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Abstract

This paper presents a cross-sectional analysis of the urban land use patterns of 230 city regions in
34 European countries and an in-depth longitudinal analysis of 10 selected regions. The guiding
question is whether the post-socialist transformation of urban spatial structure in Eastern
European regions can be interpreted as an adaption process to Western-style urbanisation and
how far a process of ‘mimicry’ has reached. Our empirical approach is based on a model designed
to measure binary urban land use patterns with respect to spatial dispersion. As cities and city
regions vary in spatial pattern and size, we calculate the dispersion index for three different
standardised extents: squares of 25 and 50 km around the defined urban centres as well as city-
adjusted accessibility isochrones. Our input layers are binary settlement classifications derived
from multi-temporal Earth observation data. For the cross-sectional analysis, we cover entire
Europe, and for the longitudinal analysis, we cover a sample of 10 cities for Western and Eastern
Europe of predominantly capital cities of different sizes at four time steps — 1975, 1990, 2000 and
2010. We found significant differences between Western and Eastern European city regions as
they have entered different stages of urbanisation. Eastern city regions are less populated, less
urbanised, more dispersed and denser than regions in the West. Processes of post-socialist urban
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restructuring have definitely resulted in a change in land use patterns similar to that of Western
Europe since the late 1950s. We nevertheless do not think that a ‘catch-up’ growth, leading to full
convergence with Western-style urbanisation, will be a realistic future scenario. Eastern
European urbanisation can best be characterised as hybrid: cities and city regions simultaneously
manifest characteristics of convergent adaptation and path-dependency; they prove typical fea-
tures of capitalist urbanisation, but relics of the socialist past are still omnipresent.

Keywords
Post-socialist transformation, urban sprawl, compact city, remote sensing, comparative
urban research

Introduction

Even 30 years after the collapse of socialism in Central and Eastern Europe (CEE), the
region can still be seen as a laboratory allowing us to learn about the change of urban spatial
structure in response to far-reaching shifts in political and social organisation (Stanilov and
Sykora, 2014: 2). The transition from a socialist economy to free-market capitalism did not
only result in a political, economic, social and cultural restructuring process but it also
implied a large-scale transformation of urban structures.

Looking back at the past three decades, post-socialist transition is usually associated with
the introduction of a democratic political system, with economic liberalisation, the privati-
sation of state assets and opening of local markets to international economic forces, the
decentralisation of political power to local governments and the predominance of liberal,
rather permissive regulatory planning frameworks (Sykora and Bouzarovski, 2012).
Alongside cultural and social changes, these large-scale restructuring processes have
reshaped the institutional framework of urban and regional development as well as the
built environment of cities and city regions themselves. The centralised, hierarchically
organised planning system of the socialist era was abruptly replaced by a fragmented,
local self-government structure where individual communities competed for tax income
and economic stakeholders gained influence over land use decisions (Sailer-Fliege, 1999;
Smigiel and Brade, 2011; Sykora and Stanilov, 2014). Whereas socialist urban policies aimed
at ‘balancing’ development and reducing spatial disparities (mainly by distributing devel-
opment over a larger number of industrial hubs and central places), post-socialist develop-
ment agendas were instead competitive and growth oriented (Hamilton, 2005; Sailer-Fliege,
1999; Smigiel and Brade, 2011). Key features of urban transformation in the 1990s and
2000s include, but are not limited to, the commercialisation, regeneration and densification
of inner-city areas and a dynamic expansion of built-up space, largely driven by private
actors on the re-established land markets (Sykora and Bouzarovski, 2012).

A predominant interpretation is that the adoption of Western institutions, cultures, pol-
icies and regulative mechanisms has led to a convergent adaptation of spatial structures,
implying a profound change in functional, morphological and socio-spatial patterns
(HauBermann, 1996). One essential spatial outcome of this ‘catch-up’ process (Ott, 2001)
is suburbanisation, a phenomenon that was largely suppressed in CEE countries before 1989
(Smigiel and Brade, 2011; Sykora and Stanilov, 2014). The relatively compact urban form of
the socialist city was, thus, gradually replaced by a more decentralised and dispersed urban
structure (Ianos et al., 2016; Sykora and Bouzarovski, 2012). From this perspective, urban
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restructuring in post-socialist countries follows a ‘common logic’ that is deeply rooted in
institutional, political and social change (Sykora and Bouzarovski, 2012: 44). Proponents
support the ‘convergence’ hypothesis with the observation of similar trends in urban land
use change, motorisation and mobility, housing preferences, spatial patterns of retail and
office decentralisation, or social segregation.

In contrast, other voices emphasise the path-dependent and unique nature of urban
change in CEE countries after the fall of the Iron Curtain (GroBmann et al., 2015;
Schmidt et al., 2015; Sheppard, 2000; Tosics, 2005). First, scholars claim that post-
socialist societies do not follow exactly the same transition track. Differences in privatisation
(or more specifically: restitution) policies (Sykora and Bouzarovski, 2012) and housing
policies (Sailer-Fliege, 1999) or in the pace of decentralising the control over land use
(Tosics, 2005), as well as the abolishment of rent controls, can be taken as examples.
Although all post-socialist nations are moving away from their socialist past, a certain
variation in the individual pathways of managing the transitional process might explain
different spatial outcomes in terms of land use and urban form. Second, it is self-evident that
Eastern European cities still exhibit physical, social and cultural remnants from the pre-
capitalist era or even pre-socialist past of urban development. Sykora and Bouzarovski
(2012: 44, see also GroBmann et al., 2015), therefore, took a middle position by stating
that Eastern European cities are not yet fully developed capitalist cities: ‘Looking at their
morphology, land use and social segregation, we can document typically capitalist city areas
and districts, while sections of urban landscapes resemble frozen mirrors of socialism’. The
reconfiguration of the built environment is — following Sykora and Bouzarovski — far from
being completed. Third, commentators have also considered the specific demographic pro-
cesses in many CEE countries as an exceptional circumstance for urban development. The
massive outmigration from CEE countries, especially in the economically troublesome
1990s, and negative natural population balances have resulted in a strong population
decline, affecting in particular economically lagging secondary and small cities. Schmidt
(2011) found the so-called sprawl without growth pattern characteristic of East Germany
as well as other post-socialist states.

In this paper, we ask whether the transformation of urban spatial structure can be
interpreted as an adaption process to Western-style urbanisation and sprawl and — if the
answer is ‘yes’ — how far this process of ‘mimicry’ has reached. If the answer is ‘no’, we ask
for the kind and intensity of demonstrable differences. Thus, we aim to locate the urban
development trajectories of Eastern European countries in a broader context of European
and global urbanisation trends by analysing urban land use patterns from both cross-
sectional and longitudinal perspectives. Our focus here is on the intensity and form of
urban sprawl and dispersion.

For this purpose, a new metric — the ‘dispersion index’ (DI) — was utilised (see
Taubenbock et al., 2019 and ‘Measurement of settlement dispersion’ section for details).
Within its conceptual framework, this metric allows for an unambiguous ranking of any
land use pattern with respect to the dispersion (or compactness) of built-up areas. In accor-
dance with the literature, we understand dispersion as a specific spatial pattern of urban
land use. Disperse land use patterns are typically characterised by a less concentrated and
less spatially clustered or clumped configuration of urban functions (Schneider and
Woodcock, 2008). Against this background, we consider a given land use pattern as
being more or less dispersed if the number of contiguous urban patches is higher or lower
and the size of the largest (central) patch is lower or higher, respectively. In other words,
more compact urban forms are characterised by a larger continuously urbanised core area
and a lower number of urban patches. In this paper, we approach the physical configuration
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of cities using the spatial patterns of urbanised land and assume that they reflect different
historical trajectories influenced by political, economic, social and demographic factors as
well as topographical factors.

As research on urban restructuring in CEE countries has so far largely focused on a few
major cities such as Budapest or Prague (Sykora and Bouzarovski, 2012; Tosics, 2005), it is
our intention to take all cities above a certain population threshold into account. By doing
so, we present an analysis of urban land use patterns in 230 European cities and city regions
(among them 119 East European cases) and changing land use patterns over time in 10
selected regions. Since conceptually equivalent delineations of functional urban areas are
not available for a comparative European study, we develop a spatial concept based on
static as well as city-adapted spatial units. First, we employ static 25 and 50 km squares
spanned around the centre of the dominant city core as a consistent spatial analysis frame
(see ‘Selection of study sites and spatial entities of measurement’ section). We are fully aware
that the size of these areas (625 and 2500 km?, respectively) is in many cases larger or smaller
than the ‘real’ functional urban area of a particular city (indicating commuter belts or
housing market regions); however, these consistent spatial units provide permissible
comparative entities. Second, we employ a city-adapted regionalisation in dependence on
accessibility by car.

The comparative perspective — taken in this study — demands consistent data sets. Using a
spatial approach, remote sensing is a valuable source for providing consistent mapping
products across space and time. Recent advancements in data and processing power have
resulted in large areas or even global settlement mapping products at resolutions between 30
and 12 metres (Esch et al., 2012).

The remainder is structured as follows. In the next section, we survey the literature on
urban restructuring in CEE countries. In the ‘Data sources’ section, we introduce data and
materials used. In the ‘Methods’ section, we present the spatial concept, and we review
and introduce spatial metrics applied for measuring urban form, and in the ‘Empirical
results’ section, the results are presented. The ‘Discussion’ section offers a critical discussion
on the results and the capabilities and limitations of these data and methods, and the final
section concludes this paper with a perspective.

Urban transformation in CEE countries: Convergent or
path-dependent?

Suburbanisation and urban sprawl are often considered global phenomena, expressing a
universal pattern of land use change under liberal market regimes (Dielemann and Wegener,
2004; Gordon and Cox, 2012). Key features in this sense are growing physical footprints of
cities, the deconcentration and spatial separation of urban functions, and a declining urban
density as well as flattening density gradients. Although the ‘European city’ has often been
portrayed as a distinct morphology, rooted in a long history and a rich culture (Dielemann
and Wegener, 2004 or McNeill, 1999 for a critical debate), European cities and city regions
have also witnessed a deep transformation of spatial structures, resulting in a less dense and
less concentrated urban form. Salvati and Carlucci (2015) view suburbanisation as ‘the
common trait’ of spatial patterns in European cities, ‘regardless of their geographical, eco-
nomic, or administrative characteristics’ (824). They argue that common drivers, such as
rising living standards, growth-oriented development policies, housing preferences in favour
of less dense urban environments or changes in mobility behaviour, manifest themselves in
convergent land use trends towards less dense and dispersed urban structures.
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Against this popular narrative of ‘homogenisation’ or ‘standardisation’, researchers have
found a tremendous rate of variation in both structures and structural change across Europe
(Kasanko et al., 2006; Schwarz, 2010; Siedentop and Fina, 2012). Based on an analysis of
more than 200 European cities, Schwarz (2010) concluded that neither the European com-
pact city nor a clear pattern of urban form in different regions of Europe can be found.
Siedentop and Fina (2012: 2779) found ‘substantial differences’ in terms of the scope of
urbanisation, the dynamics of urban growth or spatial patterns of land take in their com-
parison of 26 European countries. Given this diagnosis of variation, regional ‘vernaculars’
of urbanisation processes can be assumed, materialising themselves in highly place-specific
urban outcomes.

With a view to the CEE region, there is significant evidence that CEE city regions are still
less urbanised and decentralised than their Western European counterparts (EEA, 2016;
Sailer-Fliege, 1999; Salvati and Carlucci, 2015; Siedentop and Fina, 2012). Especially for
south-eastern countries (Bulgaria, Romania or Albania), low values of dispersion and land
consumption were measured when taking Europe as a whole as a benchmark (EEA,
2016: 57).

The diagnosis of a relatively higher concentration and level of compactness can be seen as
a legacy of socialist state policies favouring large-scale housing projects at the urban fringe
(Musil, 1993; Sailer-Fliege, 1999). Morecover, the concentration of economic and urban
development in selected cities prevented the more land-consuming spread of urbanisation
across larger territories that is typical for many Western European countries. Finally, the
absence of stronger suburbanisation and the reliance on public transport in the socialist era
explain the still higher compactness of CEE regions.

Nevertheless, the erosion of the once-compact urban form in CEE cities is an empirical
fact, but this transition did not happen overnight. Rather, the first years of transition were
marked by economic decline and deindustrialisation, collapsing housing production, mas-
sive outmigration (Stanilov and Sykora, 2014) and, thus, a stagnation of urbanisation. With
the emerging economic recovery in the late 1990s, however, a rising demand for new housing
and commercial space was obvious, and suburbanisation became the ‘predominant mode of
urban growth’ in CEE countries (Sykora and Stanilov, 2014: 1). The relatively high rates of
land consumption (Schmidt et al., 2015; Siedentop and Fina, 2012) implied a further
decrease of urban densities (Schmidt et al., 2015). The data presented in Wolff et al.
(2018) demonstrate a significant East—West divide in the emergence and dynamics of this
phenomenon. Many CEE countries have experienced a much stronger reduction of urban
densities than have Western European countries. The main reason for this difference lies in
the massive population decline in the majority of cities in CEE countries, driven mainly by
outmigration and a negative natural population balance (Haase et al., 2016; Mykhnenko
and Turok, 2008). At the same time, scholars have found tremendous regional variation
between both Western and Eastern countries and within the group of CEE countries
(Siedentop and Fina, 2012; Wolff et al., 2018).

Another major characteristic of urban change in CEE countries is the tremendous con-
trast in urban size and growth rates between the capital and major industrial cities, on the
one hand, and smaller secondary cities on the other hand (Hirt, 2007; Musil, 1993). This
development ‘asymmetry’ within the urban system (Sailer-Fliege, 1999) can also be seen as a
legacy from the socialist era: based on the idea of economies of scale, the concentration of
industrial production in growth poles should gain higher levels of efficiency. The prioritisa-
tion of state-led investments in favour of the capital cities and some secondary cities resulted
in uneven economic and demographic development. The gaining cities had much stronger
employment growth than other cities, and they also became hubs of in-commuting from
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surrounding areas since housing lagged behind demand (see also the debate about the
‘under-urbanisation’ phenomenon in Tosics, 2005). In accordance, Siedentop and Fina
(2012) showed that urban sprawl in CEE countries during the 1990s and ecarly 2000s
occurred mainly around a few major cities and growth corridors, whereas a significantly
divergent pattern was visible in many Western European countries, where spatially extended
processes of suburbanisation resulted in a much more decentralised and land-consuming
pattern of urban growth. We, therefore, expect structural differences of compactness
according to the size of cities and city regions.

In sum, we assume that the transformation of urban spatial structure in CEE countries is
similar, but not necessarily fully convergent, with Western European processes. In other
words, urban restructuring in Eastern Europe is expected to demonstrate characteristics of
convergence and path-dependency. Suburbanisation and urban dispersion might resemble
Western-style features but, at the same time, significant divergence can be hypothesised.
For example, there are no signs of a ‘post-suburban’ development in CEE (Sykora and
Stanilov, 2014). Scholars still characterise suburbanisation in the CEE context as a rather
unplanned, piecemeal decentralisation of housing, commercial and retail developments in a
dispersed spatial arrangement. Moreover, in contrast to many Western European cities, urban
areas in CEE countries have not yet experienced a significant regrowth in their city centres
(Haase et al., 2017) and sub-centre formation in suburban areas. Eastern European urban
spatial structure is, therefore, presumably less polycentric than that of Western regions.

Data sources

Our main data source for analyses is multi-source satellite data. All mapping products
understand the term ‘urban’ as the land directly occupied by a particular built physical
structure. On the one hand, we capture binary patterns of urban versus non-urban land
use on a continental scale for the year 2012. We use the Global Urban Footprint mapping
product derived from TanDEM-X data (for methodological details, see Esch et al., 2012; for
data access cf. supplemental material-1). On the other hand, we refer to multi-temporal
mapping products based on Landsat sensors available since the 1970s. We monitor the
evolution of settlement patterns using classifications at the time steps 1975, 1990, 2000
and 2010 for specific areas of interest (for methodological details, see Taubenbock
et al., 2012).

We use residential population estimates for the target years 1975, 1990, 2000 and 2015
provided by the Gridded Population of the World (GPWv4data) database (SEDAC, 2018).
The input data provide the distribution of human population (counts and densities) on a
continuous global raster surface. The data rely on census information, which is disaggre-
gated to grid cells, informed by the distribution and density of built-up areas as mapped in
the Global Human Settlement Layer global layer per corresponding epoch (https://ghsl.jrc.
ec.europa.eu/).

Methods

Selection of study sites and spatial entities of measurement

Our study site is the European continent. We select all cities that feature a population larger
than 250,000 inhabitants at administrative level for the year 2015 (based on an EU Urban
Audit for European countries and the World Population Review for Russia and Ukraine).
Overall, 230 cities fulfil this criterion, with 111 cities in the West and 119 cities in the East
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(geographically we divide Europe in West and East along the political system boundaries
before 1990). For the multi-temporal analysis, however, we reduce our sample to 10 cities
because settlement classifications with documented high accuracies are not available for the
entire continent. We chose an even distribution of five cities each for the Western and
Eastern regions.

For a consistent and valid comparison of the settlement patterns across time and space,
the spatial units of measurement need to be defined. Administrative boundaries are artificial,
non-uniform spatial units that are not appropriate for meaningful comparative geographic
analysis. So, for reasons of comparability, we develop a two-fold spatial concept based on
(1) static and (2) city-adapted spatial units: (1) In the static approach, we use fixed spatial
entities: (a) We apply a 25 x 25 km square around the respective city centre, with which we
aim to capture the core city pattern; (b) we utilise a 50 x 50 km square around the respective
city centre, with which we aim to capture the core city pattern as well as the functional urban
area. The city centres are defined as centroids based on the ESRI World boundaries and
places. We argue that although these two spatial entities are artificial and are unlikely to fit
the specific context of the local urban structure, they are — compared to artificial adminis-
trative entities — consistent and thus a permissible comparative entity. (2) In the second
analysis, we employ city-adapted extents based on accessibility isochrones to also account
for specific regional conditions. For each city, a size-dependent travel time threshold is used.
With regard to gravitation theory, we assume that larger cities have larger catchment areas.
The resulting isochrone geometry represents a flexible spatial geometry, taking functional
interrelations between core cities and their catchments into account. Travel times were
derived from network analysis based on the ESRI road network at free flow conditions.
We set 20 minutes as the minimum travel time for the city with the smallest population in
our sample, and 60 minutes as the maximum for the city with the largest population. The
values in between have been transformed proportionally to this range and have subsequently
been standardised to values from 0 to 1. In order to reduce impacts of outliers (Moscow,
London), we modified the resulting attraction curve with a simple square root function, so
that maximum travel times for city catchments were spread more evenly around the value
range (see supplemental material-4).

Measurement of settlement dispersion

The main idea is to evaluate the urban land use patterns of cities and city regions. For
measurement of settlement dispersion, we rely on a model-based conceptualisation of spatial
pattern evaluation suggested by Taubenbock et al. (2019). This model has been developed
for a simplistic case of spatial patterns — two-dimensional patterns constituted by two the-
matic classes, ‘settlement’ and ‘non-settlement’ — and is based on two spatial metrics: (1) the
largest patch (LP) of a landscape and (2) the number of patches (NP) of a landscape (see
details in supplemental material-2).

Argued from a geographical perspective, the LP is assumed to be a proxy to evaluate
whether or not it is — in relation to all other urban patches — dominating an urban landscape.
This proxy is inspired by monocentric city models where the LP relates to a dense core city
surrounded by a less dense suburban area (Anas and Kim, 1996). Regarding the NP of a
landscape, larger numbers around the dominating LP indicate that the landscape is less
compact and more dispersed.

These two spatial metrics span a two-dimensional feature space that is defined as the DI.
Both parameters are normalised (LP,, NP,) to equal ranges (0 to 100) and weighted equally.
Every possible two-dimensional binary (settlement) pattern can be projected in this feature
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space. One end in this model is marked, if the landscape consists of only one patch (which is
then, naturally, the largest one), and the DI is | indicating a perfectly compact pattern. Any
additional urban patch (increase in NP) around this LP transforms the pattern into a more
fragmented, less compact and thus more dispersed one. On the other end, if the LP is
minimal and the complete class area is represented by the maximum possible number of
non-coalescent individual patches, the pattern is ranked with a DI of 100 (perfectly dis-
persed). It has been shown that this conceptualisation allows for an unambiguous ranking of
patterns in relative and absolute terms between compact and dispersed layouts (for more
details, see Taubenbock et al., 2019).

Comparing trajectories of urban land use patterns

In general, we approach the evaluation of urban land use patterns in cities across Europe
spatially (cross-sectional) for the year 2012 and temporally (longitudinal) for decadal points
in time since the 1970s:

e Cross-sectional: We evaluate trends using the DI. We calculate the DI for the static two
units of measurement (25- and 50-km rectangles) as well as for the city-adjusted acces-
sibility isochrones. For evaluation, we use boxplots as well as their distributions in the
feature space of our model. Furthermore, we test some hypotheses in terms of explaining
variation in DI values using regression modelling. We conduct multivariate regressions to
allow a deeper understanding of relationships between the DI and relevant covariates.
For all spatial units, we employ separate ordinary least squares (OLS) regressions that use
a small set of explanatory variables. In both cases, this involves the settlement density as
the share of urban land uses within the specific analytical unit. The reference area of the
spatial unit is reduced by large water areas such as oceans.

e Longitudinal: We first evaluate trends across Eastern and Western cities by relative spatial
growth rates. Using the spatial extent of settlements per city for the year 1975 as 100%,
we calculate relative growth rates until 1990, 2000 and 2010. For the analysis of spatial
trajectories of settlement patterns, we use the DI and its evolution over time. Longer
paths within the model reflect higher dynamics in settlement patterns. As the multi-
temporal analysis street network data for past time steps are not available, we disregard
the city adjusted spatial units by travel times.

Empirical results

Cross-sectional analysis of urban land use patterns

Figure 1 illustrates the land use patterns found for three groups of least, most and moder-
ately dispersed city regions according to the conceptual logic of the DI. The LP is displayed
in red in all cases. DI values range from 0.7/9.3 (London) to 48.5/55.3 (Kryvyi Rih, Ukraine)
for the 25/50 km square. The fascinating diversity of European urban landscapes becomes
intuitively apparent. We consider topographical conditions (coastal location, mountains,
major rivers), historical settlement structures, economic and cultural factors as well as reg-
ulatory frameworks for land use planning as the main factors accounting for this tremen-
dous variation. Supplemental material-3 gives an overview of all 230 city regions and their
respective DI values for the three spatial units.

Beyond this impression of uniqueness of each individual pattern, our analysis reveals
significant differences in land use patterns between the East and West. When considering the
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individual DI values, we see that among the 20 European regions with the lowest DI, only
two Eastern European cases are found (Moscow and Krasnodar for the 25 km square); for
the 50 km square, there are five regions (Moscow, Krasnodar, Makhachkala, Bucharest and
Cherepovets). By using city-adjusted accessibility isochrones, six Eastern European regions
belong to the 20 most compact ones. At all three spatial levels, higher mean values of the DI
for Eastern European city regions were measured. This holds true for all city size classes
(0.1-0.5, 0.5-1.0, >1.0 million). The Eastern regions are thus considered less compact than
their Western counterparts.

This result, unexpected at first glance, can be explained by a lower degree of urbanisation
in Eastern European cities or city regions (Tosics, 2005: 51). In general, low DI values are
found in larger, densely populated urban regions with an extended core area and a lower NP
due to the merging of formerly isolated patches. In contrast, high DI values are typically
found in regions with a smaller core (LP) and a larger number of small patches. The latter is
characteristic of many Eastern European regions that are still in a relatively early phase of
suburbanisation. Such regions are often shaped by a ‘leapfrog’ mode of urban growth and/
or the remnants of rural landscapes characterised by smaller cities and villages. This char-
acteristic especially applies to more remote parts of the region — the peripheries of commuter
belts — that remain less affected by urban growth and sprawl. The emergence of large
conurbations due to the physical merging of settlements is a characteristic feature of
Western urbanisation, leading to compactness at higher spatial scales. This trend is con-
firmed by the fact that the mean LP in Western European regions is more than twice the size
of the Eastern regions (114 km? versus 49 km? for the 25 km square).

We therefore interpret our results as an indication of a considerable West—East gradient
of urbanisation. This appraisal is further confirmed by the widely varying settlement density
in Eastern and Western European regions. Whereas the proportion of urban land use to the
total land area is only 17.3% (25 km square), 7.2% (50 km square) and 18.2% (city-adjusted
isochrones) in Eastern regions, the respective values of Western regions are 32.8, 16.7
and 26.8%.

Another interesting fact is that Western European regions show a much larger range of
DI values than Eastern regions (Figure 2). Extremely compact regions with DI values lower
than 10 (25-km rectangle) are mainly located in Western Europe, with the notable exception
of Moscow (and some smaller regions). At the same time, we identified some ‘high DI’
regions in Western Europe (values > 50). As these regions are located in quite different
countries (Spain, Germany, Belgium, the Netherlands), we cannot assume a ‘systematic’
effect of nationally specific regulatory regimes or housing preferences. We rather believe that
topographical features as well as historical settlement patterns account for these outliers.

A further result of our analysis is a correlation of the DI and urban density, here mea-
sured as the number of inhabitants per km? of urbanised land. In general, the more dense
regions are also the more compact ones. However, a closer view reveals that Eastern
European regions are denser by population while showing a lower compactness. We mea-
sured a mean urban density of 6780 inh./km? (25 km), 5640 inh./km? (50 km) and 6422 inh./
km? (city-adjusted isochrones) for the East and 5880, 4680 and 5185 inh./km? for the West.
This result clearly demonstrates the legacy of socialist development policies favouring com-
pact urban extensions and housing at higher densities (see ‘Urban transformation in CEE
countries: Convergent or path-dependent?’ section). In contrast, long-lasting suburbanisa-
tion has led to a strong dedensification of urban areas in most Western European regions
(see also Wolff et al., 2018). Thus far, high urban density and a low degree of compactness in
a single region do not pose a contradiction in these terms. Both indicators measure different
urban attributes and should, therefore, be used in combination.
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Figure 2. Boxplots illustrating the medians and distribution of the DI across Eastern and Western
European cities as well as for sample countries at three spatial units and according to population size.

When differentiating the DI statistics according to nation states, some interesting obser-
vations can be made. The lowest DI values were measured in countries with a less decen-
tralised planning system (as in Denmark, France, Greece and the UK; the latter one
exemplified in Figure 2). In contrast, considerably higher values can be found in countries
like Germany (exemplified in Figure 2), the Netherlands or Switzerland, where local govern-
ments have a stronger competence for urban development and communities have a fiscally
motivated interest in urban growth. In Eastern Europe, Poland is an example of a country
with a rather permissive land use policy. This has led to sprawling suburban landscapes
indicated by significantly higher DI values than, for example, their eastern neighbour
Ukraine. This variation might be an indication of the general relevance of land use
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Table I. Results of the OLS calculations.

Dependent variable: log (dispersion index)

OLS model 3

OLS model | OLS model 2 (city adjusted

(25 km) (50 km) isochrones)
Settlement density —0.027%%F (0.004) —0.015%%F (0.003) —0.018%F (0.004)
Urban density —0.00005%%F (0.00002)  —0.00003*** (0.00002)  —0.0001 (0.00005)
Dummy East —0.027 (0.0577) —0.053 (0.031)* —0.121* (0.049)
Constant 4.23 1% (0.1435) 4.083** (0.066) 3.985%F (0.078)
Observations 230 230 230
R? 0.556 0.370 0.372
Adjusted R? 0.550 0.362 0.363
Residual Std. Error (df =226) 0.380 0.188 0.298
F Statistic (df = 3; 226) 94.262°+ 44.299+FF 44.587+*

(White Standard Errors)
OLS: ordinary least squares.
Note: *p<0.1; **p<0.01.

governance and planning systems for the dynamics of urban dispersion (see also OECD,
2017a, 2017b).

For a deeper understanding of relationships between the DI and relevant covariates, we
conduct multivariate regressions. We expect that regions with a higher share of built space
will showcase lower index values. Furthermore, regressions include urban density (as the
number of people per km? of urbanised land). Density can be seen as a measure of the
degree of urbanisation of a region. We expect that city regions with a higher urban density
will show a smaller DI value. In addition to these two main covariates, we added a dummy
variable that indicates which cities are located in CEE countries. If there were a significantly
different pattern in the form of a clear-cut West—East divide, this dummy would capture
this effect.

In the course of the specification setup, other relevant variables were tested (e.g. popu-
lation size, geographical coordinates) but they did not add relevant information to the
regression results, i.e. the coefficients of the other variables remained significant, and
newly included variables did not raise the explanatory power of the regressions. We
tested level-level, log-level and log-log specifications, among which the log-level setup deliv-
ered the most robust results.

Table 1 lists the results of the OLS calculations. For all models, the regression diagnostics
are similar. The degree of multicollinearity in both cases is low (condition number under 10,
variance inflation factors all under 2), the variable setup is significant as a group according
to the F tests and both regressions have an average level of explanatory power. Nevertheless,
the adjusted R? for the 50-km unit and the city-adjusted accessibility isochrones is consid-
erably lower than for the 25-km unit. Standard errors and significance levels are based on
white standard errors because the basic OLS setup in both cases had problems of remaining
heteroscedasticity in the regression residuals. Altering the estimation type for the variance—
covariance matrix did not considerably change the values for the heteroscedasticity-
consistent results. In addition, residuals are non-normal due to a skewness caused by a
few extreme values of some city regions. Based on central limit theorems, asymptotic nor-
mality can still be assumed.
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Figure 3. Settlement pattern evolution from 1975 to 2010 in Western and Eastern European cities.
Settlements are displayed in white and red (LP). The spatial extent of each frame is 50 x 50 km; the green
square visualises 25 x 25 km; the geometric resolution is 200 metres.

Looking at the results of model 1 (25 km), we see that all main covariates are significant
and show the signs we expected. Regions with a higher settlement density have lower DI
values. Furthermore, regions that have a denser urban form are ceteris paribus less dis-
persed. Importantly, the dummy variable for CEE regions is not significant, which leads to
the conclusion that, based on this spatial lens, it is not a specific political or historical
difference that explains the difference between the dispersion values but rather the different
stages of urbanisation.

For the case of the 50-km model (model 2), the results are very similar for settlement
density and urban density. Strikingly, in this wider scale, the dummy variable becomes
weakly significant (p value of 0.08). Therefore, on this level, there is a weak structural
difference (of around 5%) between DI values that cannot be explained only by structural
indicators. The same applies to the model based on an accessibility delineated regionalisa-
tion (model 3). In this case, however, the settlement density becomes non-significant, while
the dummy variable is again gaining significance. To further test the validity of our results,
we ran regressions that excluded the big city regions from the sample, i.e. London, Paris and
Moscow. Importantly, this did not alter the results significantly.

Taken together, our cross-sectional analysis indicates that patterns of urbanisation still
exhibit a significant East—-West divide. East European city regions are less urbanised, less
populated and more dispersed than their Western counterparts. We assume that the sub-
urbanisation process of the last 25 years has considerably narrowed the gap between the
East and the West.
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Figure 4. Relative spatial settlement expansion for the selected cities in Eastern and Western Europe for
the 25 and 50 km units.

Longitudinal analysis of urbanisation patterns

The comparison of temporal trajectories of urbanisation patterns also reveals differences
between the categories of East and West. Figure 3 illustrates growth patterns since 1975 for
five selected cities per geographical category. Here, we disregard the spatial entities gener-
ated via accessibility isochrones, as road networks are not available for past time steps. Two
differences appear to be particularly relevant: (1) The urban growth dynamics, and the
expansive growth in areas that were characterised as rural or suburban in the 1970s in
particularly, are very pronounced in Eastern European city regions, and (2) the spatial
change of the LP, i.c. the extensive expansion of the dominating urban patch, is much
more pronounced in Eastern European regions.

The calculation of two-dimensional growth rates of urbanised areas confirms these differ-
ences (cf. Figure 4). Eastern regions show a substantially higher rate of urban expansion. In
general, we measured, for the core cities (25 km square) in the East, dynamics from 1.6 times
as large as in 1975, in Kiev, to 3.1 times as large, in Minsk. These growth rates are consid-
erably higher than in the West: they range from 1.1 times as large as in 1975, in Frankfurt, to
1.9 times as large, in Vienna. For the larger city regions (50 km square), similar differences in
dynamics were measured: in Eastern regions, the range is from 2.4 times as large as in 1975,
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Figure 5. The evolution of spatial settlement patterns measured by the DI for selected cities in Eastern and
Western Europe at the two units of measurement (25 and 50 km).

in Kiev, to 5.1 times as large, in Minsk. In comparison, Western regions range from 1.1
times as large as in 1975, in Frankfurt, to 2.7 times as large, in Vienna.

Beyond the spatial growth dynamics, we measured the development of the DI across
space and time and compared the pattern evolution between East and West (Figure 5). In
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general, we found larger changes in urban land use patterns, for the smaller as well as for the
larger city regions (25, 50 km square), in Eastern Europe. The trend is towards more com-
pact cityscapes, and the larger changes in Eastern regions can be related to a much more
dispersed starting position in 1975. For the core city areas, we measured 7 out of 10 cities,
with a trend towards more compact cityscapes (decreasing DI). The highest dynamics were
measured for Moscow (DI 1975 of 34.4 to 1.7 in 2010) as a result of densification and
merging of urban patches in central areas. Two cities can be considered stable over time,
and only one shows a reverse trend towards dispersion (Vienna from DI 13.7 in 1975 to 19.4
in 2010). For the larger spatial entity (50 km), which includes peripheral areas, we measured
relatively stable conditions in three Western regions (Berlin, Frankfurt and London).
Vienna turns out to be an outlier here, too, as it marks the only Western region with
increasing dispersion (from 21.1 to 33.5). In Eastern regions, the settlement patterns
reveal high dynamics, with three city regions developing towards dispersion (Minsk from
16.0 to 30.5, Kiev from 31.2 to 36.2 and Prague from 34.0 to 37.0). The comparatively large
and dynamic regions of Moscow, Warsaw and Paris are developing towards more compact
urban configurations.

Discussion

Our investigation offers a wide-ranging overview of the state and process of spatial urban-
isation in European cities and city regions. The longitudinal analysis over 35 years suggests
that a trend towards compaction at higher spatial scales might be a robust scenario of future
urbanisation in Europe. Following this thought, urban sprawl — often considered as the
archetype of urban land use change in the developed world — is simply an intermediate stage
of a long-term spatial transition process. Peiser (1989, 2001) has argued that undistorted
land markets tend to fill the leapfrogged, scattered territories along the urban periphery.
Rising land prices and the availability of urban services and infrastructure in neighbouring
developments create incentives for infill development on formerly undeveloped land. What
has been portrayed as a ‘scattered’ or ‘discontinuous’ form of development will be — accord-
ing to Peiser — contiguously urbanised and thus ‘compact’ at a higher spatial scale. Some
scholars even think that ‘mega-urban’ forms of functionally connected and spatially merged
networks and clusters of formerly individual cities represent the future of human habitats
(Lang and Knox, 2009).

With a view to examining urbanisation in CEE countries, our analysis revealed that Eastern
European city regions still find themselves in a relatively early phase of suburban expansion. In
this historically specific transition phase, a higher degree of dispersion is characteristic. In the
rapidly growing capital regions, however, a process of dynamic compaction is evident. Two
counteracting processes are, thus, in interplay: on the one hand, new urban development in
suburban locations (so-called leapfrog development) increases the NP; on the other hand, new
development also results in the merging of spatially isolated settlements so that the LP gains in
size, and the NP decreases over time. The urbanisation trajectories of regions such as Moscow
or Warsaw are characterised by both trends, but the latter was obviously more distinctive. We
nevertheless assume that not all city regions follow this trajectory because many CEE regions
demonstrate rather weak economic development and lower urban growth pressure. Against
this background, the authors believe the East—-West ‘urbanisation gap’ will decrease in the
future, but it will likely not — even in a long-term view — diminish.

The indicator utilised, i.e. the DI, is not a one-size-fits-all approach to characterising
patterns of urban land use systems. Within its conceptual structure, the DI allows a quan-
tification of dispersion as the degree of centralisation and spatial clustering of urban
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functions (here addressed in the form of land use patches). We are aware that this metric is
incomplete, i.e. other spatial features such as distances between patches remain disregarded.
However, the general spatial patterns — as Taubenbock et al. (2019) have shown — can be
quantified reliably.

The spatial concept applied must also be subject to careful consideration. The spatial
baseline for comparison does influence the DI and thus, the interpreted results. We are
aware that our static as well as our city-adjusted spatial entities do not provide results
that can be evaluated as general for all possible spatial entitics. However, the employment
of static spatial entities as well as city-adjusted accessibility zones enables both an equal
spatial baseline and a context sensitive spatial approach.

The data sets applied must be subject to careful consideration. When land use patterns
are used for interpretation, the initial satellite data source and image analysis provide a
product of a certain degree of abstraction. The geometric resolution of satellite images has
impact on the measured DI, e.g. lower image resolutions can lead to a smaller number and
larger sizes of patches because non-urban areas such as rivers may be suppressed in the data.
However, Taubenbock et al. (2019) showed that the relative relation of the DI remained
generally stable across image resolutions. The accuracy of classifications based on remote
sensing data in general is subject to errors, which may also alter the DI. In some cases, small
errors may transmit to large effects with respect to LP. Although this source of error is
difficult to identify in the results, we assume that the tested high accuracy of the input data
(80-90% agreement with reference data; see Klotz et al., 2016) keeps this error compara-
tively low.

Conclusions

Our cross-sectional and longitudinal analysis of urban land use patterns of 230 city regions
in 34 European countries indicates a tremendous amount of variation as the outcome of
unique topographical conditions, path-dependency of historical settlement systems, varying
economic and demographic trajectories, different housing preferences or growth manage-
ment and land use policies. We, nevertheless, see some structural differences between
Eastern and Western city regions. Eastern regions are less populated, less urbanised,
more dispersed and denser than in the West. Processes of post-socialist urban restructuring
have definitely resulted in a change of land use patterns similar to that of Western Europe
since the late 1950s. Suburbanisation has led to a strong increase in urbanised land as well as
to reductions in urban density. We, nevertheless, do not think that ‘catch-up’ growth, lead-
ing to full convergence with Western-style urbanisation, will be a realistic future scenario.
Returning to the question in the title of this article, i.e. whether Eastern European urban-
isation can best be characterised as hybrid: cities and city regions manifest characteristics of
convergent adaptation and path-dependency at the same time; they prove typical features of
capitalist urbanisation, but relics of the socialist past are still omnipresent.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or
publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/or publication of
this article.



Taubenbock et al. 1223

ORCID iD
M Wurm @@ https://orcid.org/0000-0001-5967-1894

Supplemental material

Supplemental material is available for this article online.

References

Anas A and Kim I (1996) General equilibrium models of polycentric urban land use with endogenous
congestion and job agglomeration. Journal of Urban Economics 40: 232-256.

Dielemann F and Wegener M (2004) Compact city and urban sprawl. Built Environment
30: 308-323.

Esch T, Taubenbock H, Roth A, et al. (2012) TanDEM-X mission: New perspectives for the inventory
and monitoring of global settlement patterns. Journal of Selected Topics of Applied Earth
Observation 6: 061702.

European Environment Agency, Swiss Federal Office for the Environment (2016) Urban sprawl in
Europe. Joint EEA-FOEN report. EEA Report No. 11/2016 (Luxemburg). Luxembourg:
Publications Office of the European Union, 2016.

Gordon P and Cox W (2012) Cities in Western Europe and the United States: Do policy differences
matter? The Annals of Regional Science 48: 565-594.

GrofBmann K, Arndt T, Haase A, et al. (2015) The influence of housing oversupply on residential
segregation: Exploring the post-socialist city of Leipzig. Urban Geography 36: 550-577.

Haase A, Bernt M, GroBmann K, et al. (2016) Varieties of shrinkage in European cities. European
Urban and Regional Studies 23: 86—102.

Haase A, Wolff M, Spackova P, et al. (2017) Reurbanisation in postsocialist Europe — A comparative
view of Eastern Germany, Poland, and the Czech Republic. Comparative Population Studies
42: 353-390.

Hamilton FEI (2005) The external forces: Towards globalization and European integration. In:
Hamilton FEI, Andrews KD and Pichler-Milanovic N (eds) Transformation of Cities in Central
and Eastern Europe: Towards Globalization. Tokyo: United Nations University Press, pp.79-115.

HéauBermann H (1996) From the socialist to the capitalist city. Experiences from Germany. In:
Andrusz G, Harloe M and Szelenyi I (eds) Cities After Socialism. Oxford: Blackwell, pp.214-232.

Hirt S (2007) Suburbanizing Sofia: Characteristics of post-socialist peri-urban change. Urban
Geography 28: 755-780.

Ianos I, Sirodoev I, Pascariu G, et al. (2016) Divergent patterns of built-up urban space growth
following post-socialist changes. Urban Studies 53: 3172-3188.

Kasanko M, Barredo JI, Lavalle C, et al. (2006) Are European cities becoming dispersed? A compar-
ative analysis of 15 European urban areas. Landscape and Urban Planning 77: 111-130.

Klotz M, Kemper T, Geill C, et al. (2016) How good is the map? A multi-scale cross-comparison
framework for global settlement layers: Evidence from Central Europe. Remote Sensing of
Environment 178: 191-212.

Lang R and Knox PK (2009) The new metropolis: Rethinking megalopolis. Regional Studies
43: 789-802.

McNeill D (1999) Globalization and the European city. Cities 16: 143-147.

Musil J (1993) Changing urban systems in post-communist societies in Central Europe: Analysis and
prediction. Urban Studies 30: 899-905.

Mykhnenko V and Turok I (2008) East European Cities — Patterns of growth and decline, 1960-2005.
International Planning Studies 13: 311-342.

OECD (2017a) The Governance of Land Use in OECD Countries. Policy Analysis and
Recommendations. Paris: OECD Publishing.

OECD (2017b) Land-Use Planning Systems in the OECD. Country Fact Sheets. Paris:
OECD Publishing.


https://orcid.org/0000-0001-5967-1894
https://orcid.org/0000-0001-5967-1894

1224 EPB: Urban Analytics and City Science 46(7)

Ott T (2001) From concentration to deconcentration — Migration patterns in the post-socialist city.
Cities 18: 403-412.

Peiser R (1989) Density and urban sprawl. Land Economics 65: 193-204.

Peiser R (2001) Decomposing urban sprawl. Town Planning Review 72: 275-298.

Sailer-Fliege U (1999) Characteristics of post-socialist urban transformation in East Central Europe.
GeoJournal 49: 7-16.

Salvati L and Carlucci M (2015) Land-use structure, urban growth, and periurban landscape: A
multivariate classification of the European cities. Environment and Planning B: Planning and
Design 42: 801-829.

Schmidt S (2011) Sprawl without growth in East Germany. Urban Geography 32: 105-128.

Schmidt S, Siedentop S and Fina S (2015) Post-socialist sprawl: A cross-country comparison.
European Planning Studies 23: 1357-1380.

Schneider A and Woodcock CE (2008) Compact, dispersed, fragmented, extensive? A comparison of
urban growth in twenty-five global cities using remotely sensed data, pattern metrics and census
information. Urban Studies 45: 659-692.

Schwarz N (2010) Urban form revisited. Selecting indicators for characterising European cities.
Landscape and Urban Planning 96: 29-47.

SEDAC (2018) Gridded population of the world (GPW) v4. Available at: http://sedac.ciesin.columbia.
edu/data/collection/gpw-v4 (accessed 8 August 2018).

Sheppard E (2000) Socialist cities? Urban Geography 21: 758-763.

Siedentop S and Fina S (2012) Who sprawls most? Exploring the patterns of urban growth across 26
European countries. Environment and Planning A 44: 2765-2784.

Smigiel C and Brade I (2011) Suburbanisierung im 0stlichen Europa im Zeitalter neoliberaler
Stadtentwicklung. Eine kritische Betrachtung oOkonomischer und politisch-institutioneller
Hintergriinde sowie sozialraumlicher Konsequenzen. DISP 185: 27-43.

Stanilov K and Sykora L (2014) Confronting Suburbanization. Urban Decentralization in Postsocialist
Central and Eastern Europe. Chichester: Wiley Blackwell.

Sykora L and Bouzarovski S (2012) Multiple transformations: Conceptualising the post-communist
urban transition. Urban Studies 49: 43—60.

Sykora L and Stanilov K (2014) The challenge of postsocialist suburbanization. In: Stanilov K and
Sykora L (eds) Confironting Suburbanization: Urban Decentralization in Postsocialist Central and
Eastern Europe. Chichester: Wiley Blackwell, pp.1-32.

Taubenbock H, Esch T, Felbier A, et al. (2012) Monitoring urbanization in mega cities from space.
Remote Sensing of Environment 117: 162-176.

Taubenbock H, Wurm M, Geil} C, et al. (2019) Urbanization between compactness and dispersion:
Designing a spatial model for measuring 2D binary settlement landscape configurations.
International Journal of Digital Earth 12: 679-698.

Tosics 1 (2005) City development in Central and Eastern Europe since 1990: The impacts of internal
forces. In: Hamilton FEI, Dimitrowska-Andrews K and Pichler-Milanovi¢ N (eds) Transformation
of Cities in Central and Eastern Europe: Towards Globalization. Tokyo: The United Nations
University Press, pp.44-78.

Wolff M, Haase D and Haase A (2018) Compact or spread? A quantitative spatial model of urban
areas in Europe since 1990. PLoS ONE 13: 1-22.

H Taubenbock is heading the research team ‘City and Society’ at the German Remote
Sensing Data Center (DFD) of the German Aerospace Center (DLR). He received the
Diploma degree in geography from the Ludwig-Maximilian’s University in Munich,
Germany, in 2004 and the PhD degree (Dr. rer. nat.) in geography from the Julius
Maximilian’s University of Wiirzburg, Germany, in 2008. In 2005, he joined the DLR-
DFD for pursuing his doctoral thesis. After a postdoctoral research phase with the
University of Wiirzburg (2007-2010) he returned to DLR-DFD as a Scientific Employee
in 2010. He is a Lecturer with the University Wiirzburg since 2009. His research activities


http://sedac.ciesin.columbia.edu/data/collection/gpw-v4
http://sedac.ciesin.columbia.edu/data/collection/gpw-v4

Taubenbock et al. 1225

concentrate on urban remote sensing topics, from the development of algorithms for infor-
mation extraction to value adding to classification products for findings in urban geography.

C Gerten is a Senior Researcher at the Research Institute for Regional and Urban
Development (ILS) in Dortmund, Germany. From 2011 to 2017 he studied spatial planning
at the technical university of Dortmund. Since 2017 Christian Gerten is working at the ILS
in the Geoinformation and Monitoring section. His research focus lies on GIS-based assess-
ment methods and the processing of geospatial data in the context of spatial planning.

K Rusche is a Senior Researcher at Research Institute for Regional and Urban Development
(ILS) in Dortmund, Germany. Until 2004 he studied economics at the University of
Muenster, Germany. Following this, he did his PhD thesis on regional economic research
topics. Since 2009, Karsten Rusche is working at the ILS, where he has been working in
several international projects that deal with aspects of green infrastructure planning. His
published work deals with the value of green infrastructure in urban quality of life as well as
the need to use economic valuation and GIS-based assessment as a decision support tool.

S Siedentop is Managing Director of research at the Research Institute for Regional and
Urban Development and professor of urban development at Dortmund university. He stud-
ied spatial planning and finished his PhD in 2001 at TU Dortmund, working on issues of
environmental planning. After working as a senior researcher at Leibniz Institute of
Ecological Urban and Regional Development, Dresden, Stefan was professor for environ-
mental planning and spatial development at Stuttgart University. Currently, his research
focus is on urban development, strategies and tools for sustainable development of settle-
ment areas as well as methods and models for GIS-based modelling of spatial development
at different scales.

M Wurm is a Researcher at the German Remote Sensing Data Center (DFD) of the German
Aerospace Center (DLR). He received the Diploma degree (Mag.rer. nat.) in geography
from the University of Graz, Austria, in 2007, and the PhD degree (Dr. rer. nat.) in sur-
veying and geoinformation from University of Technology, Graz, Austria, in 2013. He was
with the Institute of Digital Image Processing, Joanneum Research, Graz, in 2007. In 2008,
he joined the Remote Sensing Unit, Geography Department, University of Wiirzburg,
Wiirzburg, Germany, working on the integration of earth observation data into social
sciences and urban remote sensing as well as urban vulnerability research. He is a
Lecturer with the University of Graz. In 2011, he joined the DLR-DFD, WeBling
Germany. Working in the research unit ‘City and Society’, he focuses on information
extraction from multisensoral remote sensing data and its fusion with socioeconomic data.



	table-fn1-2399808319846902



