
might be even more relevant, such as safety. Moreover, both our quality indicators are a) based on
model calculations and b) only available for large buffer sizes.

As for the quality of greenspace more nearby, Hoffiman et al. observed that in Porto (Portugal),
deprived neighbourhoods not only had less good access, but this was access to lower quality greenspace
as well, in terms of safety, maintenance, equipment and amenities [48]. Sister et al. showed that in
Los Angeles parks in underprivileged areas were more likely to be congested than those in wealthier
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areas [49]. Low quality and overcrowding are likely to negatively affect the motivation to visit the
parks that are within easy reach, and result in less positive experiences when visited. More research on
precisely which quality aspects of green areas are how important with regard to their public health
benefits, be it by increasing either the usage of the area or the health benefits per unit of use, would be
most welcome [50].

4.5. Greening Neighbourhoods as Just Transition

Our analysis of the relationship between socioeconomic status and presence and quality of
urban greenspace is yet another indication of the importance of considering environmental justice
in greenspace management [51]. To some extent, this already has been acknowledged in the policy
domain: as mentioned before, providing universal access to safe and inclusive greenspace is one of the
targets of the UN’s sustainable development goals [9]. Indeed, some governments and municipalities
already focus on increasing access and quality of local green spaces, often in collaboration with local
communities [52]. However, greening disadvantaged neighbourhood can also reinforce existing
injustices [50,53,54]. Greening a neighbourhood may make it more attractive as a residential area,
resulting in an increase of house prices. This, in turn, may make living in the neighbourhood too
expensive for the original population, leading to an influx of more wealthy households, a phenomenon
known as eco-gentrification [55]. However, as yet there is no indication that exceptionally attractive
greenery is needed for health benefits to emerge. Therefore, cities may want to heed the warning
given by Wolch et al. [54]: make deprived neighbourhoods ‘just green enough’, also in terms of its
attractiveness. Of course, this immediately begs the question of defining what is enough. While this
question remains unanswered, it will matter considerably whether the answer will be formulated in
terms of available nearby greenspace per capita, rather than in terms of its absolute amount [29]. If so,
given the ongoing densification of cities, what used to be enough may soon be no longer so.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/15/5889/s1,
Figure S1: Percentage of greenspace within 250 m per neighbourhood, Figure S2: Mean NDVI-score for built-up
area within 250 m per neighbourhood, Figure S3: Percentage of greenspace within 2.5 km per neighbourhood,
Figure S4: Available capacity for recreational walks in a natural environment within 2.5 km (as percentage of
required capacity) per neighbourhood, Figure S5: Mean (predicted) scenic beauty scores for countryside within
2.5 km per neighbourhood.
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