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Abstract: Urban shrinkage has become a common pathway (not only) in post-socialist cities,
which represents new challenges for traditionally growth-oriented spatial planning. Though in
the post-socialist area, the situation is even worse due to prevailing weak planning culture and
resulting uncoordinated development. The case of the city of Ostrava illustrates how the problem
of (in)efficient infrastructure operation, and maintenance, in already fragmented urban structure
is exacerbated by the growing size of urban area (through low-intensity land-use) in combination
with declining size of population (due to high rate of outmigration). Shrinkage, however, is, on
the intra-urban level, spatially differentiated. Population, paradoxically, most intensively declines
in the least financially demanding land-uses and grows in the most expensive land-uses for public
administration. As population and urban structure development prove to have strong inertia,
this land-use development constitutes a great challenge for a city’s future sustainability. The main
objective of the paper is to explore the nexus between change in population density patterns in
relation to urban shrinkage, and sustainability of public finance.
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1. Introduction

The study of the urban shrinkage process has ranked among established research areas in a
number of scientific disciplines [1–7]. Although shrinkage has affected 40% of medium-sized and large
cities in Europe ten years ago [8] and 70% in Central and Eastern Europe [9], today it seems that some
of the previously shrinking cities are gradually succeeding in mitigating or countering this process [7].
Unlike previous research on urban decline or urban decay, this process can be perceived to be somewhat
neutral [10], because, under certain conditions, it can be an alternative path of sustainability in a city’s
trajectory that can create a favorable environment for the renewal of urban growth [11]. In other words,
urban shrinkage represents a complex open-ended process [12]. Rich empirical evidence suggests that
there are cases in social reality where the urban shrinkage process shows both positive and negative
effects [13]. Finding adequate local policy responses is, however, still rather rare [14,15], although the
shrinkage presents many specific challenges for sustainability [16–18].

In terms of planning, sustainability is a very complex process of balancing economic, social,
and environmental aspects [19–21], which is further hindered in the post-socialist context by the
weakness of planning and public institutions in general [22]. According to the recently previewed
UN’s landmark study on the state of planet Earth, issues related to land-use have the most detrimental
impact on the sustainability of the global environment [23]. Thus, we focus on the development of
land-use. Nonetheless, due to a functional interdependence of individual aspects of the sustainability
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concept, we also examine the impact of spatial population patterns on financial sustainability from the
public sector perspective. The key to the understanding of (un)sustainability of individual pathways
of shrinking is in the exploration of the context and dynamics of urban shrinkage [12,24]. Case studies
appear to be an appropriate method for integration of the above. The object of this study is the
industrial shrinking city of Ostrava, located in the north-eastern part of Czechia, which implements a
neoliberal pro-growth strategy [15].

For purpose of this text, we understand “urban shrinkage as an empirical phenomenon resulting
from the interplay of changing drivers at different spatial levels (from regional to global) that produces
a decline in population at the local scale“ [12] (p. 89). These processes bring about at an urban level
some built-up area and infrastructure sustainability issues. It can be said that these cities have too
much infrastructure available for too few residents [25], which is a problem especially for cities that
have started to grow rapidly in the early 19th century, as this infrastructure is now at the end of its
lifespan and requires substantial investment [26]. Therefore, the main objective of this paper is to
identify and assess the change in population density patterns in relation to urban shrinkage at the
intra-urban level, more specifically, to set the identified patterns in the context of urban sustainability,
and the financial sustainability of public administration in particular. The main research questions are
as follows:

1. How did population density patterns change in the shrinking Ostrava at the intra-urban level?
2. How are the identified population density patterns reflected in the present and future sustainability

of Ostrava?

To answer these two questions, the following structure has been developed. In the first part of
the paper, we discuss the issue of population density at an analytical and normative level and also
the changes in population density in association with urban shrinkage. Since we have adapted an
evolutionary perspective in the spirit of “history matters”, we analyze the city’s development in detail
and with a long-term perspective. Particularly, we employ (implicitly) a core assumption of evolutionary
economic geography (EEG) about no-ergodicity resulting in path dependency [27]. Furthermore, we
use several key concepts from EEG such as co-evolution (in our case built environment and population
development) and sunk costs (cf. [28]) related to the existing infrastructure and population development.

The core of the paper includes detailed results regarding both the changes in spatial patterns of
population density and the impact of these changes on sustainable urban development. Finally, the
broader and more general implications for the research agenda of shrinking cities as well as the limits
of the submitted research are derived from the results.

2. Population Density as An Analytical and Normative Indicator in the Context of Shrinkage

For several decades, population density has been a classic indicator [29,30], which, despite some
relative simplicity, is characterized by ambiguity (cf. [31]), hence it is rather difficult to interpret [32].
The easiest expression of population density is probably the number of residents per urban (built-up)
area [33]. Population density can be perceived by dual optics both as an analytical indicator and as a
normative indicator, with both of these dimensions intermingling.

In the analytical dimension, the change in the spatial patterns of population density is frequently
used to examine concentration or deconcentration processes [34–36], nonetheless it has primarily a long
tradition in urban sprawl measurements [37]. The importance of population density change can be
simply illustrated in relation to the classical theory of urban development of van den Berg et al. [38,39].
Suburbanization decreases population density within the administrative boundaries of the urban
region as a whole, because the population in the compact city decreases and, on the contrary, grows in
its outskirts. However, due to the dominance of the structure of single detached houses, the patterns
are dispersed. In contrast, the deurbanization process leads to a decline in population density both
in the compact city and in the outskirts. Although reurbanization should lead to an increase in
population density in urban areas, for example, due to gentrification and the smaller size of gentrifier
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households, it may not have this effect [40,41]. A change in population density at intra-urban levels
can be investigated [42], which allows for better identification of variability and the capture of real
physical and functional diversity of larger administration units [32,43].

The normative dimension of population density is associated mostly with public spending and
sustainability. At an urban level, this approach assumes that compact urban forms are more sustainable
than dispersed ones [44]. According to a prevailing opinion, “as densities fall, spending for many
municipal services rises, as it is more expensive to serve expansive development in terms of investments
in infrastructure and other services” [45] (p. 151). The relationship between density and infrastructure
spending is not completely unambiguous. According to Westphal, this relationship takes the form
of an inverted “U” curve where the savings potential between a compact and dispersed settlement
structure ranges from 10% to 80% [42]. In other words, with the growing density, the cost savings
is increasing; however, after the exceeding a certain threshold, cost savings is declining due to the
congestion or high rents. This argument is analogical to an already a well-established discussion on
(dis)economies of agglomeration [46].

The key contribution, at least for this text, is the work by Hudeček et al. [47]. The authors
investigated public spending on operation and maintenance in relation to urban spatial structures
in Czechia, based on the study of 22 cities and 6 urban districts. In this study, it was found that
compact urban structures with high population density and vice versa are the least expensive. More
specifically, they have identified that a 1% increase in population density reduces public spending by
0.75% per capita. A very important finding is that “urban structures with population density below 100
inhabitants per hectare are not financially efficient for the municipal budgets” [47] (p. 14). Similarly, it
was identified that with a 1% decrease in population density, water supply, and wastewater disposal
systems related costs would increase by 1% [48].

In contrast, Holcombe and Williams [49] did not find any positive statistical relationship between
population density and public spending on highways, water, sewer, police, and fire protection in the
U.S. However, this study looked at cities as a whole not taking into account the compactness of different
types of urban development. On the other hand, it is obvious that too high a density can generate
negative externalities in the form of traffic congestion, high real estate prices, and a negative impact on
the quality of life (cf. [50]). Indeed, the quality of life does not necessarily have to be associated with
urban density [51] and moreover, the problem of population density, due to the thermal island effect, is
growing proportionally to the progressing climate change [52].

Analytical and normative strands of analysis may pose different implications for shrinking cities.
One of the most visible manifestations of urban shrinkage is undoubtedly the decrease in population
density [12], which may be driven by the outflow of population, decreasing households’ size [53]
and by the increase in floor area per capita [33]. The spatial patterns of population density change
can be highly variable at the intra-urban level, with growing and decreasing locations situated in
one another’s immediate spatial proximity [4,54]. Hollander et al. [13] point to different forms of
population density decline in the form of hollowing-out of the inner city or spatially deconcentrated
perforation [55]. Other examples emphasize an increase in population density in inner-urban fringe
districts [43,56] also known as inner-suburbanization [57]. Finally, in some cases, irregular to random
patchwork structures may be formed [58].

Regarding the normative dimension, it is not surprising that shrinking cities face the sustainability
issues of the built environment [26,59]. Empirical studies point to the growing cost of technical
infrastructure operation [60] and the emergence of “cold spots“ [48] and the need for reduction of
school infrastructure [61,62]. The combination of rising infrastructure maintenance costs and falling,
incomes can plunge shrinking cities into a “vicious circle” of decline [63].

However, urban shrinkage cannot be simply considered fatal, since this process, under certain
circumstances, may be an opportunity to increase sustainability [13]. A decrease in population density
and the resulting impacts can include “vacant dwellings and derelict land”, which “present themselves
as extraordinary changes in circumstances and an opportunity to deconstruct created situations,
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otherwise unthinkable” [64] (p. 27). Disadvantages of urban shrinking can be transformed into
advantages when applying appropriate strategies such as smart shrinking [13,65], smart decline [5] and
right-sizing. With regard to public spending, an increase of population density can enable reduction
of redundant infrastructure, and eventually also the financial burden, as part of a consolidation
strategy [66]. The newly cleared-out sites can be used to develop green infrastructure [67,68].
Ultimately, appropriately approached de-densification can result in a high quality of life in a shrinking
city [50,69]. Transformation of the disadvantages of shrinkage to advantages depends on the lens
through which shrinkage is perceived [70], its reflection in the urban agenda [14] and the planning
culture [71] resulting from the overall context.

3. Context of Shrinking Cities in Post-Socialist States

Post-socialist states are particularly prone to shrinkage due to their political and economic
transition [36], with the situation being aggravated by its fast and abrupt progress in comparison to
Western countries [9]. More than 70% of post-socialist cities with a population of over 200,000 faced a
period of shrinking [9] between 1990 and 2005. The most significant cause of population decline in
post-socialist cities was the economic decline, negative natural growth, and outmigration. For example,
outmigration in V4 countries (Poland, Czechia, Slovakia, Hungary) was from the 2000s most often
directed to suburban locations in the outskirts of larger and medium-sized cities, resulting in population
decline in urban cores [72]. This exodus from inner cities can be explained on one hand by older
housing stock that during state socialism suffered from ideologically motivated disinvestment [73–75]
and on the other by the presence of mass housing estates of scope unknown to the West [12] (p. 305).
These were supposed to counteract housing shortage [7,9] in rapidly urbanizing socialist countries [76],
yet in some cities, the shortage has endured to this day. Thus, some shrinking post-socialist cities do
not face vacancies [74] to the extent common in the West (e.g., [77]). In the context of limitations on
redevelopment in inner cities [78], and ”changing consumption patterns“ [72] (p. 1369), economic
change has led to an increase in income disparities and emergence of blighted districts for the poor,
and flight of the rich to the newly built inner-city enclaves and suburban areas [73].

However, we cannot omit the role of governments that use their powers to regulate market-induced
spatial growth and segregation to only a limited extent [79], or even such patterns were directly
supported by government policies [7,80]. The reason for passivity was the fact that “urban planning
was” in the post-socialist area “perceived as contradictory to the market”, and “unregulated market”,
in turn, “as the mechanism of allocation of resources that would generate a wealthy, economically
efficient, and socially just society” [73] (p. 391). Subsequently, the density of settlements was reduced,
especially in the city cores, but due to the nature of the built-up area also in the hinterland of towns.
Despite the population decline in shrinking cities, urban land use has increased spatially [72].

In addition to the relocation of the population between core and hinterland, outmigration to more
distant towns or abroad also occurred, especially in cases where restructuring in the 1990s brought
significant loss of jobs (cf. [2,81]). The dominant policy strategy was to attract investment and to
turn the economic decline into economic growth hoping it would stabilize and eventually create new
population growth [12,82], even though the cause of population decline consisted of several factors,
including drop in fertility in whole post-socialist countries [9]. In this context, such policy reaction
does not seem adequate and is unlikely to be successful [15].

Furthermore, according to Haase et al. [12] (p. 314), pro-growth policies in shrinking cities
undermine the stability and sustainability of the urban regions. This pro-growth orientation stems
from the embeddedness in neoliberalism but also can be interpreted in terms of post-socialist
path-dependency, as 96% of Eastern European cities with a population of above 200,000 were between
1960 and 1985 gaining population [9]. Alternatively, shrinkage was considered by local political leaders
to be a temporary phenomenon associated with post-socialist transformation [83]. Although some
shrinking cities respond to changes in demand for public services (e.g., school closures in inner cities
and expansion of homes for the elderly, or kindergartens in suburban locations [75,83]), it is almost
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always ad hoc response to isolated issues that are not attributed to the complex urban shrinkage
problem [84]. Cases of explicit acceptance of shrinkage by local politicians are rare and isolated and
only concern cities especially hardly hit by shrinkage (e.g., Lodz [84], Bytom [15], and Walbrzych [75]).
But holistic strategies aimed at adaptation to shrinkage [15,84], and particularly, problems of the land
use and built environment (cf. [85]) are still lacking in post-socialist shrinking cities.

4. Data and Methods

In this text, we have applied the interpretative case study method [86], which allows to fully
capture the specifics of the context, which is essential for understanding the trajectories of urban
shrinkage process [12]. In agreement with the aforementioned, we are loosely inspired by the
methods of evolutionary economic geography: “Follow the path” and “deep contextualization” [87].
The creation of the research framework was mainly based on the studies of Wolff et al. [43] and
Hudeček et al. [47]. The former author’s note that due to the spatial proximity of ongoing decline and
small-scale (re)growth, there is a need to focus on district and neighborhood levels. For this reason,
basic settlement units (BSUs) data from 1991, 2001 and 2011 (see Appendix A) have been used to track
changes at the micro-spatial level. These periods were chosen because they represent different stages
of development after the end of the centrally planned economy in 1989. This data allows us to capture
trends in population changes and share of one- and two-person households.

For built-up area data from 2006, and 2012 Urban Atlas (UA) were used to calculate population
densities (for UA product description, see Appendix B). The following selected classes from UA (see
Table 1) are understood as built-up areas associated with residential housing.

Table 1. Selected residential classes of Urban Atlas.

Code Residential Area Class Sealing Degree

11100 Continuous urban fabric >80%
11210 Discontinuous dense urban fabric 50%–80%
11220 Discontinuous medium density urban fabric 30%–50%
11230 Discontinuous low-density urban fabric 10%–30%
11240 Discontinuous very low-density urban fabric <10%
11300 Isolated structures -
12220 Other roads and associated land -

Other UA classes were not used because they were not directly related to residential housing and
their representation in the defined BSUs with residential function was very low. The sealing degree
within classes 11xxx was not taken into consideration and all such sites were considered built-up areas.
Due to the unavailability of data on built areas from 1991 and the time discrepancy between UA 2006
data and the 1991 census, the data on built-up sites from UA 2006 were modified in GIS by means of
visual interpretation according to a georeferenced base map of Ostrava in scale 1: 10,000 from 1992.
In order to better match with the census in 2001, the UA data on the built-up sites from 2006 were also
partially revised using the colored orthophoto map from 2003. For the 2011 census, the UA data from
2012 were used unchanged. Subsequently, proportions of built-up sites in individual basic settlement
units were acquired in GIS for the monitored reference periods (1991, 2001, 2011), and population
density was calculated.

The individual BSUs were then cleaned (units with a population of less than 50 inhabitants
in 2011 were left-out) and divided into seven categories of types of urban structures according to
Hudeček et al. [47], which makes it possible to assess their financial sustainability in terms of public
maintenance costs. Individual categories are distinguished by the type of housing development, by
the ratio of public space and greenery, and by the extent of public infrastructure. The categories are
as follows:
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1. Organic urban structure—this group is represented by an archetypal historic city center with
irregular streets and squares where public space is mainly designed for pedestrian traffic. Houses
form closed irregular blocks. The organic urban structure category is relatively expensive to
maintain, however, due to its usually high population density, the cost per capita is a financially
very advantageous type of housing development. In the case of Ostrava, due to its industrial
past, this type concerns a limited area of the city center.

2. Urban block structure—this group is characterized as compact closed blocks with a regular
network of streets and pavements, complemented by greenery in the form of parks. Similarly
to the previous category, this type of housing development is very effective in terms of cost per
hectare due to the high population density. In the case of Ostrava, it is mainly an area adjacent to
the city center with primarily a residential housing function.

3. Garden city urban structure—this category involves multi-story villas located separately in
gardens with fences. The network of streets is irregular, complemented by public parks. Although
it has lower maintenance costs, due to its low population density, it is one of the costliest types.
In the case of Ostrava, there is only one area, near the city center, in one of the most representative
housing areas.

4. Urban structure of single detached houses—a similar category to the previous one, but the
built-up area is less dense. Garden area is also separated by fences, however the street network is
usually regular. This type is usually not accompanied by significant public amenities. The cost
per hectare is one of the costliest due to its low population density. These are represented by older
built-up areas, integrated to Ostrava during the 20th century, while the recent increase is due to
the suburbanization process.

5. Urban structure of paired villas and row-houses—in contrast to the previous category,
it predominantly consists of semi-detached houses and terraced houses. However, despite
its higher population density, this is a rather costly type of housing development. This type
occurs in inner urban fringe districts, especially in the eastern part of Ostrava, but spatially is
rather marginal.

6. Urban structure of mixed building types—this type of housing development is a combination of
solitary structures as well as compact blocks and semi-open blocks. In the case of Ostrava, these
are areas representing the cores of individual urban districts, often complemented by adjacent
residential districts. Due to its usually relatively high population density, this is a relatively
sustainable type of housing development. In some rare cases, these are remnants of those districts,
which, due to historical development, have lost their importance or have given way to industrial
production sites.

7. Urban structure of estates and high rises—this type of housing development is characterized by
its large scale. The buildings are surrounded by plentiful greenery and free open space with
lots of parking spaces. Public amenities are concentrated near public transport stations. Due
to its high population density, it is one of the most financially advantageous types of housing
development. In Ostrava, it can be found especially in Ostrava-Jih and Poruba. The latter is,
however, complemented by a more generously designed public space and is characterized by a
more human scale than the mass disposition of Ostrava-Jih.

The defined categories were slightly adapted to the needs of the study, as the original categorization
was based on the model of the city of Prague, which has a much longer history compared to Ostrava,
the higher number of representatives of individual categories, and greater spatial extent of categories.
However, given the BSU scale we used, which allows for flexible coverage of changes in the type
of built-up areas and population density, the results can be considered commensurate with original
categorization. For an overview of the financial demands and sustainability of individual types of
urban development, we also used the assumed total current expenditure per hectare based on the
study by Hudeček et al. [47], shown in Table 2. To analyze the change in population density of
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individual BSUs depending on the change in the number of inhabitants and built-up area, we used
the operationalization framework of population density as set by Wolff et al. [43], except that we also
assess the units that have not undergone any change in population density. Stable density may be a
result of the change in relative values through either an identical increase of population and built-up
area or identical decrease of population and built-up area (see [43]). This process should allow us to
analyze the financial sustainability of the built-up area more closely.

Table 2. Changes of urban structures in Ostrava 1991–2011 with estimated total expenditure.

Indicators Period
Organic
Urban
Structure

Urban
Block
Structure

Garden
City Urban
Structure

Single
Detached
Houses

Paired Villas
and
Row-Houses

Mixed
Building
Types

Estates
and High
Rises

∑
or

Average
Value

BSU units - 3 3 1 65 8 43 46 169 *

Population
1991 6225 738 909 45,765 5010 68,301 192,654 326,244
2001 5153 6975 613 47,691 5031 66,584 182,918 314,965
2011 4983 6114 677 52,658 5069 60,915 162,695 293,111

Population change
1991–2001 −1072 −405 −296 1926 21 −1717 −9736 −11,279
2001–2011 −170 −861 64 4967 38 −5669 −20,223 −21,854
1991–2011 −1242 −1266 −232 6893 59 −7386 −29,959 −33,133

Built-up area (ha)
1991 49.75 51.36 10.74 2410.68 167.53 900.19 860.25 4450.51
2006 49.75 51.36 10.74 2669.71 171.13 890.15 864.51 4707.36
2011 49.75 51.36 10.74 2727.06 172.37 906.27 867.42 4784.96

Population density (ha)
1991 125.13 143.69 84.62 18.98 29.90 75.87 223.95 73.30
2001 103.58 135.80 57.07 17.86 29.40 74.80 211.59 66.91
2011 100.16 119.04 63.02 19.31 29.41 67.22 189.56 61.26

Share of built-up area
with population density
under 100 persons/ha

1991 22.17 67.86 100 100 100 71.35 5.61 -
2001 73.65 67.86 100 100 100 69.16 4.41 -
2011 51.48 67.86 100 100 100 74.17 3.48 -

Age index
1991 75.96 95.92 94.16 85.46 116.98 102.05 51.69 82.05
2001 101.85 99.29 162.67 81.70 66.89 82.03 88.11 83.98
2011 151.41 109.23 118.69 114.80 102.03 91.32 136.57 114.72

Average share of 1 and 2
person households

1991 56.00 65.86 59.35 50.92 53.37 59.97 51.27 53.85
2001 61.94 64.54 62.60 52.14 50.37 59.60 58.35 56.10
2011 71.94 72.44 68.67 53.70 52.21 65.30 68.60 61.38

Estimated total
expenditure (€/ha) ** - 10,361 13,033 8,182 6,683 10,018 10,224 13,614 -

Notes: * these 169 BSU represents 99.66% in 1991, 99.44% in 2001 and 98.95% in 2011 of population of Ostrava **
original data use currency CZK, (€/ha) is based on average yearly exchange rate in 2018 (1 EUR = 25.6 CZK), source
of estimated total expenditure Hudeček et al. [47].

5. Profile of Study Area

The focus of the paper is based on the development of the city after 1989. Nevertheless, in the spirit
of the “follow the path” method, it is necessary to briefly outline the history of urban development
that has been studied more in detail elsewhere [63]. Three basic phases can be distinguished in the
urban development of Ostrava (see Figure 1).

Sustainability 2019, 11, x FOR PEER REVIEW 7 of 22 

5. Profile of Study Area 

The focus of the paper is based on the development of the city after 1989. Nevertheless, in the 
spirit of the “follow the path” method, it is necessary to briefly outline the history of urban 
development that has been studied more in detail elsewhere [63]. Three basic phases can be 
distinguished in the urban development of Ostrava (see Figure 1). 

 
Figure 1. Population change in Ostrava (1869–2019 [88]) and prediction of population change until 
2050 according to Šotkovský [89]. 

The first phase defined, based on available data, from 1869 through 1930, was characterized by 
massive industrialization and spontaneous urbanization, which was also typical for other cities based 
on the exploitation of hard coal and steel production. Due to the combination of the above-mentioned 
processes, spatial overlap and blending of (incompatible) functions [90], intensified by a polycentric 
structure from originally isolated settlement cores and production premises (mines, factories), was 
created. The part of the city formed in this period is often referred to as “old Ostrava”. Between 1940 
and 1948, there was a small population decline (as a result of the Holocaust and the subsequent 
expulsion of the German population). 

The second phase (1948–1989) was characterized by ongoing urbanization, already driven by 
“socialist” industrialization [91]. The renewed demographic growth had spatially highly 
differentiated impacts. These were conditioned by directive urban planning [92]. Similar to other 
socialist cities, large housing estates [93] were built at a considerable distance from “old Ostrava”. 
First was the Poruba district situated in the western part of the city, where the population increased 
from 1,596 (1950) to 83,196 (1970), with plans for this district being even 180,000 [94]. The second large 
residential area was the Ostrava-Jih, where the population increased from 22,532 (1961) to 118,806 
(1991). This area was also planned for a larger population (280,000). 

In contrast, the process of population decline was experienced by “old Ostrava”. The area of the 
narrower and wider inner city of Ostrava lagged behind during the socialism in physical, functional, 
and social terms. An important feature was the relatively large demolitions of buildings and the 
controlled hollowing-out of urban structures in the city center and wider inner city, resulting in a 
perforated urban structure. As a result, the population of “old Ostrava” dropped from 148,281 to 
90,145 (−40%) during the centrally planned economy. Thus, while in 1950 the old Ostrava 
concentrated approximately 68% of the entire population, in 1991 it was only 27%. At the same time, 
there was an intentional spatial concentration and segregation of socially disadvantaged and Roma 
population into the inner city from the 1960s, with approximately 43% of all Roma in the city of 
Ostrava residing for example, in the district of Přívoz (northern part of ”old Ostrava”) [95]. 

Since the early 1970s, we have been observing stagnation of the socialist growth model, which 
was also reflected in a decrease in growth dynamics in Ostrava. Here, since 1975, the importance of 

Figure 1. Population change in Ostrava (1869–2019 [88]) and prediction of population change until
2050 according to Šotkovský [89].



Sustainability 2019, 11, 4142 8 of 22

The first phase defined, based on available data, from 1869 through 1930, was characterized by
massive industrialization and spontaneous urbanization, which was also typical for other cities based
on the exploitation of hard coal and steel production. Due to the combination of the above-mentioned
processes, spatial overlap and blending of (incompatible) functions [90], intensified by a polycentric
structure from originally isolated settlement cores and production premises (mines, factories), was
created. The part of the city formed in this period is often referred to as “old Ostrava”. Between
1940 and 1948, there was a small population decline (as a result of the Holocaust and the subsequent
expulsion of the German population).

The second phase (1948–1989) was characterized by ongoing urbanization, already driven by
“socialist” industrialization [91]. The renewed demographic growth had spatially highly differentiated
impacts. These were conditioned by directive urban planning [92]. Similar to other socialist cities, large
housing estates [93] were built at a considerable distance from “old Ostrava”. First was the Poruba
district situated in the western part of the city, where the population increased from 1596 (1950) to
83,196 (1970), with plans for this district being even 180,000 [94]. The second large residential area was
the Ostrava-Jih, where the population increased from 22,532 (1961) to 118,806 (1991). This area was
also planned for a larger population (280,000).

In contrast, the process of population decline was experienced by “old Ostrava”. The area of the
narrower and wider inner city of Ostrava lagged behind during the socialism in physical, functional,
and social terms. An important feature was the relatively large demolitions of buildings and the
controlled hollowing-out of urban structures in the city center and wider inner city, resulting in a
perforated urban structure. As a result, the population of “old Ostrava” dropped from 148,281 to
90,145 (−40%) during the centrally planned economy. Thus, while in 1950 the old Ostrava concentrated
approximately 68% of the entire population, in 1991 it was only 27%. At the same time, there was an
intentional spatial concentration and segregation of socially disadvantaged and Roma population into
the inner city from the 1960s, with approximately 43% of all Roma in the city of Ostrava residing for
example, in the district of Přívoz (northern part of ”old Ostrava”) [95].

Since the early 1970s, we have been observing stagnation of the socialist growth model, which
was also reflected in a decrease in growth dynamics in Ostrava. Here, since 1975, the importance of
immigration has been declining, with the demographic growth becoming dependent on natural growth.
In addition, the surrounding rural communities were integrated into Ostrava in the mid-1970s [96]. If
socialist cities were considered generally more compact and characterized by higher density than their
capitalist counterparts [97], Ostrava was the exception. In its case, it was fragmented and sprawling city
over an area of 214 km2 [98] with a lot of green areas. At the turn of the second and third phase (in 1990),
Ostrava had a population density (inhabitants per square mile) of 4,000, while Atlanta, being a “poster
child” of the sprawling city [99], had in 1990 3,000 ([100] cit. in [101] p. 26), and a comparable city of
Leipzig, which also has fought suburbanization and shrinkage, had more than a double the density of
Ostrava in 1990 [102]. In addition, the city was designed by socialist planners to accommodate 500,000
inhabitants, which was partly reflected by the built technical and social infrastructure.

The third phase (1989–present) is then characterized by the urban shrinkage process. Between 1990
and 2018, the population decreased to 287,265 (−13.4%) not including foreigners (11,000). The causes
of urban shrinkage are basically not much different from other cities in post-socialist Europe [103].
Rumpel and Slach [104] identified the following specific causes of shrinkage:

(a) Environmental factors: Environmental pollution, especially air pollution, is one of the main
reasons for outmigration from Ostrava. Despite the fact that the amount of total emissions
dropped from 35,000 tons (1990) to 929 tons (2012) [105], Ostrava is one of the most polluted
cities in Europe [106]. Poor environmental quality still acts as a key push factor, especially for the
educated population (see below). Another environmental burden is brownfields, which account
for 8.4% of the city’s area [107].

(b) Suburbanization: Outmigration in particular by escaping from an unsatisfactory urban
environment, known as escapism (cf. [108]). The main migration flows are directed to the
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south-eastern or north-western part of the region [109], which have better environmental
conditions. The paradox is that air quality in some (close) suburban locations is not significantly
different from Ostrava [105]. We should also not neglect the impact of poor-quality housing stock
or virtually non-existent spatial regulation. In the population decline of the city, suburbanization
accounts for more than 60%, losing approximately 3000 inhabitants in favor of suburban locations
between 2012 and 2017 [110].

(c) Economic factors: Transformation of the economy in the form of deindustrialization accompanied
by weak growth of the service sector. Between 1989 and 1999, approximately 50,000 jobs were
lost in hard coal mining and manufacturing industry. The crisis of the region culminated in 2004
(18.4% unemployment rate), but since then the city has been growing economically thanks to the
inflow of foreign direct investment [63], except for the period of economic crisis between 2008
and 2011. This economic growth was also reflected in the unemployment rate reaching 5.1% in
2019 [111]. An interesting fact is that Ostrava is one of the most economically successful regions
in Czechia during the transition period [112], despite that its population is still declining.

(d) Outmigration: The lack of attractive job opportunities is listed as the main cause of outmigration
from Ostrava. It is mainly characterized by the selective outmigration of young, highly qualified
people (brain-drain). In recent years, also thanks to the above-mentioned economic growth and
low unemployment rate, the issues related to the environment and quality of life have been in the
center of attention [113]. To illustrate this, between 2012 and 2017, 1600 residents moved from
Ostrava to Prague and its surroundings [114].

(e) Natural demographic changes are also an important factor in the shrinkage of Ostrava. In addition
to the decline in the number of births (1990: 4516, 2017: 2970 [115]), aging is a major process that
can be documented by the aging index, which expresses how many people aged 65 and over
account for 100 children under 15 years of age. In 1991, Ostrava’s aging index was 55.5, thus
Ostrava was one of the youngest big cities in the Czechia in terms of demography when in 2012
the aging index was 114 and in 2025 is expected to reach 158 [116] (see Figure 2).

(f) Policy response: The dominant strategy focused on the attraction of investment and economic
growth, while other causes and consequences (see below) of shrinkage were trivialized (cf. [51]).
Although we may have seen a more proactive approach to countering shrinkage [51], aimed at
mismatch on a real estate market, segregation, brownfield regeneration and industrial heritage
utilization [90], it is rather isolated cases (thematically or spatially), the funding of which is
dependent on external sources [116]. Despite these efforts (especially in recent years), some
shrinkage impacts have intensified.

The consequences of shrinkage will be documented in detail on the example of spatial changes in
population density. We should note that it is not possible to clearly separate causes and consequences
as they are mutually reinforcing. Briefly, we can list the following impacts of shrinkage:

(a) Outmigration driven by the need for jobs, higher quality of life, and overall higher life expectations
(cf. socio-economic escalator [117]) weakens the region’s knowledge base and deepens the labor
market mismatch, because of its selective nature, the “gap” grows between the required and
available workforce. To some extent, the possibility of further growth of hi-tech [118] and other
promising industries as well as overall urban development of Ostrava is “curbed”. Although this
effect is limited due to the economic boom.

(b) Through social filtration, i.e., outflow of the middle and upper classes and families with children
(the main source group), the demographic and also economic (outflow of purchasing power)
potential of the city decreases [109]. At the same time, many residents still work in the city
and use its publicly subsidized services, although they live elsewhere. Other aspects such as
increasing traffic load and the mismatch between existing and available social and technical
infrastructure (sewer system, schools, etc.) in the inner city and the outskirts of the city [119]
cannot be omitted. Given the absence of mutual social and economic coordination, the existing



Sustainability 2019, 11, 4142 10 of 22

suburbanization process bears the characteristics of parasitic urbanization [120]. To summarize,
there is a simultaneous increase in spending and a decrease in revenues of local government.

(c) The shrinking process accelerates social segregation [119]. Research confirms an increase in
residential segregation in the form of socially excluded localities in Ostrava [121]. These are
usually concentrated in a compact inner city in abandoned localities or near brownfields [122].
Essentially, the patterns that have already historically existed deepen. According to rough
estimates, around 6000 persons live in excluded localities, another 8000 live in second-class
housing (boarding houses), and another 20,000 persons in Ostrava are at risk of losing their
homes. Between 2006 and 2015, the number of excluded localities and boarding houses increased
from 10 to 57 [123]. Moreover, residential segregation can be considered to be the cause and effect
of shrinkage (cf. [82]).
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On the other hand, it is appropriate to mention the following specifics, especially from the national
context. Unlike most shrinking cities, Ostrava does not face the issue of empty flats and the need
for extensive demolition to any significant extent, which is generally the result of inherited housing
shortage from the era of a centrally planned economy. Lastly, although the city’s population continues
to decline, it is not reflected in its revenues. The dominant source of revenues for the municipal
budget (approximately 80%) is the centrally redistributed revenue from shared taxes by the number
of residents (in detail [116,124]). What is important is that these revenues are tied to the state of the
national economy, which explains why, despite the decline in population, the municipal income is
growing from these taxes. In the crisis year 2010, Ostrava received 221 million EUR from shared
taxes (the total budget was 248 million EUR). In 2018, shared tax revenues amounted to 283 million
EUR (a total of 383 million EUR). In particular, the inflow of money from EU funds contributes to an
increase in sources apart from tax sharing. However, the city is losing its finances, because if the 1990
population were maintained, the budget would be theoretically higher by almost 40 million EUR.
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6. Results: Evolution of Spatial Patterns of Intra-urban Population Density

Our results provide the following picture. The demographic decline during the first monitored
period in Ostrava (1991–2001) was relatively weak at the micro-level (−3.46%), therefore the population
density changes were also relatively weak (see Figure 3, for detailed analysis use Figure S1 in
Supplementary Material). Their development was also greatly influenced by inherited patterns from
centrally planned economy, with the first transition years being characterized by a relatively low
unemployment rate (until 1997), a decline in construction due to real price growth, and real income
decline (cf. [125]) and by gradual development of supportive instruments of the housing supply
(cf. [126]).

The largest decline in population density was recorded in the historic city center and some
resurrecting BSUs in the inner city corresponding to the organic urban structure and the urban block
structure. This was mainly the result of the dynamic growth of the service sector in the form of
commercialization (cf. [127]) since this sector was extremely under-dimensioned during the centrally
planned economy. In the city center of Ostrava, many units were rebuilt from residential to serve
commercial use. Population density increased slightly through in-fill development in residentially
attractive locations in the dispersed inner city, where extensive demolitions took place in the past and
in the areas near parks. The population density increase was typical for the localities with low-quality
housing stock neglected during the socialist period in the northern part of Ostrava inner city. Unlike
large housing estates, the decline was not accompanied by an increase in the age index, the opposite
was true–it dropped here due to a higher birth rate of socially weaker population and lower life
expectancy (cf. [128], see Figure 2), and at the same time the floor area per capita decreased, all of
which reflected the social filtration process. Interestingly, this locality went through a decline in the
given period and was described as socially excluded. This development demonstrates that the change
in population density is an ambiguous indicator and other indicators need to be taken into account in
order to produce accurate interpretation.

The most visible example of the decline in built-up areas is the Hrušov locality, where the long-term
decline was accelerated by floods in 1997 resulting in this area becoming the most devastated locality
in Ostrava [129,130]. The structures of estates and high rises in “old Ostrava” and also in Poruba
and Ostrava-Jih were displaying a slight decrease in population density, but there were also growing
localities. In the Poruba district, it was one of the largest socially excluded localities [122], and in the
Ostrava-Jih district, the growth was driven by the construction of apartment buildings on the edge of
the structure of estate and high rises. The most homogeneous in the population density change were
localities situated in attractive inner-urban fringe districts, although population density growth was
moderate. An interesting fact was that the number of inhabitants of Ostrava-South remained virtually
unchanged, while in Poruba, despite its higher perceived attractiveness, the number of inhabitants
decreased by 9002 (−10.7%). A key role here is played by the earlier construction of this housing estate.

In the second monitored period (2001–2011), the shrinkage process accelerated (−6.93% of the
population), and the same can be said for spatial population density patterns. The period of economic
stagnation was replaced by dynamic economic growth in 2004 and delayed suburbanization gradation,
which started in the Czechia after 2002 (cf. [126]). In the central part of Ostrava, the number of
residents in residentially attractive localities near greenery and water has increased significantly.
A good example is a locality adjacent to the main city park. Residential buildings were constructed
by developers here, which led to an increase in the number of inhabitants from 804 to 1343 over one
decade. Identical patterns can be traced to the already described localities in the dispersed inner city,
with an above-average proportion of university-educated people being typical for all growing localities
in attractive city parts, which can be seen as an indicator of higher socio-economic status. However,
the city center as a whole was losing population. Another typical category is socially segregated
localities in the northern part of the inner city. These are generally population-wise stable localities
with decreasing age index and the minimum representation of university-educated people, as well
as with degrading built-up environment (cf. [131]). The prevailing trend in the densely built-up area
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of the city center and the inner city is the de-densification driven mainly by the aging process and
increases in single-person households.

A similar trend, but in a more intense form, is seen in large housing estates. The ongoing decline
in density in the Poruba district is mainly due to the aging process and generally decreasing household
sizes (some localities had an age index of 240), even though the adjacent, initially rural communities
are growing. In comparison with the previous period, the process of de-densification in Ostrava-Jih
was intensified. Again, growing or stable localities in terms of population are characterized either by
the fact that they were originally sparsely built-up areas, where new homes are being built, or we are
referring to socially excluded localities with decreasing age index. Inner-urban fringe districts grew
most visibly and significantly, however, the population density increase was relatively small. The
overall picture of changes in population density in Ostrava is closest to the patchwork city model.
However, if we take into account the polycentric character of Ostrava with three dominant cores,
namely the city centre in the district of Moravská Ostrava and Přívoz, Ostrava-Jih, and Poruba, there
is an apparent hollowing-out of the inner city syndrome, where individual de-densified city cores
are surrounded by newly densified areas formed by in particular urban structures of single detached
houses, creating a perforated structure.Sustainability 2019, 11, x FOR PEER REVIEW 12 of 22 
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7. Connecting Population Density Changes and Sustainability

The above-mentioned changes in spatial patterns indicate a potential pitfall in relation to the
sustainability of urban development. Despite an overall decreasing trend in the population of the
city of Ostrava (−10.1%), a built-up area has increased (7.5%) during 1991–2011, which is obviously
reflected in a decrease in the average population density. When looking at developments in individual
researched BSUs, further trends can be observed at the micro level leading to deterioration in the city
sustainability (see Table 2). On the one hand, structures characterized by high population density,
such as organic urban structures, urban block structures and urban structures of housing estates have
been declining over a long period of time in terms of the population density. This development leads
to the fact that the most financially sustainable parts of the city are becoming more expensive per
capita, thus gradually losing this advantage. The organic urban structure category has, due to this
development, even approached the 100/ha limit, which is considered to be borderline for efficient
housing development from a financial perspective. On the other hand, we can observe the trend of
expanding of the urban structure area with low population density.

The vast majority of the urban housing development growth in the Ostrava area was driven
by an urban structure of single detached houses, which is one of the most expensive structures per
capita. This development represents a double trap for Ostrava, because on one hand the revenues from
population size decreases, and on the other hand, the maintenance costs of the urban structure itself are
increased by reducing the sustainability of economically advantageous types of housing development
and by increasing the areas of financially disadvantageous urban structures. Currently, the development
of infrastructure (e.g., planned new buildings for the Scientific Library or Philharmonic Orchestra),
but also a considerable part of regeneration projects for some selected Ostrava sites is subsidized
by EU funds or national funds (Lower Vitkovice Area, Black Meadow). However, these funds are
intended for construction only, whereas the financial burden that the operation and maintenance of the
implemented projects will represent for the city budget in the future is not taken into account. Similar
investments in shrinking cities, while ignoring the unavailability of adequate housing for low-income
groups, appear, according to Silverman ”...paradoxical and grotesque” [132] (p. 6). In addition, this
strategy setting of land use development does not reflect the obsolescence of older types of housing
development and infrastructure, which primarily documents the city’s pro-growth orientation.

Figure 4 shows that identified trends have actually continued after the monitored period
(1991–2011), when, however, the data are only available disaggregated to whole city districts. Those
districts with dominating urban structure of single detached houses show sustained population growth,
confirming the importance of inner-suburbanization. In the center of Ostrava, there is a mitigation
of depopulation in selected areas, and similar patterns are in the inner city, but it should be noted
that these are usually socially excluded localities. Urban structures of estates and high rises in terms
of population decline further. Their decline is driven mainly by aging, and due to low residential
attractiveness resulting in a low inflow of new residents, which is especially the case of Ostrava-Jih
district. According to the demographic projection [89], Ostrava copies the lower, pessimistic variant,
according to which the Ostrava population should be only approximately 223,000 people by 2050,
which represents a shrinkage of approximately one-third of the population compared to the peak.

Again, shrinkage does not necessarily have to bring negative effects, but it depends on the city’s
response to this problem. In the first decades following 1989, the problem was rather trivialized, as
evidenced by a statement made in 2012 by the then Mayor: “And there (Pittsburgh) the population
declined from approximately half a million to three hundred thousand people. So, we haven’t ended
up so badly yet” [133]. As already indicated, there has been some shift in recent years, but this is
somewhat ambivalent. On the one hand, the vision of the city’s current strategy is to mitigate the
negative migration balance by attracting new (especially young) residents, while on the other hand the
current Mayor expresses the conviction that “[i]f Ostrava only ends up having 250,000 people in the
end, but they are all happy, it won’t mind” [134]. In other words, the city adopted an almost solely
pro-growth strategy to countering shrinkage [51], therefore instruments related to the management
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of decline have been ignored [116]. Obviously, the question is not whether the city will or will not
implement such instruments, but when and at what price (cf. [70]).
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8. Discusion and Conclusions

The paper aimed to analyze and assess the nexus between spatial patterns of population density and
their sustainability in the context of the shrinking city of Ostrava, which was for better understanding
set in the context of a dominant strategy of responding to urban shrinkage. The main findings of the
research can be summarized as follows.

The city entered a transition period with a highly fragmented and sprawled urban structure
inherited from the past, with the overall decline in the average population density of the BSUs (1991:
73.3 inhabitants/ha, 2011: 61.26 inhabitants/ha) being relatively modest. Much more substantial
changes took place at an intra-urban level. The evolution of spatial patterns of population densities at
this level pointed to processes of three types, showing some connection between shrinkage intensity
and fragmentation of spatial patterns of population densities. First, the most visible manifestation is
the continued hollowing-out of three Ostrava cores in favor of less densely built-up areas situated on
the city fringe, being a crystalline example of inner-suburbanization. Here the number of inhabitants
and also the built-up area are growing. Secondly, in some parts of the center and inner city, “pockets”
of population density growth of two types are formed. The first type is localities driven by higher
socio-economic status inhabitants in attractive locations in the city center and inner city, while the
latter type is characterized by the growth driven by socially weaker population groups.

In the localities of large housing estates, which are losing population, there is the second listed
type of (socially excluded) locality or the localities with single housing units with a high age index.
To summarize, the evolution after 1989 accelerated and intensified the inherited fragmented and
sprawled structure, which is also illustrated by the mismatch between population decline and built-up
area growth. Surprisingly, it seems, at least, in contrast to the outlined development, that the extent
of demolition is minor. This phenomenon can be attributed to the combination of inherited housing
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shortage, and the growth of the number of one- and two-person households due to aging, especially in
large housing estates.

However, the most significant implication is the change in population densities in relation to
the sustainability of public finances. The results clearly show that the change in population densities
continuously increases costs and thus reduces sustainability. Basically, in the localities with a high
population density that are cheaper in terms of their maintenance, the population is declining, and vice
versa. In addition, while the built-up area of the first group is stagnating, costly maintenance localities
are experiencing relatively rapid growth. If the lower variant of demographic development forecast is
fulfilled, it can be assumed that a number of localities with the population above a critical threshold
of 100 inhabitants/ha would fall below this threshold if the existing built-up area was maintained.
Already in 2011, despite both the qualitative and quantitative development of the service industry, the
very center of Ostrava was already at this level, with the less equipped and less attractive locations
likely to follow this trend even more intensively. The results found are in contrast to the city’s approach
addressing urban shrinkage impacts.

Corresponding with the adapted neoliberal pro-growth governance regime, emphasis has been
placed on the economic revitalization of the city over the long term, which was supposed to subsequently
also solve social or demographic problems. Despite a partial shift in recent years in the perception of
urban shrinkage, responses are, compared to the previous pro-growth strategy aimed at attraction of
foreign direct investment, focused instead on the attraction of young and educated people, but without
any adequate measures. The ongoing suburbanization process suggests that, similar to other industrial
cities, Ostrava is attractive to work in, but not to live in (cf. [135]), and while other cities have used
economic growth for reurbanization by making the inner city more attractive [7], Ostrava has thus far
missed this opportunity to increase sustainability.

Ignoring the unsustainable pathway of urban shrinkage also corresponds to the good financial
condition of the city, which, similar to other shrinking cities, is dependent on external sources and
decision-making mechanisms [11]. In the opposite sense, one can cite the experience that “the awareness
of the challenges brought about by shrinkage developed only when related problems became highly
visible” [10] (p. 11). In the case of Ostrava, it seems that the acceptance of urban shrinkage and the
resulting measures will most likely be driven by a change of external environment. It can be stated
that the city is becoming more vulnerable, losing its ability to influence its own destiny in the long run.

Furthermore, this case study provides implications for the research agenda of shrinking cities.
Findings show the financial unsustainability of neoliberal pro-growth governance in shrinking cities [22],
and its vulnerability to external influences. Although the shrinking process has not yet significantly
affected the city’s revenues or economic growth, in the long run, a possible change in the external
environment, combined with long-term local trivialization of the process, could bring a profound
structural crisis. This may be potentiated by the long inertia of the development of demographic and
physical structures, or by the high cost of possible remediation, which, given the limited powers of the
municipality, will not be easy to implement. Here, the proverb “prevention is better than cure” proves
true (cf. [66]). If we paraphrase Rink et al. [11], we can state that Ostrava serves as the “worst practice”
city, a city that, despite rising revenues and economy, continues to lose its population, thus creating a
problematic future situation. We have documented the case of the spatially growing shrinking city,
which can serve as a warning to cities in a similar situation before they choose this path of development.
Through the lens of EEG, based on the abovementioned results, we can conclude that the identified
development path has intensified inherited negative path dependency and thus creates a constraining
rather than enabling environment for the more sustainable development path (cf. [136]). To put it
simply, the city is locked-in in a highly unsustainable path and potential de-locking will be extremely
complicated. The results also seem to be in contrast to the assumption held in post-socialist countries
about the role of market and planning (cf. [73]). The unregulated market does not only lead to spatially
unjust land use patterns, but also harms the effectivity of resource allocation, and hence the financial
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functioning of the city. Yet the role of planning that should resolve these urban challenges is still to be
fully appreciated in the mindsets of post-socialist societies.

Furthermore, the available data allowed us to only examine a period limited by censuses. For a
deeper underpinning of urban shrinkage dynamics, it will be necessary to integrate the future results of
the census (probably available in 2022) that will re-examine whether the identified trends at the micro
level continue or not. A promising alternative for further research into intra-urban spatial patterns is
the relational comparison with other cities in an analogical context, and above all, the use of new, more
dynamic data sources such as mobile phone location data (eg. [137,138]).

Lastly, we are aware that policy response is not only about accepting shrinkage at the local level, but
is embedded in a broader policy framework that guides the allocation of resources [14]. In the context
of sustainability, it is essential to study not only the (un)sustainability of the processes themselves, but
also the adaptive capacity of the system to adequately respond to such processes [19]. In this sense, it
would be valuable to further examine the national and supranational institutional settings, as well as
economic conditions that impair finding sustainable solutions to discussed challenges.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/11/15/4142/s1,
Figure S1: Geographic layers (ESRI Shapefile format) with calculated population densities within BSU for
1991–2001 and 2001–2011 periods.
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Appendix A

Basic settlement units (BSU) represent the smallest territorial unit for which the public has the
possibility to obtain data for the population and housing census. In cities, they were defined as
urbanistic districts according to the principle of dividing the city from urban and spatial planning
aspects according to prevailing functional use (residential areas, industrial areas, transportation,
agricultural areas, forest areas, recreational areas, etc.) [139].

Appendix B

Urban Atlas is a freely available harmonized data land use/land cover for European cities and
their hinterland created under the GMES/Copernicus program. Coverage includes 305 functional
urban areas (FUA) for 2006 and 697 FUA for 2012 on a 1: 10,000 scale. The minimum mapping unit is
0.25 ha for urban areas and 1 ha for rural areas. Thematic data resolution includes 20 landscape classes
for 2006, which were subsequently extended to 27 classes in 2012. Minimum overall accuracy for
level 1 class 1 “Artificial surfaces” is 85%. Classes in 112xx (Discontinuous urban fabric) are classified
according to their sealing degree [140].
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municipal expenditures: An empirical study in the Czech Republic. Urban Stud. 2019, 1–16. [CrossRef]
48. Moss, T. ‘Cold spots’ of Urban Infrastructure: ‘Shrinking’ Processes in Eastern Germany and the Modern

Infrastructural Ideal. Int. J. Urban Reg. Res. 2008, 32, 436–451. [CrossRef]
49. Holcombe, R.; Williams, D. The Impact of Population Density and Racial Composition on Municipal

Government Expenditures. Public Financ. Rev. 2008, 36, 1–15. [CrossRef]
50. Hartt, M. The Prevalence of Prosperous Shrinking Cities. Ann. Am. Assoc. Geogr. 2019, 109, 1651–1670.

[CrossRef]
51. Hospers, G.J. Policy responses to urban shrinkage: From growth thinking to civic engagement. Eur. Plan. Stud.

2014, 22, 1507–1523. [CrossRef]
52. Schwarz, N.; Schlink, U.; Franck, U.; Großmann, K. Relationship of land surface and air temperatures and its

implications for quantifying urban heat island indicators—An application for the city of Leipzig (Germany).
Ecol. Indic. 2012, 18, 693–704. [CrossRef]

53. Hartt, M.; Hackworth, J. Shrinking cities, shrinking households, or both? Int. J. Urban Reg. Res. 2018, 1–13.
[CrossRef]

54. Tighe, J.R.; Ganning, J.P. The divergent city: Unequal and uneven development in St. Louis. Urban Geogr.
2015, 36, 654–673. [CrossRef]

55. Rink, D.; Siemund, S. Perforation als Leitbild für die schrumpfende Stadt? Erfahrungen aus Leipzig.
disP Plan. Rev. 2016, 52, 50–60. [CrossRef]

56. Krzysztofik, R.; Kantor-Pietraga, I.; Runge, A.; Spórna, T. Is the suburbanisation stage always important in
the transformation of large urban agglomerations? The case of the Katowice conurbation. Geogr. Pol. 2017,
90, 71–85. [CrossRef]

57. Frank, S. Inner-city suburbanization–no contradiction in terms. Middle-class family enclaves are spreading
in the cities. Raumforsch. und Raumordn. Spat. Res. Plan. 2018, 76, 123–132. [CrossRef]

http://dx.doi.org/10.1016/j.landurbplan.2005.02.003
http://dx.doi.org/10.1371/journal.pone.0066531
http://dx.doi.org/10.1016/0094-1190(89)90009-0
http://dx.doi.org/10.1080/00420989220081041
http://dx.doi.org/10.1177/0969776417694680
http://dx.doi.org/10.1080/21681376.2017.1412270
http://dx.doi.org/10.1080/09654313.2018.1546832
http://dx.doi.org/10.1007/BF03183139
http://dx.doi.org/10.1177/0042098016658231
http://dx.doi.org/10.1177/0739456X05285119
http://dx.doi.org/10.1177/1078087409341036
http://dx.doi.org/10.1080/0034340042000292647
http://dx.doi.org/10.1177/0042098018813268
http://dx.doi.org/10.1111/j.1468-2427.2008.00790.x
http://dx.doi.org/10.1177/1091142107308302
http://dx.doi.org/10.1080/24694452.2019.1580132
http://dx.doi.org/10.1080/09654313.2013.793655
http://dx.doi.org/10.1016/j.ecolind.2012.01.001
http://dx.doi.org/10.1111/1468-2427.12713
http://dx.doi.org/10.1080/02723638.2015.1014673
http://dx.doi.org/10.1080/02513625.2016.1235879
http://dx.doi.org/10.7163/GPol.0082
http://dx.doi.org/10.1007/s13147-016-0444-1


Sustainability 2019, 11, 4142 19 of 22

58. Florida, R.; Adler, P. The patchwork metropolis: The morphology of the divided postindustrial city.
J. Urban Aff. 2018, 40, 609–624. [CrossRef]

59. Rieniets, T. Shrinking cities: Causes and effects of urban population losses in the twentieth century. Nat.
Cult. 2009, 4, 231–254. [CrossRef]

60. Naumann, M.; Bernt, M. When the tap stays dry: Water networks in eastern Germany. Local Environ. 2009,
14, 461–471. [CrossRef]

61. Martinez-Fernandez, C.; Weyman, T.; Fol, S.; Audirac, I.; Cunningham-Sabot, E.; Wiechmann, T.; Yahagi, H.
Shrinking cities in Australia, Japan, Europe and the USA: From a global process to local policy responses.
Prog. Plan. 2016, 105, 1–48. [CrossRef]

62. Nelle, A.B. Tackling human capital loss in shrinking cities: Urban development and secondary school
improvement in Eastern Germany. Eur. Plan. Stud. 2016, 24, 865–883. [CrossRef]

63. Rumpel, P.; Slach, O. Governance of Shrinkage of the City of Ostrava; European Science and Art Publishing
Praha: Prague, Czech Republic, 2012; ISBN 8087504194.

64. Sousa, S.; Pinho, P. Planning for shrinkage: Paradox or paradigm. Eur. Plan. Stud. 2015, 23, 12–32. [CrossRef]
65. Rhodes, J.; Russo, J. Shrinking ‘smart’?: Urban redevelopment and shrinkage in Youngstown, Ohio.

Urban Geogr. 2013, 34, 305–326. [CrossRef]
66. Hummel, D. Right-Sizing Cities in The United States: Defining Its Strategies. J. Urban Aff. 2015, 37, 397–409.

[CrossRef]
67. Haase, D. Urban ecology of shrinking cities: An unrecognized opportunity? Nat. Cult. 2008, 3, 1–8.

[CrossRef]
68. Rink, D. Wilderness: The nature of urban shrinkage? The debate on urban restructuring and restoration in

Eastern Germany. Nat. Cult. 2009, 4, 275–292. [CrossRef]
69. Pallagst, K. Das Ende der Wachstumsmaschine. Berl. Debatte Initial 2007, 18, 4–13.
70. Hartt, M. Shifting perceptions in shrinking cities: The influence of governance, time and geography on local

(In)action. Int. Plan. Stud. 2018, 1–16. [CrossRef]
71. Pallagst, K.; Fleschurz, R.; Said, S. What drives planning in a shrinking city? Tales from two German and

two American cases. Town Plan. Rev. 2017, 88, 15–28. [CrossRef]
72. Schmidt, S.; Fina, S.; Siedentop, S. Post-socialist Sprawl: A Cross-Country Comparison. Eur. Plan. Stud.

2015, 23, 1357–1380. [CrossRef]
73. Sýkora, L. Post-Socialist Cities. In International Encyclopedia of Human Geography; Kitchin, R., Thrift, N., Eds.;

Elsevier: Oxford, UK, 2009; Volume 8, pp. 387–395. ISBN 9780080449111.
74. Szafrańska, E.; Coudroy de Lille, L.; Kazimierczak, J. Urban shrinkage and housing in a post-socialist

city: relationship between the demographic evolution and housing development in Łódź, Poland. J. Hous.
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