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HIGHLIGHTS

e We assess walkability, accessibility and morphology in Large Housing Estates (LHE).
e Types of German LHE: structured low-density, socialistic, urbanity by density.

e Walkability depends more on environmental or artificial barriers than urban layout.
o Accessibility and morphology in LHE are highly dependent on planning paradigms.
o Urbanity by density based LHEs are the most liveable among the three types.

ARTICLE INFO ABSTRACT

Keywords: In times of rapid urban expansion, urgent demand for housing and simultaneously efforts to minimise the use of
Large housing estates urban land are competing objectives. The concept of large housing estates (LHE) has therefore regained interest.
Liveability

This resurgence raises questions about the living conditions within these historically stigmatised complexes.
While liveability studies often rely on surveys, we present a globally applicable quantitative approach to assess
liveability along the dimensions of walkability, accessibility and built-up morphology. Using geospatial data and
a delineation framework based on walking distances, we identify disparities in liveability. We identified three
different planning paradigms for LHEs in Germany: the ‘structured and low-dense’ type, the ‘urbanity by density’
type in Western Germany and the ‘socialistic city’ type in Eastern Germany. Our analysis reveals significant
differences in accessibility and morphology, that can be attributed to the historical guiding principles. Walk-
ability, in contrast, seems to be influenced more by environmental elements (rivers, forests) and artificial barriers
(railway lines, motorways) than by planning paradigms. The ‘structured’ type is characterised by mono-
functionality, limited access to urban infrastructure, low building density, but a high proportion of green spaces.
The ‘urbanity by density’ type has significantly higher building densities, better accessibility, but less urban
green. The ‘socialistic’ urban type could not be clearly categorised, but seems to be a mixture of the other two
types. In our analysis, the ‘urbanity by density’ typology predominantly performed the best and, as such, emerges
as the most liveable typology, potentially serving as a guiding model for future construction projects.

Walkability
Accessibility
Urban morphology
Urban green

1. Introduction diverse range of cultural events, educational opportunities, and recrea-
tional activities that greatly enrich the life of their citizens. On account

Cities are more than just a place of work or a place to live. They are of this, cities are competing with each other not only in economic power
dynamic hubs of culture, that also offer innovation, and social interac- (e.g. Malecki, 2007), but also in the quality of life of their residents (e.g.
tion among many other issues. Cities nowadays are offering residents a Giap et al.,, 2014). The liveability of urban environments and its
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characteristics have drawn significant attention from city planners,
policy makers, scientists and residents alike, with all aiming to make life
in cities as liveable as possible. As the process of urbanisation and urban
sprawl poses challenges for urban planning (e.g. Polidoro et al., 2012),
understanding and studying the spatial urban environment has become
increasingly relevant not only to academics but also to the public. In
densely populated urban areas, where numerous individuals reside in
close proximity, it becomes particularly important to assess and actively
pursue urban planning initiatives that prioritise liveability for residents.
While cities continue to grow (United Nations, 2019) and affordable
housing becomes scarcer (Hallett, 2021), the concept of large housing
estates regains importance, as they are an easy-to-build solution in sit-
uations where there is great need for new housing. Research focusing on
the measurement of the degree of liveability in various urban neigh-
bourhoods, especially large housing estates, presents a promising
avenue for investigation.

1.1. Quantification of liveability

Quantitative research on measuring liveability in cities is a rather
young scientific field. Liveability can be seen as a critical component of
the quality of life in cities, which can be expressed through a combi-
nation of factors that contribute to the overall well-being and satisfac-
tion of residents (Higgs et al., 2019; Weziak-Bialowolska, 2016). There
exists no common definition of liveability and there are numerous di-
mensions to consider when assessing it, ranging from access to quality
healthcare and education, environmental quality or affordable housing,
to the availability of cultural amenities and the overall infrastructure
and safety of a city (e.g. Economist Intelligence Unit 2022; Giap et al.,
2014; Tan et al., 2012). Among these multiple dimensions, there are
many subjective factors that are influenced by individual preferences
and are best explored through satisfaction surveys (e.g. Kabisch et al.,
2016; Shamsuddin et al., 2012). However, there also exist measurable
factors that allow an objective evaluation of the physical environment
that provide the foundation for liveability (e.g. Giap et al., 2014). In
order to be able to quantitatively assess these factors independently of
one another, a distinct and transparent quantification approach is
needed. However, there is no universally accepted approach. In this
study, therefore, we propose a measurement methodology which is
transparent, objective, and globally applicable. We suggest an approach
that allows the quantitative evaluation of components contributing to
different aspects of liveability.

One of the critical measurable factors of liveability is walkability,
which refers to the ease and safety with which residents can navigate the
urban area by foot. A well-designed pedestrian infrastructure, including
walkways, crossings, and pedestrian-friendly and safe streetscapes,
promotes active mobility, supports social interaction, and enhances the
sense of community within the neighbourhood (Forsyth, 2015). In-
habitants residing in walkable neighbourhoods experience the addi-
tional benefits of accessing daily necessities such as groceries and
commute with ease by foot. Moreover, they can enjoy the advantages of
regular physical activity, breathing fresh air, and experiencing improved
mental and physical well-being (Litman, 2003). Pedestrian friendliness,
also often referred to as walkability, is linked to an inclusive approach
that benefits all parts of society, and is particularly relevant for older
people and other vulnerable categories of the population with reduced
mobility. Therefore, a walkable environment is actively increasing the
liveability of a city (Shamsuddin et al., 2012) by also providing better
health outcomes to its residents (Su et al., 2017).

Another important factor, the accessibility to urban amenities —
including schools, healthcare facilities, retail centres, community or
entertainment services, and public transportation — significantly in-
fluences the liveability of cities (Castelli et al., 2023; Glaeser et al.,
2001). Easy access to these amenities ensures convenience, enhances
social connectivity, and reduces the need for long commutes, thereby
improving overall liveability. Individuals residing in regions
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characterised by impeded accessibility to services and amenities are
more likely to experience low levels of education, poor physical and
mental health, disproportionate job opportunities and social exclusion
(Glaeser et al., 2009; Gobillon & Selod, 2007; Massey et al., 1987;
Rothstein, 2017), consequently hindering upward mobility.

Moreover, the urban morphology of a neighbourhood, characterised by
the street and building layout — which can be further quantified as pop-
ulation and building densities — plays a crucial role in liveability. The
spatial structure of urban spaces is related to the liveability and sustain-
ability of our cities (Sapena et al., 2021). It supports physical activities
and public health (Fathi et al., 2020), while also influencing subjective
perception (Wurm et al., 2021). Well-planned neighbourhoods can
encourage social interaction, and also contribute to a pedestrian friendly
urban space (Elzeni et al., 2022). For instance, the presence of urban
green spaces, such as public parks and gardens, and tree-lined streets
helps to create a more liveable environment and offer a large set of
different ecosystem services (e.g. Bolund & Hunhammar, 1999; Breuste
et al., 2013). These green areas provide opportunities for recreation,
improve air quality (Selmi et al., 2016; Strohbach et al., 2012), mitigate
the urban heat island effect (Hamada & Ohta, 2010; Lafortezza et al.,
2009; Massaro et al., 2023) and contribute to residents’ physical and
mental well-being (e.g. Astell-Burt & Feng, 2019; Nutsford et al., 2013).
By considering the numerous benefits associated with green areas, it
becomes evident that they provide valuable spaces for relaxation and
exercise. Moreover, they offer respite from the often hectic and stressful
urban environment. Thus, urban morphology planning that enables the
presence and access to urban green spaces is of significant importance for
urban dwellers, contributing to their overall liveability.

While urban green is important for residents’ health, there certainly
are also advantages of urban intensification and densely built-up neigh-
bourhoods. High density areas usually benefit from short distances,
where functional infrastructure is often within walking distance. Public
transport can be more economically viable, which potentially reduces
private car dependency and atmospheric pollution (e.g. Dodson, 2010;
McCrea & Walters, 2012; Quastel et al., 2012). On the contrary, high
density in cities, combined with other related factors such as poor envi-
ronmental quality, noise, traffic and lack of community involvement,
services or facilities, can lead to significant dissatisfaction among resi-
dents (Howley et al., 2009). Therefore, cities face a seemingly paradox-
ical challenge in terms of urban morphology (McDonald et al., 2023). On
the one hand, the provision of urban green spaces is valued for its
numerous benefits, but on the other hand there is a growing recognition
that urban densification is fostering efficient and vibrant urban envi-
ronments. Urban densification also helps to preserve more land for
greening, as it prevents cities from sprawling into the surrounding
countryside endlessly. Even if it may sound paradox, but urban greening
and urban densification are therefore not in contrast to each other. Rec-
ognising the inherent value of both aspects, cities must strive to strike a
delicate balance that maximises the benefits of urban greenery while
optimising the efficiency and accessibility of urban infrastructure. This
means that cities need to be increasingly dense and able to provide living
space and housing for many people, while at the same time having green
spaces evenly distributed throughout the urban area. By considering and
also being able to measure these different factors of liveability, policy-
makers and urban planners can effectively evaluate and enhance the
liveability of cities, and further, create more sustainable and desirable
living environments for their residents (Haaland & Van den Bosch, 2015).

Liveability in cities is not evenly distributed spatially, a topic which
deserves careful consideration. Some studies proved that neighbour-
hoods with a less than average household income or property prices, and
a higher share of citizens from minority groups are less walkable (e.g.
Knight et al., 2018) and less green (e.g. Gould & Lewis, 2016; Kabisch &
Haase, 2014; Schwarz et al., 2015). Nicoletti et al. (2023) or Talen
(2022) found lower accessibility to urban amenities for populations who
have a larger share of minorities, earn less and have a relatively lower
number of individuals with a university degree. However, accessibility



M. Koberl et al.

to urban infrastructure is therefore not only a relevant factor to live-
ability, but also contributes to social (in)justice. Social (in)justice refers
to the systematic and unfair distribution of resources, opportunities, and
living conditions within a society, leading to the marginalisation of
certain groups.

All of the aforementioned studies utilise different datasets and
methodologies and comparability of results is not straightforward. Thus,
there arises a demand for an approach that can be conducted globally,
independent of spatial limitations and in a transparent and objective
manner. While urban liveability is a global concern, we have chosen to
direct our attention towards a city type characterised by pronounced
phenological attributes — Large Housing Estates (LHE) in Germany. In an
era characterised by rapid urbanisation, urgent need for new housing,
and concurrent efforts to mitigate land consumption, large housing es-
tate are once again emerging as a subject of particular interest — not only
because of their unique morphological characteristics, but also due to
their often socially marginalised inhabitants.

1.2. Scope of this study

Large housing estates are a relevant part of the urban landscape in
German cities, offering challenges and opportunities to their residents
with bad external, but often good internal reputations (e.g. Kabisch &
Possneck, 2022; Knabe, 2007; Langohr et al., 2023). This study aims to
assess dimensions of liveability in LHE with a novel approach by
employing an innovative data set and methods: remote sensing tech-
niques and geospatial data analysis. The primary objective of this
research is to discover liveability differences in 41 large housing estates
in Germany and to analyse which housing types are characterised by
higher liveability and which are less so. Additionally, the study aims to
analyse the underlying factors contributing to their liveability or lack
thereof, based on objectively measurable parameters of liveability. By
using a novel spatial delineation method based on Individual Walkable
Neighbourhoods (Droin et al., 2023), we identify factors describing
urban morphology, population densities, proportions of urban green
space, degrees of impervious surface, the accessibility to functional
infrastructure and pedestrian friendliness.

2. Large housing estates in Germany

Existing related studies (e.g. BMWSB, 1994; Taubenbock et al., 2018)
were used for identification and LHE were found by a visual research
based on satellite images, 3D building- and population data. Consecu-
tively, the areas with LHEs were then mapped using a pre-defined
objective mapping scheme (section 2.4). The selected and mapped
areas were then classified according to their respective planning para-
digms. Fig. 1 presents the methodology used to identify, delineate and
classify LHEs.

2.1. The related concepts of large housing estates

In 2015, approximately 4 million of all estimated 41.4 million
dwelling units in Germany were part of large housing estates, providing
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housing for more than 8 million people (Destatis, 2016; Hunger, 2015).
This share accounted for over 10 % of the entire German real estate
stock. Large housing estates are therefore an essential component of the
urban landscape but are held in low esteem and experience a bad
reputation in the society (e.g. Bolt, 2018; Brattbakk & Hansen, 2004;
Langohr et al., 2023).

Large housing estates are not homogeneous entities: they were
constructed in different time periods and therefore also followed
different town-planning concepts. This raises the question of whether
and to which extent the liveability of large housing estates in Germany
differs as a result of the varying planning concepts.

From 1949 to 1990, Germany was politically and physically divided
into two separate entities: East Germany (German Democratic Republic)
and West Germany (Federal Republic of Germany), with East Germany
adopting a socialistic regime under Soviet influence, and West Germany
developing as a democratic state with strong ties to the Western Allies.
This division had significant implications for German people, impacting
various aspects of their lives, including politics, economy, social dy-
namics, and also urban development. With the post-war economic boom
of the 1950s and 1960s, a significant amount of housing had to be built —
not only to meet internal population growth, but also to accommodate
the large number of guest workers arriving in Germany. During this
period both in West- and East Germany, housing estates of the ‘struc-
tured and low-density’ city type were built, with emphasis on functional
separation of buildings, linked by generous green spaces (Fuerst et al.,
1999).

In the 1960s to 1980s, this type of construction in West Germany
gave way to large housing estates characterised by the trend towards
‘urbanity by density’ (Fuerst et al., 1999; Taubenbock et al., 2018). This
led to denser construction and increased provision of leisure and service
facilities. At the same time, the ‘socialistic’ urban typology prevailed in
the eastern part of the country. The emphasis of socialistic urban plan-
ning concepts was on mixing functions within large estates. Uniform
building design also aimed at eliminating differences between social
classes and achieving equality among the population (Kabisch, 2020).

At the time of construction, LHE were perceived as modern and
progressive concepts that offered the promise of quick, cost-effective,
and efficient construction, aiming to address the prevailing challenges
of housing shortage due to destruction, the rapid population growth and
urbanisation (Hess et al., 2018). Because of their perceived advantages,
large housing estates appealed to a wide range of individuals, including
low-income households seeking affordable housing options, middle-
class families in search of suburban living, and even affluent residents
attracted by the amenities and conveniences offered within these estates
(Wassenberg, 2018). The allure of large housing estates transcended
social classes, as they promised not only adequate housing but also the
potential for improved liveability within planned communities.

In summary there are three different types of large housing estates in
Germany, which differ by construction epoch and building structure,
functionality and also morphology (see Table 1).

Related studies &
background research Mapping scheme
Taub“:r:\g\c’svciBe'tljggo18) = Landicover ) Planning concept
- Identification i Bbul!ﬁ:_ng ';:O_'pr:‘mUQIES Delineated + Related studies &
of 41 LHE —>| (building heights, areas areas (LHES) ~+—— background research
o and volumes) « Time of construction
3D-building data « Artificial & natural = Morpholgy
(BKG 2021) boundaries
Population data
(Palacios-Lopez et al.
2022)
Section 2.3 I Section 2.4 I Section 2.1

Fig. 1. Meta perspective of the methods used to identify, delineate and classify LHEs. The 3 boxes below refer to the corresponding sections.
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2.2. Liveability in large housing estates

Over time, the above-mentioned social mix has homogenised
considerably due to the departure of wealthier people and the arrival of
low-income groups (Kraft, 2011). The process began as a displacement
of low-income groups from the historical inner-city districts as a result of
land redevelopment measures. It found its continuation in the gentrifi-
cation processes since the 1980s — leaving no other districts left for
deprived city dwellers (Kraft, 2011). Functional deficiencies due to a
lack of infrastructure, schools, employment opportunities or recrea-
tional facilities, coupled with an increasing neglect of the building fabric
and exposed concrete slabs, led to a further loss of attractiveness.
Nowadays the stigma of large housing estates is characterised by run
down public spaces and buildings, vandalism, high propensity to
violence among residents, juvenile delinquency, high unemployment,
high tenant turnover, above-average proportion of foreigners and social
exclusion (Bolt, 2018; Hunger et al., 2021; Kraft, 2011).

Despite facing this stigmatisation externally, the internal perception
of large housing estate dwellers can differ significantly from the external
portrayal (e.g. Kabisch & Possneck, 2022; Knabe, 2007; Langohr et al.,
2023). Internal surveys can even reveal a high level of residential
satisfaction (Herfert et al., 2013). In particular, affordable rents, the
urban utilities, the generously available green space, the low traffic
noise due to their often-remote locations and the social networks in the
settlements are positively valued by the inhabitants of large housing
estates (Kabisch, 2011; Kabisch, 2020). A study from a large housing
neighbourhood in Leipzig revealed that 68 % of all residents felt
comfortable in their living environment, whereas 30 % felt comfortable
despite some restrictions and only 2 % of the population were not happy
in the neighbourhood (Kabisch et al., 2016). A similar survey in the large
housing estate Husstadt in Bochum showed also that only 9 % of re-
spondents answered they were not satisfied with their housing situation
(Lauderbach, 2012). The residents found the quiet and strategic location
neighbouring the university, the sense of community, the structural
design, the surroundings, and the cultural diversity particularly positive.
The main negative aspects mentioned were the infrastructure, the dirty

Table 1
Overview of large housing estate planning concepts following Kompetenzzen-
trum GroBsiedlungen (2015) and Langohr et al. (2023).

Planning Epoch Characteristics Model
Concept
Structured, low- 1950 - Linear building Im -— =
dense large 1960 structure — - =
housing Low building I il I ==
estates density I 1] = -
(Structured Generous amount
city) of urban green
Monofunctional
Insufficient
public transport
Urbanity by 1960 — High rise
Density 1980 buildings z: I"ljl e%
(Dense city) West High building and
Germany population
BRD densities
Mixed functions
Socialistic City 1970 - High rise F
1980 buildings
East High building and F m m Jm
Germany population
DDR densities I-LI f -‘_I
Uniform
monotone
buildings
Mixed functions
Ensemble
buildings
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and grey atmosphere, the crime rate, the high proportion of foreigners
and the missing shopping facilities.

According to Wassenberg (2018) there are also several external
motives to emphasise with large housing estates, e.g. reducing housing
shortage, labour- and material-efficient construction, fair and equal ar-
chitecture of units, efficient land use - thus saving the countryside from
urban sprawl. Large housing estates can also benefit from economies of
scale in terms of construction and maintenance (Wassenberg et al.,
2004). Building multiple units within a single development allows for
cost efficiencies in construction materials, labour, maintenance and
shared infrastructure.

2.3. Selection of large housing estates

The ‘Federal Ministry for Regional Planning, Building and Urban
Development’ (BMWSB) defined large housing estates as functional in-
dependent entities, with dense and high-rise homogeneous settlement
structures. Large housing estates usually contain more than 2,500
housing units, with predominantly social housing development
(BMWSB, 1994). According to these criteria, BMWSB lists over 240 large
housing estates in Germany, 94 of them in West Germany and 146 in
East Germany. We select a sample of 41 of these large housing estates for
the presented study. Attention was paid to an even spatial distribution
across Germany and to a balanced representation of each of the three
morphological types.

Table 2 presents an overview of the selected large housing estates.
The population figures for these estates were estimated using a fine-
grained population grid provided by Palacios-Lopez et al. (2022).
Furthermore, the housing estates were classified based on their urban
planning concepts. Indicators for classification were derived from
morphology, construction period, and literature. As a result, 12 ‘struc-
tured and low-density’ housing estates, 10 ‘urbanity by density” settle-
ments, and 19 ‘socialistic’ large housing estates were delineated
accordingly and further analysed with regard to their liveability.

An overview of the location of all LHEs is presented in the appendices
(see Fig. 9). Detailed satellite images of the LHEs are presented in the
Appendix A from Figs. 10 to 15.

2.4. Delineation of large housing estates

Large housing estates are usually characterised by a regular layout
with large buildings and large green spaces between blocks of houses.
The neighbourhoods were visually delineated according to a systematic
and standardised set of mapping criteria based mainly on land cover and
building morphologies. For this purpose, natural and artificial barriers
and dividing lines were used, such as main roads, railway lines, rivers or
clear visible changes in land cover. Morphological characteristics of the
neighbourhoods, like building heights, areas and volumes, were also
considered to delineate large housing estates, which formed a stark
contrast in urban morphology with the surrounding urban landscape.
Where possible, areas with an excessive number of single-family
dwellings were excluded from the study area. Fig. 2 presents a delin-
eation example of the large housing settlement ‘Gorbitz’ located in the
city of Dresden in Eastern Germany.

3. Assessing liveability with spatial data

The calculation of liveability parameters is based on the concept of
walkable distances within LHEs, as shown in Fig. 3. First, using defined
study areas and residential buildings from the building model, resi-
dential addresses are extracted as geolocated points and cropped to the
study area boundaries. These points serve as starting points for the
assessment of walkability, accessibility and morphology parameters.
Simultaneously, a routable pedestrian network (graph) sourced from
OSM is integrated for the designated study area. From each starting
point, a 750-metre (10-minute) sub-graph is generated, supplemented
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Table 2
Large housing estates in Germany used in this study. The population numbers are estimated with a disaggregated population grid provided by Palacios-Lopez et al.
(2022).

Town planning concept Neighbourhood City Area [ha] Population
Western Germany Structured, low-density Sennestadt Bielefeld 220 8,000
(Structured City) Langwasser Nuremberg 261 7,000
Mettenhof Kiel 158 5,000

Neue-Vahr Bremen 187 5,000

Weingarten Freiburg 77 4,000

Briinigheide Miinster 67 4,000

Neuwiedenthal Hamburg 81 4,000

Neu-Olvenstaedt Magdeburg 117 4,000

Garath Diisseldorf 108 3,000

Vogelstang Mannheim 89 3,000

Weststadt-Ost Braunschweig 88 2,000

Waldstadt Karlsruhe 56 11,000

Urbanity by density Neuperlach Munich 278 16,000
(Density City) Markisches-Viertel Berlin 205 13,000
Gropiusstadt Berlin 278 13,000

Chorweiler Cologne 161 11,000

Lusan Gera 259 7,000

Weststadt-West Braunschweig 132 7,000

Steilshoop Hamburg 73 6,000

Nordweststadt Frankfurt a.M. 194 6,000

Scharnhorst-Ost Dortmund 100 5,000

Westerfilde Dortmund 77 3,000

Eastern Germany Socialistic City Hellersdorf Berlin 691 43,000
Marzahn Berlin 855 40,000

Liitten-Klein Rostock 699 36,000

Halle-Neustadt Halle (Saale) 558 24,000

Griinau Leipzig 482 21,000

Schonewalde Greifswald 325 14,000

Neulobeda Jena 192 10,000

GroBer-Dreesch Schwerin 325 10,000

Fritz-Heckert-Gebiet Chemnitz 472 9,000

Neustadt Hoyerswerda 278 8,000

Gorbitz Dresden 135 7,000

WK-I-V Eisenhiittenstadt 176 6,000

Oststadt Neubrandenburg 131 5,000

Berliner-Moskauer-Platz Erfurt 183 4,000

Stadtsee Stendal 143 4,000

Neuberesinchen Frankfurt a.O. 173 3,000

WK-VI Eisenhiittenstadt 81 2,000

Wolfen-Nord Bitterfeld-Wolfen 104 2,000

Roter-Berg Erfurt 44 2,000

Fig. 2. Delineation the large housing settlement Gorbitz in Dresden, where the red point in the overview map represents the location of Gorbitz and the yellow points
represent all other delineated large housing estates. Map Data: Basemap ©Google 2023. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)
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by a 25-metre geometric buffer. This buffer defines the area within a 10-
minute walking radius of the starting point. Liveability parameters are
then iteratively calculated for each point. The buffered subgraph area
reflects walkability, while the amenity datasets is used to assess acces-
sibility across nine different categories, considering the density of
amenities within the subgraph and the proximity to the nearest amenity
in each category. Morphological parameters are determined using land
cover, population and building datasets. These parameters are then
associated with the respective starting point, and the process is iterated
for subsequent points in the dataset. Finally, the results are categorised
by planning paradigm and mean differences are tested for significance
using ANOVA analysis, with the magnitude of differences assessed using
Cohen’s d-test.

3.1. Liveability indicators

3.1.1. Walkability

The estimation of the liveability indicators for large German housing
estates in this study strongly follows the concept of walking distances
(Droin et al., 2023) which serve as the spatial entity in which people can
move by walking. Therefore, a people-centred approach is applied based
on the residential addresses of the urban population as starting points.
The walkable environment for each residential address is then evaluated
based on routing algorithms on the pedestrian street network. The larger
the area a pedestrian can reach within a specific time, the higher is the
degree of walkability in this neighbourhood.

In general, walking times ranging from 5 up to 20 min are usually
considered as easy (e.g. Logan et al., 2022; Staricco, 2022; Yang & Diez-
Roux, 2012). For the purpose of this analysis, a walking time of 10 min
was assumed to be an easy walking distance, following the concept of
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the 10-minute city (e.g. Karamitov & Petrova-Antonova, 2022; Kesar-
ovski & Hernandez-Palacio, 2023). At an average walking speed of 4.5
km/h (e.g. Schimpl et al., 2011), this results in a maximum possible
walking distance of 750 m as the crow flies. Only centroids of residential
buildings in large housing estate neighbourhoods were used as starting
points, as it can be assumed that each individual residential building
represents a valid residential address. According to the building classi-
fication provided by the cadastral building stock model for Germany
(BKG, 2021), industrial and non-residential buildings were excluded.
Using network analysis, it was possible to identify all streets and routes
within 10 min of walking or 750 m of each point, i.e. each existing
residential address. A geometric buffer of 25 m is applied to the resulting
routes, creating an area that only includes streets and excludes the often-
inaccessible courtyards of a city.

We define this area, specified here as a walkable sub-neighbourhood,
which serves as the reference area for calculating the three variables of
liveability: walkability, accessibility and morphology for each of the
starting points (Fig. 4). Walkability is determined by the total area of the
resulting polygon. With increasing area of the polygon, more places can
be reached by residents in a given time. Therefore, a greater walkability
area can potentially extend their reach and grant access to a greater
variety of essential services. The maximum area which can be theoret-
ically assessed in an open space with no barriers is roughly 177 ha (12 * ,
where r is 750 m).

For the calculation of the walkability indicator, the primary source of
geospatial data comes from the OpenStreetMap project (OSM)
(OpenStreetMap, 2023). OSM serves as a community driven compre-
hensive repository of geographic information, including a detailed
pedestrian street network. OSM’s crowd-sourced nature enables that the
data is regularly updated, allowing to conduct accurate and up-to-date
analyses of accessibility in this study. In particular, the OSM data is
used for accessing pedestrian networks and to return specific places of
interest. The network, comprised of street crossings (nodes) and paths
(edges) can therefore display all geographic relations, which are needed
for an accessibility analysis. Acquisition and processing are conducted
via the osmnx package in python (Boeing, 2017).

3.1.2. Accessibility

To analyse the accessibility, the walking distance required for a
resident of each building in the neighbourhood to access different fa-
cilities was determined. The walking distance to the nearest facility from
each address was then computed by deploying shortest path algorithms.
Furthermore, the number of urban facilities within a maximum walking
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Table 3
Grouping of POIs into 9 classes of amenities.
Category of POI Classifier POI Classifier Value
amenities Key
Public Transport public_transport stop_position
Active Living amenity dive_centre
sport All
leisure beach_resort, bowling_alley, dance,
disc_golf_course, dog_park, escape_game,
fishing, fitness_centre, fitness_station,
golf_course, horse_riding, ice_rink, marina,
miniature_golf, nature_reserve, park, pitch,
resort, sauna, sports_centre, sports_hall,
stadium, swimming_area, swimming_pool,
tanning_salon, track, trampoline_park,
water_park, playground
Entertainment amenity bar, biergarten, pub, arts_centre, casino,
music_venue, cinema, events_venue,
gambling, planetarium, theatre, nightclub
leisure adult_gaming_centre, amusement_arcade,
bandstand, hackerspace
Restaurants amenity cafe, fast_food, food_court, ice_cream, pub,
restaurant, internet_cafe, marketplace,
biergarten
Markets shop supermarket, butcher, cheese,
convenience, deli, dairy, greengrocer,
health _food, pasta, seafood
Community amenity community_centre, conference_centre,
social_centre, townhall, library
Education amenity college, kindergarten, language_school,
music_school, school, university, childcare
Health & amenity clinic, dentist, doctors, hospital,
Wellbeing nursing_home, pharmacy, social facility
Shopping shop All except markets

distance of 10 min was calculated. We aim to determine how far one has
to walk from the residential address to reach the next amenity of given
categories (Table 3 and see explanation on amenities below) and how
many amenities of each category can be reached from each address,
respectively.

Our study utilised the Points of Interests (POIs) in the Open-
StreetMap (OSM) dataset as the primary data source for amenities. POIs
store important location markers on the map, featuring descriptive in-
formation and a classification that enables filtering using key-value
pairs. However, to address the multifaceted aspects of urban function-
ality, as well as to facilitate the organisation of the vast array of OSM
key-value pairs into more interpretable and meaningful classes, an in-
dividual classification system for different categories was created. In

@ Starting Point ~ —— Pedestrian Network

E] Delineation of Neighbourhood

\:I Walkable Area [750m]

Fig. 4. Walkable area example in Steilshoop, Hamburg using the OSM pedestrian network. The left box represents the delineation of the large housing estate. The
green area on the right represents the total walkable area within 10 min from the red starting point. Map Data: Basemap ©Google 2023, Street Network ©OSM. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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accordance with the classification system proposed by Nicoletti et al.
(2023), the diverse range of individual urban amenities was finally
categorised into nine classes (Table 3) representing essential aspects of
daily urban living.

Accessibility of urban areas may be influenced by the location of the
estate in relation to the city centre and nearby amenities. As noted in
section 2, the location of LHE has often been determined by the asso-
ciated planning paradigm. ‘Structured and low-density’ LHE tended to
be built on the outskirts of cities characterised by predominantly resi-
dential uses. ‘Urbanity by density’ LHE were built closer to the city
centre, with more emphasis on mixed-use developments. ‘Socialistic’
LHE are typically built on the outskirts of a city, but with a focus on
providing amenities and services within the estate itself. Measuring
accessibility also includes whether and to what extent these building
principles or paradigms are still measurable today.

Also, to minimise the bias of accessibility in relation to the city
centre, our methodology is primarily based on walking distances which
can be covered in 10 min (see section 3). This means that amenities in
the city centre are not considered, but only those in the immediate vi-
cinity of the LHE complex.

3.1.3. Morphology

Using the walkable area from every building and zonal statistics from
map algebra (Tomlin, 1994) not only the total number of all amenities of
every class can be quantified, but also the extent of built-up and vege-
tated area, building area, building volume and residing population. We
consider these factors as a set of morphology indicators, which describe
the walkable environment of every home. Parameters like urban green
percentage, urban green per inhabitant, built-up density, 2D and 3D
building densities were measured.

To analyse urban morphology and landcover, the official German
cadastral building model (level of detail 1 (LoD1)) and the ESA-
WorldCover (European Space Agency, 2022) landcover classification
were used. Based on the building model information about building
heights, ground-floor area and therefore building volume are derived. In
combination with landcover information the proportions of urban green
to built-up area is calculated. The ESA-WorldCover dataset provides
global land cover information at a spatial resolution of 10 m. Developed
by the European Space Agency (ESA), the dataset incorporates data from
satellite missions, including Sentinel-1 and Sentinel-2, and employs
advanced remote sensing techniques to accurately classify land cover
types, such as forests, croplands, water bodies, and urban areas. The
classes grassland and tree-cover were considered as vegetated areas,
while all other classes as non-vegetated areas. Although cropland often
contains vegetation it has been excluded from the analysis as it has little
recreational value for urban dwellers (e.g. Kabisch et al., 2016).

Lastly, a fine-grained satellite-based grid of disaggregated popula-
tion at 10 m was used to derive population density (Palacios-Lopez et al.,
2022). Density is estimated by a disaggregation method from official
census data based on highly detailed 3D settlement data.

For the analysis of liveability in general, we analyse the reachable
area by foot from every address. We determine the number and type of
functional urban facilities within this individual walkable neighbourhood
for each residential building, and further the extent of urban greenery, the
degree of urbanisation, and the population residing within this radius
easily traversed on foot. In other words, the study examines how far one
can walk from their home address (walkability), the number and type of
facilities within reach (accessibility), and the characteristics of this
walkable environment (morphology).

3.2. Evaluation and summary of liveability indicators

In this study, we hypothesise that higher levels of walkability within
a neighbourhood are associated with higher levels of liveability. In the
context of accessibility, we consider it more liveable if walking distances
to amenities are shorter and more amenities are within a 10-minute
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Table 4
Overview, description and data sources of indicators for the analysis of live-
ability in this study.

Type Indicator Unit Data Source
Walkability Walkable area m? OSM
Accessibility ~ Shortest walking m OSM
distance to different
amenities
Number of amenities ~ Occurrence / OSM
in walking distance number
Morphology  Proportion of % OSM, ESA-
impervious and WorldCover

vegetated area
Urban green per
person

m? / inhabitant OSM, ESA-
WorldCover,
population grid
OSM, cadastral
model

Mean building m?, m, m
—area, —height,
—volume

2D building density

Building area m? / OSM, cadastral

walkable area m? model
3D building density Building volume OSM, cadastral
m® / walkable area  model
2
m
Population density Inhabitant / OSM, population
walkable area m? grid

walk. In terms of morphology, we find that an increased presence of
urban green space is associated with a variety of positive factors that
further contribute to improved liveability. As cities continue to expand,
we also suggest that higher building and population densities within a
neighbourhood are more favourable from an urban planning perspec-
tive, as they can accommodate a greater number of residents. All in-
dicators are summarised in Table 4.

3.3. Statistical analysis of liveability

To further investigate the liveability in large housing estates we
explored differences between neighbourhoods associated with the three
planning concepts: Structured City, Density City, and Socialistic City.
For each category, we estimated the average value of the individual
liveability indicators over all neighbourhoods in that category. Subse-
quently, we searched for significant differences of the mean values using
a single-factor analysis of variance (ANOVA) and a Cohen’s d test.
ANOVA examines disparities among group means with respect to the
observed variation both within and between the groups (e.g. Bahrenberg
et al., 2008). As a result, it determines whether the observed differences
between groups were more frequent than chance, thereby establishing
their statistical significance. The significance threshold in this study was
set to 0.05 (<5%). Cohen’s d is a statistical measure used to quantify the
effect size of the difference between two groups in a study. It is
commonly employed in hypothesis testing and meta-analysis to assess
the magnitude of the difference between means (Cohen, 1992).

4. Results

The architectural planning concepts ‘urbanity by density’ and ‘so-
cialistic city” exhibit considerable similarities in many aspects, which is
evident from the small effect sizes (Table 5). This resemblance can be
attributed to their comparable construction periods and often similar
morphologies. However, the urban green proportion and the associated
land use intensity, represented by 2-D building density, show substantial
differences (moderate and strong significance) within this pair. In
contrast, the other two pairs, i.e. ‘structured’ vs. ‘urbanity by density’
and ‘structured’ vs. ‘socialistic’ city, are characterised by a greater time
gap between their construction periods and fundamentally distinct
planning concepts. For these we observe, as expected, more significant
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Table 5
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Pairwise Cohen’s d effect size between planning concepts. The values give an indication of the magnitude of the differences between the design approaches, where | d |
< 0.2 is a negligible, > 0.2 is a small, > 0.5 is a moderate, > 0.8 is a large effect — following Cohen (1992).

. Density - Density - | Socialistic -
Type Indicator Socialistic | Structured | Structured
Walkability Walkable Area 0.06 0.08 0.01
Mean Distance to Amenities -0.41 -0.70 -0.30
Accessibility
Mean Number of Amenities in Walking Distance 0.21 0.62 0.49
Urban Green Percentage 0.61 -0.76
Urban Green per Inhabitant -0.16
Mean Ground Floor Area -0.31
Mean Building Height -0.56 0.77
Morphology
Mean Building Volume 0.35
2D Building Density
3D Building Density 0.39
Population Density 0.28
Effect Size Small | Mm.ie‘rate Large
Negligible

variations. Between ‘urbanity by density’ and ‘structured’ cities, there is
a moderate difference in accessibility and strong differences in
morphology, whereas ‘socialistic’ and ‘structured’ cities primarily differ
in their morphology.

However, Cohen’s d provides information solely about the effect size
of the difference. To further investigate the identified differences, the
liveability in the large housing estates was examined in detail, as illus-
trated below, by visualising average values for the entire large housing
estates.

4.1. Walkability

As evident from the Cohen’s d and average values (Table 5 and
Fig. 5), the walkability values show only negligible differences. While
there is some variability within the planning concepts, the median and

Walkable Area [ha]

Berliner-Moskauer-Platz

Fritz-Heckert-Gebiet
Gorbitz

Maerkisches-Viertel
Scharnhorst-Ost
Gropiusstadt
GroBer-Dreesch
Neulobeda
Neuberesinchen

Neustadt

Halle-Neustadt
Gruenau

Wolfen-Nord
Luetten-Klein
Stadtsee
Roter-Berg
Schoenewalde
Hellersdorf
Marzahn

Westerfilde
Weststadt-West
Neuperlach
Lusan
Steilshoop
Nordweststadt
Chorweiler
WK-VI

50

Oststadt

mean values are quite similar. Therefore, we consider walkability not
dependent on the planning concepts ‘structured, low-density’, ‘urbanity
by density’ or ‘socialistic’.

However, we observe variations within the three planning concepts:
large housing estates which are based on the ‘urbanity by density’
concept are very homogenous in terms of walkability, with the exception
of Westerfilde (Dortmund) and Markisches-Viertel (Berlin) with lower
walkability. For all other LHEs in this planning concept we observe very
similar values across Germany. Westerfilde is surrounded by non-
walkable agricultural areas and forests with only few paths, resulting
in poor walkability mainly at the neighbourhood periphery. Addition-
ally, this large housing estate is divided by a railway line, which can only
be crossed at specific points. In comparison, in the other LHEs from this
concept, high building densities with regular networks of pathways are
observed. Consequently, these areas have higher walkability values due

® o §E °
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Fig. 5. Average walkability as possible 10-minute walking area in the neighbourhoods in hectare for all large housing estates (left). The theoretically largest possible
walking area is 177 ha. The boxplots on the right display all mean values per planning concept.
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to the dense road network. Similar walkability values are measured in
the ‘socialistic’ and ‘structured’ cities, but with a significantly higher
dispersion within the groups.

With regards to the ‘socialistic’ type, we observe a more heteroge-
neous picture which is best observed in the two large housing estates in
Eisenhiittenstadt (WK I-V and WK VI). These two large estates, located in
close proximity to each other, provide an excellent example of con-
trasting walkability with respect to urban characteristics. While WK I-V,
a large housing estate mapped as a cohesive unit made of five individual
estates, has the highest walkability, its direct neighbour WK VI ranks
much lower among the socialistic large housing estates. The high level of
walkability in WK I-V is achieved despite a relatively sparse built envi-
ronment and generous green spaces, which are linked by numerous
footpaths. There are hardly any natural or artificial boundaries in the
estate, except for a small river and a main road in the south-eastern part.
WK VI has fewer footpaths between buildings and is strongly bounded
by a main road to the north, a railway station to the east, and the Oder-
Spree Canal to the south and west.

The ‘structured’ planning concept incorporates neighbourhoods with
both low walkability scores (Garath, Mettenhof, Bruenigheide, Neue-Vahr,
Weststadt-Ost) and with high walkability scores (Waldstadt, Vogelstang,
Weingarten). Garath is severely constrained by barriers, with an eastern
boundary consisting of a motorway and railway line, and an adjacent
forest to the north and west limiting pedestrian access. Conversely,
Waldstadt, to the north of the city of Karlsruhe, has a very high level of
walkability. This large housing estate has a very linear design, with
buildings aligned parallel to each other and connected by numerous
footpaths. There are virtually no artificial or natural barriers, as even the
adjacent forest is criss-crossed with walkable paths. As a result, this large
housing estate has the highest measured walkability in the entire
dataset.

4.2. Accessibility

For the indicator accessibility, we observe moderate differences be-
tween the three planning concepts based on the ANOVA and Cohen’s
d analyses. The results show that residents of the ‘urbanity by density’
neighbourhoods have to travel the shortest distances on average (360 m)
to reach all necessary urban infrastructure facilities (Fig. 6) and have
also the highest number of amenities (Fig. 7) within walking distance of
their homes (average: 9.6 amenities). The best ranked LHE here is the
neighbourhood Neuperlach in the south-east of Munich. This LHE offers
the most amenities (>12) with still short walking distances. But other
LHEs, such as Markisches-Viertel, Lusan and Gropiusstadt, also have an

Walking Distance [m]

Scharnhorst-Ost
Nordweststadt

Westerfilde
GroRer-Dreesch

Steilshoop
Neuperlach
Weststadt-West
Stadtsee
Luetten-Klein
Roter-Berg
Gorbitz
Schoenewalde
Neulobeda
Halle-Neustadt
Neuberesinchen

Lusan
1Chorweiler

{Maerkisches-Viertel
1Gropiusstadt
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above-average number of amenities in this planning concept.

The ‘socialistic’ neighbourhoods exhibit moderate accessibility
rankings with considerable variance, leading to the absence of robust
and statistically significant Cohen’s d effect sizes. However, the results
also reveal a correlation between total population of a large housing
estate and number of amenities in walking distance (r = 0.64). Espe-
cially the larger and more populated LHEs following the socialistic
model generally perform better in terms of accessibility compared to the
isolated LHEs in smaller cities. Interestingly, the socialistic large housing
estate WK I[-V (Eisenhiittenstadt) can be seen as a statistical outlier,
because it has a remarkably high number of amenities and consequently
short distances. This large housing estate is characterised by generous
green spaces mainly utilised as parks and playgrounds for children.
Additionally, numerous shopping opportunities, schools, medical facil-
ities, restaurants, and supermarkets can be found within the vicinity.
Moreover, the presence of a nearby bus terminal provides convenient
connections to local and long-distance transportation networks.

For the planning concept ‘structured and low-density’ we observe the
lowest accessibility, showing the longest walking distances (441 m on
average) and the fewest facilities in close proximity (average: 7.5).
Fuerst et al. (1999) criticised the ‘structured’ city design as being
monofunctional. Our analysis confirms this criticism in quantitative
numbers. In particular, the large housing estates of Bruenigheide, Sen-
nestadt and Langwasser perform poorly in this aspect, with long average
walking distances and a limited number of amenities within a 10-minute
walking radius.

4.3. Morphology

In terms of morphology, primarily moderate but also significant dif-
ferences between the concepts and designs of large housing estates are
observed (Fig. 8). Notably, the ‘structured, low-density’ and the ‘ur-
banity by density’ LHEs strongly reflect their respective construction/
planning concepts. The ‘structured and low-dense’ housing estates are
characterised by a high proportion of urban green spaces, low shares of
buildings and impervious surfaces, as well as sparse population and
three-dimensional building densities. The buildings are generally
designed with small footprints, low heights, and consequently exhibit
limited volume. In contrast, the 'urbanity by density’ concept is char-
acterized by less greenery, larger and taller buildings, as well as higher
building and population densities.

Due to the linear arrangement of buildings along streets, higher two-
dimensional building densities in the ‘structured and low-density’
concept still arise. This is because building density is determined for
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Fig. 6. Mean walking distances [m] to reach at least one amenity of every class in the 41 large housing estates in Germany.
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Fig. 8. Summary of morphology indicators in large housing estates. Every indicator for every neighbourhood was averaged and further hereby visualised as boxplot.

every address in the large housing estate. We then just consider build-
ings along streets that can be walked in 10 min for building density.
Often, the generously designed green spaces in ‘structured and low-
dense’ LHE are not interspersed with paths and are thereby excluded
from the reference area. Therefore, the green spaces are not accessible,
so residents have to walk along the larger streets and houses, which
inevitably increases the perceived density of these neighbourhoods.

In summary, based on these observations, we assume these factors
also impact the accessibility, as buildings were planned to serve as
spacious residential areas rather than functional spaces. Thus, the
monofunctionality in these ‘structured’ settlements persists to this day.
The major criticism of city planners regarding the lacking urbanity and
perceived isolation in large housing estates (Fuerst et al., 1999) can

11

therefore be confirmed with the aid of remote sensing and geodata. The
planning paradigm of "structured and low density’ was deliberately built
according to a strict separation of functions, making these neighbour-
hoods exclusively residential, with almost no business or leisure func-
tions. As soon as residents want to engage in leisure activities or go
shopping, they have to leave the neighbourhood and travel elsewhere.
This is why they lack urbanity and are often referred to as dormitory
towns, because people only stay in these neighbourhoods to sleep.

The principles of ‘urbanity by density’ are also reflected in the
observed results of the morphology. Within the study area, there is an
evident scarcity of urban green spaces, while simultaneously showcasing
the highest recorded building densities in both two-dimensional (2D)
and three-dimensional (3D) measures, along with population densities.
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Surprisingly, these trends persist despite the fact that the ‘socialistic city’
exhibited relatively higher average individual building footprints and
heights.

In the context of large housing estates under the ‘urbanity by density’
approach, more buildings are densely packed into the urban fabric,
leading to a reduction in green open spaces. Nevertheless, this intensi-
fied urbanity also brings about an increase in the availability and
accessibility of urban facilities and amenities. Nevertheless, it must be
noted that the urban green area in these large housing estates,
comprising more than 60 % of the total area, remains significantly high
when compared to the densely populated historic inner-city districts of
European cities.

While ‘structured and low-density’ large housing estates stand in
direct contrast to the principles of ‘urbanity by density’ large housing
estates, the ‘socialistic city’ represents a mix of both concepts. This can
be attributed, in part, to the fact that the socialistic architectural ty-
pology lacks a strict uniformity found in the other two approaches. In
larger cities such as Berlin, Dresden, or Leipzig, grand and towering
ensemble buildings dominate, comparable to the ‘urbanity by density’
style. On the other hand, in smaller eastern cities like Eisenhiittenstadt,
Hoyerswerda, or Greifswald, one can often find smaller building types
that bear resemblance to the ‘structured’ approach. Sparsely built, lin-
early arranged ensemble houses are more common here, contributing to
the greater variability observed in the socialistic neighbourhoods. A
particularly striking characteristic in this context is the relationship
between urban green spaces and two-dimensional building density.
Despite having the lowest average 2D building density, the dataset also
records the lowest urban green space proportions. This suggests that,
similar to the ‘structured’ concept, green areas might not be readily
accessible, and most pedestrian routes might lead through sealed streets,
thereby excluding mobility-impaired residents from the usage of green
space. The lower building density and the corresponding reduced green
space proportion further imply that in addition to buildings, many
streets, parking lots, and other forms of urban development contribute to
a higher degree of imperviousness within these neighbourhoods.

5. Discussion

By analysing the morphology of large housing estates, it becomes
clear that the planning principles applied from the 1950s to the 1980s
are still distinguishable by their settlement structure today. The con-
cepts of ‘structured and low-density’ and ‘urbanity by density’ are
clearly reflected in the derived quantitative parameters. ‘Structured and
low-density’ LHEs are characterised by a significant presence of urban
green spaces, smaller proportions of impervious surfaces, and sparser
population and three-dimensional building densities. These LHEs typi-
cally feature linear architectural designs with modest building footprints
and low elevations, resulting in a limited overall building volume.
Conversely, the ’urbanity by density’ LHEs are characterised by less
green space, the prevalence of larger and taller buildings, and increased
levels of both building and population density. The city type known as
the ‘socialistic city’, however, does not strictly adhere to a single
building concept. Instead, we conclude that it is a mixture of the other
two types. In the larger East German cities, urban growth required a vast
amount of housing, resulting in the construction of large, voluminous
ensembles of buildings, similar to the ‘urbanity by density’ settlements
found in the western regions. In contrast, the smaller cities, which
played an important role as factory towns in the former German Dem-
ocratic Republic (GDR), did not need to house such a large number of
people. The large housing estates which were built there served as
working-class neighbourhoods, characterised by row-like arrangements
with smaller, ‘structured and low-density’ elements. This aspect is also
evident in terms of accessibility. The densely populated socialistic es-
tates often have higher levels of accessibility, while the less densely
populated areas tend to be characterised by monofunctionality and
therefore tend to be less liveable.
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We discuss walkability as being influenced mainly by the presence of
barriers than by the layout of the neighbourhood. In many large housing
estates (e.g. Westerfilde, Wolfen-Nord, Garath), a notably poor walk-
ability is observed, primarily resulting not from the morphological
urban type, but rather from the presence of artificial or environmental
barriers such as rivers, roads, or railway lines. In other neighbourhoods
(e.g. Waldstadt, Vogelstang, WK I-V, Marzahn, Oststadt), observations of
pedestrian-friendly conditions are achieved through dense pedestrian
networks and accessible green spaces.

A significant criticism of large housing estates often revolves around
their monofunctionality, which has led to the formation of so-called not
very liveable dormitory towns. From the results of this study, it can be
observed that this situation is still influenced by the original urban
planning concept. Large housing estates of the ‘structured and low-
density’ type have the fewest urban infrastructure facilities in the urban
landscape. In contrast, the ‘urbanity by density’ type, which already
emphasised functional diversity during construction, exhibits the best
accessibility and, consequently, a higher level of liveability.

By taking a people-centred approach and using individual walkable
neighbourhoods the results reflect how a resident of a large housing
estate perceives its immediate walkable environment from its place of
residence. This method considers only those parts of the surrounding
neighbourhood that can be perceived by walking in everyday life, while
also considering barriers such as railways that limit the permeability of
space. An important point of discussion could revolve around the
parameter of maximum walking time. As presented in the methodology
section (section 3), the suggested optimal value varies from 5 to 20 min.
Staricco (2022) argues that in well-connected and densely populated
European cities, walking times of more than 10 min are critical in
accessibility analyses, as most urban infrastructure facilities can be
reached within this 10-minute timeframe. Therefore, an excessively long
walking distance could lead to the loss of discernible differences.
However, the automated implementation and the generally applicable
methodology allow to compute every possible walking time (e.g. 5, 10,
15 or 20 min) by solely changing the corresponding parameter.
Depending on the study area, maximum walking distances might need to
be adjusted. Dense and well-connected city centres can be analysed with
a walking distance of 5 min, while less densely populated areas should
be analysed with a walking distance of, for example, 20 min. We argue
that the concept of the ‘10-minute city’ provides a balanced and equi-
table model for large housing estates, as it also includes people with
limited mobility in the analysis.

Further, the visual delineation of large housing estates may be sub-
jectively perceived. It adheres to a rigorous mapping scheme and would
yield minimally different areas when carried out repeatedly by various
cartographers. However, this is mitigated through the utilisation of
walkable neighbourhoods and the people-centred approach. The
computation of indicators does not strictly relate to the delineated area
but instead focuses on the respective residential addresses within this
area. Consequently, the resulting walkable neighbourhoods may
encompass areas both outside and within the delineated zone.

Our results demonstrate that large housing estates do exhibit distinct
characteristics and are not all uniform and monotonous. There certainly
is no generally applicable most liveable city-concept, as different urban
residents have varied preferences and demands for living spaces and
their environment. For individuals with mobility limitations, neigh-
bourhoods with higher accessibility, such as ‘urbanity by density’ or
densely populated ‘socialistic’ large housing estates, may be more suit-
able. On the other hand, other residents may appreciate the seclusion,
tranquillity, and abundant green spaces offered by ‘structured and low-
density’ or ‘socialistic’ large housing estates. In terms of the dimensions
of liveability we monitored and the proposed hypotheses, the ‘urbanity
by density’ type could be seen as the more successful large housing es-
tate type. High building densities allow the provision of housing for a
large population, while more than 60 % of urban green space in these
neighbourhoods is still objectively a reasonably high availability of
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Table 6
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Selected indicator comparison between large housing estates and other forms of urban development. For large housing estates, all values from ‘urbanity by density’
have been averaged, as we argue that this is the most liveable type of LHE and should therefore be compared with other urban forms.

Urban form Walkability [ha] Accessibility Urban green [%] Building density [2D] Population density [Inh./ha]
Distance Number

LHEs 74.99 359.08 9.58 62.15 0.13 54.96

Prenzlauer Berg 89.58 132.96 63.51 29.45 0.30 199.61

Grunewald 67.42 410.29 8.27 75.17 0.16 37.26

Regensburg 89.30 128.23 74.87 21.33 0.36 165.56

green space. Simultaneously, this urban typology exhibits the highest
number of urban infrastructure facilities with the shortest distances
measured among those three types.

Finally, it is important to mention the comparison of LHEs with other
urban forms. We have applied our methodology for assessing liveability
indicators to representative neighbourhoods (see Table 6): the trendy,
densely block-built district of Prenzlauer Berg in Berlin, the villa or
single-family neighbourhood of Grunewald in Berlin, and the densely
built-up historic centre of Regensburg. Given that the selection of regions
for comparison is not entirely objective, and that the process of delin-
eation does not strictly adhere to a rigorous and unambiguous meth-
odology, it is important to acknowledge that the results derived from
these regions may not be entirely representative. However, we argue
that the disparities observed in the respective indicators are sufficiently
significant to warrant exemplar comparisons and, as such, require
thorough discussion.

As indicated in Table 6, LHEs fall within the intermediate range
across most indicators. The densely populated neighbourhoods of Pre-
nzlauer Berg and the historic old town of Regensburg stand out with the
highest walkability scores, primarily attributable to their dense road
networks and fewer physical barriers. In contrast, in Grunewald, the
presence of extensive privately-owned, inaccessible land parcels sub-
stantially diminishes walkability. These observations are also consistent
with the results of Droin et al. (2024), a large-scale study on walkability
in German cities. In both cases, the dense old town centres perform best,
while LHEs achieve significantly better results than single-family home
districts.

In addition, LHEs have relatively lower building and population
densities, mainly due to their higher proportion of urban green
compared to other urban forms. On the contrary, LHEs face a particular
disadvantage when it comes to accessibility to urban amenities. In this
regard, their performance is notably low, similar to the single-family-
building neighbourhood of Grunewalde. With an average of 9.6 ame-
nities within a 10-minute walking distance, accessibility in LHEs is
significantly lower than in the old town of Regensburg (~75 amenities) or
the trendy district of Prenzlauer Berg (~64 amenities). The primary
critique of monofunctionality and the lack of urbanity in LHEs becomes
especially pronounced when compared with other urban forms.

6. Conclusion

In an era of ever-increasing urbanisation and sub-urbanisation (Dolls
& Lay, 2023), where living space is becoming scarcer at the same time as
policymakers seek to reduce land consumption, the historic concept of
large housing estates suddenly regains relevance. Where else could
space-efficient housing for a large number of people be provided? With
the methodology presented in this study, some subcomponents of live-
ability (walkability, accessibility and morphology) can be clearly and
objectively quantified. This allows for a direct comparison and evalua-
tion of various types of large housing estates by focusing on people-
centred conditions and pedestrian distances.

The ‘urbanity by density’ large housing estate type excelled in the
dimensions of accessibility and morphology. It exhibited the shortest
distances to urban facilities while offering the most amenities within
walking distance among the three planning concepts. Due to its high-
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density construction, it can provide housing for many people while
still retaining a substantial amount of urban green compared to Euro-
pean city centres. Thus, the ‘urbanity by density’ estates could poten-
tially serve as a guiding model for future large housing construction
projects. In comparison to other urban architectural forms, it has
become evident that LHEs indeed strike a commendable balance be-
tween building density and green space provision. However, they still
lag significantly behind in terms of accessibility to urban amenities. This
deficiency in urbanity must be taken into consideration in future con-
struction projects to ensure a high level of housing satisfaction among
residents and to avoid the development of ‘dormitory-towns’. So, even if
the "urbanity by density’ type of large housing estate scored best in our
liveability analysis, future developments will need to make a great effort
to improve accessibility to amenities, otherwise this type of develop-
ment will also become a dormitory-town.

Nevertheless, our implemented methodology covers only a subset of
the highly diverse field of liveability. Therefore, implementing this
approach in studies based on different data, e.g. socioeconomic data,
such as quantitative information on education level, employment rate,
household income, or satisfaction surveys could provide a more
comprehensive insight into the relation between liveability and housing
satisfaction.

The method’s transparency and straightforward applicability offers a
promising avenue for advancing our understanding of the dimensions of
urban liveability by considering walkability, morphological patterns,
and accessibility to urban amenities. The results underscored the ca-
pacity of this methodology to discern significant distinctions in the three
dimensions of liveability, thus highlighting its potential for widespread
application in large-scale studies across diverse global urban contexts.
These measurable dimensions can lead to recommendations for munic-
ipalities, urban planners and decision-makers regarding future con-
struction projects.
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@ Urbanity by density
O Saocialistic city

O Structured, low-dense city

Neighbourhood City Neighbourhood City Neighbourhood City
1 Berliner-Moskauer-Platz Erfurt 15 Markisches-Viertel Berlin 29 Schonewalde  Greifswald
2 Brinigheide Miinster 16 Marzahn Berlin 30 Sennestadt Bielefeld
3 Chorweiler Cologne 17 Mettenhof Kiel 31 Stadtsee Stendall
4 Fritz-Heckert-Gebiet Chemnitz 18 Neu-Olvenstaedt Magdeburg 32 Steilshoop Hamburg
5 Garath Disseldorf 19 Neuberesinchen  Frankfurt-Oder 33 Vogelstang Mannheim
6 Gorbitz Dresden 20 Neue-Vahr Bremen 34 Waldstadt Karlsruhe
7  Gropiusstadt Berlin 21 Neulobeda Jena 35 Weingarten Freiburg
8 GroBer-Dreesch Schwerin 22 Neuperlach Munich 36 Westerfilde Dortmund
9 Grinau Leipzig 23 Neustadt Hoyerswerda 37 Weststadt-Ost  Braunschweig
10 Halle-Neustadt Halle-Saale 24 Neuwiedenthal Hamburg 38 Weststadt-West Braunschweig
11 Hellersdorf Berlin 25 Nordweststadt Frankfurt-Main 39 WK-I-V Eisenhiittenstadt
12 Langwasser Nuremberg 26 Oststadt Neubrandenburg 40 WK-VI Eisenhiittenstadt
13 Litten-Klein Rostock 27 Roter-Berg Erfurt 41 Wolfen-Nord Bitterfeld-Wolfen
14 Lusan Gera 28 Scharnhorst-Ost  Dortmund

Fig. 9. Overview of the 41 analysed large housing estates in Germany. The colours represent the according planning concept.
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Fig. 10. Satellite images of LHE 1 - 6. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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Fig. 11. Satellite images of LHE 7 - 13. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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Fig. 12. Satellite images of LHE 14 - 19. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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Neue-Vahr, Bremen

Neuperlach, Munich

TR

Fig. 13. Satellite images of LHE 20 - 27. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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Fig. 14. Satellite images of LHE 28 - 35. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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Westerfilde, Dortmund
V3 3 %!

Weststadt-West,
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Fig. 15. Satellite images of LHE 36 - 41. The colours in the numbered box represent the planning concepts ‘urbanity by density (violet), ‘socialistic city’ (orange),
‘structured, low-dense city’ (green). Map Data: Basemap ©Google 2023 & Bing 2023.
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