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1 ABSTRACT

Urban Landscapes show different urban structurae. physical face of cities is the result of compbey
planning and general principles of spatial plannigd this physical face can be seen as the thealde
influencing life quality, social justice, mobilityatterns, etc. In this work we focus on a spegifienomenon

in post-war Germany: the town planning conceptasfié housing estates and their physical realization
Same principles seem to lead to very similar urbanctures and morphologies. However, over time
different principles of spatial planning directiongre applied for large housing states in the 18H)(the
principle of the ‘structured and low dense cityr)dathe 1970/80s (the principle of ‘urbanity by dérisin
Western Germany and for the entire time period|l k890 in the German Democratic Republic (the
principle of the ‘socialistic city’). In this stuwye analyze whether large housing estates resultsinilar or
different urban morphologies. And, whether différarban morphologies developed across variatiorieef
specific town planning concept applied. To do se, ase our work on spatial data capturing the large
housing estates in Level of Detail-1 (LoD-1) 3D ldirig models and the street network. These
geoinformation are derived from multi-sensoral Badbservation data as well as from Volunteered
Geographic Information (VGI) (in our case from Of&eetMap). For the measurements and analyses of th
morphologies of large housing estates we developapply spatial features such as building denfibpy
space index, orientation of buildings, orientatioofs streets, among others. We reveal that different
directions of the same town planning conceptsdagd housing estates generally create physicalbitities

of the urban morphologies within a relatively smrathge. A closer look, however, reveals that vt do
exist and that specific town planning principles k@ facto influence on the resulting morphologies.

Keywords: large housing estates, volunteered gebgranformation, remote sensing, urban morphology,
urban structure

2 INTRODUCTION

Building types and their spatial arrangement predantly define the appearance of a city. Thesecsiras
are often the physical result of urban plannin@gle mixture of changing ideas over long periddsme,
and related social and economic developments (Henge 2006). Across the globe spatial layouts ef th
built structure are of high variability from infoah) organic, irregular, complex, often high denskzations

of space to formal, planned, geometric, structuaed often low-dense lay-outs. In the domain of town
planning manifold concepts have been developed aadhe garden city (e,g, Will & Lindner, 2012)wne
towns (e.g. Hardy, 1991), large housing estate&K&e& Van Kempen, 2005), among many others. They
all aim to steer city building to bring the phydistructure into geometric order (e.g. Patel, Ceék
Koizumi, 2012) and with it to create a physical ieomment for a better, new society (e.g. Strei@d1,1). In
general these town planning concepts formulateifspemals and provide architectural guidelineshwit
range of variations in realizing them (Reicher,£201

A specific phenomenon in post-war Germany are lamesing estates. With about five million peopleéniy

in these estates in Germany today (BBSR, 2015)adudit 41 million (excluding the former USSR) in
Europe (Dekker & van Kempen, 2004), this conceptaias of high relevance for living spaces. In the
following we aim at spatially describing and anahggthe built-up morphologies of such large housing
estates for differents parts of Germany. To doasocompile land cover information on the built stures
(houses and streets) using a multi-source appra&ehuse OpenStreetMap data (OSM, 2017), very high
resolution satellite data as well as ground-badextqgraphs for deriving three-dimensional city meds
individual building level. Based on these geoinfatimn we aim at quantitatively comparing large hogs
estates based on one main question and two vasatb it: Do large housing estates feature sinolar
different urban morphologies? And have differerthtaur morphologies developed across variations of the
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specific town planning concept applied? And havifedint urban morphologies developed within the
respective town planning concept?

Inherently these questions carry varying spatieations of large housing estates and, thus, fapgerof
construction before 1990 different political system them. Beyond, these questions carry referetwes
different periods of construction as well.

2.1 Large housing estates

After the second world war there was an urgent dehiar new housing units in Germany. This was due t
destroyed buildings, population growth, or risindividual demand for living spaces. The “Federahistry
Environment, Nature Conservation, Building and NaclSafety” — as it is called today — defined large
housing estates by the following indicators: bafter 1945, functional independent estates, ddngh;rise,
homogeneous settlement structures, larger thanO2heising units, and predominatly social housing
development (BMUBau, 1994).

Due to different political systems until 1990 tlmvh planning concepts related to large housingtesta
varied between Western and Eastern Germany. Thectsted and low-dense” city was the main concept i
Western Germany in the 1950s and 1960s. It featargohtial (and often dogmatic) separation of fionst
between residential or commercial areas (Heine&ekgajewski, 2014). The concept included large gree
spaces and recreation areas in close distanct®e kP60s this concept was adapted to “urbanitgensity”
(Heineberg & Krajewski, 2014). This conceptual ideatured the spatial integration of urban functiamd
aimed at higher utilization of space. In eastermn@ay the town planning concept of the “socialisfiy”
was applied. It was meant to be socially inclusi@acial differences should not be seen by built
environments (Béhr & Jurgens, 2009). In comparmrthe “structured and low-dense” concept, the urban
functions were spatially mixed (SenatsverwaltungStadtentwicklung und Umwelt, 2012; Altrock, Grenz
& Kabisch, 2018).

Town planning| City Settlement Time period of construction Living
concept 1950s| 1960 1970s| 1980s | UNits
Structured, low-| Braunschweig| Weststadt [B] X >5,000
dens_e mixed large Bremen Neue Vahr X X >10,000
housing estate
Karlsruhe Waldstadt X X >5,000
Urbanity by density | Berlin Gropiusstadt X X >1000
Braunschweig| Weststadt [C] X >5,000
Dortmund Scharnhorst- X X >5,000
5 Ost
% Frankfurt a.M. | Nordweststadt X X >5,000
2 Hamburg Steilshoop X X >5,000
% Miinchen Neuperlach X X >10,000
g Regensburg Kdnigswieser X >2,500
Socialistic city Berlin Hellersdorf >10,000
g Dresden Gorbitz X >10,000
8 Erfurt Nord X X >10,000
% Jena Neulobeda X X >10,000
u%j) Leipzig Grinau X >10,000

Table 1: Large housing estates in Germany - theelécted study sites

2.1.1 Selection of study sites

In 1994, 240 large housing estates were documentéslermany (BMVBS, 2013). For our gquantitaive

analysis of the built structures, we select 15ddrgusing estates (Table 1) by the following dater

N
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» study sites which have been built under the guédiof one of the three town planning concepts:
“structured and low-dense”, “urbanity by density™eocialistic city” and thus, the selected samples
inherently refer to different periods of constroatior political systems.

e study sites across entire Germany for a basicalbgaphic even distribution.

Table 1 provides an overview of the 15 selectedyssites, their names and locations, their reléabech
planning concepts, their construction time andsike by living units.
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Fig. 1: Three-dimensional view of the urban morplgylof the sample Dortmund Scharnhorst-Ost
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Fig. 2: Two-dimensional view of the urban morphglag the sample Dortmund Scharnhorst-Ost illustigaithe spatial features
building size, building density and type of street

Figure 1 gives an impression of the derived geoimé&dion in a three-dimensional perspective for the
example of the large housing estate of Scharenf@mtsin Dortmund. The figure illustrates the platne
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geometric alignments or the different building type heights. Figure 2 illustrates further spakatures
such as the building ground floors sizes, the ingjdiensity and the types of streets used for dagimely
measuring the patterns.

3 METHODOLOGY

Our approach aims at comparing the built-up stmestui.e. the buildings and the streets definig the
structures and patterns of large housing estatesmieasurement of spatial patterns is, howevespglex
task and needs a clear definition of the spatiaswi measurement and the spatial indicators a@pli

In this study we rely on three different scaledie individual object, the block unit and the distriAt the
level of individual objects we capture the elemetssitituting the urban structure and pattern we a
interested in; these are the building footprinkeirt heights and the streets (compare Fig. 1). B&ethe
block level to aggregate the geoinformation ofvitlial objects onto structural information suctbagding
density (Wurm et al., 2014). The block unit is gatlg defined by a spatial entity which captures a
structurally homogeneous area, often circeled bystheet network (Taubenbdck & Kraff, 2014). Howeve
if the street network is not close meshed we intcedadditional borders at obvious structural changes
of the built environment (e.g. from a built aretoia park area). We use the district level to agmpes all
generated geoinformation — either structural infation on block level such as building density, aydut
information which has not been aggregated ontokblméts such as street orientation. In consequehee,
aggregation onto the district level is the ultimapatial entity of comparing the spatial indicatbetween
study sites; the comparison relies either on mediareans or the variability of measured valuesalized

in boxplots.

For a quantitative spatial analysis of the urbancstires we use eight spatial indicators: Five aatlirs
capture the appearance of building structures lare tindicators capture the layout of the stréafs.rely
these indicators based on the suggestions for miegstihe morphology of cities and their structutss
Taubenbock, Kehrer & Wurm (2015). The five indigat@apturing the building structures are: ‘building
density’; it is calculated in percent as the sumalbfbuilding ground floors per block unit; ‘flo@pace
index’; it is a non-dimensional number calculatgdie sum of the available floor space per blodk tmow
house ground floor areas’; it is derived in percastthe share of building groundfloors belongingadw
developments relative to all building ground flopes block unit; ‘height of buildings’ is calculatas the
avaerage height of buildings in meters per blockl @rientation of row development’; it is calciddt by
the main orientation of each individual buildingdegree.

The three indicators capturing the layout of threett network are: ‘Percentage of non-linear streitis
calculated as the percentual share of street cuasive to the street network of the entire distr
‘percentage of dead end streets’; it is calcula®dhare of dead ends relative to the entire anaisiteet
segements of network per district; and ‘orientatdrstreets’; it is calculated in degree basedhenrhain
orientation of every street segment. The histogramtrdistrict level allows conclusion on the degode
geometric layouts.

For a descriptive analysis of the structural pattexwe use boxplots provding the variability and raesl of
the measured indicators building density and figmace index at district level. For row house grofloolrs
and building heights we simply use the mean valaes, for orientation of row developments we use
histogramms displayed in spider charts.

For the analysis whether settlement morphologiespatterns of large housing estates differ statiliti we
apply a single-factor analyis of variance (ANOVAYe apply the analysis for the spatial featuresilding
density’ and ‘floor space index’ at block level,damow house ground floor areas’, ‘height of buildi and
‘orientation of row development’ at individual objs level. For the street layout we apply the sfgctor
analyis of variance onto the spatial features ‘petage of non-linear streets’, ‘percentage of dead
streets’ and ‘orientation of streets’. The ANOVAadyzes the differences among group means and their
associated procedures (such as "variation" amodgbatween groups) (e.g. Bahrenberg et al., 2008). |
consequence, the approach tests if differencemare frequently than random, thus statisticallyngigant.

The variances among averages within a group ofatatéherefore compared to averages between gosups
data. The data groups in our case are our spatitires quantitatively measuring spatial patterounflarge
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housing estates. The amplitude of the variance dmriwgroups measures the differences, with the
determination of significance set to 0.05 (5%).

For the analysis which town planning concept fesdstatistically different urban morphologies imeel
we apply a honest significance test (Tukey-HSD). &fiply the same to detect which large housing estat
within one town planning concept feature significdifferent spatial characteristics. The approammgares
the values of the individual data groups to eattentNon-significant differences will be classifiad one
data group.

4 RESULTS

The results are structured into two different sexi— a descriptive section giving insights inte theasured
structures of the large housing estates and anytaadl section providing a statistical analyses for
classifiying similarities of the measured structure

4.1 The measured structures of large housing estates

Built-up structures and lay-outs found across tlebg show a very high variance — from organic,gular,
complex high dense utilizations of space for ex@mipl slum areas to geometric, ordered low dense
utilizations of space e.g. in suburbs. Using thengxe of building density, the documented variasgans
from 10% density in suburbs (Taubenbock, Kehrer &ritv, 2015) to 90% density in informal slums
(Taubenbock, Kraff & Wurm, 2018).

In relation to this high variability of structurddyouts found across the globe, the measured staict
variability for the town planning concept of largeusing estates is very low; using the examplern® o
spatial feature —building density—, the utilizatiohspace is with measured values generally froft 18
19% also comparatively low. Figure 3 illustrates theasured results in boxplots for two examplethef
introduced spatial features: building density dondrfspace index.

35 2,5
30
b 4
25
£ 5
1,5
Z 20 £
g : g
= =] 8
=] W
= 15 R ®
o ] ]
= =] 1
: & E L
10 %
0,5
5
0 0
B \Weststadt [B] 8 Neue Vahr O Waldstadt B Gropiusstadt B Weststadt [C] O Scharnhorst-Ost O Nordweststadt O Steilshoop
B Neuperlach O Konigswiesen M Hellersdorf B Gorbitz O Nord O Neulobeda O Griinau

Fig. 3: Boxplots illustrating the building densiflarge housing estates; ordered by town planoergepts — blue: structured and
low dense; green: urbanity by density; orange:aistic city.

In general, we find building densities varying iredian from a minimum of 12.7% in Waldstadt in
Karlsruhe to a maximum of 19.1% for Scharnhorst-@sbortmund. In relation to other structural urban
types mentioned above, the relating structuralaveze within this specific town planning concept ¢en
considered very low showing the steering effectgutlelines (and land use regulation) for architesdt
realization.

The floor space index reveals a varying usage ategrom a minimum median of 0.4 in Waldstadt in
Karlsruhe to a a maximum median of 1.1 in SteilghwoHamburg. It is remarkable that the ‘structuased
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low dense’ large housing estates mirrows its cotuatpyoal in de facto lower dense built structunéth
medians of 0.4 to 0.65 and low variances. For treept of ‘urbanity by density’ the variability lsghest
with medians from 0.65 to 1.1, while the ‘sociatistity results in very homogeneous densities dfoar
space indices of 0.9 across the samples.

The measured row house ground floor areas varyeiian from the minimum of 357m2 in Nordweststadt in
Frankfurt a. M. to very large building footprintstiv4,585m?2 in Steilshoop in Hamburg as maximunis It
remarkable that again, the variance of physicaliza&gons is highest for the town planning concept
‘urbanity by density’, while both other conceptsutt in relatively homogeneous row house sizes. The
socialistic city features constantly larger row b@sizes.

The measured heights of buildings show that in ametirge housing estates are characterized bytseagh
about 15 — 20m, which relates to about 5 floorsweleer, the variance of measured buildings heights i
generally high as many building structures alsonsheights of up to 70m (e.g. Gropiusstadt in Bgréin
50m (e.g., Neue Vahr in Bremen, Neuperlach in MumicGorbitz in Dresden).

Regarding the ‘orientation of row development’ weected —as it is typical for most town planning
concepts — that regular, geometric spatial buildayputs are dominating. These layouts would retgoima
geometric orientations either in parallel or ortbogl alignments. Figure 4 illustrates these rowettgyment
lay-outs in spider charts using histograms of messarientations.
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Fig. 4: Spider charts illustrating histograms oilding orientations in large housing estates —brictured and low dense; green:
urbanity by density; orange: socialistic city.
We find that some large housing estates almosegidyf meet the hypothesis that these town planning
concepts result in perfect geometric, regular l&yoBerfect examples are Weststadt [C] in Braunsahw
Scharnhorst-Ost in Dortmund, Kénigswiesen in Relgertgsand Griinau in Leipzig, which feature exclysivl
row development alignments in parallel or orthodosatial order. However, the hypothesis is not met
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everywhere. For instance, in Hellersdorf in BedinWeststadt [B] in Braunschweig the row developtnen
alignments are realized in more non-regular layouts

The lay-outs of streets are measured by the thpet¢iat features ‘percentage of non-linear streets’,
‘percentage of dead end streets’ and ‘orientatiostreets’. For the spatial feature ‘percentagaad-linear
streets’ a clear trend within or across town plagrioncepts is not recognizable in our results. (D
planning guildines seem to not affect the stregoués. Beyond this, we also measure for the feature
‘percentage of dead end streets’ high variabilid& find no significant dependence of this struatur
element with respect to the town planning conceptvever, we find in general that this structuraneént
with the objective of traffic calming in residentareas is a typical instrument established bymas This
element is often used for more than a 20% shargifman is Waldstadt in Karlsruhe with 45%) of the
entire street network in the quarter. The spaéiature ‘orientation of streets’ is strongly relatedhe spatial
feature ‘orientation of streets’. As examples, Wiestt [C] in Braunschweig or Scharnhorst-Ost intBoind

do feature almost perfect geometric, regular layout just for the building developments, but dtsothe
street orientations. This shows the dependenceedtdayouts and building structure alignment.

4.2 Morphological similarities and differences across ad within large housing estates — a statistical
classification

4.2.1 Morphological differences across town planning @pmis for large housing estates

We apply the ANOVA to identify statistical differe@s between the urban morphologies of the threa tow
planning concepts. The urban morphology is desdrtbethe introduced spatial features on buildingd a
streets. In addtion, the Tuckey-HSD creates sizdisgroups within the specific spatial featureable 2
presents the respective results of the ANOVA aedTihkey-HSD between the town planning concepts. The
same numbers indicate similarities for the measgpadial features. Different numbers indicate stiatl
deviations for the respective spatial feastures.

Structured, low-{ Urbanity by density| Socialistic city
Parameter dense, mixed larg
housing estate
building density 1 2 2
floor space index 1 2 2
building size 1 2 3
building height 1 2 2
building orientation | 3 2 1
street orientation 2 2 1

Table 2: Results of the ANOVA and the Tukey-HSD testtveen the town planning concepts and classificanto sub-groups

In general, we find for the town planning concepttloe ‘structured, low dense large housing estates’
characteristic spatial features differing from thther concepts. As the concept suggests by teraugpl
lower built-up densities are realized (with higlstiares of urban green spaces). With an averageirmil
density of 15.9% and a floor space index on averdd®53 the usage of space is significantly betber
averages measured across our 15 samples in GerBeygnd, row house footprints are on average with
621m?2 signifcantly smaller and building heights an¢h 13.5m on average significantly lower than the
measured building morphologies in other large haugstate planning concepts. The building orieorati
are measured to be predominantly in geometric oodeparallel or orthogonal arrangements, as it is
characteristic for plannend quarters. The anaglsibe street layout reveals no charcteristic ayeament for
this town planning concept regarding percentageaf-linear streets, dead end streets or orientaifon
streets.

For the town planning concept ‘urbanity by density¢ find in general that spatial features deviate
significantly from the structured, low dense cortoapidea. We measure the ultilization of spacg.(By
building densites and floor space index) is higbgrtrend (e.g. Neuperlach in Minchen 17,6 % or
Gropiusstadt in Berlin): The conceptual requiremehtcreating more urbanity has been reached by
increasing two dimensional building densities; heere absolute numbers reveal that the increase a@dp

to the structured, low dense concept is with afewcent relatively low. The increase in utilizatiohspace
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predominattly can be referred to the floor spaa®ex) which has been increased on average fromo0.5 t
about 0.8. When relating this town planning condepthe one of the socialistic city the measureatiap
features show many similar structural elements fuiding density, floor space index and buildhejght).

Consequently, we find for the concept of the ‘slsti@ city’ significant structural deviations frorthe
structured, low dense concept, and partly simitarctural features to the concept of urbanity bygiy. As
examples, realized building densities, floor spiackces and building heights correspond to the ephof
urbanity by density. Building sizes as exampleareverage with 1,578 m? significantly larger tlianthe
other two concepts.

Concluding we find that different directions of te@me town planning concepts due to political bemkgd
or construction times have influence on the redlizmilt structures. However, the general physical
variability of the large housing estates appedietavithin a realtively small range.

4.2.2 Morphological differences within town planning cepts for large housing estates

Here, we apply the ANOVA and the Tuckey-HSD to iifgnstatistical differences within the three town
planning concepts. Therefore, we apply only thechaspulation of data per town planning concepttfar
analysis. And, we create sub-groups within the tg@Aamning concepts. Table 3 presents the respective
results of the ANOVA and the Tukey-HSD. The santets (A, B, and C) indicate to which town planning
concept the respective large housing estate beltmghe same number indicates statistical sintigari
within the spatial features of the settlements ré town planning concept. Lower numbers indicateecto
average values. If more than one number is givenstructural appearance belongs to more thanumne s
group. Settlements indicated with a star are unique
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i () S =1 e < 3 0 o 2 @ S ] o c
¢ 3 ®©| S © 5§ 5 © B S |T © 5 =B B
Parameter = z =2/ =2 ©» z2 »» =z xx|T O =zZ2 zZ2 O
building density B B B C C C C C C C A A A A A
2 12 1~ 1 1 1 1 1 1 1 1 1 1 1 1
floor space index B B B C C C C A A A A A
1 1 1 1 1 1 1 1 1 1
building size B B B C C C A A A
2 2 1* 2 1* [ 4% 1 123 12
building height B B B C C C A A
1 2% 1 1 1 12 1
building orientation | B B C C C A A A A A
2* 1* 45 1 5* 12 1 2 1 2 2 1
street orientation B B B C C C C C C C A A A A A
2 1* 2 12 1 2 12 12 1 12 | 2 1 12 12 1

Table 3: Results of the ANOVA and the Tukey-HSD teishin the town planning concepts and classifmatinto sub-groups

Within the concept of the ‘structured, low denseé wletect generally similar built morphologies.
Predominately row house developments and spordgdfc fiise buildings are charateristic with low floor
space indices.

Within the concept of ‘urbanity by density’ we maess similar structures; however, more morphologic
variations between the settlements exist. As uthad use planning defines maximum densities, itds
surprising that measured densities remain withsmall range. They do not show significant diffeesc
among our selected seven samples with a minimunsitgjemeasured of 16.6% for Kodnigswiesen in
Regensburg vs. a maximum of 19.1% for ScharnhosstirOdortmund. However, at indivdual building leve
land use planning provides grades of freedom thiteats. Consequently, building sizes, buildingghés as
well as the orientation of the streets reveal ndiffgrent types of design.
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Within the concept of the ‘socialistic city’ we firhighly homogenous morphologies of building stioes.
Serial building types produce very similar morplyds across space and time. No significant diffegerin
building density, floor space index, orientationtleé¢ buildings as well as streets could be idextifitmong
the five samples. In general, the measured vanstimetween the urban morphologies are significantly
smaller then within the other two concepts. Howgwame grades of freedom in architectural or town
planning realizations are identifed as for exangumparatively high spatial variance of building siénor
floor space index across block units within oneaasemeasured.

Concluding we find that the same town planning embiccreates generally homogoenous urban
morphologies; although variations exist across glamof large housing estates, they remain within a
relatively small range.

5 DISCUSSION

In this work we classify the urban morphology ofg housing estates and relate their structures and
patterns to different town planning concepts. Thpraach of combining multi-source geodata (VGI and
remote sensing) proves capable of measuring anelmgdhe built appearance of cities. The geodata w
use for the analysis are at the spatial level dividual buildings and street segments where warassve
capture the urban morphology well. Today the cditi@si of very high resolution multi-temporal reraot
sensing data even allow the documentation of cleafythe built-environment at LoD-1 (e.g. Leicheleal.,
2017). In consequence, in future physical adaptatio these large housing estates can be monitired.

In general, the measurement of urban morphologiesdeen documented as a complex task due to the
manifold influences of thematic, spatial and cadtive issues (e.g. Openshaw, 1983; Taubenbdck. et al
2016). Based on the literature we apply commonbgssted features, i.e. a combination of themattiaip
features such as building density, floor space xnde street orientations. Beyond, we apply the rofte
suggested spatial entity of block units for aggtiega Thus, we assume that it allows to charactetire
built environment in a comprehensive multidimenaiomay. However, we have to ackowledge that further
spatial features such as green fraction or the likgich characterize the spatial appearance as mayl
provide additional relevant information not consetkin our study. Beyond, the trends identified ddban
morphologies in large housing estates are basedrelatively small sample of 15 and are thus &ttasbe

not fully representative. It also remains an opeestjon how the physical realizations of large huys
estates in other parts of Europe or across theegielate to our samples analyzed.

6 CONCLUSION

In this study we find that the town planning cortceplarge housing estates and their guidelingshiysical
realization lead to — from a very general perspecti similar physical built structures and spdagbuts. A
closer inspection reveals that different epochs wiifferent guiding ideas (“structured and low-dehs
“urbanity by density” and “socialistic city”) of wan planning concepts led to varying physical redions of
the built environment. This, in turn shows thattedag town planning guidelines hold certain degrets
freedom. Assuming that the built structure seethagdheater of life (Jacobs, 1961) has significafitience
on the society (as suggested for example by Sasn2@t0) a consequential analystical step forwawdlav
now be the systematic correlation with socio-ecacqgrarameters such as income, quality of life, scibye
feelings, etc. in these areas. This analysis wéselda necessary reflection of the specific town ke
concept and its capability of providing living eraiments of high quality.
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