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This study investigates the relationship between housing and environmental
exposures to understand the structuring role of housing and planning regimes in
environmental inequality. Comparing the exposure to air pollutants, noise, greenery,
and heat stress for different housing tenures in the Amsterdam region in 2021, our
analyses indicate that ownership housing generally has more favourable exposure
than the rental. Second, given institutional changes in urban planning and housing
development, it evaluates whether housing built before and after the Great
Financial Crisis shows differences in exposure. We find significant differences
between construction periods. Unexpectedly, exposure does not differ between
recent development periods for social housing. Instead, the most recently built
private rental housing is significantly more exposed than pre-crisis new-built
housing. This is likely related to urbanist planning leading to housing densification
near urban infrastructure. Our conclusion reflects on the broader implications for
understanding the links between housing, planning and environmental inequality.
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1. Introduction

Exposure to environmental pollutants is unequally distributed across space, as evidenced
by studies showing that areas of concentrated disadvantage are often those where differ-
ent types of pollution and environmental stress are most severe (Pearce et al. 2010;
Muller, Sampson, and Winter 2018). As a social and spatial distributive mechanism, the
housing market is, therefore, central to structuring environmental inequalities. Housing
may be more, or less, exposed depending on tenure, price, typology and location. As
such, housing functions as a crucial link between unequal distributions of environmental
quality and individual exposure. Although analyses of environmental justice have been
extensively conducted at the neighbourhood level (e.g. Bullard 1996; Holifield, Porter,
and Walker 2010), the central role of housing has received less attention. Relatively little
is known about how housing policies can structure exposure patterns.

While aiming to develop sustainable, compact, and healthy cities, planning and hous-
ing institutions have also increasingly felt the pressures of (neo)liberalisation and financi-
alisation in the last few decades (Hedin et al. 2012; Van Gent and Hochstenbach 2020;
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Aalbers et al. 2021; Byrne and Norris 2022). Market rationales in housing and planning
have placed a premium on commodified housing and high-quality living environments,
which tends to be at odds with social and sustainability policy goals. Sustainable or green
developments may even exacerbate spatial inequalities when high-density living, sustain-
able housing design and access to parks and greenery come at increased prices and rents
(see Gould and Lewis 2016; Anguelovski et al. 2022). Institutional changes in housing
and planning have paradoxically led urban development in two directions: one where the
focus is more on creating sustainable living environments for everyone, and another one
where the focus is on market-based housing developments leading to increasing socio-
spatial inequalities, which may translate into environmental inequalities.

To gain insight into how housing and planning policies may lead to varied exposure
and environmental inequality, this study compares the environmental exposure of hous-
ing built before and after 2010 by tenure in the Amsterdam region. While liberalisation
had been ongoing for longer, this year signifies a break in housing policy and urban plan-
ning, shifting towards more market-oriented development following the 2008 Great
Financial Crisis (GFC) and the 2010 Debt Crisis (Boterman and Van Gent 2023). More
broadly, in the years following the GFC, austerity rationales infiltrated and shaped urban
planning regimes across countries (Peck 2012; Tonkiss 2013). In the Netherlands, the
post-GFC period is marked by an acceleration of social-rental housing retrenchment, a
prioritisation of market housing and a liberalisation of housing politics and planning
regimes (e.g. Aalbers et al. 2021; Savini 2017). This paper links these developments to
environmental inequality, which we define as the unequal distribution of environmental
burdens and hazards as well as resources (also Ringquist 2005). Hence, this paper primar-
ily looks at the issue of distributive environmental inequality. While analyses predomin-
antly focus on distributions between socio-economic or ethno-racial groups, we shift
attention to housing inequalities, particularly the structuring role of housing policies and
planning regimes. Such a focus remains largely unexplored in the literature, constituting
an important research gap given housing’s central role as a sorting machine. Simply put,
we expect that increasingly dominant market rationales will exacerbate environmental
inequalities between housing tenures and their occupants.

The concept of environmental inequality is related to that of environmental justice,
which Bullard (1996, 493) influentially argued: “embraces the principle that all people
and communities are entitled to equal protection of environmental and public health
laws and regulations.” Environmental justice is, arguably, a broader concept than envi-
ronmental (in)equality as it pertains not only to the distribution of environmental ills
across populations but also to claims for recognition and participation (Schlosberg
2004). However, as Moreno-Jiménez et al. (2016) argue, the field is continuously
evolving, but at its core, especially concerning pollution, is the analysis of distributive
justice. Our focus is, thus, on the narrower concept of environmental inequality, which
we specifically operationalize by focusing on unequal exposures in terms of air quality
(NO, and particulate matter), noise, greenery, and heat stress as these are the ones that
are primarily used in literature. We also look at these exposures separately and as one
indexed score, as the accumulation of environmental risks can have a long-term impact
on human health (Morello-Frosch et al. 2011). The combined index indicates the spa-
tial marginalization of locations and, thus, helps to identify communities that suffer
from a combination of environmental exposures (Solomon et al. 2016).

The paper is structured as follows. The conceptual framework outlines the links
between environmental and socio-spatial inequality and discusses the effects of
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institutional changes. After discussing our data and methods, we present our study in
three steps: first, descriptive analyses of exposures between tenure and building year
for all housing in the Amsterdam region in 2022, then, regression techniques and mar-
ginal effects to test differences and, finally, spatial analyses using GIS (Geographic
Information Systems) maps. Finally, the concluding section discusses the implications
of our findings for housing development and inequality.

2. Conceptual framework
2.1. Environmental inequalities

Environmental inequality intersects with structural disparities related to class and race.
Studies have long shown that marginalised communities are more often confined to
hazardous sites (Bullard 1990; Mohai et al. 2009). Low-status areas are typically more
exposed to pollution and other environmental hazards, although the associations show
substantial variations (Shao et al. 2022; Ma et al. 2019). Differences in exposure
depend on spatial context, the environmental hazard in question, and the population.
Statistical associations, for example, tend to be weaker in most continental European
countries compared to the United States or the United Kingdom (Fairburn et al. 2019;
Hajat, Hsia, and O’Neill 2015), and outcomes may vary between urban and non-urban
areas (Fecht et al. 2015; Ntarladima 2022).

Notwithstanding geographical variations, environmental inequalities do hold up for
many ills. Studies show disadvantaged populations to be relatively more exposed to
traffic emissions, whether this is based on income or race (Barnes, Chatterton, and
Longhurst 2019; Tonne et al. 2018; Gilbert and Chakraborty 2011; Verbeek 2019) or
when zooming in on specific groups such as children (Fairburn et al. 2019). Similar
patterns exist for noise pollution from different sources (Tonne et al. 2018; Dreger
et al. 2019; Cohen, Coughlin, and Crews 2019) or (lead) poisoning through contami-
nated water (Muller, Sampson, and Winter 2018). Furthermore, while poor populations
in inner cities face more exposure to heat stress (Alizadeh er al. 2022; Pereira,
Masiero, and Bourscheidt 2021), their access to environmental and non-environmental
resources is often limited (Wolch, Byrne, and Newell 2014; Anguelovski et al. 2022).
The affluent generally have more control over their living situation, allowing them to
shield themselves from environmental hazards (Diekmann er al. 2022) by seeking
homes with extra insulation or air control systems or having those installed.

Understanding environmental inequalities is vital, as they can have long-lasting and
multi-generational consequences. Exposure to environmental hazards can undermine
well-being while hampering young children’s development and life chances (Pearce
et al. 2010; Muller, Sampson, and Winter 2018; Winter and Sampson 2017).
Furthermore, environmental inequalities can be a ‘double-edged sword’, where “the poor
pollute the least and are polluted the most” (Barnes, Chatterton, and Longhurst 2019, 64).

Housing systems have received little explicit attention in efforts to understand the
(re)production of these environmental inequalities. Yet, various scholars have pointed
to the enduring relevance of historical redlining practices in American cities to under-
stand present-day residential segregation and associated environmental inequalities (see
Pulido 2017; Grove et al. 2018). Also, housing prices shape population distributions,
restricting poorer households to more polluted, and therefore cheaper, areas (e.g. Best
and Riittenauer 2018), while tenure can play a similar sorting role (Collins et al.
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2015). In the following, we move beyond such indicators to more broadly sketch the
structuring role of housing policies and planning regimes.

2.2. Institutional change and environmental inequalities

At the metropolitan scale, environmental inequalities are shaped by housing policies
and planning strategies that structure spatial sorting and social patterning (i.e. segrega-
tion). These forms of spatial inequality may accumulate, leading to the most marginal-
ised populations being housed in the cheapest accommodation, concentrated in
unattractive, low-demand, and potentially hazardous areas. Policies can counter this
accumulation, e.g. by mitigating environmental burdens and their unequal distribution,
or by providing decent housing for all.

Institutional frameworks are not static. Changes in policy and planning can steer
the degree of exposure and social inequalities therein (Beunen and Patterson 2019;
Giezen 2018). Below, we outline three key institutional transformations that affect
development and may amplify social and environmental inequalities, specifically for
an urbanised European country such as the Netherlands. These transformations do not
exist independently but are closely related.

First, a significant driver of urban change in many European countries with (previ-
ously) strong regulations has been the liberalisation of housing and the residualisation of
publicly funded social housing (e.g. Zunino and Hidalgo 2009; Lee and Murie 1999;
Murphy 2020). While many housing regimes in the global North have been on a path of
(neo)liberalisation since the late 1970s, many have observed an intensification of the pro-
cess under the guise of austerity after the GFC (e.g. Kalman-Lamb 2017; Byrne and
Norris 2022; O’Callaghan and McGuirk 2021). Likewise, Dutch housing policy placed a
greater emphasis on providing market housing after the crisis. Owner-occupation
remained the tenure of preference, but private renting was embraced as an essential alter-
native to accommodate middle-income and young adult households who are unable or
unwilling to buy yet (Hochstenbach and Ronald 2020; Byrne 2020). Simultaneously, not-
for-profit housing associations were severely restricted in their capacity to develop social
rental housing and were pressured to sell off substantial parts of their social stock. These
reforms led to an absolute and relative decline in social renting, especially in major cities
(Van Gent & Hochstenbach 2020). The implementation of stricter eligibility further con-
tributed to social housing residualisation, implying a reduction in size and a devaluation
from a broadly accessible public provision to a temporary safety net for those in need.
Regarding housing development, financial constraints on housing associations and the
devaluation of social housing as a proper tenure also meant that social housing develop-
ment came under pressure. New constructions decreased, and more than before, housing
associations were forced to develop smaller units on cheaper land (see below).
Conversely, housing associations as non-profit entities can also play a role in ensuring
distributional environmental justice and nature-based solutions (Snep ef al. 2023).

Second, in the Netherlands and elsewhere, urban planning regimes shifted from
redistributive to more market-led approaches as market rationales started to dominate
political and institutional structures (Pendlebury et al. 2020; Waterhout, Othengrafen,
and Sykes 2013). One explanatory factor is that the decentralisation of responsibilities
(planning, child services, social services) from national to local authorities has not
been matched by sufficient devolution of funding or subsidies (Savini 2017; Peck
2012). Consequently, many local governments pursued more entrepreneurial and
profit-generating planning strategies to boost growth. This shift has meant an increased
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dependency on market logic and a focus on economically profitable projects
(Haughton, Allmendinger, and Oosterlynck 2013; Ferm and Raco 2020). A crucial
component here is that local authorities have become more dependent on generating
land revenues (Kirkpatrick and Smith 2011; Van Loon, Oosterlynck, and Aalbers
2019), which post-GFC austerity politics and the decentralisation of responsibilities
have spurred on. In Amsterdam, for instance, relying on land revenue for solvency has
incentivised local authorities to reserve the most valuable plots of land for (more
expensive) market housing (Savini 2017; Boterman and Van Gent 2023).

Not only is the increased dependency on land revenues likely to accentuate social
differentiation between projects but also within development sites. This may be espe-
cially the case in a politically progressive city such as Amsterdam, where local author-
ities, despite an increased dependency on market forces, remain committed to ideals of
social mixing and aim to offer housing in different tenures and price segments in every
new project (Boterman and Van Gent 2023). Such mixed developments often depend
on cross-subsidisation with surpluses on land revenues for market developments that
fund ‘unprofitable’ social housing development (Buitelaar and Bregman 2016; Wijburg
2021). This incentivises locating social housing in the least-attractive locations (where
deficits are most minor), such as along infrastructure, and reserving the most coveted
locations for market housing (where surpluses are largest). So, the institutional turn to
more market-led planning can accentuate environmental inequalities on multiple spatial
scales, both within and between projects.

A third trend is the adherence to new urbanism planning principles of compact-city
development. While compact-city principles have been around for a while (e.g. De
Roo 2000), they have been reimagined in the popular discourse surrounding the
‘15-minute city’ (Moreno et al. 2021) and embraced as a way to transition to a more
environmentally and socially-sustainable society (Grant 2009; Jepson and Edwards
2010). A core assumption is that carbon emissions of urban dwellers are typically
lower than those of their non-urban peers, e.g. because they live in smaller homes and
are less car-dependent (Glaeser 2011). The argument emphasises a range of benefits of
having services, housing, greenery, and infrastructure nearby (Khavarian-Garmsir,
Sharifi, and Sadeghi 2023). For instance, new urbanism is associated with improved
public health, as living in walkable communities is associated with more physical
activity and better access to amenities (Iravani and Rao 2020).

Notwithstanding potential benefits, densification strategies may have diverse
impacts on environmental exposures for different residents (Westerink et al. 2013;
Venter et al. 2023). More specifically, those living in high-density redevelopments
might be highly exposed (Carozzi and Roth 2023), primarily because these often con-
cern brownfield developments on polluted land or located near environmental burdens
(Korthals Altes and Tambach 2008; Gao et al. 2019). Densification may furthermore
result in a local loss of green space (Balikgi er al. 2022; Dallimer et al. 2011), more
exposure to heat stress (Debbage and Shepherd 2015; Pearsall 2017) and more expos-
ure to emissions (Benavides et al. 2021).

In conclusion, these three shifts in housing policy and urban planning — i.e. the lib-
eralisation of housing, market-led planning regimes, and new urbanist growth agendas
— are expected to shape both socio-spatial patterns and environmental exposures in
various ways and degrees. We expect they have led to a reorientation of housing
development in which market rationales dictate that the most attractive locations (i.e.
least polluted) are given to private buyers (owner-occupied and private rent); the more
marginal locations are used to develop social housing.
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3. Data and methods

This study focuses on Amsterdam, the Netherlands. Specifically, we included all
dwellings within the Amsterdam Metropolitan Area (AMR). AMR is a statistical defin-
ition and a co-operative organisation for local authorities. Besides Amsterdam, the area
includes Schiphol Airport and significant towns such as Almere, Haarlem, Lelystad,
Hilversum, and Hoofddorp. We added two municipalities (Ronde Venen and Stichtse
Vecht), which are functionally in the region but are not part of the AMR organisation
(Figure 1)." We used the Registry of Addresses and Buildings (BAG) (November
2021) to acquire precise locations of dwellings and their year of construction and
enable the merger with tenure data. Our dataset includes all dwellings (1,251,422)
within AMR, of which 476,691 are located within the Amsterdam Municipality.

3.1. Environmental exposures

The environmental exposures included in our study are nitrogen dioxide (NO,), par-
ticulate matter (PM, s), noise, green space, and heat stress (Table 1). We acquired
these data from open sources and linked these to BAG and Statistics Netherlands data
to acquire information regarding housing tenure and address density. We have selected
these exposures for the practical reason of data availability and the more substantive
reason that these exposures relate to critical components of the living environment
(e.g. Carrier et al. 2016; Ntarladima 2022). All data used to represent environmental
exposures are based on validated models.

To assess air pollution exposures, we used the average NO, and PM, 5 values for
2019, created by RIVM (2022), the National Institute for Public Health and the
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Figure 1. The study area consists of the Amsterdam Metropolitan region (AMR) and Ronde
Venen and Stichtse Vecht municipalities.
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Table 1. Exposure data.

Exposure Indicator Resolution Date Data source
Air pollutants Nitrogen dioxide 25%25m 2019 RIVM
(NO,, pg/m’)
Particulate matter, 2.5 25%x25m 2019 RIVM

micrometre diameter
(PM 5, Hg/ms)

Access to greenery Greenery within 300 meters of 10x10m 2019 RIVM
a dwelling (in %)
Noise Average ambient noise (in dB) 10x10m 2019 RIVM

in 24h period from road
traffic, train traffic, aircraft,
industry, and wind turbines
Heat stress Physiological Equivalent 2x2m 1 July 2015 Klimaateffectatlas
Temperature (in °C),
average value within 50
meters of dwelling.

Environment. The calculations were done for all address locations in the Netherlands
and then interpolated into a nationwide grid file (25 x 25 meters resolution). For noise,
we used data created by RIVM (2022), capturing average noise levels from road traf-
fic, train traffic, aircraft, industry and wind turbines in a 10 x 10 metre resolution
(average for day and night throughout the year). For greenery, we used RIVM (2022)
data based on air photos and the AHN3 digital elevation map of the Netherlands. The
combined map used here has a 10 x 10-metre resolution. Our dataset included all trees
and low vegetation (trees, shrubs and plants) while we removed agricultural land.
Because people do not only interact with the immediate surrounding greenery but also
with greenery at a greater distance, we calculated a 300 m buffer. This buffer captures
immediate exposure to greenery and the greenery that can be accessed in less than
Smin from the home. We have used surrounding greenery within 300 m instead of
another buffer size or the distance to the nearest green space, as it is a more robust
indicator showing associations with health effects (Klompmaker et al. 2018). For heat
stress, we used a street-level map of perceived temperatures created by
Klimaateffectatlas (Koopmans et al. 2020). The perceived temperature maps are based
on the KNMI measuring stations, which measure hourly air temperatures in the
Netherlands. Specifically, the models used air temperature, wind, solar radiation,
humidity and sun height calculation data, measured on 1 July 2015. Furthermore, the
models are drawn up following the method described in the Stress Test Guidelines for
the national heat stress test and have been validated by Wageningen University
(Koopmans et al. 2020). The maps depict street-level temperatures, but as we are spe-
cifically interested in address-level temperatures, we used Inverse Distance Weighting
(IDW) to interpolate and estimate the heat at each residential address. We calculated
the average perceived temperature within a 50 m buffer around the addresses.

Finally, we combined the five exposures into one score by creating quintiles of the
exposures and adding them to one score. Lacking a substantive reason to prioritise spe-
cific exposures over others, we have given each exposure an equal weight in the index.
The index is indicative of multiple exposures within the region.
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3.2. Other variables

Our dataset has several variables related to the dwellings and their surroundings. The
housing tenure variable is defined by Statistics Netherlands based on tax and register
data. Owner-occupancy refers to dwellings that are occupied by the owner(s). Social
housing is rental housing owned by housing associations. Most of these dwellings
have regulated rents, but associations can rent up to 10% of their stock at market rates.
Dwellings owned by private companies, institutions other than housing associations, or
individuals living elsewhere are classified as private rent. Most of these have market
rents, with tenants having tenure security. Vacant dwellings have their tenure desig-
nated based on previous occupancy. Housing tenure is based on 2022 registers, mean-
ing we do not capture past tenure conversions (e.g. some units may have been built as
social rent but sold off to owner-occupiers).

To see whether we can find a change in how housing has been planned in terms of
exposure, we define building periods of dwellings in lieu of longitudinal exposure
data. Given that the exposure reflects the situation in 2015 and 2019, we should be
careful in our interpretation of temporality. That is, while comparing dwellings from
the two periods is possible, our dataset’s 2000-2009 dwellings are also exposed to
post-2010 developments and pollution. For example, the construction of a new (i.e.
post-2010) neighbourhood will also generate traffic and pollution in older nearby
neighbourhoods. Current exposures, therefore, do not necessarily reflect exposures at
the time of construction. Given the region’s growth, we are likely to underestimate dif-
ferences in exposure at the time of development.

We also include a municipal density variable in our regression techniques to
acknowledge that rental housing is overrepresented in highly urban environments
where environmental exposures are typically higher. Our density variable has five cate-
gories, from highly urbanised to rural, based on the average address density per km?.
There are no municipalities with rural designations in the AMR. In our dataset, 84.7%
of the dwellings are located in urban municipalities (53.8% in extremely urbanised
(more than 2500 addresses per km?), and 30.9% in highly urbanised (1500-2500
addresses per km?)). In the three least urbanised categories, 11.0% (1000-1500
addresses), 4.3% (500—-1000 addresses) and 0% (less than 500 addresses) of the total
dwellings are located. Almost half of the dwellings are owner-occupied, 18.4% are pri-
vate rental, and 33.2% are social housing. Regarding building year, 27.6% of the
dwellings were built before 1950, 54.6% between 1950 and 1999, 17.7% between
2000 and 2009 and 7.8% between 2010 and 2021.

3.3. Methods

We use descriptive tables and graphs, thematic maps and regression modelling. The
maps are meant to grasp the geographical distribution of exposure and new-built hous-
ing for the different tenures. We then fitted OLS regression models, using the above-
mentioned environmental exposure index as our dependent variable. We estimated the
models at the level of individual addresses, including variables for building period,
tenure and urbanisation levels. As some of the individual environmental exposures that
feed into our composite index are modelled based on local environmental characteris-
tics such as traffic infrastructure, we have refrained from adding such characteristics as
independent variables to avoid endogeneity issues. The models also introduce an inter-
action term between building periods and tenure to allow for testing the differences in
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exposure between building periods (marginal effects) and whether these period differ-
ences are also different between tenures (contrast) (Mize 2019). Rather than simply
comparing effect sizes, we base the statistical significance of differences and contrasts
on Wald tests. We present predictive estimates, differences and contrasts for the
model. The model itself can be found in Appendix I.

Due to the spatiality of our data, our models may be affected by spatial autocorrel-
ation. The spatial lag of the dependent variable is inherent to the environmental data.
We have no theoretical reason to believe that exposures are substantially affected by
nearby building characteristics (variable lags). Nevertheless, there may be spatial
dependencies in exposure rates and error terms. Given our dataset’s large number of
observations (i.e. addresses), we could not estimate margins based on spatial regression
for the entire sample—the necessary spatial matrix required too much computing cap-
acity. As a robustness check, we estimated OLS models with a lagged variable for
index and a spatial autoregressive error term for both region and municipality for
75,000 randomly sampled cases. This represents a 6.0% sample for the region and a
15.7% sample at the municipal level. These models capture spatial dependencies in
our data, and are presented in Appendix II.

4. Results
4.1. Descriptive analyses

Table 2 presents the exposure variables to give a sense of outcomes. Contrasts for
greenery were high; for NO,, noise and heat stress were moderate, and for PM, s, they
were rather limited.

Figure 2 shows maps for all exposure variables for all addresses. Even though the
Amsterdam centre is evident in most maps, the various exposures show different pat-
terns. The final map shows the cumulative exposure to air pollutants, noise, heat and
(lack of) greenery. High exposure can be found in Amsterdam, Haarlem, Schiphol
Airport, Beverwijk (the location of a large steelworks), and along major motorways.
Exposure is relatively low in the two New Towns in the east and areas outside of the
built environment: most of the north, a strip of dunes and woodland along the coast,
and farmland, nature reserves, and lakes between the motorways in the southeast.

Figure 3 shows the median exposures for different building periods and housing
tenures,” and includes WHO air quality and EU noise guidelines for day (d) and night
(n) time. The exposure exceeds the EU noise guidelines for more than half of the
dwellings, and air pollution exceeds WHO guidelines for the entire region.

From these graphs, we highlight two key patterns. First, owner-occupied housing
units are less exposed to pollutants than social and private rental housing. This goes for

Table 2. Environmental exposure concentrations.

NO, PM,s Greenery Noise Heat stress Index

Minimum 10.01 7.31 0.00 38.00 30.61 5.0
Ist Quartile  16.18 9.65 37.08 54.00 37.21 11.0
Median 19.28  10.09 44.43 57.00 38.25 14.0
Mean 19.62  10.26 45.53 57.71 38.10 13.6
3rd Quartile 2291 10.71 52.71 61.00 39.14 17.0

Maximum 46.32  14.82 98.46 86.00 46.06 20.0
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Figure 2. Environmental exposures over the Amsterdam region (all addresses).

air pollutants, noise and heat stress. This may be related to tenurial distributions between
urban and suburban municipalities. The only exception is access to greenery, for which
more mixed patterns exist. Similarly, most of the pre-war rental housing in the densely
built city centres in Amsterdam and Haarlem is exposed most (except noise). Also, late
20th-century housing shows more greenery and the least heat stress. This is likely due to
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Figure 3. Median exposure levels for dwellings by building period and tenure. (OO = owner-
occupation, PR = private rent, SR = social rent).

the modernist garden city principles in urban areas (‘tower in the park’) and the suburban
housing stock in the two New Towns. Second, comparing the two most recent periods
(2000-2010 and 2010-2022) reveals divergent patterns for different types of exposure.
The most recently developed projects (post-2010) are, on average, more exposed to NO,
and noise, have more access to green space, and less exposure to heat stress.

4.2. Modelled differences

These descriptive graphs show some differences between median values. Nevertheless,
we do not know whether these differences are statistically significant. Also, differences
between housing types may be due to geography, i.e. a difference between central cit-
ies (more pre-war, more rental, and more exposure) and suburbs (newer housing, more
ownership, and less exposure). To get a better sense of differences between the two
most recent building periods and tenure while correcting for the urbanisation of



2046 A.-M. Ntarladima et al.

municipalities, Table 3 presents the predicted average estimates from our regression
models, including the municipal density variable, as well as the marginal effects and
contrasts for tenure.

The regression models confirm some of the descriptive trends found. Ownership is
generally the least exposed and has the most greenery compared to rental housing
(Appendix I). This is also mostly the case when considering the municipality of
Amsterdam rather than the entire region, albeit with smaller differences. However, the
exposure of tenure types varies for building periods, as shown in Table 3.
Comparatively, pre-war housing is generally most exposed to air pollutants, has less
greenery, and has more heat stress. The model also indicates that post-war rental hous-
ing has the least exposure and the most greenery.

Our focus is on the two most recent building periods. When looking at those, we
see that the levels of NO, and noise are higher for the most recent post-crisis housing
developments (2010-2021) compared to pre-crisis stock (2000-2009). Nevertheless,
the newest stock does have more greenery in its vicinity and less heat stress. This may
be partly explained by the fact that the newest stock is often built at urban edges. Our
analyses reveal further differences between tenures. For example, even if NO, expos-
ure is higher in the most recent developments compared to 20002009 developments
for all tenures, significant differences exist. For owner-occupied dwellings, exposure
levels stood at 17.9 for units built between 2010 and 2022, compared to 17.8 for those
built during the 2000-2009 period. The difference was more considerable for private
rentals, with estimates at 21.6 and 20.8, respectively, suggesting a significantly stron-
ger trend. Similarly, the private rental sector sees the most substantial differences
when comparing the newest developments with pre-crisis developments regarding NO,
and noise exposure. Finally, the difference between building periods in the exposure
index is only significant for private rental housing. We thus find an interesting inter-
action between the construction period and housing tenure. While overall exposure for
owner-occupied and social rental dwellings built between 2000 and 2009 and those
built between 2010 and 2022 remained relatively stable (with individual pollutants
showing divergent trends), exposure for the most recently constructed private rental
dwellings is significantly worse. These patterns indicate that new residential develop-
ments give way to more substantial environmental inequalities along the lines of ten-
ure. Private rental housing is increasingly being developed on exposed sites, but this is
not the case for the otherwise more vulnerable social rental sector.

Our spatial regression models (see Appendix II), estimated as a robustness check,
show that the direction and error terms remain consistent for the main variables when
accounting for spatial lag variables. There are, however, some changes in the inter-
action terms for social rent in the region, mostly indicating that the difference between
postwar social housing and new owner-occupied housing may be subject to spatial
dependency. However, this outcome may also be related to our dependence on a rela-
tively small sample.

4.3. Housing development in the region

To explain the differences between the two most recent periods, we have mapped the
average exposure index of each statistical neighbourhood’s dwellings in the region per
tenure and building period. The maps also show the number of dwellings from a build-
ing period (Figures 4, 5, 6). At this point, we should recall that we calculated exposure
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Figure 4. Average exposure index for the two most recent building periods, owner-occupation.
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at the dwelling level. As a result, the exposure per tenure or building period may differ
even if they are located within the same neighbourhood. This would be the case when,
in the same development, cheaper rental units are planned directly along busy roads
while more expensive market housing is built in calmer surroundings. The two maps
in Figure 4 show the distribution of construction for owner-occupancy in the region
for the two periods. Both periods saw many dwellings built in new suburbs in Almere,
Lelystad and Purmerend. In the most recent period, dwellings are slightly more con-
centrated, likely due to the crisis (see Boterman and Van Gent 2023). In Amsterdam,
post-crisis ownership housing is concentrated in IJburg, a new neighbourhood built on
artificial islands on the city’s eastern periphery, an area with lower exposure rates than
the rest of the city.

Importantly, there is also a concentration along the ‘Ring Zone’, a policy term for
housing developments just outside the pre-war centre and along the A10 ring road
motorway. These developments are marked by densification and relatively large shares
of private tenures. The ring zone developments are most evident in Figure 5. Here, we
see that private rental housing from the most recent period is mainly concentrated in
Amsterdam’s Ring Zone areas and Amsterdam North. This explains much of the
abovementioned patterns of environmental inequality, as private rental housing has
increased substantially after the crisis (see Hochstenbach and Ronald 2020), with most
of it in densely built environments (with more greenery than the period before) along-
side traffic infrastructure.

Finally, the most recent-built social rent is also more concentrated than in the
period before (Figure 6). However, in contrast to private rent, there are more social
developments elsewhere in Amsterdam (IJburg) and in the region, notably in Almere
and Gooi, areas with lower index scores, and the Haarlem conurbation with medium
scores.

5. Discussion of results

In general, owner-occupied housing is less exposed to pollution than rental housing,
yet the degree greatly depends on the building period. Focusing on the twenty-first
century, we found evidence for a shift in exposure between building periods. To be
clear, we did not do a temporal comparison but a comparison between building years
of dwellings. NO, and noise exposure are higher for the newest housing (compared to
units built between 2000 and 2009). At the same time, post-crisis housing has more
access to greenery and less heat stress. Against our expectations, these patterns are
very similar for owner-occupied and social-rental housing.

This was unexpected given the policy of residualisation in recent decades, intensi-
fied post-GFC, and the market logic behind many developments, which we expected
would lead to social housing being relegated to less ‘valuable’ and more exposed
spots. Instead, our findings show that private rental housing units are increasingly built
on highly exposed sites, many built along Amsterdam’s busy motorway ring. One
potential explanation for this finding is that housing politics have turned to promoting
private rental growth, particularly in central urban locations, to accommodate residen-
tial demand from middle-class households, often young adults with an urban focus,
unable or unwilling to buy property while ineligible for social rent (Aalbers et al.
2021). Due to the high demand for urban rental housing, the market for private rental
is likely to have a low price elasticity in response to environmental factors. Private-
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rental developers maximise profits by focusing on locations with high connectivity
in urban environments (Brill and Durrant 2021; Savini 2017) and areas with lower
environmental quality. Social rental developments, in turn, are spread more evenly
across the region, resulting in comparatively lower exposures. Furthermore, despite
neo-liberalisation and residualisation, many municipalities still require most projects to
include a minimum of social rent, ensuring some spatial distribution.

6. Conclusion

Our study contributes to understanding environmental inequality as correlated with
housing tenure. Uneven environmental exposures between housing segments provide a
crucial basis for understanding environmental inequalities between social groups, as
populations are unevenly distributed across tenures. We expected shifting housing and
planning regimes (residualisation, more market-oriented planning and more densifica-
tion) would contribute to increasing environmental exposures between (profitable)
owner-occupied housing and (unprofitable) social-rental housing. As expected, our
findings confirm persistent inequalities between less exposed owners and more
exposed renters, broadly mapping onto existing social divides. At the same time, how-
ever, our findings also challenge straightforward associations, as it is not social rental
but private rental that is increasingly often built at polluted locations. This pattern
complicates the role of housing tenure in structuring social inequalities in environmen-
tal exposure. Social renters in the Netherlands disproportionally and increasingly
belong to the poorest income segments. At the same time, private rental increasingly
caters to the middle classes, including many younger urban-oriented residents. It is this
latter tenure that is increasingly exposed.

Conceptually, housing can be seen as an additional structuring and intervening fac-
tor when discussing environmental inequality. Environmental justice literature has
taken housing as an expression of racial (Alvarez 2023; Cross et al. 2023) or class and
social inequalities (Mete and Xue 2021; Rice et al. 2020) in environmental exposures.
However, our research contributes to a more fine-grained understanding of how differ-
ent housing tenures relate to environmental inequality and shifts therein over time. It
illuminates how housing and urban policies can expose different populations to more,
or less, environmental pollution.

By focusing on how housing and urban policies shape micro-level socio-spatial and
environmental inequalities, this paper shows how micro-level environmental inequalities
are produced by institutions operating at broader spatial scales. In doing so, it follows
Cummins and colleagues (2007, 1833), who influentially called for “contextual analyses”
that examine processes “operating at spatial scales other than the local neighbourhood”
in shaping health outcomes. Scaling up such contextual analyses implies looking beyond
local drivers to bring larger-scale, political, and structural factors into focus (Bambra,
Smith, and Pearce 2019). Reflecting specific ideals, rationales and practices, housing and
planning institutions (re)produce tenurial segmentation across space, amounting to dis-
parate environmental exposures. As housing tenures act as submarkets serving different
populations, tenurial inequalities in exposure will convert into social inequalities, e.g. in
terms of class, race or age. Although not the empirical focus of this paper, this is one of
the mechanisms through which health inequalities rooted in housing are perpetuated (e.g.
Singh et al. 2019; Swope and Herndndez 2019), further adding to housing’s role as a
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“key distributor and driver of life chances” beyond financial accumulation (Adkins,
Cooper, and Konings 2021, 564).

A few limitations to our study need to be noted. First, as we asserted above, this study
could not perform a temporal analysis due to data availability. This means that any differ-
ences between building periods reflect the situation around 2020. Polluters may have
vanished over time, and exposures in older buildings are also influenced by human activ-
ities and developments after their construction. A comparison of exposures at the time of
construction may have yielded different outcomes. Second, whether the differences in
housing situations amount to health inequality requires further investigation of the link
between environment and health. While there is quite some research on this latter rela-
tionship, there is little appreciation of how the housing system is a mechanism that selects
and sorts groups into potentially hazardous or healthy environments. Without taking this
into account, studies run the risk of attributing environmental effects to composition and
selection effects. From a socio-spatial perspective, this would miss the intersection with
broader inequalities and how social deprivation, housing position, and health may all
reinforce each other. Third, there is an issue of scale. This study compared exposure
across a region with a resolution of 10 to 50 metres, depending on the variable. Given
minor differences in particulate matter and that more than 50% of dwellings exceed air
and noise pollution thresholds, it is advisable to compare regions, as some environmental
factors may blanket a region, leading to limited variation. It is also an option to zoom in
more, focusing on developments and how they position different types of housing in
view of infrastructure, greenery, etc. (Carvalho et al. 2022).

Our findings have several policy implications. First, the issue of environmental
quality, particularly multiple exposures, and their relationship with inequality are sel-
dom at the forefront of urban and housing debates. While a market rationale may
appear to be a neutral planning allocation instrument, it is not. If it goes unchecked, it
will lead to an accumulation of environmental, housing, socio-economic, and health
inequalities. Policymakers and planners need to be aware of this to prevent cumulative
effects on already marginalised communities. Also, middle-income groups may be at
risk due to increasing housing scarcity, which enables private parties to develop expen-
sive housing in polluted locations.

Second, while densification fits within the compact city, housing, and sustainability
aims, several risks must be considered. Densification without consideration of the envi-
ronmental impacts (such as a loss of green space and increases in heat island effects)
will lead to deteriorating living conditions. In addition, densification does prevent the
loss of green space in the region but comes at a cost for city dwellers. This is a trade-
off. For regional planning, it is crucial to make these choices and consequences expli-
cit so that environmental and health implications can be shared fairly and justly.
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Notes

1. While AMR provides a forum, housing governance in the region is highly fragmented, with
little inter-municipal coordination (Tasan-Kok et al. 2023).

2. The reader may find it unintuitive to have the building periods presented in a descending
order. This is done deliberately, here and elsewhere, to remind them that we are not dealing
with a temporal variable but a housing characteristic.
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