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Abstract
Urban shrinkage is an increasingly pressing phenomenon in Europe, affecting medium‐sized cities that are
vital to regional stability. However, large‐scale, longitudinal research on the relationship between urban form
characteristics and shrinkage remains limited. This study examines whether urban compactness influences
the trajectory of shrinking cities by comparing all medium‐sized cities (20,000–100,000 inhabitants) in
Germany and Poland over 15 years. Using geospatial tools and multi‐criteria indicators, we quantify urban
shrinkage through a composite score and assess urban form compactness based on CORINE Land Cover
data, employing two measures: urban population density and the Schwartzberg compactness index.
Pearson’s correlation analysis is used to examine how the relationship between urban shrinkage and
compactness evolves over time. The findings indicate that medium‐sized German cities show a clear and
consistent negative correlation between urban shrinkage and the two compactness measures throughout
the period. In other words, the more compact and dense a medium‐sized city is, the less likely it is to shrink.
Polish cities exhibit more mixed trends. The correlation results show that there is a temporal positive
coefficient between shrinkage and density, but a negative correlation between compactness measures and
shrinkage. Overall, results suggest that urban compactness, among other factors, can play an important role
in medium‐sized cities’ shrinkage management. This study identifies patterns in medium‐sized cities in both
countries regarding compactness and shrinkage trends, supporting cross‐national knowledge exchange and
the development of context‐sensitive planning strategies.

Keywords
compactness; Germany; medium‐sized cities; Poland; urban shrinkage

© 2026 by the author(s), licensed under a Creative Commons Attribution 4.0 International License (CC BY). 1

https://www.cogitatiopress.com/urbanplanning
https://doi.org/10.17645/up.11075
https://www.cogitatiopress.com
https://orcid.org/0000-0003-3698-3478
https://orcid.org/0009-0001-0285-8241
https://orcid.org/0000-0001-6944-0600
https://doi.org/10.17645/up.i471
https://doi.org/10.17645/up.i471


1. Introduction

The UN‐Habitat World Cities Report 2022 highlighted that half of the cities in so‐called developed nations
experienced depopulation from 2000 to 2018, predominantly in Europe, Japan, and North America
(UN‐Habitat, 2022). Substantial population losses have also been documented in cities across Australia,
Latin America, and China (Gao et al., 2024; Pallagst et al., 2021; Wang & Fukuda, 2019; Wang et al., 2022).
Consequently, urban shrinkage has become a significant challenge for many countries worldwide, including
Poland. The projected 18.5% decline in Poland’s urban population by 2050 (Central Statistical Office, 2023)
underscores the urgent need for action. Negative demographic trends can lead to financial instability, rising
vacancy rates, the loss of services and shops, deteriorating infrastructure, and ultimately, a decline in the
quality of life in affected cities. While resilience theories suggest that cities can adapt and transform (Alves
et al., 2016), informed urban planning strategies are essential to support this process.

Understanding urban shrinkage and its cause‐and‐effect relationships is crucial for developing effective
strategies to mitigate its adverse effects. However, it remains challenging due to its multidisciplinary and
complex nature. Research on urban shrinkage has primarily focused on large cities, while smaller cities,
which are often the most affected, have received less attention (Gajewski & Knippschild, 2024; Gao et al.,
2024; Śleszyński, 2017; Terfrüchte & Growe, 2024). Moreover, while major urban centres often reap the
benefits by attracting capital, people, and innovation, smaller ones are frequently sidelined, struggling to
remain competitive. Medium‐sized cities (MSCs) often experience more severe and prolonged urban
shrinkage processes (Śleszyński, 2017). According to urban scaling theory, the characteristics of an urban
area depend on its size (D’Acci, 2024); thus, MSCs experience different challenges when compared to large
or small urban centres. Large European cities are typically the first to recover from shrinkage and become
migration destinations (Rink et al., 2014). They also densify more easily after temporary population outflux
(Cortinovis et al., 2022). This trajectory is uncommon for medium and small cities. Such patterns were
evidenced in Germany (Gatzweiler & Milbert, 2009), France (Chouraqui, 2021), Poland (Śleszyński, 2017;
Szymczyk & Bukowski, 2023), and Spain (Escudero‐Gómez et al., 2023), among other European countries.

While MSCs are projected to experience a significant population decline, the way they manage shrinkage
will affect the overall stability of the urban settlement network. It is crucial to examine whether effective
local‐level urban planning strategies can enhance resilience to population decline. The question of how
urban planning can promote sustainable development in shrinking cities is complex, primarily because
existing planning theories focus on growth. Reis et al. (2016) call for tools specifically designed to address
urban shrinkage. This article addresses the above gap by investigating the relationship between the urban
form in MSCs and patterns of urban growth and shrinkage.

The article is structured as follows: Section 1 provides a context on urban shrinkage processes in Germany
and Poland. Section 2 reviews the literature on urban shrinkage and its relationship to urban form. Section 3
outlines the data, study area, and methodology. Section 4 presents the empirical findings from the analysis.
Section 5 discusses the results. Finally, Section 6 concludes with implications for planning and suggestions for
further research.
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1.1. Contextual Overview

In Europe, urban shrinkage, defined comprehensively as an interplay among demographic, social, and
economic changes (Häußermann & Siebel, 1988), has emerged as one of the most frequently discussed
topics in urban research over the past two decades (Slach et al., 2020). Deindustrialisation and demographic
trends were seen as the leading causes of urban decline in the late 1990s (Döringer et al., 2019; Pallagst
et al., 2021). However, the cause‐and‐effect relationship is hard to disentangle, and planning responses to
this phenomenon differ by country. This study looks at the two European countries, Germany and Poland,
which showed a similar degree of urban shrinkage between 1990 and 2010 (Stryjakiewicz et al., 2014) but
responded with different planning approaches.

1.1.1. Germany

In Germany, urban shrinkage in the early 2000s was particularly prominent amongMSCs in East Germany, the
former German Democratic Republic, as shown in Figure 1 (Gatzweiler et al., 2003). In response to the “one
million empty flats” problem (Pfeiffer et al., 2001), German planning answered with proactive “right‐sizing,”
combining building demolitions with a holistic “smart decline” strategy (Hollander & Nemeth, 2011). Overall,
the outcomes of German policies are viewed positively when compared to those of many other countries,
particularly the Stadtumbau Ost (Urban Redevelopment East program) and the complementary Internationale
Bauausstellung (International Building Exhibition) Saxony‐Anhalt 2010, which have become reference points
of good shrinkage management practice.

Significant progress was made in addressing shared challenges among small to medium‐sized towns during
the eight‐year urban renewal programs (2002–2010). A primary goal was to promote compact city
principles, encouraging a shift from peripheral housing estates to urban centres (Internationale
Bauausstellung, 2011). Over a decade later, most participating cities reported improvements, showcasing
stable de‐growth or re‐growth and a change of perception among their citizens (Internationale
Bauausstellung, 2011). Attributing the success of urban renewal solely to the IBA Saxony‐Anhalt and
Stadtumbau Ost would be an overstatement, as national and global economic factors also contributed to the
process. However, by enhancing spatial qualities, densifying urban centres, and mitigating urban sprawl,
shrinking cities in East Germany have effectively navigated their futures without relying on growth, and have
developed new identities and ways forward (Internationale Bauausstellung, 2011).
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Figure 1. Multi‐criteria shrinkage and growth assessment of German cities and municipalities 2003–2008.
Source: Gatzweiler et al. (2003).
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1.1.2. Poland

In contemporary Poland, urban shrinkage began to emerge around 2002 as the initial effects of the
economic “shock therapy” (Bontje, 2004) became evident. While urban demographics have been a focal
point of Polish researchers for several decades, the concept of urban shrinkage was first identified by
Zborowski (2002) and Parysek (2004). This was followed by broader comparative studies, including Cities
Re‐growing Smaller (CIRES) and Shrink Smart (Krzysztofik & Szmytkie, 2011), as well as multi‐criteria
assessments by Śleszyński (2017, 2019), Sroka (2021), and others. As shown in Śleszyński (2019) and
confirmed in more recent studies (Szymczyk & Bukowski, 2023) for 2006–2021, urban shrinkage is
especially prevalent in MSCs (see Figure 2), which tend to have fewer resources and less planning capacity
to respond than large cities.

Number of inhabitants of ci�es divided by

size type

Percentage of inhabitants of ci�es divided by

size type

Large ci�es >100k

Medium ci�es 20–100k

Small ci�es <20k

Types according to growth (A) and shrinkage (E) classifica�on:

A B C D E

small

medium
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Figure 2. Classification of shrinking and growing cities in the years 2016–2021, divided by growth and
shrinkage (A–growing significantly, B–growing, C–stagnant, D–shrinking, E–shrinking significantly). Source:
Author based on Central Statistical Office (2025) and Milbert (2020) methodology.

In the coming years, urban shrinkage in Poland is expected to intensify and, according to Jaroszewska (2019),
will constitute one of the greatest challenges of the country’s spatial policy. The importance of the problem is
evidenced by the Senate report entitledManagement of Shrinking Cities (Polish Senate, 2013) and the National
Spatial Development Concept 2030, which acknowledged these issues and proposed strategies to counteract
negative effects. However, no tangible actions in the form of strategic support followed, leavingMSCs in need
of guidance on how to plan for future challenges.
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2. State of the Literature

2.1. Measuring Urban Shrinkage

The process of urban shrinkage varies due to historical, geographical, and socio‐economic factors
(Stryjakiewicz et al., 2014). It can occur on various urban scales (e.g., district, city, or regional scale) and may
occur alongside urban growth (Ribant & Chen, 2019), complicating comprehension. While the term “urban
shrinkage” encompasses the multifaceted nature of the process—including economic, demographic, spatial,
and structural changes—much of the research has focused on its demographic dimension, with population
change as the predominant indicator (Döringer et al., 2019). A meta‐analysis by Reis et al. (2016) indicates that
spatial aspects of shrinkage remain less explored because built‐up areas persist even as populations decline.

Theories that aim to understand the cycles of urban growth and shrinkage in relationship to space suggest
that shrinkage can be seen as part of a city’s life cycle, alternating with phases of reurbanisation that affect
different parts of the city (Klaassen, 1988; van den Berg et al., 1982). Here, shrinkage is viewed not solely as
a result of population change but as a sign of deeper structural and spatial cyclical transformations. In the
United States, urban shrinkage, often termed “urban decline,” was historically observed in cities such as
Detroit, where post‐industrial job loss and suburbanisation (“white flight”) triggered population decline and
sprawl (Beauregard, 2009). In Central and Eastern Europe, by contrast, declining inner‐city densities have
been linked not only to demographic and economic change but also to market‐driven suburban growth
(Schmidt et al., 2014). Comparing German and Polish cities, therefore, provides insight into how urban form
relates to socio‐economic processes.

2.2. Research on Urban Form and Shrinkage

Research indicates that compact, contiguous urban areas have significantly lower infrastructure costs
compared to dispersed ones (Carruthers & Ulfarsson, 2003; Miyauchi & Setoguchi, 2023). In dispersed
service areas, the length of inter‐neighbourhood service components is above average (Burchell et al., 1998).
As a result, infrastructure costs can be several times higher than in more compact urban areas. In shrinking
cities, there is already “too much town for too small a population” (Internationale Bauausstellung, 2011).
Such an imbalance often leads to a weakened fiscal base, disrupted infrastructure maintenance, less vibrant
and walkable public spaces, and, as a result, diminished quality of life. In a study conducted in China,
researchers found that a higher degree of urban shrinkage correlates with lower compactness and reduced
land use efficiency (Wang et al., 2022). Consequently, many shrinking cities struggle to sustain themselves
(Hollander, 2009). Siedentop and Fina’s (2008) research on spatial patterns of growth and shrinkage
illustrates the divergence between urban form expansion and urban population decline, resulting in lower
urban population density. A recent study (Szymczyk et al., 2024) found that from 2006 to 2018, Polish
MSCs became less compact and less dense. A follow‐up analysis (Szymczyk & Bukowski, 2025) revealed that
urban areas in urban municipalities exhibited a positive relationship between compactness and resilience to
shrinkage. Denser cities were initially more prone to population loss (2006–2016), but this trend diminished
in the subsequent period (2016–2021), suggesting an evolving relationship between urban form and decline.
In conclusion, the study (Szymczyk & Bukowski, 2025) underscored the need for further research into the
relationship between urban compactness and shrinkage across different national and regional contexts.
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2.3. Comparative Studies

Recent years have seen a rise in case study research on shrinking cities. However, comparative
cross‐national analyses remain scarce, even though they reveal how local and national planning frameworks
shape similar dynamics (Großmann et al., 2013). Großmann et al. (2013) argue that a comparative approach
“provides an opportunity to broaden attention and discover overlooked phenomena and drivers in shrinking
cities” (p. 222). Comparing Germany and Poland is particularly valuable, as both face shrinkage in MSCs but
differ in policy traditions.

Although numerous studies compare shrinking cities in Germany and Poland, contributing valuable insights
on specific case cities (Rink et al., 2014) or regions (Al‐Alawi et al., 2022; Sroka et al., 2025), a longitudinal,
empirical, comparative study covering entire urban networks is still missing. Moreover, studies examining
urbanisation trends across entire urban networks tend to focus exclusively on demographics (ESPON, 2023).
This study therefore examines the relationship between urban form and shrinkage using a composite score
that incorporates socio‐economic and demographic aspects relative to national statistics.

2.4. Research Concept

German programmes such as Stadtumbau Ost and Internationale Bauausstellung Saxony‐Anhalt 2010
demonstrate the potential of compact‐city strategies in managing shrinkage. Building on these experiences,
this study analyses whether compact, densely populated MSCs, in Germany and Poland, exhibit similar
resilience to shrinkage than more dispersed ones. It covers 814 cities, measuring compactness and
shrinkage/growth dynamics over 15 years using a composite score (Milbert, 2020) and spatial metrics
calculated in QGIS. Pearson’s correlation is used to test the relationship between compactness and
shrinkage, addressing two key questions:

• Do MSCs in Poland and Germany show the same relationship between the compactness measures and
urban growth and shrinkage?

• How does this relationship change over time?

3. Data and Methods

This section outlines the data sources and methodological approach used to investigate the relationship
between urban form measures of compactness and the degree of urban growth and shrinkage in MSCs in
Germany and Poland.

3.1. Input Data on Urban Shrinkage

The study uses existing composite shrinkage and growth scores (Sc) for cities based on six indicators, as
developed by Milbert (2015, 2020). In short, each of the six socio‐economic indicators (see Table 1 in the
Supplementary File) is assigned a point value, resulting in a composite score (0–24). Cities are classified,
based on the score, as shrinking (0–10), stagnating (11–13), or growing (14–24). For Germany, data were
drawn from assessments by the Federal Institute for Research on Building, Urban Affairs and Spatial
Development (2021), covering three five‐year periods: 2003–2008, 2008–2013, and 2013–2018 (Bukowski
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& Szymczyk, 2025c). For Poland, assessments were also divided into three five‐year periods: 2006–2011,
2011–2016, and 2016–2021 (Bukowski & Szymczyk, 2024).

For this research, onlyMSCs, defined by Polish and German national statistics as 20,000–100,000 inhabitants,
were considered. Data at the municipality level (Gemeinde in Germany, Gmina in Poland) serve as the unit of
analysis. In total, 814 medium‐sized urban municipalities were analysed. These include 634MSCs in Germany
and 180 in Poland (184 MSCs in the period 2011–2016).

It should be noted that in Poland, municipalities are classified as “urban,” “urban‐rural,” and “rural.” While
cities (miasto in Polish) can belong to both “urban” and “urban‐rural” municipalities, the latter often cover
areas with multiple small settlements and villages. While the calculations were conducted for both municipal
types, only “urban” municipalities were considered for the correlation stage. This is because the
33 “urban‐rural’’ municipalities were not comparable to German medium‐sized urban municipalities from an
urban form perspective.

3.2. Input Data on Urban Form

The spatial study relies on widely available land‐use data to analyse urban form metrics. The dataset is
sourced from CORINE Land Cover (CLC). CLC data are a key resource for understanding land use and
landscape dynamics from a European perspective. They represent the only consistent and harmonised
multinational collection of land‐use information at a continental scale. CLC uses a standardised methodology
to produce comprehensive continent‐wide land cover data based on 44 land classes. The product, updated
every six years, has a minimum mapping unit (MMU) of 25 hectares (ha) for aerial phenomena and a
minimum width of 100 m for linear phenomena. This study employs the latest datasets from 2006, 2012,
and 2018. However, it should be acknowledged that the 2006 dataset differs—within the accepted margin
of variation—from those of 2012 and 2018 (CLC, 2025). This variation is due to improvements in data
quality, methodology, and the integration of revised datasets.

Spatial data on administrative boundaries were retrieved from national geospatial registries. For Poland,
boundary data were obtained from the National Register of Geographical Names (2025) and converted to
datasets (Bukowski & Szymczyk, 2025b), and for Germany, from the Geodata Centre of the Federal Agency
for Cartography and Geodesy (2025) and converted to datasets (Bukowski & Szymczyk, 2025a). Each
municipality was linked to the corresponding dataset via a unique identifier.

3.3. Research Timeframe

The timeframe of this research is determined by data availability. Since both the spatial data and composite
score periods must be aligned, the timeframes for Poland and Germany differ. Figure 3 illustrates how the
periods of various datasets align.
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Figure 3. Research timeframe aligning Sc and compactness analysis based on the available Corine Land Cover
(2025) database. Source: Authors.

3.4. Compactness Measures

Urban compactness is commonly seen as the opposite of urban sprawl, which is associated with significant
social and environmental costs (Squires, 2002; Tsai, 2005). Though the term “compact city” has various
definitions, it generally refers to dense, mixed‐use development with good public transport and access to
services and jobs (OECD, 2012). Originating with Dantzig and Saaty (1973) as a model for efficient resource
use, the concept has evolved to encompass economic, morphological, and functional dimensions—measured
through indicators such as population or employment density, land‐use mix, and urban boundaries (Ahlfeldt
& Pietrostefani, 2017). A methods review was conducted in a study on compactness measures by Szymczyk
and Bukowski (2025). This resulted in Szymczyk and Bukowski (2025) selecting two commonly used
measures: urban population density (Pd) and the urban areas’ shape compactness index (Ci). Considering the
aim and scope of this study, the available data, and the prerequisites mentioned above, these two measures
are employed to describe the compactness of MSCs’ urban areas in this study.

Pd is calculated using the urban area (AD) calculated based on CLC layers and themunicipality population (Pop)
in the corresponding year, using the formula:

Pd = Pop
AD

Compared to the simplified Pd reported by Statistics Poland (Central Statistical Office, 2025), this method
excludes agricultural land, forests, water bodies, and other non‐urban uses, providing a more accurate picture
of Pd. Urban areas were defined in two ways: “artificial surfaces” (11 CLC layers) and “urban fabric” (2 CLC
layers; see Figure 4), to ensure that both approaches allow for control of potential errors related to urban
form definition.
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‘ar�ficial surfaces’ ‘urban fabric’

(same procedure applies)

Corine Land Cover dataset

Figure 4. Compactness analysis based on the CLC dataset selects urban areas as “artificial surfaces” and as
“urban fabric” for comparison. Source: Szymczyk et al. (2025).

Ci measures how irregular or dispersed the shape of an urban area is. As described by Reis et al. (2016),
it helps determine whether a city is more continuous and concentrated or more fragmented and scattered.
In general, an area is considered more compact if it is centred around a core, resembling a circle, with less
scattered development.

While there aremanyways to calculate compactness (e.g., Altman, 1998; Chambers &Miller, 2010; Niemi et al.,
1990), this study focuses on one commonly used method: the Schwartzberg Index (Schwartzberg, 1966). This
index, like the similar Polsby–Popper Index (Polsby & Popper, 1991), compares the shape of an urban area to
a circle, which is considered the ideal compact form. The Schwartzberg Index (Ci) compares the perimeter of
an urban area (Ap) to the circumference of a circle with the same area (AD), with a circle representing the most
compact shape. To ensure Ci is comparable with other methods (e.g., Polsby–Popper Index), the formula was
inverted, resulting in values from the range 0–1:

Ci = 1
Ap

2𝜋AD/𝜋

This formula was simplified to:

Ci =
2𝜋AD/𝜋
Ap

This inverted version is used throughout the remainder of the manuscript. Figure 5 illustrates the
step‐by‐step methodology for defining urban area shapes and calculating the two compactness measures
(for a more detailed explanation, see Szymczyk et al., 2024).

Urban Planning • 2026 • Volume 11 • Article 11075 10

https://www.cogitatiopress.com


Urban area shapes are cut to

administra ve boundaries.

Compactness index (Ci) is calculated.

Urban popula on density (Pd) is calculated.

Urban area shapes are merged into

con nuous shape

Corine Land Cover urban land uses are

selected for each city.

AP

AD
AD = circle area

Figure 5. Urban form measures analysis diagram based on the Jasło urban municipality example. Source:
Szymczyk et al. (2024).

3.5. Correlation

A correlation analysis was conducted between Sc (range 0–24) and Ci (range 0–1), and separately between Sc
and Pd, using Pearson’s correlation. The Pearson correlation coefficient (𝑟 ) was used to assess the relationship
between these variables. The coefficient, calculated from the normalised values of two variables across a
sample of 𝑛 values, ranges from+1 (maximum positive correlation) to−1 (maximum negative correlation), with
values near 0 indicating no correlation. While Pearson’s correlation traditionally assumes normally distributed
data, it is generally robust to modest departures from normality, including slight skewness, particularly in
the absence of strong outliers. Classic simulation studies (e.g., Havlicek & Peterson, 1976) have shown that
the sampling distribution and Type I error rate of 𝑟 remain reliable under non‐extreme non‐normality. More
recent reviews (e.g., Schober et al., 2018) support this, noting that serious distortions in results typically arise
only with severe skewness or heavy‐tailed distributions. Given that the distribution of the Sc, Ci, and Pd
dataset exhibits only mild skewness, the use of Pearson’s correlation is considered appropriate. Statistical
significancewas assessed using the 𝑝‐value, with correlations considered significant at 𝑝 < 0.05. This threshold
guided the interpretation of the research questions. Correlation analyses were conducted separately for urban
areas defined as “artificial surface” and “urban fabric” to account for potential discrepancies in urban form
delineation. In addition to the Pearson correlation analysis, a non‐parametric Spearman’s rank correlation was
applied to verify the robustness of the results.
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3.6. Tools

This research was conducted using the open‐source QGIS program for spatial analysis and data visualisation.
Data harmonisation and management were handled with the Python language and Pandas libraries.
All resulting datasets and outputs were published in open‐access data repositories (Bukowski & Szymczyk,
2024, 2025a, 2025b, 2025c).

4. Results

The results are presented in two stages. The first stage (Section 4.1) reports the outcomes of the spatial
compactness measures—Ci and Pd—separately for each country. The second stage (Section 4.2) presents
correlation analyses between these variables and Sc, also disaggregated by country and compared.

4.1. Urban Compactness Measures

4.1.1. Germany

The urban compactness analysis for MSCs in Germany displays relatively consistent patterns across the three
periods (Table 2 in the Supplementary File and Figure 6). The Schwartzberg Ci is expressed in numbers ranging
from 0 to 1, with 1 being the most compact. It shows a close to normal distribution across all years. While the
maximum values for Ci decreased over time, the maximum values for Pd increased. The minimum values of Ci
also declined, while those for Pd increased in 2012 and 2018. The medians of both measures indicate a slight
increase in spatial dispersion among MSCs. Among the most compact and dense cities across the analysed
timeframes were Germering, Griesheim, Bad Soden am Taunus, and Obertshausen, each consistently ranking
in the top 10 in all analysed periods.

The results, presented in Figure 6, show MSCs alongside large cities (>100,000 inhabitants) to support
comparative interpretation. As expected, the Pd of large cities is generally higher than that of MSCs. At the
same time, Ci values vary, with many MSCs exhibiting higher compactness than their larger counterparts.
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Figure 6. Ci (left) and Pd (right) results for German large (>100,000 inhabitants) and MSCs (20,000–100,000
inhabitants). Source: Authors’ calculation based on Corine Land Cover (2025).

Urban Planning • 2026 • Volume 11 • Article 11075 13

https://www.cogitatiopress.com


4.1.2. Poland

The results of the urban compactness analysis for MSCs in Poland show broadly similar patterns to those
observed in Germany across the three analysed periods (see Table 3 in the Supplementary File and Figure 7).
Both the minimum and maximum values for Ci and Pd declined over time. The average Ci was 0.22 in
Germany and 0.21 in Poland. Average Pd values were 3,414 people per km² in Germany and 2,343 people
per km² in Poland. While the median values for Poland were initially higher, they declined more steeply,
indicating a stronger trend toward spatial dispersion in Polish MSCs. Among the most compact cities
throughout the analysed timeframes were Ząbki, Piastów, Żyrardów, Legionowo, Słupsk, Giżycko, Świdnica,
and Rumia—consistently holding top 10 positions across all periods. The least compact cities included
Wyszków, Świebodzin, Opoczno, Jastrzębie‐Zdrój, and Pszczyna.

The results, presented in Figure 7, show, similar to Germany, that the density of large cities is higher than that
of MSCs. At the same time, Ci is typically higher for MSCs than for the large ones.

In summary, the outcomes of compactness analysis, measured by Ci and Pd, reveal broadly similar spatial
dispersion trends. While Polish MSCs are, on average, more compact and dense than German MSCs, they
are experiencing a more rapid decline in density over time. The next section presents the outcomes of the
correlation analysis between these urban form indicators and urban growth and shrinkage dynamics.
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Figure 7. Ci (left) and Pd (right) results for Polish large (>100,000 inhabitants) and MSCs (20,000–100,000
inhabitants). Source: Authors’ calculation based on Corine Land Cover (2025).
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4.2. Relationship Between Compactness Measures and Sc

This section presents the results of Pearson’s correlation analysis between Sc and spatial indicators (Ci and
Pd) in Germany and Poland. In the case of Poland, the analysis was further disaggregated to distinguish
between “urban” and “urban‐rural” municipalities. This differentiation was necessary because “urban‐rural”
municipalities encompass not only the central town but also surrounding villages and dispersed settlements,
which significantly alter the characteristics of the urban form. To ensure comparability with German MSCs,
which are strictly urban in administrative classification, only urban municipalities in Poland were included in
the final correlation analysis.

4.2.1. Germany

Correlation was analysed across three time periods for both Germany and Poland. The relationship with the
shrinkage score is presented in Figure 8 and in two tables: Table 4 for Ci and Table 5 for Pd (both are found in
the Supplementary File), including divisions into “urban fabric” and “artificial surfaces.”

The results reveal a significant and positive correlation coefficient (𝑟 ) between Sc and Ci across all analysed
periods. This indicates that cities with more compact urban forms, whether measured by “urban fabric” or
“artificial surfaces,” are less likely to experience shrinkage. The strength of this relationship increases over
time, with correlation coefficients reaching positive, moderate levels in the later periods.

The correlation reveals a significant, positive coefficient between Sc and Pd across almost all analysed periods
except for the first one for “urban fabric.” This, in other words, indicates that the denser the urban area, the less
likely the city is to shrink. The trend becomes stronger over time, showing positive, moderate/strong values.
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Figure 8. Scatter plots of Sc and urban compactness measures: Pd on top and Ci on the bottom, for MSCs
(only urban municipalities) in Germany. Source: Authors.

In addition to Pearson’s correlation analysis, a non‐parametric Spearman’s rank correlation was applied to
the full dataset to verify the robustness of the results. Spearman’s test was selected because it does not
assume linear relationships or normally distributed data, which is particularly relevant when working with
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spatial indicators such as Ci and Pd. The results of both correlation methods were consistent, confirming both
the direction and statistical significance of the observed associations.

4.2.2. Poland

The results of the correlation analysis for Polish cities are presented in Figure 9 and in two tables: Table 6
shows the relationship between Sc and Ci, while Table 7 presents the correlation between Sc and Pd (both
tables are in the Supplementary File). As with the German dataset, both tables distinguish between urban
form defined as “urban fabric” and “artificial surfaces.”

The results reveal a significant and positive correlation between Sc and Ci across all analysed periods. This
indicates that the more compact the shape of an urban area—whether defined by “urban fabric” or “artificial
surfaces”—the less likely it is to experience shrinkage. However, in contrast to Germany, where the strength
of the correlation increased over time, the trend in Poland weakened: Initially strong coefficients declined to
a moderate level in the later periods.

The results show only one significant, negative correlation between Sc and Pd. The later periods show no
statistical significance. This, in other words, indicates that temporarily, between 2006 and 2011, more dense
urban areas (only “urban fabric”) were more likely to experience shrinkage. In contrast to Germany, there is no
clear trend, as the coefficient is low, and later results show no statistical significance.
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Figure 9. Scatter plots of Sc and urban compactness measures: Pd on top and Ci on the bottom, for MSCs
(only urban municipalities) in Poland. Source: Authors.

5. Discussion of Results

Urban shrinkage is increasingly challenging the stability of broader settlement systems worldwide.
Understanding its relationship with urban form is essential for developing planning strategies that move
beyond growth‐centric paradigms (Reis et al., 2016). While most existing research focuses on large
metropolitan areas, MSCs (20,000–100,000 inhabitants) remain understudied, despite their critical role in
regional networks (Gajewski & Knippschild, 2024; Gao et al., 2024; Terfrüchte & Growe, 2024). This study
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addresses this gap by examining how compactness and Pd relate to growth and shrinkage patterns in
German and Polish MSCs.

5.1. Relationship Between Urban Shrinkage and Compactness Among MSCs

Analysis of urban shrinkage indicates that MSCs were among the most affected groups during the analysed
periods. However, the trajectories and patterns of shrinkage diverged considerably between the two
countries. Figure 10 illustrates the classification of MSCs across three time periods, using five categories:
A—above‐average growth, B–growth, C–stability, D–shrinkage, E–above‐average shrinkage. In Germany, the
shrinkage strongly affects Eastern cities, but Sc values show that the average MSC score lies closer to the
growth range. In Poland, shrinkage is more widespread across different areas of the country, and the mean
score is positioned nearer to the shrinking range. Moreover, in the German context, shrinkage was most
pronounced in the early 2000s, followed by a gradual reversal towards growth after 2010. By contrast, in
Poland, the early 2000s saw shrinkage primarily concentrated in large cities, with the phenomenon
subsequently shifting towards MSCs. Consequently, the share of growing MSCs is substantially higher in
Germany than in Poland. This divergence is less prominent in the outcomes of the compactness analysis.
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Figure 10. Changes in the numbers of MSCs included in each group in the three five‐year periods in Poland
(left) and Germany (right). Groups show the following types: A–above‐average growth, B–growth, C–stability,
D–shrinkage, E–above‐average shrinkage. Source: Authors.

Both Pd values and Ci underscore a persistent trend of dispersion across the analysed urban municipalities in
both countries. These findings confirm those of Cortinovis et al. (2022), thereby adding to the discourse on
urban dispersion in European cities. Notably, the median values of both Ci and Pd are higher in Poland;
however, the maximum values are greater in Germany. Especially in the first analysed period, the maximum
Ci was 0.65 in Germany. In the last analysed period, the maximum Pd was over 6,100 people per km².
Several cities exemplify high scores, compactness, and density, often situated in the southwestern regions.
For example, Griesheim, located near Darmstadt (see Figure 11 in the Supplementary File), was experiencing
a high population and migration increase in relation to other cities in the country. It remained dense and
compact, which is reflected in the diagram showing how the shape of the city fits in the circle with the same
area size.

In Poland, the median values of both Ci and Pd were higher than in German MSCs, although numbers have
been dropping rapidly. In the most recent analysed period, the maximum Ci was 0.51, and Pd reached only
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4,500 people per km². Compared to Germany, Polish MSCs tend to be more compact overall, but there are
fewer exceptionally dense and compact examples. Moreover, cities with high compactness and
density—such as Gniezno, Koło, or Słupsk—are often located away from major urban centres. Their
compactness can be attributed to historical patterns of growth rather than recent planning policies. Słupsk
(see Figure 12 in the Supplementary File), for instance, is a compact and dense MSC that has recently
experienced low population growth and low migration figures. Despite this, it continues to perform well
economically, with low unemployment and moderate levels of own revenue.

5.2. Correlation Results

The correlation analysis reveals two distinct yet complementary trajectories between Germany and Poland
in the relationship between urban form and shrinkage dynamics. In Germany, both compactness (Ci) and
population density (Pd) exhibit weak to moderate but statistically significant positive associations with urban
growth, which strengthen over time—from 𝑟 = 0.15 between 2003 and 2008 to 𝑟 = 0.28 between 2008 and
2013 and 𝑟 = 0.26 between 2013 and 2018. This indicates that, as shrinkage pressures declined, more
compact and dense urban forms tended to coincide with less shrinkage. In Poland, by contrast, correlations
show an opposite trend: Shrinkage increased overall while compactness declined. The initially strong
association between compactness and growth (𝑟 = 0.34, 𝑝 < 0.001 for 2006–2011) weakened over time,
falling to 𝑟 = 0.22 (𝑝 = 0.005) by 2016–2021. The relationship between Pd and growth was weak or
negative in Poland, particularly in the early period, suggesting that higher urban population density alone did
not translate into shrinkage resilience.

The distributions (Figures 8 and 9) indicate a more heterogeneous urban form spectrum in Germany, with
a sizable core of mid‐density/compact cities and a distinct tail of very dense, highly compact outliers that
increasingly coincide with higher scores. PolishMSCs are more homogeneously clustered in mid‐compactness
and mid‐density, with fewer extremes and a weaker, less stable urban form–shrinkage link. In both contexts,
compactness is positively associated with Sc, but Germany’s wider upper tail (very compact/dense cases) and
the strengthening slopes over time suggest a clearer emergence of compact‐dense growing MSCs, whereas
Poland’s narrower range and fading slopes point to limited separation by form and a stronger role of other
(e.g., institutional or temporal socio‐economic) factors.

Germany’s long‐established compact settlement structure and consistent urban policies (e.g., Stadtumbau
Ost, Internationale Bauausstellung Saxony‐Anhalt) supported compactness, whereas Poland’s post‐socialist
transformations might have led to periods of unregulated expansion and likely contributed to morphological
dispersion. Overall, the results point to a context‐dependent but consistent pattern: Urban compactness is
associated with less shrinkage in both countries, although its stabilising effect appears more persistent in
Germany. It’s important to note that these differences should be interpreted as indicative rather than causal,
reflecting broader structural and planning contrasts between the two contexts. While the analysis shows
that more compact or dense cities are less likely to experience shrinkage, particularly in the German case,
the directionality of this relationship remains open to interpretation. It is equally plausible that cities
experiencing less shrinkage maintain their density, rather than density being a protective factor against
shrinkage. Furthermore, as urban boundaries typically remain fixed, a shrinking population may naturally
lead to declining density, even without spatial expansion. This highlights the need for further research and
caution when interpreting spatial form as a driver rather than a consequence of urban shrinkage and
underlines the importance of future longitudinal and causal studies to better understand these dynamics.
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5.3. Policy Implications

In Germany, the trend of urban shrinkage of MSCs is much less prominent than in the early 2000s. However,
given demographic projections (fertility rates and an ageing society), planning efforts should persist in
promoting compact and dense cities to avoid the increasing costs of extensive land use. In Poland, both
measures of urban compactness decline significantly, alongside rising rates of urban shrinkage.
Consequently, Polish MSCs continue to face urban dispersion, which, as noted in both the statistical findings
and literature (Carruthers & Ulfarsson, 2003; Miyauchi & Setoguchi, 2023), can lead to increased
infrastructure cost. Therefore, Polish MSCs could focus on maintaining their urban form compactness by
reusing existing infrastructure and consolidating or reinvesting in urban brownfields, which could strengthen
fiscal resilience in shrinking cities. Moreover, state planning could support MSCs in finding sustainable
development paths without urban growth.

5.4. Research Limitations

While compactness (Ci) in Polish urban municipalities shows a positive relationship with urban growth, density
(Pd) demonstrates no significant correlation or, in some cases, a weak negative one. This divergence highlights
that compactness and density are not synonymous, supporting the literature that warns against using density
as the only indicator of compact urban form (Ahlfeldt & Pietrostefani, 2017). In this study, compactness was
measured using only two indicators, which may not fully reflect the complexity of the concept. Important
aspects such as proximity to services, efficient mobility networks (especially public transport and cycling),
urban morphology (building types), and connectivity of public spaces are also vital for understanding urban
compactness. However, due to the scope and methodological limitations of this research, including these
additional variables was not possible.

5.5. Future Research

This study adds to the growing literature on the relationship between urban form and socio‐economic
dynamics. While much of the existing research on the link between compactness and urban shrinkage has
been conducted in the Chinese context (Wang et al., 2022), this study presents evidence that compactness
is also statistically linked to patterns of urban shrinkage and growth in Europe. Future research could build
on these findings to support data‐driven planning strategies. In particular, studies could explore different
planning contexts and additional variables to define urban compactness more comprehensively. Additionally,
research could help identify spatial characteristics relevant to compact city planning. Further investigation is
also necessary to better connect these spatial attributes with effective planning policies and strategies.

6. Conclusions

This study examined the relationship between urban form and urban shrinkage in MSCs in Germany and
Poland over a 15‐year period, addressing a gap in comparative research on spatial resilience. The results
confirm that compactness and density relate differently to composite shrinkage score in each country. While
the findings suggest that compactness (Ci and Pd) is associated with greater resilience to shrinkage, the
direction of causality remains ambiguous and may be context dependent. Shrinking cities may become less
dense as a result of depopulation, not necessarily the other way around.
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In Germany, higher urban compactness (Ci) and population density (Pd) are consistently negatively
correlated with urban shrinkage. In Poland, MSCs show a statistically significant but weakening relationship
between compactness and shrinkage. Pd was not a stable predictor of shrinkage, possibly reflecting other
factors influencing this phenomenon. While urbanisation trends in the two countries appear to be
temporally displaced, with Germany experiencing significant shrinkage in the early 2000s and Poland only
entering this phase around 2010, there are also notable differences in the distribution of urban compactness
measures between German and Polish MSCs. In Germany, the distributions reflect a more heterogeneous
spectrum, characterised by a considerable core of mid‐density/compact cities and a distinct tail of very
dense, highly compact outliers, which increasingly align with higher scores. Conversely, Polish MSCs tend to
cluster more homogeneously in the mid‐compactness and mid‐density range, featuring fewer extremes.

As seen in international cases such as China (Wang et al., 2022), lower compactness is often associated with
reduced land‐use efficiency and a higher likelihood of urban shrinkage. However, longitudinal research on
this relationship has rarely been conducted at a national comparative scale. While compact and dense urban
forms are often promoted as a means to limit the external land‐use impacts of sprawl, many environmental
costs of land consumption remain difficult to internalise. Instead, the resilience benefits of compactness are
more clearly observed in endogenous factors, lower infrastructure maintenance costs, more efficient service
provision, and reduced per‐capita expenditure on utilities and transport. Overall, compactness contributes to
spatial and fiscal resilience, but its effectiveness ultimately depends on governance capacity and integrated
planning approaches. Thus, future research should continue to explore how planning policies and spatial
strategies can guide MSCs in proactively managing shrinkage, enabling them to adapt to demographic
change while maintaining functional and spatial cohesion.

Funding
This research was funded by the National Science Centre in Poland through NCN PRELUDIUM22, grant
number 2023/49/N/HS4/01001.

Conflict of Interests
The authors declare no conflict of interests.

Data Availability
The data used and created for this research were made available via a public repository. The following data
were used: Bukowski and Szymczyk (2024, 2025a, 2025b, 2025c).

Supplementary Material
Supplementary material for this article is available online in the format provided by the authors (unedited).

References
Ahlfeldt, G., & Pietrostefani, E. (2017). The compact city in empirical research: A quantitative literature review
(SERC Discussion Paper No. 215). London School of Economics and Political Science. https://eprints.lse.
ac.uk/83638/1/sercdp0215.pdf

Al‐Alawi, S., Knippschild, R., Battis‐Schinker, E., & Knoop, B. (2022). Linking cultural built heritage
and sustainable urban development: Insights into strategic development recommendations for the
German‐Polish border region. disP – The Planning Review, 58(2), 4–15. https://doi.org/10.1080/02513625.
2022.2123160

Urban Planning • 2026 • Volume 11 • Article 11075 21

https://www.cogitatiopress.com
https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://doi.org/10.1080/02513625.2022.2123160
https://doi.org/10.1080/02513625.2022.2123160


Altman, M. (1998). Districting principles and democratic representation [Doctoral dissertation]. California
Institute of Technology. https://resolver.caltech.edu/CaltechETD:etd‐05192004‐142452

Alves, D., Barreira, A. P., Guimarães, M. H., & Panagopoulos, T. (2016). Historical trajectories of currently
shrinking Portuguese cities: A typology of urban shrinkage. Cities, 52, 20–29. https://doi.org/10.1016/
j.cities.2015.11.008

Beauregard, R. A. (2009). Urban population loss in historical perspective: United States, 1820–2000.
Environment and Planning A, 41(3), 514–528. https://doi.org/10.1068/a40139a

Bontje, M. (2004). Facing the challenge of shrinking cities in East Germany: The case of Leipzig. Geojournal,
61, 13–21.

Bukowski, M., & Szymczyk, E. (2024). Urban shrinkage and growth—Multicriteria assessment [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.14286246

Bukowski, M., & Szymczyk, E. (2025a). Geolocation and distances between medium and large cities in Germany
[Data set]. Zenodo. https://doi.org/10.5281/zenodo.15265927

Bukowski, M., & Szymczyk, E. (2025b). Geolocation and distances between medium and large cities in Poland
[Data set]. Zenodo. https://doi.org/10.5281/zenodo.15265964

Bukowski, M., & Szymczyk, E. (2025c). Urban shrinkage and growth—Multicriteria assessment for Germany [Data
set]. Zenodo. https://doi.org/10.5281/zenodo.15261616

Burchell, R. W., Shad, N. A., Listokin, D., Phillips, H., Downs, A., Seskin, S., Davis, J. S., Moore, T., Helton, D.,
& Gall, M. (1998). The costs of sprawl—Revisited (Report No. 39). U.S. Department of Housing and Urban
Development.

Carruthers, J., & Ulfarsson, G. (2003). Urban sprawl and the cost of public services. Environment and Planning B:
Planning and Design, 30(4), 503–522. https://doi.org/10.1068/b12847

Central Statistical Office. (2023). Prognoza ludności na lata 2023‐2060. https://stat.gov.pl/obszary‐
tematyczne/ludnosc/prognoza‐ludnosci/prognoza‐ludnosci‐na‐lata‐2023‐2060,11,1.html

Central Statistical Office. (2025). Bank danych lokalnych. https://bdl.stat.gov.pl/bdl/start
Chambers, C., & Miller, A. (2010). A measure of bizarreness. Quarterly Journal of Political Science, 5(1), 27–44.
Chouraqui, J. (2021). Medium‐sized cities in decline in France: Between urban shrinkage and city centre
devitalisation. Raumforschung und Raumordnung | Spatial Research and Planning, 79(1), 3–20. https://doi.
org/10.14512/rur.26

CORINE Land Cover. (2025). CORINE Land Cover—Datasets. https://land.copernicus.eu/en/products/corine‐
land‐cover

Cortinovis, C., Geneletti, D., & Haase, D. (2022). Higher immigration and lower land take rates are driving a
new densification wave in European cities. npj Urban Sustainability, 2, Article 19. https://doi.org/10.1038/
s42949‐022‐00062‐0

D’Acci, L. S. (Ed.). (2024).Urban scaling: Allometry in urban studies and spatial science (1st ed.). Routledge. https://
doi.org/10.4324/9781003288312

Dantzig, G. B., & Saaty, T. L. (1973). Compact city: A plan for a liveable urban environment. W. H. Freeman.
Döringer, S., Uchiyama, Y., Penker, M., & Kohsaka, R. (2019). A meta‐analysis of shrinking cities in Europe
and Japan: Towards an integrative research agenda. European Planning Studies, 28(9), 1693–1712. https://
doi.org/10.1080/09654313.2019.1604635

Escudero‐Gómez, L. A., García‐González, J. A., & Martínez‐Navarro, J. M. (2023). What is happening in
shrinking medium‐sized cities? A correlational analysis and a multiple linear regression model on the case
of Spain. Cities, 134, Article 104205. https://doi.org/10.1016/j.cities.2023.104205

ESPON. (2023). How small and medium‐sized towns and cities (SMSTCs) are considered in Europe and in

Urban Planning • 2026 • Volume 11 • Article 11075 22

https://www.cogitatiopress.com
https://resolver.caltech.edu/CaltechETD:etd-05192004-142452
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1068/a40139a
https://doi.org/10.5281/zenodo.14286246
https://doi.org/10.5281/zenodo.15265927
https://doi.org/10.5281/zenodo.15265964
https://doi.org/10.5281/zenodo.15261616
https://doi.org/10.1068/b12847
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2023-2060,11,1.html
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2023-2060,11,1.html
https://bdl.stat.gov.pl/bdl/start
https://doi.org/10.14512/rur.26
https://doi.org/10.14512/rur.26
https://land.copernicus.eu/en/products/corine-land-cover
https://land.copernicus.eu/en/products/corine-land-cover
https://doi.org/10.1038/s42949-022-00062-0
https://doi.org/10.1038/s42949-022-00062-0
https://doi.org/10.4324/9781003288312
https://doi.org/10.4324/9781003288312
https://doi.org/10.1080/09654313.2019.1604635
https://doi.org/10.1080/09654313.2019.1604635
https://doi.org/10.1016/j.cities.2023.104205


EU policies. https://www.espon.eu/sites/default/files/publications/files/2024‐12/espon‐small‐medium‐
sized‐towns‐and‐cities‐in‐europe.pdf

Federal Institute for Research on Building, Urban Affairs and Spatial Development. (2021). INKAR—Indikatoren
und Karten zur Raum‐ und Stadtentwicklung. https://www.inkar.de

Gajewski, R., & Knippschild, R. (2024). Local policy‐makingwithin themultilevel system: A study of governance
in peripheral(ised)medium‐sized cities undergoing socio‐economic transformation in Saxony, Germany and
Lower Silesia, Poland. Urban Studies, 61(10), 1891–1914. https://doi.org/10.1177/00420980231221085

Gao, L., Ye, C., & Zhuang, L. (2024). Are medium‐sized cities in China shrinking from 2010 to 2020? An
empirical analysis with a multi‐dimensional model. Land, 13(11), Article 1865. https://doi.org/10.3390/
land13111865

Gatzweiler, H., Meyer, K., & Milbert, A. (2003). Schrumpfende Städte in Deutschland? Fakten und Trends.
Informationen zur Raumentwicklung, 10(11), 557–574.

Gatzweiler, H., & Milbert, A. (2009). Schrumpfende Städte wachsen und wachsende Städte schrumpfen.
Informationen zur Raumentwicklung, 7, 443–455.

Geodata Centre of the Federal Agency for Cartography and Geodesy. (2025). Das Bundesamt für Kartographie
und Geodäsie. https://www.bkg.bund.de

Großmann, K., Bontje, M., Haase, A., & Mykhnenko, V. (2013). Shrinking cities: Notes for the further research
agenda. Cities, 35, 221–225. https://doi.org/10.1016/j.cities.2013.07.007

Häußermann, H., & Siebel, W. (1988). Die schrumpfende Stadt und die Stadtsoziologie. Kölner Zeitschrift für
Soziologie und Sozialpsychologie, 29, 78–94.

Havlicek, L. L., & Peterson, N. L. (1976). Robustness of the Pearson correlation against violations of
assumptions. Perceptual and Motor Skills, 43(3_suppl), 1319–1334. https://doi.org/10.2466/pms.1976.43.
3f.1319

Hollander, J. (2009). Polluted and dangerous: America’s worst abandoned properties and what can be done about
them. University of Vermont Press.

Hollander, J., & Nemeth, J. (2011). The bounds of smart decline: A foundational theory for planning shrinking
cities. Housing Policy Debate, 21(3), 349–367.

Internationale Bauausstellung. (2011). IBA Stadtumbau. Less is future. https://www.internationale‐
bauausstellungen.de/en/history/2002‐2010‐iba‐stadtumbau‐less‐is‐future

Jaroszewska, E. (2019). Urban shrinkage and regeneration of an old industrial city: The case of Wałbrzych in
Poland. Quaestiones Geographicae, 38(2), 75–90. https://doi.org/10.2478/quageo‐2019‐0023

Klaassen, L. H. (1988).Myśl i praktyka ekonomiczna a przestrzeń. Wydawnictwo Uniwersytetu Łódzkiego.
Krzysztofik, R., & Szmytkie, R. (2011). Studia nad procesami i strukturami osadniczymi sieci miast Polski

Południowej (Nr. 68). Prace Wydziału Nauk o Ziemi Uniwersytetu Śląskiego.
Milbert, A. (2015). Wachsen oder schrumpfen? (BBSR‐Analysen KOMPAKT 12/2015). Federal Institute for
Research on Building, Urban Affairs and Spatial Development https://www.bbsr.bund.de/BBSR/DE/
veroeffentlichungen/analysen‐kompakt/2015/AK122015.html

Milbert, A. (2020). Wachsen und Schrumpfen von Städten und Gemeinden 2013 bis 2018 im bundesweiten
Vergleich. Federal Institute for Research on Building, Urban Affairs and Spatial Development. https://www.
bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen‐schrumpfen‐hintergrund.pdf

Miyauchi, T., & Setoguchi, T. (2023). Does low urban density increase municipal expenditure? Population
density as a performance target for compact city planning in Japan. Journal of Urban Management, 12(4),
375–384. https://doi.org/10.1016/j.jum.2023.08.003

National Register of Geographical Names. (2025). Państwowy Rejestr Nazw Geograficznych. https://www.
isocarp.net/Data/case_studies/1317.pdf

Urban Planning • 2026 • Volume 11 • Article 11075 23

https://www.cogitatiopress.com
https://www.espon.eu/sites/default/files/publications/files/2024-12/espon-small-medium-sized-towns-and-cities-in-europe.pdf
https://www.espon.eu/sites/default/files/publications/files/2024-12/espon-small-medium-sized-towns-and-cities-in-europe.pdf
https://www.inkar.de
https://doi.org/10.1177/00420980231221085
https://doi.org/10.3390/land13111865
https://doi.org/10.3390/land13111865
https://www.bkg.bund.de
https://doi.org/10.1016/j.cities.2013.07.007
https://doi.org/10.2466/pms.1976.43.3f.1319
https://doi.org/10.2466/pms.1976.43.3f.1319
https://www.internationale-bauausstellungen.de/en/history/2002-2010-iba-stadtumbau-less-is-future
https://www.internationale-bauausstellungen.de/en/history/2002-2010-iba-stadtumbau-less-is-future
https://doi.org/10.2478/quageo-2019-0023
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.html
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.html
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf
https://doi.org/10.1016/j.jum.2023.08.003
https://www.isocarp.net/Data/case_studies/1317.pdf
https://www.isocarp.net/Data/case_studies/1317.pdf


Niemi, R. G., Grofman, B., Carlucci, C., & Hofeller, T. (1990). Measuring compactness and the role of a
compactness standard in a test for partisan and racial gerrymandering. The Journal of Politics, 52(4),
1155–1181. https://doi.org/10.2307/2131686

OECD. (2012).Compact city policies: A comparative assessment. https://www.oecd.org/greengrowth/compact‐
city‐policies‐9789264167865‐en.htm

Pallagst, K., Fleschurz, R., Nothof, S., & Uemura, T. (2021). Shrinking cities: Implications for planning cultures?
Urban Studies, 58(1), 164–181. https://doi.org/10.1177/0042098019885549

Parysek, J. (2004). Trajektorie rozwojumiast polskichw latach 1992–2002. In J. Parysek (Ed.),Rozwój regionalny
i lokalny w Polsce w latach 1989–2002 (pp. 117–132). Instytut Geografii i Społeczno‐Ekonomicznej i
Gospodarki Przestrzennej UAM.

Pfeiffer, U., Simons, H., & Porsch, L. (2001). Wohnungswirtschaftlicher Strukturwandel in den neuen
Bundesländern. Fraunhofer IRB Verlag.

Polish Senate. (2013). Zarządzanie rozwojem miast o zmniejszającej się liczbie mieszkańców (w kontekście
perspektywy finansowej 2014–2020). Kancelaria Senatu. https://www.senat.gov.pl/gfx/senat/userfiles/_
public/k8/agenda/seminaria/2013/130301/zarz_rozw_miast_10122013.pdf

Polsby, D. D., & Popper, R. D. (1991). The third criterion: Compactness as a procedural safeguard against
partisan gerrymandering. Yale Law and Policy Review, 9, 301–353.

Reis, J. P., Silva, E. A., & Pinho, P. (2016). Spatial metrics to study urban patterns in growing and shrinking cities.
Urban Geography, 37(2), 246–271. https://doi.org/10.1080/02723638.2015.1096118

Ribant, M., & Chen, X. (2019). A typology of U.S. shrinking cities. The Professional Geographer, 72(1), 152–164.
https://doi.org/10.1080/00330124.2019.1633366

Rink, D., Couch, C., Haase, A., Krzysztofik, R., Nadolu, B., & Rumpel, P. (2014). The governance of urban
shrinkage in cities of post‐socialist Europe: Policies, strategies and actors. Urban Research & Practice, 7(3),
258–277. https://doi.org/10.1080/17535069.2014.966511

Schmidt, S., Fina, S., & Siedentop, S. (2014). Post‐socialist sprawl: A cross‐country comparison. European
Planning Studies, 23(7), 1357–1380. https://doi.org/10.1080/09654313.2014.933178

Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation coefficients: Appropriate use and interpretation.
Anesthesia & Analgesia, 126(5), 1763–1768. https://doi.org/10.1213/ANE.0000000000002864

Schwartzberg, J. E. (1966). Reapportionment, gerrymanders, and the notion of compactness. Minnesota Law
Review, 50, 443–452.

Siedentop, S., & Fina, S. (2008 ).Urban sprawl beyond growth: From a growth to a decline perspective on the cost of
sprawl [Paper presentation]. 44th ISOCARP Congress, Dalian, China.https://www.isocarp.net/Data/case_
studies/1317.pdf

Slach, O., Novacek, A., Bosak, V., & Krticka, L. (2020). Mega‐retail‐led regeneration in the shrinking city:
Panacea or placebo? Cities, 104, Article 102799. https://doi.org/10.1016/j.cities.2020.102799

Śleszyński, P. (2017). Wyznaczenie i typologia miast średnich tracących funkcje społeczno‐gospodarcze.
Przegląd Geograficzny, 89(4), 565–593. https://doi.org/10.7163/PrzG.2017.4.3

Śleszyński, P. (2019). Aktualizacja delimitacji miast średnich tracących funkcje społeczno‐gospodarcze
(powiększających dystans rozwojowy). Instytut Geografii i Przestrzennego Zagospodarowania PAN. https://
www.gov.pl/attachment/5c7a04a5‐ab22‐49e4‐a6a1‐e874ede01445

Squires, G. D. (Ed.). (2002). Urban sprawl: Causes, consequences, and policy responses. The Urban Institute Press.
Sroka, B. (2021). Dychotomia procesu urbanizacji, czyli rozlewanie miast kurczących się w kontekście systemu

planowania przestrzennego. Instytut Rozwoju Miast i Regionów.
Sroka, B., Szymczyk, E., Jarczewski, W., Racoń‐Leja, K., Peterek, M., & Milbert, A. (2025). Shrinkage in

Urban Planning • 2026 • Volume 11 • Article 11075 24

https://www.cogitatiopress.com
https://doi.org/10.2307/2131686
https://www.oecd.org/greengrowth/compact-city-policies-9789264167865-en.htm
https://www.oecd.org/greengrowth/compact-city-policies-9789264167865-en.htm
https://doi.org/10.1177/0042098019885549
https://www.senat.gov.pl/gfx/senat/userfiles/_public/k8/agenda/seminaria/2013/130301/zarz_rozw_miast_10122013.pdf
https://www.senat.gov.pl/gfx/senat/userfiles/_public/k8/agenda/seminaria/2013/130301/zarz_rozw_miast_10122013.pdf
https://doi.org/10.1080/02723638.2015.1096118
https://doi.org/10.1080/00330124.2019.1633366
https://doi.org/10.1080/17535069.2014.966511
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1213/ANE.0000000000002864
https://www.isocarp.net/Data/case_studies/1317.pdf
https://www.isocarp.net/Data/case_studies/1317.pdf
https://doi.org/10.1016/j.cities.2020.102799
https://doi.org/10.7163/PrzG.2017.4.3
https://www.gov.pl/attachment/5c7a04a5-ab22-49e4-a6a1-e874ede01445
https://www.gov.pl/attachment/5c7a04a5-ab22-49e4-a6a1-e874ede01445


post‐socialist medium‐sized cities in Germany and Poland.UrbanDevelopment Issues, 76, 134–144. https://
doi.org/10.51733/udi.2025.76.13

Stryjakiewicz, T., Jaroszewska, E., Marcińczak, S., Ogrodowczy, A., Rumpel, P., Siwek, T., & Slach, O. (2014).
Współczesny kontekst i podstawy teoretyczno‐metodologiczne analizy procesu kurczenia się miast. In
T. Stryjakiewicz (Ed.), Kurczenie się miast w Europie Środkowo‐Wschodniej (pp. 9–14). BoguckiWydawnictwo
Naukowe.

Szymczyk, E., & Bukowski,M. (2023). Identification of shrinking cities in Poland using amulti‐criterion indicator.
Przegląd Geograficzny, 95(4), 447–473. https://doi.org/10.7163/PrzG.2023.4.5

Szymczyk, E., & Bukowski, M. (2025). Compactness of Polish urban areas—Methodologies and analysis based
on CLC dataset. Architectus, 1(81), 129–138. https://doi.org/10.37190/arc250112

Szymczyk, E., Bukowski, M., & Kenworthy, J. R. (2024). Understanding the relationship between urban
form and urban shrinkage among medium‐sized cities in Poland and its implications for sustainability.
Sustainability, 16(16), Article 7030. https://doi.org/10.3390/su16167030

Terfrüchte, T., & Growe, A. (2024). Spatial‐functional patterns in the European urban system: Metropolitan
functions in small and medium‐sized towns. European Journal of Spatial Development, 21(2), 18–41. https://
doi.org/10.5281/zenodo.11385916

Tsai, Y. H. (2005). Quantifying urban form: Compactness versus ‘sprawl.’ Urban Studies, 42(1), 141–161.
UN‐Habitat. (2022).World cities report 2022: Envisaging the future of cities. https://unhabitat.org/world‐cities‐
report‐2022‐envisaging‐the‐future‐of‐cities

van den Berg, L., Drewett, R., Klassen, L. H., Rossi, A., & Vijvberg, C. T. H. (1982). Urban Europe Vol. 1: A study
of growth and decline. Pergamon Press.

Wang, Y., & Fukuda, H. (2019). Sustainable urban regeneration for shrinking cities: A case from Japan.
Sustainability, 11(5), Article 1505. https://doi.org/10.3390/su11051505

Wang, Y., Liu, Y., Zhou, G., Ma, Z., Sun, H., & Fu, H. (2022). Coordinated relationship between compactness and
land‐use efficiency in shrinking cities: A case study of Northeast China. Land, 11(3), Article 366. https://
doi.org/10.3390/land11030366

Zborowski, A. (2002). Obszary zagrożeń demograficzno‐społecznych w województwie Małopolskim w
przełomie XX i XXI wieku. In Z. Górka & A. Jelonek (Eds.), Geograficzne uwarunkowania rozwoju Małopolski
(pp. 129–145). IGiGP, Uniwersytet Jagielloński.

About the Authors

Ewa Szymczyk is a graduate of architecture and urban planning from the Cracow University
of Technology and TU Darmstadt. She is a qualified architect and a researcher at the
Austrian Institute of Technology, exploring spatial data science and resilient urban planning,
and is the author of a PhD dissertation on urban shrinkage. Her work is contributing to
international projects across Europe in academia and practice (e.g., GIZ, MSF, CfAD).

Mateusz Bukowski is a graduate of computer science from AGH University of Krakow.
He is an ISTQB‐certified test analyst, technical test analyst, and test manager with over
14 years of international experience in software quality assurance. His work spans agile
and waterfall projects across domains such as automotive, e‐commerce, urban science, and
real‐time systems engineering.

Urban Planning • 2026 • Volume 11 • Article 11075 25

https://www.cogitatiopress.com
https://doi.org/10.51733/udi.2025.76.13
https://doi.org/10.51733/udi.2025.76.13
https://doi.org/10.7163/PrzG.2023.4.5
https://doi.org/10.37190/arc250112
https://doi.org/10.3390/su16167030
https://doi.org/10.5281/zenodo.11385916
https://doi.org/10.5281/zenodo.11385916
https://unhabitat.org/world-cities-report-2022-envisaging-the-future-of-cities
https://unhabitat.org/world-cities-report-2022-envisaging-the-future-of-cities
https://doi.org/10.3390/su11051505
https://doi.org/10.3390/land11030366
https://doi.org/10.3390/land11030366


Andrzej Tomski is a graduate of applied mathematics from Jagiellonian University. He is
a researcher at the University of Silesia focusing on biomathematics, mathematical
modelling, and statistical data analysis, and is the author of a PhD dissertation on hybrid
biological models. He collaborates with researchers in ecology, medicine, urban science,
and economics, using classical data and modern probabilistic methods.

Urban Planning • 2026 • Volume 11 • Article 11075 26

https://www.cogitatiopress.com

	1 Introduction
	1.1 Contextual Overview
	1.1.1 Germany
	1.1.2 Poland


	2 State of the Literature
	2.1 Measuring Urban Shrinkage
	2.2 Research on Urban Form and Shrinkage
	2.3 Comparative Studies
	2.4 Research Concept

	3 Data and Methods
	3.1 Input Data on Urban Shrinkage
	3.2 Input Data on Urban Form
	3.3 Research Timeframe
	3.4 Compactness Measures
	3.5 Correlation
	3.6 Tools

	4 Results
	4.1 Urban Compactness Measures
	4.1.1 Germany
	4.1.2 Poland

	4.2 Relationship Between Compactness Measures and Sc
	4.2.1 Germany
	4.2.2 Poland


	5 Discussion of Results
	5.1 Relationship Between Urban Shrinkage and Compactness Among MSCs
	5.2 Correlation Results
	5.3 Policy Implications
	5.4 Research Limitations
	5.5 Future Research

	6 Conclusions

