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Streszczenie

Niniejsza praca doktorska, sktadajgca sie z trzech artykutéw naukowych, bada zjawisko kurczenia
sie miast, koncentrujgc sie na jego zwigzku ze zmianami formy urbanistycznej. Badanie opiera sie
na doswiadczeniach kurczgcych sie miast w Niemczech, szczegdlnie tych, ktére doswiadczyty
urbanistycznego regresu na poczatku lat 2000. Programy takie jak Stadtumbau Ost oraz IBA
Saxony-Anhalt 2010 International Building Exhibition pokazaty, ze sredniej wielko$ci miasta mogg
osiggng¢ stabilno$¢ poprzez zarzgdzany proces de-wzrostu. Przypadki te sugerujg, ze
kompaktowa (zwarta) forma urbanistyczna moze zwieksza¢ odpornos$¢ na spirale kurczenia, co
znajduje potwierdzenie w literaturze wskazujgcej na kurczenie sie miast jako okazje do

zréwnowazonej transformaciji.

Praca ma cele zaréwno metodologiczne, jak i empiryczne. Celem metodologicznym jest
opracowanie narzedzi do monitorowania kurczenia sie miast oraz kompaktowosci (zwartosci)
formy urbanistycznej. Cele empiryczne obejmujg zastosowanie tych narzedzi w polskich miastach
Sredniej wielkosci w celu przetestowania gtéwnej hipotezy badawczej: czy, a jesli tak, to w jakim

stopniu, istnieje zwigzek miedzy kurczeniem sie miast a ich zwartoscia.

Aby osiggngc¢ te cele, w badaniu zastosowano trzyetapowg metodologie opartg na przegladzie
literatury oraz iloSciowej analizie danych przestrzennych i statystycznych. Wykorzystano
zaawansowane narzedzia obliczeniowe, w tym jezyk Python i QGIS, co umozliwito przetwarzanie

duzych zbioréw danych i zapewnito rygor metodologiczny.

Etap 1 (Pierwszy artykut naukowy): W tym etapie autorka przyjeta i dostosowata wielokryterialng
metode wskaznikowg Milbert (2015, 2020) do pomiaru kurczenia sie¢ miast w oparciu o polskie
dane. Proces kurczenia sie miast oceniono dla wszystkich polskich miast w trzech piecioletnich
okresach: 2006-2011, 2011-2016 i 2016-2021. Kazdemu miastu przypisano wskaznik
wzrostu/kurczenia (score), ktéry umozliwit klasyfikacje miast na pie¢ kategorii — od rozwijajgcych

sie do kurczgcych.

Etap 2 (Drugi artykut naukowy): Ten etap obejmowat opracowanie metody oceny kompaktowosci
formy urbanistycznej za pomocg dwoch wskaznikéw: wskaznika zwartosci fizycznego ksztattu
obszaru miejskiego (Compactness index, Ci) oraz gestosci zaludnienia (Populationd density, Pd).
Kompaktowos¢ oceniono dla wszystkich polskich miast na podstawie danych CLC z lat 2006, 2012
i 2018.

Etap 3 (Trzeci artykut naukowy): W ostatnim etapie przetestowano hipoteze badawczg, analizujgc
zaleznos¢ miedzy kurczeniem sie miast (score) a kompaktowoscig formy urbanistycznej (Ci i Pd).

Do oceny sity i charakteru tej zaleznosci zastosowano wspotczynnik korelacji Pearsona (r).



Wyniki przedstawiajg ztozony obraz, wskazujgc, ze zaleznos¢ miedzy formg urbanistyczng a
kurczeniem sie miast zalezy od takich czynnikow jak ramy czasowe, typ obszaru miejskiego i
sposob jego delimitacji. Jednakze zaobserwowano istotng statystycznie dodatnig korelacje miedzy
wskaznikiem zwartosci formy (Ci) a wskaznikiem wzrostu/kurczenia, co oznacza, ze miasta o
bardziej zwartej formie sg mniej podatne na procesy kurczenia sie. Wnioski z badan dostarczajg
cennych wskazowek dla planowania urbanistycznego. W szczegodlnosci wspierajg formutowanie
wytycznych planistycznych dla miast sredniej wielkosci, ktére mogg zostaé¢ uwzglednione w
nowych dokumentach planistycznych w 2025 roku.

Stowa klucze: kurczenie sie miast, metoda multikryterialna, kompaktowos¢, Polska, CLC



“Ztamane zeby bram seplenig historie
Podbite oczy kamienic nie widzg pejzazy miast
Sttuczone serce dzielnicy wybija ostatnig melodie

W arteriach rur i studzienek zalega popidt i piach

Nie ma sasiada co sadzit to drzewo
I nie ma sgsiadki co plotta makatki
Zniknat ten stary co chowat dolary

W oczach niknie ten Swiat.”

Fragm. Piosenki
L.Stadt (2017) Oczy kamienic, L.Story. Mystic Production



Summary

This doctoral dissertation, composed of three research articles, explores the phenomenon of urban
shrinkage, focusing on its relationship with changes in urban form. The study begins by drawing on
the experiences of shrinking cities in Germany, particularly those affected by urban decline in the
early 2000s. Programs like Stadfumbau Ost and the IBA Saxony-Anhalt 2010 International Building
Exhibition demonstrated how medium-sized, shrinking cities could achieve stability through
managed de-growth. These cases suggest that a compact urban form might enhance resilience
against the decline spiral, a hypothesis supported by existing literature that positions urban

shrinkage as an opportunity for sustainable transformation.

The dissertation pursues both methodological and empirical objectives. The methodological goal is
to develop tools for monitoring urban shrinkage and urban form compactness, while the empirical
objectives focus on applying these tools to Polish medium-sized cities to test the central research
hypothesis: whether, and to what extent, a relationship exists between urban shrinkage and

compactness.

To achieve these aims, the study employs a three-stage methodology grounded in literature review
and quantitative analysis of spatial and statistical data. This approach leverages advanced
computational tools, including Python and QGIS, to process large datasets and ensure

methodological rigour.

Stage 1 (First Research Paper): This stage identifies and adapts the Milbert (2015, 2020)
multi-criteria indicator method for measuring urban shrinkage to align with Polish data. Urban
shrinkage is assessed for all Polish cities in three five-year intervals: 2006-2011, 2011-2016, and
2016-2021. Each city is assigned a growth/shrinkage score, which is classified into five categories

ranging from growing to shrinking cities.

Stage 2 (Second Research Paper): This stage develops a method to measure urban form
compactness using two indicators: the compactness index of an urban area's physical shape (Ci)
and urban population density (Pd). Compactness is evaluated for all Polish cities using CLC data
from 2006, 2012, and 2018.

Stage 3 (Third Research Paper): This final stage tests the research hypothesis by investigating the
relationship between urban shrinkage (growth/shrinkage scores) and urban form compactness (Ci
and Pd). Pearson’s correlation coefficient (r) is used to determine the strength and nature of this

relationship.

The results present a nuanced picture, highlighting how the relationship between urban form and

shrinkage varies depending on factors such as time frame, urban area type, and delineation
6



method. However, a statistically significant positive correlation emerges between the compactness
index (Ci) and shrinkage/growth scores, indicating that cities with a more compact form are less
susceptible to urban shrinkage. These findings offer valuable insights for urban planning.
Specifically, they support formulating planning guidelines for medium-sized cities, with practical

recommendations to be integrated into new planning documents in 2025.

Keywords: urban shrinkage, multi-criteria indicator, compactness, Poland, CLC



“Broken teeth of the gates are lisping out a story
Bruised eyes of the tenements don't see city landscapes
The shattered heart of the district is playing its last melody

In the arteries of pipes and drains, ash and sand are piling up

There's no neighbour who has planted that tree
And there is no neighbour who would weave tapestries
The old man who would hide dollars is gone

”

This world is fading in the eyes.

Fragment of a song titled: Eyes of Buildings
L.Stadt (2017) Oczy kamienic, L.Story. Mystic Production
Translated from Polish by the author
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1. Introduction

This doctoral thesis presents and discusses three research papers that examine the phenomenon
of urban shrinkage, aiming to deepen understanding of this complex issue and promote more
sustainable urban management strategies. Conducted between 2020 and 2024, the research
reflects the author’s in-depth exploration of planning and urban development contexts in Germany
and Poland, facilitated by fieldwork in both countries. The study was supported by the Doctoral
School at the Cracow University of Technology (orig. Szkota Doktorska Politechniki Krakowskiej),
under the supervision of Dr. hab. inz. arch. Kinga Racon-Leja, and by two DAAD Research

Scholarships in Germany, supervised by Prof. Dr.-Ing. Michael Peterek.

From January to June 2022 and October 2023 to June 2024, the author was a guest researcher at
the Frankfurt University of Applied Sciences, hosted by the department led by Prof. Dr.-Ing.
Peterek, who later became a supervisor of this PhD. Additionally, from June to September 2024,
the author conducted research at the Dresden Leibniz Institute of Ecological Urban and Regional
Development (IOER), thanks to an invitation from Prof. Dr.-Ing. Robert Knippschild. This
collaboration, along with numerous conferences (see Appendix), consultations with Antonia Milbert
from the Federal Office for Building and Regional Planning (BBSR) and extensive research trips
across Germany, provided valuable insights into how medium-sized cities can leverage shrinkage

as an opportunity for sustainable transformation.

Participation in expert trips organised by the Institute of Urban and Regional Development (IRMiR)
allowed the author to deepen their understanding of urban shrinkage, ultimately leading to the
successful application for the National Science Centre PRELUDIUM 22 research grant. The
proposed research, building on the doctoral thesis, introduces a comparative analysis of shrinking
cities in Poland and Germany, offering an international perspective on the relationship between

urban form and shrinkage.

Notably, thanks to the IRMIiR Institute, the author conducted expert visits to German shrinking (or
formerly shrinking) cities in Saxony and Saxony-Anhalt in November 2021. During these visits, the
author gained valuable knowledge from local authorities, institutions, and architects involved in the
“IBA Stadtumbau Ost” programs. Additionally, fieldwork included visits to shrinking and growing
medium-sized Polish cities across Lesser Poland, Silesian, and Lower Silesian voivodeships,

contributing to a nuanced understanding of urban development in both national contexts.
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1.1. Structure of this work

This dissertation is divided into seven following parts:

The Introductory section provides an overview of the research's
significance, contextualising it within global and European urbanisation

1. Introduction trends. It narrows the focus to urban shrinkage in Germany, which
inspires the study of the relationship between urban shrinkage and the
physical form of urban areas.

The Research background outlines the context of urbanisation in
Poland, urban shrinkage research, and planning practices. It identifies
key research gaps that guide the subsequent section, which reviews the
state of research on urban shrinkage assessment and urban form
analysis in relation to these gaps.

2. Research
background

The Research description defines the research aims, objectives,
questions, and hypotheses. It also explains the methodological choices,
the data utilised, and the structure of the three research stages.

3. Research
description

The Summary of results presents the key findings from each research
stage. While the detailed outcomes are included in the attached papers,
this section distils the core insights for better clarity.

4. Summary of
results

The Discussion of results evaluates how the research objectives were
achieved by addressing the research questions and hypotheses, and it
situates the findings within the broader literature.

5. Discussion of
results

The Conclusions summarise the research findings and their

6. Conclusions L
implications.

7. Attachments The Attachments include the three interrelated research papers.

The dissertation concludes with references, a list of tables and figures, and an appendix, which

provides additional resources and supporting materials.
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1.2. Shrinking and growing urban world

As the proportion of urbanised land and the urban population continues to rise, urbanisation in the
21st century is predominantly linked to growth. This growth-centric perspective remains the
prevailing paradigm among architects, urban planners, and policymakers. Consequently, the
language and planning tools emphasise development, progress, expansion, and growth
management. However, urban scholars express concern that “the scenario of growth for all (...) is
hardly the case for most countries” (Martinez-Fernandez and Wu, 2009, p.29). The UN-Habitat -
World Cities Report 2022 underscores that nearly half of the cities in so-called developed nations
experienced depopulation from 2000 to 2018 (see Figure 1), with a significant number located in
Europe, Japan and North America (UN-HABITAT, 2022). More recently, substantial population
losses have also been documented in cities across Australia, Latin America and China (Wang and
Fukuda, 2019; Pallagst et al., 2021; Wang et al., 2022; Yu et al., 2023).

: W o

Figurel. Cities with a declining population in the period 2000-2018. Source: UN-HABITAT, World Cities Report, 2022

Urbanisation mechanisms are undermined by various processes that have multiscalar and
temporal characters, thus disrupting the well-established settlement networks. The contemporary
debate on urban decline emerged in the second half of the 20th century when so-called urban
shrinkage became a common transformation pathway for many industrial large cities across
Europe and North America. The term ‘shrinking city’ was first used by German researchers
HauRBermann and Siebel in the 1980s (initially as Schrumpfende Stadt) — to name long-term
demographic and economic changes taking place in urban areas of the Ruhr region (HauRermann
and Siebel, 1988). However, while city growth can be understood quite well, the term ‘shrinking

city’ is less obvious and poses empirical and heuristic challenges. How can a city shrink?
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City without citizens?

“The idea persisted that ‘city’ meant two different things — one a physical place, the other a
mentality compiled from perceptions, behaviours and beliefs. The French language first came to
sort out this distinction by using two different words: ville and cité” (Sennett, 2019, p.1). But can
one exist without the other? Is a physical ville with empty buildings and underutilised infrastructure
a city? Do citizens alone form a cité without a physical place? Such scenarios are not new to
human history. Whether it was due to war, natural hazards, epidemics, environmental or political
change or depletion of resources — changes in settlement structures were experienced throughout
centuries, leaving some cities without citizens and some citizens without cities. For example, a
community in Chaitén in Chile survived the volcanic eruption that swept away most of their city and
remained united in reconstitution efforts (see Figure 2). Reconstruction was an opportunity to
include necessary modifications to build resilience and adapt to future climate risks. Here, the
community secured the survival of the place. What about the other way around, where vacant

buildings and empty streets are the only remains of the once vibrant city?

In"a house on the corner- was the Teca family,

Figure 2. Chaitén, the capital of Palena Province, was a hub of services and connectivity for the isolated communities
of the Chilean Patagonia until a volcanic eruption followed by a flood swept it away. The displaced community of
Chaitén reconstructed the city. Source: MarcaChile (2013).

Such examples can be found worldwide, with causes ranging from economic decline, like in the
case of Detroit, to a post-industrial transformation in the UK, globalisation, metropolisation, and
peripheralisation. According to Turok and Mykhnenko (2007), urban systems in the 21st century
have been subjected to constant change that ranges from shrinkage through growth to non-linear
trajectories (Turok and Mykhnenko, 2007).

1.3. Urbanisation patterns in Europe

In Europe, urban shrinkage 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 cause of the decline of large cities in the late '90s (Pallagst et al.,
14



2009; Doéringer et al., 2019). In Eastern Europe alone, three out of four larger cities experienced
population declines in the early 2000s (Mykhnenko and Turok, 2007). However, 2010 saw the
beginning of re-urbanisation in Europe (Haase et al., 2021). According to research by Rink et al.
(2012), the large European cities are the ones that recover first and become a migration
destination. This was confirmed by Cortinovis et al. (2022), who investigated the urban density
trends of 331 European cities with more than 50,000 inhabitants between 2006-2018. Authors
captured a shift in the predominant trend from loss of densification (called ‘de-densification’)
(2006-2012) to an increase in densification (2012-2018). While this trend was observed on the
scale of Europe, there are notable differences between regions and cities (Figure 4). Cortinovis et
al. (2022) evidence that large cities are densifying more strongly and shifting more easily from
de-densification to densification, a trajectory uncommon for medium and small cities (Cortinovis et
al., 2022).

a. Density trends 2006-2012 b. Density trends 2012-2018
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Figure 4. Residential density trends in Europe. Source: Cortinovis et al. (2022).

While European cities possess distinct characteristics, particularly the prevalence of numerous
small and medium-sized urban settlements, often with deep historical origin (Le Galés, 2002), this
diversity is currently challenged. Amid metropolisation trends, urban shrinkage significantly impacts
Europe's medium-sized cities' socio-economic and spatial dynamics (Sleszynski, 2019;
Chouraqui,2021). Thus, current trends of population clustering in large cities have created
imbalances in spatial development (Uskova and Sekushina, 2021), posing challenges for a

considerable number of medium-sized cities.

Central and Eastern European countries (CEE)
As described earlier, urban shrinkage manifests differently across various countries (Haase, Bernt,

et al., 2016). National-scale studies have illustrated these differences in countries such as France
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(Cunningham-Sabot et al.,2010; Chouraqui, 2021), Germany (Gatzweiler et al., 2003, 2009;
Milbert, 2015; Radzimski, 2015; Nelle et al., 2017;), Portugal (Alves et al., 2016), and Spain
(Escudero-Gomez et al., 2023). As depicted in Figure 5, many shrinking cities between 1990 and
2010 were in Eastern and Central Europe, referred to as CEE. According to a study by
Stryjakiewicz et al. (2014a, b), shrinkage was most prominent in post-socialist European countries
such as Latvia, Romania, Estonia, Lithuania, Serbia, Czech Republic and Croatia. The
phenomenon was widely analysed in Poland (Jaroszewska, 2019; Sroka, 2021, 2022,
Stryjakiewicz et al., 2014a, b; Zborowski et al., 2012 and many others) and Romania (Eva et al.,

2021; Paun Constantinescu et al., 2017) where it is particularly widespread.
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Figure 5. Change in city population in European cities in the period 1990-2010. Source: Stryjakiewicz, 2014a

While certain cities in this region have experienced rapid transformations in recent decades, many
continue to face the challenges of shrinkage that originated during that transition period. The sharp
decline in fertility rates, coupled with the impacts of de-industrialisation, suburbanisation,
post-socialist transformation, and out-migration, has resulted in a distinctive pattern of urban
decline in the CEE countries (Oswalt, 2006a).

Research conducted by Stryjakiewicz et al. (2014a, b) indicates that most of populations in 1990-
2010 resided in cities experiencing a decline exceeding 0.15% annually. CEE urban shrinkage is

often exacerbated by suburban losses, particularly in post-socialist states, where economic
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downturns have affected ageing industrial cities with fragile infrastructures and low fertility rates.
These factors have resulted in intricate development trajectories intersecting with demographic
changes (cf. Wolff and Wiechmann, 2017, p. 7). Additionally, a study on urban sprawl in
post-socialist countries by Schmidt et al. (2014) identified shared characteristics, including
metropolitan areas marked by low-density suburban development, land-intensive businesses and
industrial enterprises, an automobile-centric transport system, and a deteriorating urban core
suffering from population decline (Wolff and Wiechmann, 2017). Moreover, the legacy of
post-socialism, coupled with post-Fordist transformation processes often referred to as "shock
therapy" (Bontje, 2004), continues to pose challenges for city governance, especially in

medium-sized cities.
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1.4. Urban shrinkage in Germany

German planning policies are highly regarded in the international academic discourse on urban
shrinkage (Bernt, 2019). The so-called ‘German School’ (Pallgast et al., 2009) approach to
managing urban decline is often commended for its proactive emphasis on *“right-sizing”,
combining building demolitions with a holistic “smart decline” strategy (Hollander and Nemeth,
2011). Overall, German policies are viewed positively compared to many other countries,
especially concerning the Stadtumbau Ost (eng. Urban Redevelopment East program), which has

become a central example of these efforts.
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Figure 6. Population (upper) and employment (lower) change by city size in Germany in 1997-2001 with a division to
Western federal states (left) and Eastern states (right). Source: Gatzweiler et al., 2003

East German shrinkage context

In Germany, the shrinking processes of the early 2000s were particularly prominent among
medium-sized cities in East Germany, the former German Democratic Republic (GDR) (Gatzweiler,
Meyer and Milbert, 2003), as shown in Figure 6 (in orange medium-sized cities, orig. Mittelstadte).
During the period of transition, emigration outweighed immigration in almost all cities in East
Germany, as well as in some cities in the West, particularly in the central, western and northern

regions (Radzimski, 2015). These dynamics resulted from the simultaneous occurrence of two
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processes: emigration towards the federal states of former West Germany in search of
employment and a process of suburbanisation. The first one began shortly after the opening of the
border and was particularly intense in the first decade after reunification. Meanwhile, in former East
Germany, suburbanisation rapidly gained significant proportions compared to the developments in
other post-socialist countries (Brake et al., 2001), causing further losses in the urban population.
However, Herfert (2003) argues that the economic situation was the decisive factor shaping

migration movements at the macro level (Herfert, 2003).

Saxony-Anhalt

In the federal state of Saxony-Anhalt, established as one of the new states in former East Germany
after reunification, most cities and municipalities were heavily affected by the structural and
demographic changes indicated above, leading to considerable population loss since the fall of the
Berlin Wall. As a relatively sparsely populated state with few larger centres, Saxony-Anhalt was
struck by depopulation, deindustrialisation and de-urbanisation. From 1989 to 2009, the overall
state population decreased from 2,965,000 to 2,367,000 inhabitants (IBA Urban Redevelopment,
2010). Among typical challenges were vacant flats, especially in the prefabricated housing from the
socialist period, derelict industrial estates, redundant infrastructure, decay of the inner-city areas
with simultaneous suburbanisation due to the dream of the single-family house as a sign of
personal ‘freedom’ under the new political circumstances (Geipel und Kowa, 2010). With an overall
housing vacancy rate of 15.5% in 2008 (IBA Urban Redevelopment, 2010), costs for the
maintenance of underutilised infrastructure (such as street lighting, water supply, and school
buildings, which were no longer needed) could hardly be borne by the municipalities any longer,

coinciding with a severe decline in public revenues and resources (Geipel und Kowa, 2010).

Stadtumbau Ost program

Diagnosing “one million empty flats” (Pfeiffer et al., 2001) significantly influenced the political and
public discourse surrounding urban shrinkage and the narrative emphasising right-sizing in urban
renewal initiatives. In response to the potential for further urban decline, the German government
determined to intervene by establishing the joint federal and state initiative in 2002-2017 known as
Stadtumbau Ost (Urban Redevelopment East) (BMVBS, 2012; Bernt et al., 2014; Pallagst et al.,
2021). The principal objective of this program was to facilitate the sustainable development of cities
and municipalities within the new federal states, which were adversely affected by the
demographic and economic structural transformations prevalent during the 1990s. The
Stadtumbau Ost initiative primarily aimed to stabilise urban areas through the “right-sizing” by
demolition of vacant housing units that were deemed no longer necessary, as well as through the
enhancement of city centres and urban neighbourhoods. Specifically, three sub-goals were
articulated (BMVBS, 2012):
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e Eliminating the oversupply in the housing sector by demolishing permanently vacant
apartments and thus stabilising the housing market.
e Upgrading the urban districts by renovating the remaining building stock, including
preserving ensembles with architectural significance.
e Concentrating investment on older buildings and in inner-city areas.
By 2012, 442 cities and municipalities in Eastern Germany had benefited from the financial
assistance provided by the program (see Figure 7). The federal states and local governments
collectively allocated approximately 2.7 billion EUR for this initiative (the federal government
contributed around 1.3 billion EUR) (BVMBS, 2012). Moreover, various funding sources from
different state programs and investments from private property owners played a critical role in
facilitating the implementation of a range of urban redevelopment projects. Consequently,
Stadtumbau Ost emerged as the most significant urban development support program in
numerous East German cities at the onset of the 21st century, enabling these municipalities to
adopt a new trajectory of stable de-growth despite persistent regional depopulation trends. As a
result, housing vacancy rates markedly decreased, and many city centres were successfully
regenerated and strengthened (BBSR, 2017; Brueckner, 2007).
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Integrated Urban Development Concepts (INSEK)

Simultaneously, the Stadtumbau Ost program catalysed the comprehensive introduction of
Integrated Urban Development Concepts (orig. Integrierte Stadtentwicklungskonzepte,
subsequently referred to as INSEK) as a planning tool to establish mid-term development
frameworks for the impacted cities. The formulation of such concepts by local governmental
entities constituted one of the binding prerequisites for formalising urban redevelopment areas
eligible for support through the Stadtumbau Ost program (BVMBS, 2012; BBSR, 2017). The
shrinking city phenomenon, primarily perceived as a challenge, was reconceptualised as a
foundation for envisioning new developmental trajectories (Grelak and Pasternack, 2015). In this
context, and to counteract the prospective risk of ‘functional irrelevance’ (Kil, 2004) associated with
shrinking cities, the government of Saxony-Anhalt opted in 2002 to pursue an International Building
Exhibition (IBA) as a component of the Stadtumbau Ost policies through 2010. Encompassing the
entire territory of the federal state, the IBA was conceived as an informal, innovative, strategic

planning instrument to foster more sustainable future developments of cities and municipalities.

IBA Saxony-Anhalt 2010

The central aim of IBA Saxony-Anhalt 2010 was to develop appropriate tools for dealing with urban
shrinkage and simultaneously increase the quality of life by developing and implementing
appropriate strategies to reshape the urban space. Under the slogan “Less is More", the objective
abandoned the established growth paradigm and recognised shrinkage as irreversible. It
addressed a topic hardly discussed till then: How to deal with cities in a situation where growth is
not to be expected in longer terms? How can we deal with shrinkage and de-growth by developing

positive perspectives and structures?

In the manner of an innovation lab, IBA programs focused on experimental and diverse
approaches, where the participating cities develop exemplary responses and demonstrate new
urban perspectives for how to react to shrinkage challenges. Each city participating in the IBA was
supposed to pursue its key theme for individual profiling of its urban development (see Figure 8).
Overall, the aim was to strengthen the specific economic, social and cultural potentials and to
develop a guideline for the future structural and spatial development of the cities involved (BVMBS,
2012). The following were some of the guiding principles the IBA Saxony-Anhalt (IBA Urban
Redevelopment, 2010):

e Urban development concerns various actors (inhabitants, property owners, businesses, and

local authorities) who must participate in the development process.
e Structural change can allow urban planning to discover and develop unknown potentials

creatively.
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e Model projects can attractively redevelop cities through experimental design and a new mix
of uses.
e Every city has its unique path of development.
e Urban redevelopment can create a compact city with new open spaces and new relations
between the city and the landscape.
e As media and communication also define a city's image, designing city marketing strategies
is part of the redevelopment process.
Although, in the beginning, there were no clear ideas of the measures for sustainable de-growth,
all 19 participating cities finally conceived their programs and profiles of how to develop in the long
term in a more sustainable form and without population growth. Experiments were allowed and
advised, and all cities were supposed to analyse and build on their specific strengths, identities and
heritage (and not just on their problems). As a result, the IBA became a significant innovation and

urban planning laboratory.

1. Aschersleben: From the Outside to the Inside —
Focussing on the Centre

2. Bernburg (Saale): Generating a Future in Education —
Learning at the Centre

3. Bitterfeld-Wolfen: Network Town

4. Dessau-RoRlau: Urban cores — Landscape Zones

5. Halberstadt: Cultivating Empty Space

6. Halle (Saale): Balancing Act: Dual City

7. Hansestadt Stendal: Central Town in a Rural Region

8. Kéthen (Anhalt): Homoeopathy as a Development
Force

9. Lutherstadt Eisleben: Common Responsibility —

Redeveloping Luther’s Town
10.  Lutherstadt Wittenberg: Campus Wittenberg
11. Magdeburg: Living alongside and with the Elbe
12.  Merseburg: New Milieus — New Opportunities
13.  Naumburg (Saale): City Formation — Citizenry and
Building Culture
14.  Quedlinburg: Perspective: World Cultural Heritage
15.  Sangerhausen: Rating — Livable Neighbourhoods
16.  Schonebeck (Elbe): Seventeen Seventy-Four
17.  StaBfurt: Relinquishing the Old Centre
18.  Wanzleben: Family Town
19.  Weilkenfels: A Time for Founders

Figure 8. Beneficiaries of IBA Saxony Anhalt urban redevelopment. Source: IBA, 2011

1.5. In search of better urban shrinkage management

Poland is anticipated to experience a significant urban population decline, with projections
indicating a 6.5% drop by 2030 and an 18.5% decline by 2050 (Statistics Poland, 2023). This trend
highlights the need to move away from the traditional “steady growth” paradigm (Stryjakiewicz,
2014a) and explore new urban planning approaches incorporating shrinkage scenarios. Bontje

(2004), Hollander et al. (2009), and Pallagst et al. (2021) argue that viewing urban shrinkage as an
22



opportunity for change can create a new perspective on its chances and possibilities. Pallagst et al.
(2021) argue that similar patterns of policymaking can be observed in many geographical contexts
where urban shrinkage is the dominant problem. Coping strategies evolve from ignoring to
observation without acceptance to partial acceptance and, later, acceptance and communication.
While the importance of the problem in Poland was evidenced by the Senate Report entitled
“‘Management of a Shrinking City” (Polish Senate, 2013) and “The National Spatial Development
Concept 2030” (MFPR, 2019), no planning policies were implemented to target it. Pallagst et al.
(2021) argues that urban shrinkage circumstances eventually "lead to an adaptation of traditional,
long-established ways of dealing with planning problems and therefore to a change in local
planning culture. This could mean a stronger focus on redevelopment of existing urban structures

or densification and compact developments” (Pallagst et al., 2021, p.58).

Comparative studies on shrinking and re-growing cities reveal that compact, inward-oriented
planning — focusing on revitalising housing, green spaces, and public services — can improve
urban density and attract new residents (Haase et al., 2021). Researchers argue that instead of
focusing solely on growth, cities should actively shift toward policies that innovate and manage
decline, from revitalising urban cores to promoting compact development that limits urban sprawl
and maximises efficient land use. However, the difficulty in post-socialist countries is often related
to persistent faith in market forces, which limit proactive shrinkage management (Couch et al.,

2012), often resulting in delayed responses to visible urban decline.

While there is no “one-fits-all” strategy to deal with urban shrinkage, Western European cities offer
valuable insights, having developed strategies to manage shrinkage through economic, social and
spatial approaches. Adopting a similar perspective, with strong local leadership and support from
EU programs, could help CEE countries adapt to shrinkage while enhancing urban quality and
sustainability (GroBmann et al., 2013; Herrmann et al., 2016). Poland’s urban shrinkage challenges
reflect previously observed European patterns, where suburbanisation and urban sprawl have
often shifted populations away from city centres, creating high vacancy rates and underutilised

infrastructure (Koziol, 2004; Reckien and Martinez-Fernandez, 2011; Pallagst et al., 2021).

Urban shrinkage in Poland is a pressing issue that challenges traditional, growth-oriented urban
planning strategies, highlighting the need for innovative approaches. With currently available IT
methods and data science tools offering ways to manage big data, understanding the relationship
between socio-spatial dynamics and spatial urbanisation patterns is within reach. The author
believes that analysing shrinkage from an urban planning perspective can lead to meaningful

insights for enhancing sustainability, mitigating climate change, and fostering urban resilience.
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2. Research background

Considering the growing challenges Polish cities face in managing shrinkage, this section aims to
define critical research problems that will shape the direction of this work. Drawing on experiences
from urban shrinkage management in Germany and critical literature findings outlined in the
previous part, this section delves deeper into essential aspects of analysing shrinkage patterns and
their relationship to urban form. The initial chapters present a background literature review. The
significance and necessity of the research are highlighted by reviewing the literature on methods
for measuring urban shrinkage, the context of current urbanisation patterns in Poland with a focus
on the role of medium-sized cities and how urban shrinkage is managed in them. Consequently,
this chapter exposes gaps in research on the relationship between spatial form and urban
shrinkage processes. Subsequently, the research gaps are outlined to inform the specification of

the research aim and objectives.

2.1. Research background

Research on shrinking cities

The term shrinking city is a frame of reference for a wide range of topics (Haase et al., 2014) that
has gained wide use in urban studies research, including the fields of geography, social
economics, and urban planning. The domain of urban shrinkage has determined much academic
and practical discussion, conferences as well as several international research projects including
but not limited to SCIRN (The Shrinking Cities International Research Network), CIRES (Cities
Regrowing Smaller), and Shrink Smart (Governance of shrinkage within a European context).
Scholars have searched for a more precise definition to capture the complexity of urban shrinkage
(Turok and Mykhnenko, 2007; Haase et al., 2008, 2013; Mykhnenko and Turok, 2008; Pallagst et
al., 2009; Haase et al., 2014; Grossmann et al., 2013; Sroka, 2021 among others), analysed
growth and shrinkage theories (Alves et al. 2015; Van den Berg et al., 1982; Wolff and Wiechmann,
2017;), investigated the causes and effects of this process (Reckien and Martinez-Fernandez,
2011; Wiechmann and Pallagst, 2012; Wolff and Wiechmann, 2014), and analysed governance
scenarios to avoid the spiral of decline (Bernt et al, 2012; Haase et al.,2014; Ogrodowczyk et al.,
2021; Pallagst et al., 2021 among others).

Scales of urban shrinkage

The process of urban shrinkage varies due to historical, geographical, and socio-economic factors
(Stryjakiewicz et al., 2014a). It can occur alongside urban growth, complicating comprehension
(Hollander et al., 2009; Kazimierczak and Szafranska, 2019). Integrating different research scales
offers a comprehensive view of the process. As shown in Figure 3, Kazimierczak and Szafranska

(2019) outline three scales for analysing the physical aspect of urban shrinkage: national and
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regional studies that identify causes and effects across cities; an urban scale that assesses local
depopulation impacts on city and surroundings and an intra-urban scale studies that examine
specific districts to understand shrinkage patterns within a city. In each scale a different set of
indicators can be measured. A meta-analysis on urban shrinkage conducted by Reis, Silva, and
Pinho (2016) indicates that research on urban shrinkage is less comprehensive than that focused
on growth patterns. This disparity arises because the spatial patterns associated with shrinkage
are often less clearly defined; built-up areas do not necessarily vanish when populations decline
(Reis et al., 2016). GroBRmann et al. (2013) suggest examining shared spatial characteristics

across various scales that may reveal indicators of shrinking urban areas.
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Figure 3. Scale of analysis of urban shrinkage process. Source: Author’s own elaboration based on Kazimierczak and
Szafranska (2019).

Growth and shrinkage theories

Theories aimed at understanding the cycles of urban growth and shrinkage suggest that shrinkage
can be viewed as part of a city’s life cycle, alternating with periods of growth (Klaassen, 1988; van
den Berg,1982) or as a process driven by conditions that lead a city into a continuous decline, with
no prospects for population growth (Alves et al., 2016). This latter scenario is often related to path
dependence (Pinoncely, 2022) or a spiral of decline, where population and economic downturns
serve as both causes and effects of ongoing shrinkage (Jaroszewska, 2019; Pallagst et al., 2021).
A meta-analysis by Ddringer et al. (2019) identifies several key factors contributing to urban
shrinkage, including deindustrialisation, suburbanisation, an ageing population, out-migration, low
birth rates, post socialist transformation, and disasters, particularly those related to climate change.

Their analysis highlights three main themes regarding the impacts of shrinkage on cities in Europe:
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housing vacancy, unemployment, and economic decline, with issues of urban decay and

diminishing economic activity (Doringer et al., 2019).

2.1.1. Measuring urban shrinkage

The term urban shrinkage encompasses the multifaceted nature of the process, including
economic, demographic, geographic, social, and physical implications. It continues to evolve in
response to changing global and local realities, shaping theories and research aimed at
diagnosing, forecasting, and addressing these challenges (Couch et al., 2012; Déringer et al.,
2019; Haase et al., 2013; Martinez-Fernandez et al., 2012a,b, 2016). The phenomenon of urban
shrinkage has been extensively examined in numerous research initiatives, including the COST
Action TU 0803 “Cities Regrowing Smaller” (CIRES) and the Shrinking Cities International
Research Network (SCiRN), alongside significant global publications (Oswalt, 2006a,2006b;
Oswalt and Rieniets, 2006; Pallagst et al., 2009; Martinez-Fernandez et al., 2009, 2012a, b, 2016;
Grolmann et al., 2013; Haase et al., 2013, 2014, 2021). Nonetheless, the challenge of precisely
defining this urban phenomenon endures (Bernt et al., 2014; Haase et al., 2014; Kantor-Pietraga,
2014; Sroka, 2022). Stryjakiewicz and Jaroszewska (2016) noted that the shrinkage phenomenon
lacks a singular explanatory theory. This process's multifaceted nature necessitates applying
various theoretical frameworks to comprehensively understand its mechanisms, patterns, and

consequences (Stryjakiewicz and Jaroszewska, 2016).

Problems with demographic indicators

The complexity of analysing shrinkage stems partially from the dual role of population decline,
which acts as a causative factor and a consequence of urban shrinkage. Consequently, a
substantial portion of research has concentrated on the demographic dimensions of shrinkage,
with population change as the predominant indicator (Ddringer et al., 2019). For example, the
CIRES project, executed across various European cities, defines shrinkage quantitatively as a
depopulation rate exceeding 0.15% annually over a minimum duration of five years. Conversely,
Turok and Mykhnenko (2007) characterise it as a reduction in population across consecutive
five-year intervals, incorporating relative population change to national demographic trends as an
additional metric to illustrate shrinkage at the national level. Despite declining populations, it is
crucial to acknowledge that some urban centres may maintain resilient economic structures and
continue to prosper. According to Wolff and Wiechmann, “there are many examples where the
demographic and the economic development do not go hand in hand. Cities losing population can
keep a strong economic structure and development” (Wolff and Wiechmann, 2014, p. 1). This
observation, according to the authors, underscores the necessity for a more nuanced,

multidimensional perspective of shrinkage — one that associates the process with urban centres'
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social, spatial, and economic restructuring, which may occur with a consistent population decline
(Zborowski, 2012; Wolff and Wiechmann, 2014).

Analysis time frames

The meta-analysis conducted by Doéringer et al. (2019) revealed that the temporality of urban
shrinkage was underrepresented in research. “The narrow focus on the temporal aspect of
population trajectories hampers not only a comprehensive understanding of urban shrinkage but
also the interpretation of any applied responses” (Déringer et al., 2019, p.15). Authors emphasise
that many empirical case studies lacked a timeline for the analysed processes, while other

methods did not allow for temporal classification.

Multi-criteria indicator

Considering this context, SCIRN has formulated a definition encompassing not only population
decline but also indicators of economic transformation, showcasing specific symptoms of a
structural crisis (Bernt, 2018). “A ‘shrinking city’ can be defined as an urban area — a city, part of a
city, an entire metropolitan area or town — that has experienced population loss, economic
downturn, employment decline and social problems and symptoms of structural crisis”
(Martinez-Fernandez et al., 2012, p.214). Therefore, this perspective indicates that a spectrum of
spatial scales and economic, social and demographic indicators should be considered when
identifying shrinking cities. However, as highlighted in a meta-study by Déringer et al. (2019),
research that addresses multiple dimensions of urban shrinkage tends to be conducted primarily
as case studies (Doéringer et al., 2019). Consequently, this approach is seldom applied nationally
due to the challenges associated with the robustness, availability, and processing of diverse
socio-economic and demographic data. As a result, comprehensive multi-criteria indicator analyses

of urban shrinkage across all cities within the settlement network are rare.
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An exception can be found in Germany, where the BBSR monitors urban growth and decline using
a multi-criteria assessment method (Milbert, 2015, 2020). It has continuously monitored urban
growth and shrinkage every five years since the early 2000s (see Figure 9). This supports the
diagnosis of urbanisation processes, helps planning responses, and later assesses their

effectiveness.

2.1.2. Context of urbanisation patterns in Poland

When analysing urbanisation processes in Polish cities, it is crucial to know its specificities. The
urban settlement network in Poland, like in any other European area, is a result of an evolution that
has taken place over centuries. "During this period, over 1,400 settlement complexes and units
were established, either in the past or currently holding city status. These settlements have
survived in various conditions, from minimal archaeological relics to fully preserved complexes with
their original layouts and often intact building structures [...]. Poland's complex political, social, and
economic history has influenced not only the diverse development of individual cities but also the
structure of the settlement network. This network exhibits clear density in areas that developed
intensively in the past (e.g., Silesia or Greater Poland), with noticeable sparsity in the northern part
of the country and the border regions of the south and east. For other reasons, differences also
emerged between various regions of Poland in the formation and architectural style of cities, which
[...] appeared in the [...] late Middle Ages" (Kalinowski, 1986, p. 16, author’s translation from
Polish). Polish settlement network was a subject of study by numerous scholars (for example
Chojnicki, 1970; Kalinowski, 1986; Kusinski, 1991, 1994; Liszewski, 1994; Parysek, 2004),
including Jazdzewska (2006, 2008) who utilised mathematical methods to explore the development
of urban networks. Jazdzewska argues that the historical development of urban settlement
networks in Poland continues to influence urban areas' organisation and clustering today
Jazdzewska (2008) (Figure 10).

Transformations of the Polish settlement network

When describing the context of the contemporary Polish urban settlement network, it is important
to note that "Poland is an example of a country with the greatest territorial variability in European
history. These changes did not only involve the temporary acquisition of some provinces and the
loss of others, which were later regained. Rather, the country's expansion is far beyond its natural
geographical boundaries, deeply into neighbouring regions, while losing its historical provinces.
There were also periods when the Polish state disappeared from the map of Europe for a long
time" (Koter and Kulesza, 2002, p. 165, author’s translation from Polish). According to Jazdzewska
(2008), the Polish urban settlement network was susceptible to the influence of various factors
(including political, environmental, economic, and social) that altered its spatial arrangement over

more than 1,000 years. Conversely, it displayed remarkable resilience and is regarded as one of
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the most stable components of the country's physical landscape (Jazdzewska, 2008), with the
primary urban centres today mirroring those from the mediaeval period. This observation aligns
with Liszewski's (1994) perspective, which characterises the urban settlement network as "the

cultural heritage of Poland."

0 50 100 km

1 numer skupienia / cluster number

— granica wojewddztwa / province border
granica skupienia / cluster border

Q centra skupien / cluster centres

miasta > 100 tys. mieszkancéw / cities > 100,000 inhabitants

Figure 10. Distribution of urban clusters in relation to the administrative division of Poland in 2002 (k-means
method, k=16). Source: Jazdzewska, 2006

Post-WWII urbanisation patterns

The analysis of urbanisation patterns cannot be separated from the political context. The
devastation of Polish cities during World War Il was severe, with about 30-40% of the urban
population lost (GUS, 2015). According to Lubocka-Hoffmann (2004), out of roughly 700 historic
cities in post-war Poland, the average destruction in 177 centres exceeded 50%, with most of this
damage occurring in the densely built Old Towns of cities located in the Recovered Territories
(Lubocka-Hoffmann, 2004). Various researchers, including Johnson (2000), Racon-Leja (2019),
and Lorens (2023), have studied the impact of the war and reconstruction efforts on today's urban
fabric in Poland.
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After WWII, industrialisation was “the primary force driving urbanisation” (Kusinski, 1991, p. 277).
While industrial investments were localised mainly in big and medium-sized cities, the main
migration direction was from small towns and villages. Processes that significantly influenced the
shape of the post-war urban settlement network stemmed from the six-year plan (1950-1955)
assumptions, known as the plan for building the foundations of socialism in Poland. This plan
aimed to initiate a long-term transformation of reducing disparities in the country's previously
uneven distribution of productive forces. Over 85% of investment funds were allocated to heavy
industry during this period (Jazdzewska, 2008). This stage was followed by the five-year plan
(1956-1960), an extension of the former, which also focused on heavy industry, including mining
and energy infrastructure and production. This industrialisation phase shaped urban centres and
transformed Poland from “a country of great coal’ to a country “of great sulphur and copper’.
Consequently, by the end of 1978, the number of cities in Poland grew to 803 from only 603 in
1936 (Jazdzewska, 2008).
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Figure 11. Migration of permanent residents in Poland in 1980-2010. Source: Zborowski et al., 2012

The 1989 political shift significantly altered the trajectory of urbanisation patterns (Parysek, 2004).
During the transformation period, an unprecedented number of urban areas were granted city
status, with an additional 63 cities, most of which were degraded. As a result, the urbanisation
index saw an increase. The 1950s-1980s also marked a clear migration trend from rural areas to
cities, culminating in a peak urbanisation level of 61.68% in 2003, a bit lower than the European
average of 68.78% then. However, significant changes to the urban settlement network were
caused by the 1999 administrative reforms and the ongoing deindustrialisation of cities. They

resulted in changing the hierarchy in the system of cities, reshaping voivodeship boundaries, and
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downgrading many cities from their leading regional functions (Zborowski et al., 2012). The
de-urbanisation trends that started then continue until today (see Figure 11). In 2021, partially due
to COVID-19-related dynamics, the urbanisation level had further declined by 1.8%, settling at
59.8% (GUS, 2024), with more people migrating from cities to rural areas. Despite the influx of
migrants (also from war-torn Ukraine), the urbanisation forecasts are showing a decline (GUS,
2023).

Polish settlement network characteristics

One of the central qualities described in European urban policies is the urban network
polycentricity, seen as more sustainable, able to contain sprawl, and leads to more efficient
economies (ESPON, 2007). As a parameter describing urbanisation — the polycentricity index —
indicates the settlement network diversity. It was studied under the ESPON 1.4.3 (2007) program
and was high for Poland — 85.6 (in Germany — 93.4, the second highest index in Europe). In other
words, Poland's urban settlement network is diverse in the number of big, medium, and small cities

and equally distributed within the borders (see Figure 12).

s-10-20-2

Figure 12. Cities in Poland in 2008 divided into small (1), medium (2) and large urban centres (3). Source: Runge, 2012

Urban challenges in Poland
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As mentioned above, despite Poland's historically well-distributed network of cities, the settlement
system has faced increasing imbalance since the late 1990s. According to Sleszynski (2017,
2019), who conducted an extensive study on the medium-sized cities role in the urbanisation of
Poland, polarising trends, particularly resource concentration in major centres like Warsaw and the
breakdown of functional linkages, have led to growing disparities in capital and human resources
especially in peripheral areas. Moreover, urban sprawl and suburbanisation around the big cities
pose challenges to harmonised and sustainable development (see Figure 13). The increasing
depopulation of the country will further deepen socio-economic problems for most small urban
centres (Runge, 2012; Stryjakiewicz, 2014; Krzysztofik and Szmytkie, 2018). According to
Sleszynski (2017, 2019), medium-sized towns are vital to organising socio-economic structures in
regions beyond large agglomerations and are crucial in supporting rural and marginalised areas.
Strengthening city networks and linking them to degraded areas could foster stability and growth,

helping revive struggling regions (Sleszynski, 2019).
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2.1.3. Medium-sized cities

In recent decades, the academic discourse surrounding urban studies has predominantly
concentrated on large urban agglomerations. This shift in focus is mainly attributable to the
increasing globalisation and socio-economic transformations that have significantly augmented the
prominence of the megacities and growing metropolitan areas. However, as stated by Audriac
(2010), globalisation exposes all cities to both the "benefits and risks of global economic
integration" (Audirac, 2010, p. 69). The forces of modern capitalism have established a global
network that predominantly benefits large urban centres, leaving small ones at risk of being

marginalised and unable to compete with major economic hubs.

Some scholars see urban decline as a peripheralisation process, which pushes certain cities out of
global competition and distances them from metropolitan winners that can attract social capital.
Theories coming from urban political economy describe this process as follows: “The flow and
accumulation of capital tend to produce temporary ‘fixes’ in space and time (Harvey, 2006; Smith,
2010) and how geographical inequalities are shaped by the ownership and control of the means of
production and the built environment as well as by corporate decisions (Massey, 1995).” (see
GroRmann et al., 2013). These inequalities especially affect cities lower in the hierarchy, such as
secondary cities, which struggle to compete with metropolitan-level centres. Over time, many of
them have diminished in vitality and significance, thereby becoming emblematic of broader issues
such as "shrinking cities" and "urban decline" (SMESTO, 2005). For them, the question of their fate

depending on location and position in a wider urban hierarchy must be addressed.

Consequently, scholars are progressively examining the challenges and vulnerabilities associated
with the secondary position of urban centres in the settlement hierarchy to understand and address
the multifaceted dynamics of urban decline. Kunzmann (2010) argues that small urban centres
bear the negative consequences of overarching policies shaped by globalisation and regional
competition. Excessive metropolisation leads, in his view, to a dangerous rise in polarisation
between large urban agglomerations and local centres. The author highlights the increasing

significance of small and medium-sized towns in contemporary discourse (Kunzmann, 2010).

Polish medium-sized cities

In her comprehensive analysis of medium-sized towns' role in shaping Poland's settlement system,
Runge (2012) critically examines existing research while identifying significant gaps that warrant
further exploration. She posits that the prevailing neglect of medium-sized cities in research can be
attributed to entrenched post-war stereotypes and the relative accessibility of studies focusing on
local, small urban centres. Furthermore, studying medium-sized cities necessitates more robust

methodologies, diverse analytical tools, and well-established theoretical frameworks to foster a
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deeper understanding of their dynamics and contributions to regional development (Runge, 2012).
As argued by Runge (2012), compared to large urban centres, medium-sized cities often have less

data available or are harder to access.

According to German BBSR research conducted in 1997-2001, a steep decline in population and
employment was most prominent among medium-sized cities in East Germany (Gatzweiler, Meyer
and Milbert, 2003). Compared to big and small urban centres, the medium ones were the most
affected. Population predictions in Poland show a similar pattern, with medium-sized cities among
those experiencing the most severe drops, e.g., Konin (predicted to lose 39% of its population in
2050), Tarnobrzeg (predicted 35,4% loss) and Sosnowiec (predicted 35,3% loss) (GUS, 2023).
Due to a lower concentration of potential (social capital), technological changes are slower than in
the buzzing metropolitan hubs. Despite these drawbacks, medium-sized cities still play key roles in
the peripheral regions (Sleszynski, 2017,2019; Runge, 2012), serving as functional centres for
surrounding rural areas and small towns. Thus, their performance affects the quality of life of a
much greater population than the one inhabiting them and influences the stability of the entire

settlement network.

2.1.4. Challenges of urban planning in Poland

The effectiveness of planning policies implemented thus far requires substantial enhancement to
adequately address the above-mentioned challenges. According to the audit conducted between
2019-2022 by the Supreme Audit Office (orig. Najwyzsza Izba Kontrol, NIK) (NIK, 2022), the local
governments in Poland did not take advantage of the existing planning tools to steer their
development sustainably (NIK, 2022). Not only were the local plans outdated in most of the 173
cases analysed, but they also greatly ignored the demographic statistics. The Study of conditions
and spatial development directions (later called SCSDD) indicated that the area designated for
residential development (single-family and multi-family housing) totalled over 6 million hectares,
covering approximately 19% of Poland's total area. According to calculations by the Institute of
Geography and Spatial Planning of the Polish Academy of Sciences, such an area could
accommodate up to 200 million people. In contrast, Poland’s population is only 38 million (see
Figure 14) (NIK, 2022).

Furthermore, as highlighted by the NIK report, in the period from 2019-2022, the inspected
municipalities issued 1,664 Individual land development decisions (Warunnki Zabudowy i
Zagospodarowania Terenu in Polish, WZiZT) instead of relying on local spatial plans. More than
36% of all WZIZT pertained to areas designated as greenfields, such as agricultural use or forests.
This significant mismatch between the actual needs and the supply exacerbated by the ongoing

urbanisation and depopulation poses a significant environmental challenge and creates additional
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maintenance costs. It is estimated that spatial chaos generates a yearly loss of around 18.48 billion
EUR (83 billion PLN) (NIK, 2022). Consequently, this puts local governments under even greater

fiscal pressure.

6 089 tys. ha/19%

Area designated to housing
(according to the SCSDD planning document)

31 286,7 tys.ha

Area of Poland

.l
38 min 130 - 200 min,
Population of Poland Number of people that could live in the area

designated to housing in the SCSDD plans

Figure 14. Oversupply of land designated for housing in local SCSDD plans and the actual population number on the
31st of December 2021. Source: NIK, 2022

New planning regulations

The 2023 planning law reform, effective in September 2023, introduces major changes to Poland's
land-use planning system (Ustawa z dnia 7 lipca 2023 r., Dz.U. 2023, poz. 1688). A key aspect of
this amendment is the introduction of a standardised General Plan (orig. Plan ogdlny), which all
2,477 municipalities must adopt by the end of 2025 (!). This document replaces the zoning study
(orig. Studium Uwarunkowan i Kierunkow Zagospodarowania) and organises municipal areas into
zoning classes. However, detailed zoning plans and building permits will still be required for
development. As opposed to previous planning, individual land development decisions (WZiZT),
after January 2026, can only be issued for projects in areas designated within the General Plan,
with a validity of five years, ensuring a gradual phase-out of the old system while protecting

investors' rights for decisions finalised by the end of 2025.
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While the reform, tied to EU funding, mandates that existing zoning studies cannot be reused in
creating new General plans, it also presents an opportunity to rethink the future spatial
development of Polish cities. This is particularly significant given the introduction of new
parameters that limit the provision of development areas based on demographic forecasts for
municipalities, as derived from Polish Statistics data. For the first time, planning instruments have a
chance to shape denser and more compact cities in Poland. However, effective use will always

depend on local authorities' implementation and ability to see beyond the growth paradigm.

Model Urban Renewal (MRM)

When traditional planning instruments are not sufficient, experimental urban governance
instruments such as urban renewal programmes can provide an alternative to business as usual.
They can help innovate, raise awareness and build the capacities of the professionals and
communities involved. An example in Poland is the Model Urban Renewal program (orig.
Modelowa Rewitalizacja Miast, MRM), executed from 2015-2018 by the Polish Ministry of
Development Funds and Regional Policy. The national government acknowledged the necessity
for a more holistic approach to urban governance, particularly within small and medium-sized
municipalities. The overarching planning framework underscored integrating social, economic, and
urban development dimensions. The primary objective of this initiative was to facilitate the
emergence of flagship projects and innovative initiatives. While urban development policies did not
directly address the issues of shrinking cities, most beneficiaries identified depopulation as a
critical concern in their project proposals. The approach adopted by the MRM program closely
mirrored the concept of urban restructuring, a strategy widely applied in German urban

development initiatives.

Both the IBA Saxony-Anhalt, mentioned in the introduction section of this dissertation and the
MRM program were employed as complementary tools to support cities in managing urban
challenges. However, while the IBA explicitly targeted selected medium-sized cities in the
Saxony-Anhalt region, which had previously been identified as facing substantial challenges,
MRM's competition was open to all cities in Poland dealing with various issues. Initially, there were
no clearly defined guidelines or criteria for using indicators to benchmark the participating cities.
This complexity was further intensified by the inclusive approach to city selection, which involved a
diverse array of municipalities, including major cities with high growth rates and budgets.
Understanding medium-sized cities' particular characteristics is essential in developing appropriate
planning programs to address their challenging position. Suppose planning tools are to be
efficiently designed. In that case, there is a pressing need for a better comprehension of Polish
medium-sized cities in relationship to urban form and establishing guidelines for effective urban

shrinkage management.
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2.1.5. Research on the urban form patterns of growth and shrinkage

In contrast to other regions in Europe, the case of IBA Saxony Anhalt showed a bold step asserting
that shrinkage opposes growth (IBA, 2011). Significant progress was made for small to
medium-sized towns facing similar issues throughout the eight years of the IBA International
Building Exhibition. A primary goal was to promote compact city principles, encouraging a shift
from housing estates on the outskirts to urban centres (IBA, 2011). Over a decade later, most
participating cities reported improvements, showcasing stable de-growth or re-growth and a
change of perception among its citizens. While attributing the success of urban renewal solely to
the Stadtumbau and IBA programs would be an overstatement, national and global economic
factors contributed to this process. However, by enhancing spatial qualities and containing urban
sprawl, shrinking cities in East Germany have effectively navigated their futures without depending

on growth and developed new identities and ways forward (IBA, 2011).

The question of how urban form can enhance resilience and promote sustainable development in
other shrinking cities is complex. Existing planning theories primarily focus on growth, prompting
calls for tools specifically designed to address urban shrinkage (Reis et al., 2016). Resilience
theories suggest that cities can adapt, transform, or resist challenges while maintaining essential
functions (Alves et al., 2016). However, research on urban metrics related to urban shrinkage
remains limited. In a study conducted in China, researchers found that urban shrinkage correlates
with lower compactness and reduced land use efficiency (Wang et al., 2022). In Germany,
Siedentop and Fina (2008) examined urban areas from 1996 to 2006, finding that suburban sprawl
increased even as core city populations declined. This “shrinkage-sprawl!” pattern mirrors sprawl in
growing areas, leading to fragmented, low-density developments, rising vacancies, and
deteriorating inner-city areas (see Figure 15). Research done by Sroka (2021) evidenced similar

patterns occurring in Polish urban areas.

38



N

Population
growth rate

A\ 4

« § ‘ L 4
' ’ ®
® . , ‘ ‘ o ’ .
‘ e
® @
‘Compact city’ ‘Growth sprawl’ ‘Shrinkage spraw!’
high density moderate/low density low density

leapfrog development urban perforation

|u

Figure 15. Pattern dimension of “shrinkage sprawl”. Source: Author’s own elaboration based on Siedentop and Fina,

2008.

Research shows that compact, contiguous urban areas have significantly lower infrastructure costs
than dispersed ones (Carruthers and Ulfarsson, 2003; Miyauchi and Setoguchi, 2023). While in
dispersed service areas, the length of inter-neighbourhood service components that connect them
is higher than average (Burchell et al., 1998, p. 46), infrastructure costs can be a few times higher
than in more compact urban areas. In shrinking cities, there is “too much town for too small a
population” (IBA, 2011, p.19). Such disbalance often leads to a weakened fiscal base, disrupted
infrastructure maintenance, and a diminished quality of life. As a result, many shrinking cities face

challenges to sustain themselves (Hollander, 2009).

Schmidt et al. (2014) found that urban sprawl in post-socialist cities is driven not only by
demographic and economic shifts but also by public policy and unregulated, market-driven growth.
According to Schmidt et al. (2014), densities have been “exacerbated by public policy and
unregulated market-induced growth in the case of the other CEE countries.” (p.17). Authors argue
that the ongoing demographic transition across Eastern Europe demands a comprehensive
research agenda to examine how shrinkage impacts urban spatial patterns in more detail (Schmidt
et al., 2014).

Urban form encompasses the historical context, economic conditions, well-being, spatial efficiency,
and environmental impact of a city, making it a crucial indicator for understanding urban systems

(Grimm et al., 2015; Wentz et al., 2018). Physical form is an empirical foundation for comparative
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analysis of complex urban patterns across different cities (McPhearson et al., 2016). While
historically, research on urban morphology has faced limitations due to data and computational
constraints, recent advancements in geospatial tools and computing power have expanded
analytical possibilities. However, studies examining urban metrics and shrinkage across entire

urban networks must be advanced, necessitating computational resources.
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2.2. State of research

Urban shrinkage is a complex phenomenon characterised by intricate cause-and-effect
relationships. This process is closely tied to the post-transformation boom, deindustrialisation and
spatial dependencies in CEE countries. Disruption, lack of or neglected city centres, and urban
sprawl exacerbated by lack of effective planning policies influence shrinkage. Despite its
significance, the relationship between a city's physical form and urban shrinkage is seldom
analysed due to the substantial empirical challenges in capturing data on large spatial and

longitudinal scales.

2.2.1. Urban shrinkage research in Poland

In contemporary Poland, urban shrinkage began to manifest in the early 2000s as the initial effects
of the economic "shock therapy" became evident. While urban demographics have been a focal
point of Polish researchers for several decades, the concept of urban shrinkage was first
diagnosed by Zborowski (2002), Parysek (2004), and Jedraszko (2005). It was then followed by
broader comparative studies such as CIRES and Shrink Smart (Krzysztofik et al., 2011, 2012a)
and later Krzysztofik and Szmytkie (2011), Krzysztofik et al. (2011, 2012, 2014), Stryjakiewicz et al.
(2012a, b), Zborowski et al. (2012), Stryjakiewicz et al. (2014, 2016), Kantor-Pietraga (2014),
Jaroszewska (2019), Sleszynski (2017, 2019), Musiat-Malagé (2018a, b) and Sroka (2021). A
study on the resilience of peripheral cities was conducted in a 3S RECIPE project (Ogrodowczyk et
al., 2021).

As presented in the above sections, urban shrinkage is particularly pressing for medium-sized
cities, which tend to have fewer resources and less planning capacity, making them more
vulnerable to population loss (Runge, 2012; Sleszynski, 2017, 2019). Despite these cities being
more susceptible to shrinkage, research on their experiences is limited. Most studies focus on case
studies, for example of Watbrzych (Jaroszewska, 2019), Bytom and Sosnowiec (Krzysztofik et al.,
2011), L6dz (Kazimierczak and Szafranska, 2019).

According to Sleszynski (2019), this complex phenomenon should be monitored and analysed
across a broader set of urban units and from various thematic and problem-oriented perspectives.
While much of the Polish discourse on urban shrinkage centres around socio-economic,
demographic, and spatial dimensions, relatively few studies have approached this issue using a
comprehensive, nationwide multi-criteria analysis. Studies by Jaroszewska (2019), SleszynAski
(2017, 2019), Jopek and Musial-Matago (2021) and Sroka (2021) are examples of this approach.

However, no recent studies were conducted to assess how the process evolves. Therefore, there
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is a need to regularly monitor and assess these trends, particularly focusing on all medium-sized

cities which face challenges different from those of their larger counterparts.

2.2.2. Urban form research in Poland

There is no universally accepted or objective method for assessing urban form (Venerandi et al.,
2016). In Poland, urban form patterns have been extensively studied, particularly in relation to
urban sprawl (e.g., Gibas and Heffner, 2018; Lityrski, 2021). The analysis of urban form within the
context of urban shrinkage has been explored by Sroka (2021), who investigated the relationship
between suburban sprawl and shrinkage. Research on the morphology of selected Polish cities
includes studies of £odz by Koter (1990) and Hanzl and Kowalski (2021), as well as analyses of
Krakéw's urban morphology by Kantarek (2010). However, to the best of the author's knowledge,
there is limited literature on urban compactness, particularly from a nationwide perspective

encompassing all cities in Poland.

An international literature review on urban shrinkage suggests that compactness is crucial in how
cities manage challenges. Research shows that more compact cities tend to have stronger fiscal
bases (Carruthers and Ulfarsson, 2003; Miyauchi and Setoguchi, 2023) and resilience to
socio-economic decline (Haase et al., 2021). Planning practices in Germany have demonstrated
that urban form can influence how cities cope with shrinkage. Right-sized, compact, and dense
urban form enhances a city's resilience and mitigate the effects of decline (IBA, 2011). However,
the relationship between shrinkage and form might be relevant for Germany but not necessarily in
the Polish context. According to the authors' knowledge, such studies were never conducted in

Poland, leaving an empirical and methodological gap to explore.

The central challenge guiding this research is effectively supporting medium-sized cities in Poland
in effective urban shrinkage planning. While urban shrinkage poses complex issues, a nuanced
understanding of its spatial, social, and economic impacts is required. Two types of research gaps
have been identified: empirical and methodological. These gaps highlight the limitations in existing
knowledge and the lack of tools for studying urban shrinkage, particularly in Poland, where such

phenomena still need to be understood.

2.2.3. Summary of research gaps

This research addresses the need for a comprehensive, national-scale study of urban shrinkage in
Poland that incorporates spatial, statistical and longitudinal data. It aims to bridge the field's
empirical and methodological gaps identified in the research on medium-sized, shrinking cities in

Poland. The following research gaps were defined in this study:

Empirical Gaps
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Measuring Urban Shrinkage with multi-criteria indicators in Poland: Current research
struggles to measure the entire scope of urban shrinkage using multi-criteria indicators.
This is due to the availability and management of appropriate datasets.

Long-Term Urban Shrinkage Measurement: Another challenge is capturing long-term
trends in urban shrinkage. Studies examining shrinkage over an extended period across all
Polish cities are lacking.

Absence of Recent Shrinkage Assessments: No national-scale assessment of urban
shrinkage after 2018 has been conducted in Poland to the author's knowledge.

Absence of Recent Compactness Assessments: No national-scale comprehensive
evaluation of urban compactness across all Polish cities has been conducted to the
author's knowledge.

Shrinkage and Compactness Relationship in Poland: Little is known about whether
urban shrinkage correlates with urban compactness in cities, a key factor in planning for
sustainability and resilience. No such study has been conducted for Poland to the author's

knowledge.

Methodological Gaps

Developing Multi-criteria Indicators for Shrinkage: A method for measuring urban
shrinkage on a national scale using multi-criteria indicator is lacking. Existing
methodologies are either using demographic indicators, are outdated or adapted to
selected cities. A method that captures socio-economic aspects of urban shrinkage relative
to all municipalities is lacking to the author’s knowledge.

Compactness Measurement Methodology: A method for comprehensive measuring
urban compactness on a national scale using broadly available data was not developed to

author’s knowledge.
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3. Research description

The identified gaps in the literature guided the formulation of the research strategy. These gaps
suggest that assisting medium-sized Polish cities in addressing urban shrinkage through urban
planning requires both measuring urban shrinkage and assessing the compactness of urban forms
and understanding the interplay between these two factors. Consequently, the study is structured
into several stages to address methodological and empirical gaps, aligning with its specific
objectives. This section outlines the main aims, objectives and specific research questions that

guide this work and lead to verification of the hypothesis.

Moreover, this study recognises the potential relevance of the above concepts to other national
contexts facing similar challenges and the benefits of sharing the outcomes in line with the
principles of open science. Therefore, the selection of research aims, objectives, methods and data
was made to enable their application in various European contexts and facilitate comparative
studies to expand the scope of the research. The following chapters will outline the primary

research concept.
3.1. Aims and objectives

Guided by the need to address urban shrinkage challenges through an urban planning lens, this
research aims to expand knowledge in the field, establish tools to monitor socio-spatial
phenomena and formulate practical planning guidelines. The main aim is to examine if there is a
relationship between urban form and shrinkage in medium-sized Polish cities. To achieve it,
analysis of recent trends in urban shrinkage and urban form compactness has to be conducted.
Consequently, this research plans to address the four operational objectives, which are divided into

two categories, methodological and empirical, listed below:

L To identify methods to evaluate the urban shrinkage and urban form
Methodological ~ Objective 1 ] .
compactness using broadly available datasets.

Objective 2  To assess shrinkage and growth trends in Polish cities.

Objective 3 To assess compactness and dispersion trends in Polish cities.

Empirical
To find out if there is a relationship between urban shrinkage and

urban compactness trends.

The four objectives are connected to six operational research questions. The methodological

objectives, listed as Objective 1, are guided by three questions. Answering them is necessary to
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develop appropriate methods to investigate urban shrinkage and urban form compactness and

answer the questions of empirical objectives.

Question What are the methods utilisable in identifying shrinking and growing
1.1 cities?
L Question How can existing multi-criterion methods for such identification of
Objective 1 19 shrinking and growing cities be adapted to fit the Polish context?
Question What are the methods for analysing compactness?
1.3.

The empirical objectives aim to find the relationship between urban shrinkage and urban form
compactness. The Objective 2 is operationalised by a question that leads to understanding urban
shrinkage in Polish cities. The Objective 3 is operationalised by two questions that lead to
understanding urban from compactness in Polish cities. The Objective 4 is operationalised by three
research hypotheses. Testing these hypotheses, aim to find if there is a relationship between the

compactness of urban areas and urban shrinkage in medium-sized Polish cities in the researched

period.
Obiective 2 Question 2 What are the trends and patterns of urban shrinkage, and how do
jective these differ in cities of different sizes across Poland?
Question 3.1  What is the relationship between city size and city compactness in
?
Objective 3 Poland?

Question 3.2 How does the compactness of Polish cities change over time?
There is a statistically significant correlation between urban
compactness and shrinkage of medium-sized Polish cities.

There is a statistically significant correlation between urban
population density and shrinkage.
- The trend persists within the analysed time frame.

Figure 16 presents how the objectives are connected to specific research questions, leading to

answering the research hypotheses, which are tested at the end. In other words, the answer to
each question leads to the answer to the three hypotheses, which aim to find the relationship
between the compactness of urban areas and urban shrinkage in medium-sized Polish cities in the

specified period.
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Figure 16. Diagram of research design including the aim, objectives, research questions and hypothesis. Source: Author
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3.2. Scope and time frame

This study analyses the relationship between urban form and shrinkage in all medium-sized Polish
cities. The question of spatial scale is particularly challenging because different definitions of a city
(administrative, morphological, functional) can provide different research outcomes. UN-Habitat
counted 104 definitions for city using criteria such as administrative function, population
size/density or urban characteristics (UN-Habitat, 2020). In this study, the administrative city units
are used for the statistical data research part. Thus, the definition of a city for this research is the
following the administrative division in Poland (see Figure 17). For spatial research, a combination
of administrative and morphological definitions are used to define the urban area (see section
4.1.2).

At first, the relative assessment of urban shrinkage and urban form necessitates considering all
municipalities in Poland. Given the variability in their number and classification of cities,
reassessment was necessary for each measurement period. As of 2021, Poland had 2,477
municipalities (gminas), comprising 302 urban municipalities, 662 urban-rural municipalities, and
1,513 rural ones (Statistic Poland, 2023). All of these are considered for calculation purposes.
However, the study omits rural municipalities for the analysis and conclusion-drawing phases. It
focuses on cities represented by urban municipalities (orig. miasto, level 6, kind 1 in Statistics
Poland, Local Data Bank) or those in the urban-rural category (orig. gmina miejsko-wiejska, level 6,
kind 3). The changing number of spatial units that Poland was divided into over the years is
accounted for in the analysis. To ensure data consistency, 964 cities were selected, for which
relevant data was extracted during the research period, enabling accurate comparison and

analysis without discrepancies.

In the final stage of the analysis, the focus is narrowed to medium-sized cities. The definition of a
medium-sized city poses another challenge of simplification, widely discussed by Runge (2013),
Gaczek et al. (2019) and Sleszynski (2017). This study’s classification follows a simplified Polish
Statistics framework, categorising cities as follows: those with fewer than 20,000 inhabitants are
classified as small cities, those between 20,000 and 100,000 as medium-sized cities, and those
with more than 100,000 inhabitants as large cities (according to Statistics Poland). The author
decided to give no margins. Thus, the city with 19,999 inhabitants will be considered small in this
study. When examining urban population data, it is crucial to establish a consistent reference point
for size classification. Here, the categories were defined at the beginning of each five years despite
the potential fluctuations in population over time. This decision helped ensure accuracy and

consistency in the analysis.
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Time frame

The time frame for this research has been selected to provide the most relevant insights into urban
shrinkage in Poland at the time this research was conducted. The period from 2006 to 2021 has
been chosen for several reasons. Firstly, this time frame allows for examining the latest trends in
urban shrinkage, particularly as doctoral research is being conducted between 2020 and 2024.
Secondly, it is essential to situate the empirical study of urban phenomena within a specific
socio-political and historical context. Given the notable spatial changes resulting from Poland’s
political and economic transformation and the country’s accession to the EU in May 2004, this
analysis focuses on the period following Poland's entry into the Union to avoid the complexities of a

before-and-after comparison.

This study incorporates two types of data — spatial and statistical. While statistical data could be
obtained on an annual basis, the selected spatial datasets are updated every six years, with the
most recent update in 2018 for when this research was conducted. Therefore, three corresponding
data sets were selected for this analysis. For 2006-2011, a CLC2006; for 2011-2016, a CLC2012;
and for 2016-2021, a CLC2018 (see Figure 17).

Subjects:
All Polish cities

- Urban municipality
- Urban-rural municipality

Rural municipality

Polish cities are narrowed down
into (180) medium-sized cities in
the last phase of research.

Research time frame:
2006-2021

2006-2021

Stage 1) Division into three
five-year periods in multi-criteria
indicator statistical analysis of
urban shrinkage: 2006-2011,
2011-2016, 2016-2021 2006-2011 | 2011-2016 | 2016-2021

Stage 2) Division of three spatial
analysis of urban form

compactness using Corine Land
Cover dataset: CLC 2006, CLC :
2012, CLC 2018 2006 2012 2018

Figure 17. Diagram of research design including subjects and time frame. Source: Author
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3.3. Data and tools

The statistical data utilised in the analysis is sourced from the Statistics Poland database (GUS
BDL). Given the extensive spatial scope, lengthy time frame, and numerous indicators, the dataset
comprises over 235,000 records (6 variables across 2,477 municipalities over 15 years) only for
Stage 1. This enormous scope (size) requires using tools such as Python programming language
and analytical libraries like Pandas, NumPy, and Visual Studio Code for operations on big data
volumes. Such an extensive calculation could not be performed within the time of this doctoral
research by the author and required the support of a data analyst. Thus, it must be acknowledged
that the calculations in each of the research stages of this PhD were performed by IT engineer
Mateusz Bukowski, who was developing data analysis according to the guidelines given by the

author of this research.

The spatial study relies on widely available land-use data to analyse metrics related to
medium-sized cities. Since comprehensive spatial data on a global scale is unavailable, the
dataset for European countries is drawn from CORINE Land Cover (referred to as CLC),
specifically for Poland. The CLC data is a significant resource for understanding land use and
landscape dynamics from a European perspective and stands as the only consistent and
harmonised multinational collection of land-use information at a continental scale. It employs a
standardised methodology for producing comprehensive continent-wide land cover data. This part
of the research used an open-source QGIS program for spatial analysis and data visualisation (see
Figure 18).

Ur.ba " Shrmk?ge Growth/shrinkage  [*-_ '
{ socio-economic and — b

demographic) seore

Statistical data
(Statistics Poland GUS BDL)

|!I ClndCIS
Oy [P

b’ Visual Studio (
J Shape compactness
Urban form shape /,'

? ) change Urban population -'J', h\z U I b

density
Spatial data
(Corine Land Cover)

Figure 18. Diagram of research design, including data sources and tools. Source: Author
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3.4. Methodology

This research utilises interdisciplinary methods and uses diverse datasets, which aligns with the
model proposed by Chojnicki (1970). Chojnicki advocated for a departure from an overly
fragmented and superficial approach. He identified "three new methodological trends characterised
by a shift from:
e the study of simple relationships to the investigation of increasingly complex structural
entities, i.e., systems.
e qualitative approaches to quantitative and mathematical ones, and
e a detailed focus to a more generalised perspective aimed at explanation and prediction”
(Chojnicki, 1970, p. 201).
By looking at the entire urban network of Polish cities, using quantitative approaches to analyse
shrinkage and urban form measures, and looking at general trends in a longitudinal study, this
methodology follows Chojnicki’'s model. Furthermore, this research aimed to adhere to the
principles of open science, an approach centred on collaborative progress in science and
emphasises the early and broad sharing of knowledge, results, and tools. Open access to research
data refers to the right to access and reuse digital research data, which should be FAIR: Findable,
Accessible, Interoperable, and Reusable (NCN, 2024). In practice, this meant that the output data
and algorithms were shared in public repositories, allowing other researchers to build on these
research outcomes progressively. The above concepts guided the formation of this research

methodology, which is explained in detail below.

Given the complexity of this research, for each research question, conceptual-methodological
aspects such as scale and data and theoretical-empirical challenges like cause-and-effect relations
are addressed through analyses using existing models and/or their adaptation. Stage 1 of the
research aims to assess all Polish cities with a multi-criteria indicator. It analyses statistical data
from the Polish Statistics (GUS) for all Polish cities. In Stage 2, the two aspects of the urban
spatial form are being researched: urban form compactness and actual urban population density.
Analysis of urban spatial metrics of Polish cities is based on the data obtained from Corine Land
Cover and GUS statistical data on the urban population. In the last step — Stage 3, the outcomes
of the first two stages are used. In this stage, the urban spatial measures (Stage 2) are related to
the outcomes of the first analysis (Stage 1) to seek correlation using statistical Pearson’s
correlation model. The last research stage concludes the relations between the two spatial
approaches and compares the outcomes from the three analysed periods in search of trends.
Figure 19 presents an overview of the research stages, describing the objectives, data and

methods, and expected outputs.

50



Stage 1 Stage 2

P— 2. To find out shrinkage and
Objectives
) growth trends in Polish cities.
trends.,
Method | Multi-criteria analysis of urban Quantitative analysis of urban i Statistical measure of
o ! shrinkage in Poland. i form measures i ! relationship between spatial
e : form measures and urban
i : i shrinkage score in each five year
Data ; Statistical Data : ; Spatial data i ¢ period between 2006-2021.
A measure of growth/shrinkage C :
represented with a score for each ; ) :
Output LT e | Shrinkage/growth score :
between 2006-2021.
Output Compactne_ss index _
Urban population density
Objective 1 1. To identify methods to evaluate the urban shrinkage and
urban form compactness using broadly available datasets.
l l Verification of a relationship
hetween spatial form
A i T compactness and urban
0 t i Multi-criteria indicator of urban |  Measures of urban compactness chrinkage
utpu shrinkage. sNrnkage.

Figure 19. Diagram of research stages sequence. Source: Author
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3.4.1. Stage 1 — Urban shrinkage assessment

This phase analyses Poland's shrinkage and growth patterns over the past fifteen years
(2006-2021). It involves identifying appropriate methods for evaluating socio-economic and
demographic trends following a comprehensive urban shrinkage definition followed by an
adaptation of a selected one and its application in Poland. Unlike demographic shrinkage, a
comprehensive definition considers multiple indicators to determine which cities in the national
urban network are experiencing growth and which are declining. The output must allow for future
correlation with the data from stage 2 of the research, meeting the criteria of a range (ordinal,
discrete data) and the same time frame. Additionally, the chosen method must be capable of

differentiating medium-sized cities from the overall calculations.

This phase begins with reviewing the literature on methods to analyse urban shrinkage. In total, 13
methods were reviewed (including 7 used for assessment in Poland). It was concluded that
classifying urban shrinkage in Poland required a multi-criteria approach, with a division into shorter
periods within the 15-year time frame and coverage of possibly all national spatial units (Statistics
Poland, 2023; TERYT, 2023). An existing multi-criteria indicator method, developed by Milbert
(2003, 2015, 2020), was selected due to its scope of socio-economic variables and proposed
classification. To meet these criteria, it was adapted to fit Poland's territorial divisions and statistical
data (see section 4.1.1 for details). The objective of analysing shrinkage patterns across the urban
settlement network provided the basis for choosing a five-level typology, from growing to shrinking

cities, applied to each municipality every five years.

A selected multi-criteria indicator analysis, based on Milbert (2015, 2020), measures urban
shrinkage in Poland from 2006 to 2021 divided into the following five-year periods: 2006-2011,
2011-2016, and 2016-2021. As the diagram in Figure 20 shows, this method incorporates six
socio-economic variables (P1-P6) divided into quintiles translated into scores ranging from 0—4.
The outcome of this stage is a shrinkage/growth score (0—24) for each city in three five-year
periods and is assigned to one of five categories. The output data was divided into small,
medium-sized and large cities. This allows for further research that selects medium-sized cities

and relates urban shrinkage to urban form measures (stage 3).
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Calculation
repeated for 2006-2011 2011-2016 20162021
each period
pE EEK\-\“\. J_—__-—"-J'--_
it il
"«-\.._‘- ‘__.-"
Medium-sized .
cities score Small Madium Large
selected cilies cities cities

Figure 20. Diagram of stage 1 analysis sequence. Source: Author

The outcomes of this stage, including a detailed review of the state of research, methodology,
results and discussion, were published in a peer-reviewed journal in the paper titled “Identification

of shrinking cities in Poland using a multi-criterion indicator”’, Szymczyk and Bukowski (2023) (see

Attachments section).
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3.4.2. Stage 2 — Urban form compactness assessment

This stage analyses Poland's compactness and dispersion patterns over the past fifteen years
(2006—2021). It involves identifying appropriate methods for evaluating urban form measures
following a comprehensive definition of urban compactness. This stage aims to identify
compactness and dispersion patterns in all Polish cities and develop a method that can utilise a
widely available dataset to monitor these trends on a large scale and regularly. Thus, establishing
a method suitable for application across the broader European context was a prerequisite for
designing the methodology. Moreover, the output of this phase was required to enable future
correlation with the data from stage 1 of this research, meeting the requirement for continuous data
that can be mapped to the stage 1 dataset. In addition, the chosen method had to be capable of

distinguishing medium-sized cities from the overall calculations.

This phase begins with reviewing the literature on methods to analyse urban form. The review of
methods demonstrated various ways physical urban areas can be measured, depending on the
specific focus of the research (Ottensmann, 2021). While the compact city definition encompasses
different meanings, it implies different evaluation approaches. Given the reviewed definitions of a
compact city (see Table 1), the scope of this study, the available data, and the prerequisites
mentioned above, it was concluded that the compactness index and urban population density
measures will be used. The first one is quantifying the compactness of shapes’ irregularity. The
latter considers the urban area and the municipality population in the corresponding year to
calculate the urban population density. Compared to the simplified population density found in
Polish Statistics, this method of selecting urban areas excludes agricultural land, forests and water

bodies, among others, giving a more accurate picture of density.

Table 1. Compact cities characteristics. Source: Ahlfeldt and Pietrostefani (2017).

Index Characteristic Summary
Refers to the number of economic agents living or working within a spatial unit and is
A Economic density typically measured as population or employment density (Thomas and Cousins 1996;

Churchman 1999; Burton 2002; Neuman 2005, cited in Ahlfeldt and Pietrostefani, 2017).
Refers to the density of the built environment and captures aspects of the compact city
such as compact urban land cover, demarcated limits (demarcated urban/rural land
borders), street connectivity, impervious surface coverage, and a high building footprint to
parcel size ratio (OECD 2012; Wolsink 2016; Neuman 2005; Burton 2002; Churchman 1999,
cited in Ahlfeldt and Pietrostefani, 2017).

Captures the co-location of employment, residential, retail and leisure opportunities
C Mixed land use (Churchman 1999; Burton 2002; Neuman 2005, cited in Ahlfeldt and Pietrostefani, 2017),

both horizontally across buildings and vertically within buildings (Burton, 2002)

Morphological
density

As described previously, the Corine Land Cover (CLC) standardised methodology for producing
continent-scale land cover, biotope, and air quality maps, including 44 land-use classes, was

selected. The outcomes of this stage - a compactness index and urban population density, are
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calculated for each city in each of the three datasets (CLC2006, CLC2012, CLC2018). The output
data was divided into small, medium-sized, and large cities (see Figure 21). This allows for further

research that relates medium-sized urban shrinkage to urban form measures.

CORINE Land Cover dataset

NN _{1

‘artificial surfaces’
Urban area shape

‘urban fabric’
/ T
—_
.

Shape size {kmz) Shape compactness
Urban population density Compactness index
(pplikm®) (0-1)
/’\\:&\\‘

2006 2012 2018
e
\ a
Small : Medium : Large
cities : cities : cities

Figure 21. Diagram of Stage 2 analysis sequence. Source: Author

The outcomes of this stage were accepted for publication (in November 2024) in a peer-reviewed
journal, Architects, in a paper titled “Compactness of Polish urban areas—methodologies and

analysis based on CLC dataset’, Szymczyk and Bukowski (see Attachments).

4.4.3. Stage 3 — Relationship analysis

Stage 3 represents the final analytical phase of the research, aiming at assessing the validity of the
three research hypotheses. The goal is to establish whether a relationship exists between urban
shrinkage trends and measures of urban form compactness among medium-sized cities during the
analysed periods. A statistical model is constructed in this stage to test the correlation hypothesis

between stage 1 and 2 findings. The outcome is the correlation coefficient values for each
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research period on the relationship between the medium-sized city growth/shrinkage score and the

two measures of urban compactness (see Figure 22).

Statistical data Spatial data
Polish Statistics (GUS BDL) CORINE Land Cover
[ | I [ [ |
Selected 6
parameters and P1 P2 P3 P4 Pa P&
distnbuted info I
quintile | | | | Y
Assigned score 04 04 0-4 0 04 04 .+ ‘arificial surfaces’
-
Urban area shape ~=:_'____
_ T ‘urban fabrie’
Summed up Score (0-24) / T—— -
Shape slze [kmz} Shape compactness
Medium-sized Small Medium Large
cities score cities cities cities
selected
Urban population density Compaciness index
{pplkm?) (0-1)
\\_‘ e
Caleulation ﬁ T T
repeated for
each period 2006—2011 2011-2016 2016-2021 2006 2012 2018
A correlation i Su - R
analysis R - L L el B

Pearson's Correlation
Figure 22. Diagram of stage 3 research design. Source: Author

A correlational analysis was conducted using Pearson’s correlation. A coefficient (r) is used to
assess the relationships among several variables of interest. 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 O indicating no
correlation. The statistical significance index (p-value) was employed, confirming a significant

correlation when p is below 0.05, which allowed the author to test the research hypotheses.

The outcomes of this stage were published in a peer-reviewed journal, Sustainability MDPI, in a
paper titled “Understanding the Relationship between Urban Form and Urban Shrinkage among
Medium-Sized Cities in Poland and its Implications for Sustainability”, Szymczyk et al. 2024, (see

Attachments).

4.4.4. Interdisciplinary research

This research integrates theories, methods, and practices from multiple disciplines to address

questions that cannot be fully understood within a single framework. Unlike multidisciplinary
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approaches, which maintain separate disciplinary contributions, interdisciplinary research blends
insights to create new frameworks and methodologies (Repko, 2011). Architecture and urban
planning inform the spatial dimensions of compactness analysis, while regional planning provides
systemic perspectives on social, economic, and policy dynamics. Geographic studies, GIS, and
data analysis enhance the quantitative and spatial depth, enabling comprehensive examination of

urban form and socio-spatial relationships.

This dissertation engages with three interdisciplinary domains to explore the implications of urban
shrinkage on urban form. It first examines urban shrinkage, identifying gaps and challenges. Next,
it delves into the literature on urban compactness, focusing on methods to quantify and compare
physical spaces across scales. Lastly, it explores the relationship between urban form and
socio-economic patterns, analysing interactions between land-use changes and economic,

demographic, and socio-cultural processes.
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3.5. Research design summary

This doctoral thesis’s main aim is to examine if there is a relationship between urban form and
shrinkage in medium-sized Polish cities. While the first two articles, corresponding to stage 1 and
stage 2 of this research, assess urban shrinkage and urban form compactness in Poland, the last
article uses their outcomes to test the research hypothesis. The description below presents how

articles form a coherent work designed to meet the goal of this study.

Article 1
This article aims to address the three research questions:

e What are the methods utilisable in identifying shrinking and growing cities?

e How can existing multi-criterion methods for such identification of shrinking and growing
cities be adapted to fit the Polish context?

e What are the trends and patterns of urban shrinkage, and how do these differ in cities of
different sizes across Poland?

It was published in a peer-reviewed journal, Przeglagd Geograficzny, in the paper titled
“Identification of shrinking cities in Poland using a multi-criterion indicator’ (Szymczyk and
Bukowski, 2023). The first author is the author of this PhD dissertation, who was responsible for
the following roles:

e Conceptualization of the research topic, including the analysis of relevant literature and
existing studies, the creation of a theoretical foundation, and the identification of the
research gap, as well as the determination of the aim and scope of the study.

e Development of the overall methodology and its adaptation to the available databases.

e Design of specific research methods for each stage of the study.

e Selection of research tools in collaboration with Mr. Bukowski.

e Analysis of results and consultations with supervisors, experts, including statisticians.

e Drafting the initial text of the publication.

e Editing and revising the text following consultations and feedback from the editorial team.

e Development of visualisations, diagrams, tables, and graphics.

e Management of the research project.

This article is co-authored with Eng. Mateusz Bukowski who had the following roles in this work:
e Selection of tools, programming language, and necessary libraries for data processing as
per the guidelines: Visual Studio Code, Python, Pandas, Matplotlib, etc.
e Creation of the computational environment and implementation of algorithms for the
methodology.
e Harmonisation of statistical data to align it with spatial data.

e Visualisation of statistical data using Excel and Matplotlib.
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e Processing of spatial data and visualisation using QGIS.
e Statistical calculations were performed according to the researcher’s guidelines.

(see Attachments for research paper and author’s statements).

Article 2
This article aims to address the three research questions:

e What are the methods for analysing compactness?

e What is the relationship between city size and city compactness in Poland?

e How does the compactness of Polish cities change over time?
It was submitted after a conference ArchReSci (ArchReSci, 2024) to a peer-reviewed journal,
Architectus, with a paper titled “Compactness of Polish urban areas—methodologies and analysis
based on CLC dataset” (accepted for publication). The first author is the author of this PhD
dissertation, co-authored with Eng. Mateusz Bukowski. The roles are the same as above. The
article was accepted for publication in November 2024 (see Attachments for research paper,

journal declaration and author’s statements).

Article 3
The last article is testing the research hypotheses:
I.  There is a statistically significant correlation between urban compactness and shrinkage of
medium-sized Polish cities.
II. There is a statistically significant correlation between urban population density and
shrinkage.
lll.  The trend persists within the analysed time frame.
It was published in a peer-reviewed journal, Sustainability MDPI, in a paper titled “Understanding
the Relationship between Urban Form and Urban Shrinkage among Medium-Sized Cities in Poland
and its Implications for Sustainability” (Szymczyk et al., 2024). This article is co-authored with Eng.
Mateusz Bukowski and prof. Jeffrey Kenworthy (see Attachments for research paper and author’s
statements). The first author is the author of this PhD dissertation and was responsible for the
same roles as stated above. Eng. Mateusz Bukowski was responsible for the data analysis (same
roles as described above). Prof. Kenworthy was responsible for the following roles:
e Supervision of research
e \Validation to ensure the quality
e Review and editing
Figure 23 below shows how the three research papers correspond to different research questions

and hypothesis of this thesis.
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Research questions Research questions

ﬁ What are the methods utilisable in identifying shrinking ﬁ What are the methods for analysing compactness?
and growing cities?

Article How cam existing multi-criterion methods for such Arti{:le
identification of shrinking and growing cities be adapted
tes fit the Polish context?

1 2

What are the trends and patterns to urban shrinkage,
and how do these differ in cities of different sizes across
Poland?

ﬁ Hypothesis checking

Article

timeframe,

Figure 23. Paper publication strategy. Source: Author

60



4. Summary of results

This section provides a summary of the findings that were explained in more detail in the research
papers. The summary below presents how the main objectives are met by answering the
corresponding research questions and by checking the hypotheses. Ultimately, addressing these
questions enables the evaluation of the relationship between urban area compactness and
shrinkage in medium-sized cities across Poland in 2006-2021. It also facilitates the development of
tools for ongoing monitoring and assessment. Furthermore, because the methodology employs
pan-European datasets, it can be applied in various urban contexts where shrinkage presents

challenges.

4.1. Methods to evaluate the urban form and shrinkage

The overall methodological objective for this part of the research was to identify methods to
evaluate urban shrinkage and form compactness using broadly available datasets. In both
cases, the literature review allowed suitable methods to be identified and adapted to fit the study

requirements, scope and data.

4.1.1. Review of methods to analyse urban shrinkage

This part of the research was guided by the following research question:

What are the methods utilisable in identifying shrinking and growing cities?

In urban shrinkage studies, the population has commonly served as the primary indicator of city
trajectories, largely due to data availability and alignment with prior research (Van den Berg et al.,
1982; Cheshire and Hay, 1989; Turok and Mykhnenko, 2007). However, demographic trends and
economic development do not always align, as cities with declining populations can maintain
strong economic bases and continue developing (Wolff and Wiechmann, 2014). Therefore, there is

a need to measure urban shrinkage using multiple variables.

Urban shrinkage can be seen as a complex interplay of demographic, social, economic, and spatial
factors best understood through various indicators. Wolff and Wiechmann (2014) categorise these
factors into five thematic areas, with indicator selection often guided by study scope and data
comparability. Studies typically prioritise demographic and economic indicators and classify
shrinkage based on severity, duration, and speed (Haase et al., 2017). Table 11 below reviews

selected urban shrinkage classifications used in global, European and Polish research.
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This review of methods shows numerous studies that considered population criteria. Only a few
studies have employed multi-criteria approaches to evaluate urban shrinkage, and none of them,
according to the author's knowledge, was done for the whole of Poland using the most recent data
when this dissertation was being prepared. Jaroszewska (2019) analysed data from 2003 and
2013, while Sroka’s (2021) analysis, inspired by the Milbert method, examined data from 1995 to
2018. Sleszynski developed multi-criteria assessments covering ten-year periods in 2004-2014
and 2008-2018 (Sleszynski, 2017, 2019).
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Table 11. A review of selected urban shrinkage classification methods.

Analysed Project name
Scope . y ) Method description Variables Proposed classification
time frame (Source)
Subject: Selected world cities with over
100,000 inhabitants; Definition: a densely
Shrinking populated urban area, min. 10,000 inh.,
Cities (Oswalt population losses in large parts for more than
World 1950-2000 and Rieniets, 2 years, undergoing economic Population change Classified shrinking cities
2006; Bernt, transformations with structural crisis
2018) symptoms. Population losses are considered
to be significant if they amount to a total of
at least 10% or more than 1% annually.
SCIRN Subject: Selected world cities over 10 000
Europe N/A (Wiechmann, inh.; Definition: depopulation of a minimum Pooulation chanee N/A
P 2008; Pallagst, | of 1% in 2 years or over 10% in the whole P g
2009) period.
CIRES
o Subject: 7,035 European cities with over
(Stryjakiewicz ] L L
5,000 inh. - criteria of a minimum of 50% of
20143; . L .
o the population living in an urban density over S
Stryjakiewicz . . . The division into three types: a)
1000 inh. /km2, built-up area of a minimum . Lo
Europe 1990-2010 and L o Population change permanently shrinking, b) short-term
of 50% of all municipality area; Definition: . - s
Jaroszewska o A o shrinking, c) episodic shrinking
2016 depopulation in a period of minimum 5 years,
! with more than 0.15% of population loss
Wiechmann, each vear
Wolff 2013) year.
Turok and Subject: 310 European cities with over
Mykhnenko 200,000 inh.; Definition: Absolute change in The division into three types: a) recently
Europe 1960-2005 (Mykhnenko population in successive five-year periods. Population change shrinking, b) shrinking in mid-term, c)
and Turok, Additionally, a relative to national change was long-time shrinking
2007) included to illustrate shrinkage in the country.
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Urban Audit

Subject: World FUA (with more than 50,000
inhabitants); Definition: Annual rate of

Classified into five levels:
a) (e, -0.50%),
b) (-0.50%, -0.15%),

World 2000-2015 (Florczyk et al., | population change between 2000 and 2015 Population change
2019) t the FUA (Functional Urban Area) level at €) (-0.15%, 0.15%),
at the unctional Urban Area) level a d) (0.15%, 0.50%),
the global scale. e) (0.50%, =)
Average annual population development in %;
Average annual total migration balance per 1000
Subject: 4507 German communes . g & P The division into five types:
1998-2020 . . . . inhabitants; Average annual development of the ]
] (Gemeinde) including cities (Stadt); . . . a) growing above average,
continuously . . . . . . working-age population (20 to 64 years) in %; .
) . BBSR (Milbert, | Definition: Shrinkage is defined as relative to . . b) growing,
Germany | in a five-year . o . Average annual development of socially insured
. 2015, 2020) the national levels regarding six demographic . c) stable,
periods . . . . employees at the workplace in %; Average annual o
. and socio-economic variables (see detailed . . d) shrinking,
division o change in the unemployment rate in percentage o
explanation in chapter 4). . . e) shrinking above average
points; Average annual development of business tax
base per inhabitant in %
Classification for the entire period:
Subject: 829 Polish cities (2948 administrative . .p .
Jaroszewksa . . a) growing, b) stable, c) shrinking; In 5-year
boundaries of communes and cities); . . o
Poland 1990-2010 (Jaroszewska, L . L Population change periods: a) permanently shrinking, b)
Definition: Along with CIRES definition (see L - o
2019) short-term shrinking, c) episodic shrinking,
above). .
d) no shrinkage
Number of individuals in post-productive age per 100
Subject: 279 Polish cities; Definition: individuals of working age; Natural growth per 1000
Shrinkage is defined as relative to the inhabitants; Migration balance per 1000 individuals; The division into nine levels of
Jaroszewksa national levels regarding ten selected % of registered unemployed in the population of development: A-D - shows a high level of
Poland 2003 2013 (aroszewska demographic, socio-economic and life quality | working age; Employed per 1000 inhabitants; economic and demographic development,
! 2019) ’ variables. Values for two years (2003 and Municipal own revenues per capita; Amount of E - the average level, F-I - shows a low level
2013) were compared to create a 9-level housing allowances paid per capita; % of dwellings of economic and demographic
typology (A-1), which reflects economic and equipped with central heating; Dwellings per 1000 development
demographic development levels. inhabitants; % of homes from municipal resources
with arrears in housing payments
Sleszynski Subject: 913 Polish cities (urban and Population changes; Forecast of the population Classified into four levels:
, urban-rural communes); Definition: A number; Change in the number of unemployed; a) crisis cities,
Poland 2004-2014 (Sleszynski, ) & ploy )

2017)

multicriteria method defines medium-sized
cities losing their socio-economic functions. It

Change in the share of own income in municipal
budgets; Change in the number of nights spent;

b) decreasing potential cities,
c) stagnating cities,

64




includes a combination of 7 variables
analysed in ten years. Each variable was
counted as a change relative to the national
average during the same time.

Changes in the number of registered economic
entities; Changes in the number of headquarters of
the largest companies. All relative to the country's
average change during the same period.

d) at the risk of marginalisation

Sleszynski
Poland 2008-2018 (Sleszynski, As above As above As above
2019)
Population changes supplemented by an indicator
Subject: 853 Polish cities; Definition: Inspired | describing the number of years with a population
by the Milbert method (see above) with the decrease; Average annual net internal migration rate | The division into size types (large, medium,
Sroka (Sroka difference in the indicators used (selected six | per 1000 inhabitants; The ratio of the population and small cities) and shrinkage level for the
Poland 1995-2018 2021) ! demographic and socio-economic variables) aged 65 and over to the total population; The entire period: a) symptoms of structural
and the classification method (instead of proportion of the population of working age; Number | crisis,
quintile, mean and standard deviation of private sector economic entities per 1000 b) shrinking
proportion was used). inhabitants; The number of newly constructed
dwellings per 1000 inhabitants
Population change (primarily); Population density of
cities; The proportion of the population of
Subject: 39 Polish cities (over 100,000 inh.); post-productive age; Natural growth per 1000 . .
The division into four types of shrinkage: a
. Definition: According to SCIRN (CIRES) inhabitants; Migration balance per 1000 inhabitants; ) vp ge:a)
Musial-Malago L o . ; . ] . moderate level of shrinkage,
. definition, 30/39 were shrinking for at least 5 | Deregistration from cities per 1000 inhabitants; ) .
Poland 2000-2016 (Musiat-Malag . - i, . . b) medium level of shrinkage,
years in a row. Next, selected 30 shrinking Entities registered in the REGON system; Employed .
0, 2018a,b) . . ) . ] . c) strong level of shrinkage,
cities were classified using ten demographic per 1000 inhabitants; Unemployment rate; Number - :
. . . . . ) ) d) the highest level of shrinkage
and socio-economic variables. of apartments for which building permits were issued
per 10 000 inhabitants; Vacant properties per 1000
dwellings
The Institute Subject: Polish communes and cities; . . . . . .
L ] . . Population change; Natural growth rate; Migrations Shrinkage is analysed in a broad spectrum
of Urban and Definition: Studies show the relationship of -
. . " . . " rates; Age structure and ageing processes of the of aspects:
Regional shrinking cities with the surrounding cities, - . . .
Poland 2006-2016 . L population; Proportion of the population in a) natural population trends,
Development - | surrounding communes, flows between cities . . . . .
. . . . pre-productive age; The burden on the population by | b) age structure, c) internal migrations, d)
IRMIR (Janas and metropolitan areas, migration trends to . . . . .
individuals in post-productive age external migrations
etal., 2019) and from Poland, etc.
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Multi-criteria indicator method adaptation

This part of research was guided by the following research question:
How can existing multi-criterion methods for such identification of shrinking and growing

cities be adapted to fit the Polish context?

Following the review of methods in the previous section, the author determined that a classification
of urban shrinkage, particularly for Poland, required a multi-criteria approach over a long period (in
intervals), covering all Polish cities. Building on Milbert’s framework (2015, 2020), the author
adapted the method to align with Polish territorial divisions and statistical data, creating five-level
typology categorising cities from growing to shrinking based on socio-economic and demographic

trends across Poland’s municipalities.

The statistical data from Statistics Poland resulted in over 235,000 records, covering six variables
across 2,477 municipalities over 15 years. Data preparation required extensive manipulation,
which was conducted using Python programming and analytical libraries (Pandas, NumPy, etc.).
Indicators, derived from Milbert’'s six-variable model (2015), included social, demographic, and
economic factors selected from Statistics Poland (2023) databases, with adjustments made to
accommodate differences in tax and reporting systems between Germany and Poland (see Table
12).

Table 12. Multi-criteria variables selection based on Milbert (2015). Source: Author

Sl iteri Polish equivalents in GUS | SubjectID | Variable
rlgl?l\;'lberngfgl) erna BDL data inGUS | IDin GUS
loert, .
(Author's choice)

Durchschnittliche jéhrliche Bevélkerungsentwicklung in %, English: Annual annual average population 'P2137' 72305
average population development in % development in %
Durchsch. jéhrliches Gesamtwanderungssaldo je 1000 Einw. Eng. Annual net migration per 1000 'P1350" 1365234
av. total migration balance per 1000 inhabitants inhabitants
Durchsch. jahrliche Entwicklung der nach Alter Erwerbsfihigen (20 bis 64 annual average change in 'P1342' 152
Jahre) in % working age population (18 to
Eng. Annual av. development of the working-age population (20 to 64 59/64) in %
years) in %).
Durchsch. jihrliche Entwicklung der sozialversicherungspflichtig annual average change of 'P2172' 54821
Beschdiftigten am Arbeitsort in % employed persons in %
Eng. Annual av. development of socially insured employees at the
workplace in %.
Durchsch. jihrliche Verdnderung der Arbeitslosenquote in %-Punkten annual average change of 'P1944' 10514
Eng. Annual av. change in the unemployment rate in percentage points. unemployed persons in % points
Durchsch. jdhrliche Entwicklung des Gewerbesteuergrundaufkommens je annual average change of the 'P2622' 76070

Einwohner in %
Eng. Annual av. development of business tax base per inhabitant in %.
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Data processing involved downloading and transforming the raw datasets, connecting statistical
identifiers with spatial identifiers (TERYT, 2023), and exporting the final data in CSV format. Each
spatial unit underwent a completeness check, with some units merged due to boundary changes to
ensure continuity. Urban units were then classified by population size according to the Statistics
Poland (2023) classification, using the initial year of each period as a reference. Depending on the
administrative structure, this classification applied to either the entire urban municipality (6,1) or the

urban portion (6,2) within a urban-rural municipality (6,3).

Table 13 shows the outcomes for an example city, with each criterion (p1-p6) resulting in the final
shrinkage/growth score checked. Each spatial unit has its identifier (Teryt_id), allowing statistical
data to be visualised as a map in the GIS tool. The data processing algorithm was shared publicly

in a data repository to allow for open access and replicability with the newest datasets.

Table 13. An example of shrinkage/growth score calculation outcome.

Teryt_id Start End p1 p2 p3 p4d p5 pb Total Type
1261011 2006 2011 3 3 0 2 2 2 12 C
1261011 2007 2012 3 3 0 2 0 2 10 D
1261011 2008 2013 3 3 0 2 0 2 10 D
1261011 2009 2014 3 3 0 2 0 2 10 D
1261011 2010 2015 3 3 0 2 0 2 10 D
1261011 2011 2016 3 3 1 3 0 2 12 Cc
1261011 2012 2017 3 4 1 3 1 2 14 B
1261011 2013 2018 3 4 1 3 1 2 14 B
1261011 2014 2019 4 4 2 3 2 2 17 B
1261011 2015 2020 4 4 3 3 1 2 17 B
1261011 2016 2021 4 4 3 3 0 2 16 B
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4.1.2. Review of methods to analyse urban form compactness

This part of research was guided by the following research question:

What are the methods for analysing compactness?

Urban compactness is often conceptualised as the opposite of urban sprawl, a concept tied to
critical social and environmental implications in planning (Burgess, 2000). Although definitions of
the “compact city” vary, the OECD identifies several key features: dense, connected development,
public transport integration, and access to local services and employment (OECD, 2012, p. 15).
Dantzig and Saaty (1973) originally introduced the term to advocate for efficient urban resource
use, while Ahlfeldt and Pietrostefani (2019) categorise compactness into economic, morphological,
and mixed-use densities, each with measures such as population density, employment density, and

land-use boundaries.

The most widely recognised measure of compactness is closely related to density (Burton, 2002;
Siedentop and Fina, 2010). Much of the existing research focuses on urban population density, as
demonstrated by the work of Newman and Kenworthy (1989), Siedentop and Fina (2010) and
others. However, population density in Polish statistics is calculated using administrative areas,
which can lead to inaccuracies. These areas often encompass forests and water bodies, thereby
distorting the results. Research on urban densities should focus on populations residing within

clearly defined urban boundaries (Ahlfeldt and Pietrostefani, 2019).

Regarding spatial measures, the concept of a compact city typically pertains to the
two-dimensional expansion patterns of urbanised areas. An area is more compact when its
development is more clustered around a central point, exhibiting less sprawl, leap-frogging, or
branching (Mubareka et al., 2011). Compactness is also viewed as a relative and
context-dependent concept shaped by regional norms rather than in absolute terms. Angel et al.
(2011) explored the relationship between compactness and climate change, indicating that both
population density and geometric shape can help mitigate greenhouse gas emissions and reduce
infrastructure demands. In China, Wang et al. (2021) utilised a multi-criteria approach, while Guo et
al. (2020) and He et al. (2020) assessed compactness in the context of urban shrinkage through

spatial indicators, including population density, land use, and fragmentation.
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Figure 35. Landscape metrics groups and shape metrics categories based on Reis et al. (2015) and Ottensmann (2021).
Source: Author’s own elaboration based on Reis et al. (2015) and Ottensmann (2021).

As per Reis et al. (2016), the suggested landscape shape metrics "evaluate how urban
developments are either more continuous and concentrated or more dispersed (fragmented)” (Reis
et al., 2016, p. 13) see Figure 35. While there are various measures of shape (Altman et al., 1998;
Chambers and Miller, 2010; Niemi et al., 1990), Barnes and Solomon (2021) noted several most
frequently used. Given the large scope and the spatial data characteristics, the authors chose a
single compactness metric named after its creator, the Schwartzberg (1966) compactness index

see Figure 36.
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Selected urbanised land and
define its boundaries.

Figure 36. Diagram presenting common compactness index calculation methods. Source: Author’s own elaboration
based on (Altman et al., 1998; Chambers and Miller, 2010; Niemi et al., 1990; Schwartzberg, 1966).

The review of methods allowed the author to select two measures that combine urban population
density metrics with a shape-based measure of compactness, leveraging Corine Land Cover
(CLC) data and population statistics from Polish datasets (Statistics Poland, 2023). Adapted to
Polish urban contexts, the shape measure provides new insights by capturing urban form more
precisely than population density alone, particularly by excluding non-urban land from the
calculations. The adapted method selected urban areas and cut them to the municipality's

boundaries. Next, the two measures were calculated. The calculation consists of the following

Merge into a shape or
shapes with defined area
and boundary length.

|
1.Polsby-Popper |

1
f‘ The ratio of the area of the district t
/ the area of a circle whaose
!' circumference is equal to the
Vi perimeter of the district.

2. Schwartzberg

The ratio of the perimeter of the

district to the circumference of a

circle whose area is equal to the area
\ of the district.

\ 3. Reock
k)

The ratio of the area of the district to
the area of a minimum bounding
circle that encloses the district's
geometry.

3. Convex Hull

The ratio of the area of the district to
the area of the minimum convex
polygon that can encloses the
district’s geometry.

operations (presented in Figure 37) for each selected year:

®© Mmoo w»

Isolation of selected land use classes;

A cut of land use polygons with city administrative boundaries;

Merge polygons into continuous shapes;

Delete polygons below a set threshold - for a given shape;

Calculate the shape’s area and perimeter;

Calculate the compactness index;

. Calculate the urban population density.
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given shape - are deleted.
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area (Ap) to the circumference of a circle
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E) Total shape’s area and perimeter 3

F) Compactness index (Ci) is calculated.
are calculated.

Urban population density (Pd) is calculated
G) Urban population density (Pd) is calculated. % from population living in administrative
boundaries (Pop) and total shape area (Ad).

Figure 37. Urban compactness analysis diagram based on the Jasto urban municipality example. Source: Szymczyk et
al., 2024

The results of the selected method
Tables 15 and 16 show the example of the outcome for the selected city. They were prepared to
match the growth/shrinkage score outcomes from stage 1. Each spatial unit has its identifier

(Teryt_id), allowing statistical data to be mapped and visualised as a map in the GIS tool. The data
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processing algorithm was shared publicly in a data repository to allow for open access and
replicability with the newest datasets.

Table 14. An example of a municipality's Urban population density (Pd) calculation based on CLC.

Teryt_id Start End Population S(Ia_acr I(:)k'rST;[II)Ct RiEE] (E:)eer;sgltg /km?)
1261011 2003 2008 757,685 2006 151,538,462 4999.95
1261011 2004 2009 757,430 2006 151,538,462 4998.26
1261011 2005 2010 756,629 2006 151,538,462 4992.98
1261011 2006 2011 756,267 2006 151,538,462 4990.59
1261011 2007 2012 756,583 2012 167,952,975 4504.73
1261011 2008 2013 754,624 2012 167,952,975 4493.06
1261011 2009 2014 755,000 2012 167,952,975 4495.30
1261011 2010 2015 757,740 2012 167,952,975 4511.62
1261011 2011 2016 759,137 2012 167,952,975 4519.93
1261011 2012 2017 758,334 2012 167,952,975 4515.15
1261011 2013 2018 758,992 2018 169,016,958 4490.62
1261011 2014 2019 761,873 2018 169,016,958.1  4507.672
1261011 2015 2020 761,069 2018 169,016,958.1  4502.915
1261011 2016 2021 765,320 2018 169,016,958.1 4528.066
Table 15. An
example of a municipality’s Compactness index (Ci) outcomes based on CLC.

Teryt_id Year Ci (Schwartzberg)

1261011 2006 0.120702

1261011 2012 0.144760

1261011 2018 0.145119

The relationship between the two urban shape measures, Pd and Ci, was checked using
Pearson’s correlation, which revealed a sound coefficient and statistical significance. The results
for all urban municipalities (urban and urban-rural) for data in 2006 indicated a r-value of 0.45
correlation with a statistically significant p-value. In the years 2012 and 2018, the correlation value

increased to 0.48. This moderate/strong relationship is related to both measures having the same
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component of the urban area (Ad in compactness index and Ua in urban population density). Still,

it also proves that measures depict the same urban phenomenon.

small medium large
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Figure 38. A scatter plot shows the large, medium-sized, and small Polish cities’ urban population density (Pd) and
compactness index (Ci) calculation based on CLC2018. Source: Author

Additionally, Figure 38 divided cities into different size groups based on their compactness and
density. While small cities have numerous dense and compact outliers, they are mostly less dense
and less compact than medium-sized ones. Large cities, on the other hand, are rarely as compact
as small and medium-sized cities, fitting mostly under the Ci 0.25 threshold. Most medium-sized

cities can be found in Ci 0.4 and Pd, around 3,100 people/km?.
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4.2. Stage 1 — assessment of urban shrinkage in Poland

The following research question guided this part of the research:
What are the trends and patterns of urban shrinkage, and how do these differ in cities of

different sizes across Poland?

As outlined in the methodology section above, the initial phase of the analysis considers all Polish
urban centres, aiming to explore recent trends and patterns relative to the country’s statistics. It
aims to measure urban shrinkage and identify how these measures vary across cities of different
sizes. This section summarises the research findings on urban shrinkage from 2006 to 2021,
utilising a multi-criteria approach (see section 3.1.4 for method selection rationale) adapted from
Milbert (2015, 2020). The study examines three five-year periods, providing insights into the
number and types of cities impacted, population sizes, and spatial distribution. The analysis
facilitates comparison and pattern identification by categorising municipalities into different size
types and five-year intervals. Each municipality can receive a maximum score of 24 points and a
minimum of 0, with the resulting scores assigned to five distinct types of cities:

(A) growing by an above-average amount (24-19 points),
(B) growing (18-14 points),

(C) stagnating (13-11 points),

(D
(

E) shrinking by an above-average amount (5-0 points)

)
)
) shrinking (10-6 points),

)

Period 2006—-2011

In the 2006-2011 period, 53% of Poland’s urban population lived in shrinking cities. Of the 964
cities analysed, 311 were classified as shrinking (types D and E), accounting for nearly one-third of
all Polish cities. Large cities, with populations over 100,000, were the most affected, with 77% of
these cities experiencing shrinkage. Notably, 61% of the population in large urban areas resided in
shrinking cities, with Tarnow and Wioctawek most severely affected. In contrast, medium-sized
cities (20,000 to 100,000 inhabitants) also saw significant shrinkage, with 95 out of 180 cities
(53%) declining, although their overall population impact was smaller than in large cities. Small
cities (under 20,000 inhabitants) were the least affected, with 24.5% of their population residing in
shrinking cities, even though the absolute number of shrinking small cities was considerable. They

also had the biggest share of the population living in the growing type cities (Figure 24).
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Figure 24. Urban population in Poland in 2006-2011 period, divided by growth and shrinkage type (A-E) and city size
(large, medium, small). Source: Author based on GUS data

Period 2011-2016

During the 2011-2016 period, the percentage of the urban population living in shrinking cities
increased to 57%. The number of shrinking cities rose significantly, from 311 in the previous period
to 504, indicating that more than half of all Polish cities were now affected by shrinkage. This was
caused by increased shrinkage in medium-sized and small cities. While the number of large cities
experiencing shrinkage dropped to 27 out of 39, medium-sized cities saw an increase, with 65%
(119 out of 184 cities) classified as shrinking. Of these, 41 medium-sized cities were experiencing
strong shrinkage (type E). The situation deteriorated further for small cities, with 48% of their urban
centres shrinking compared to 24.5% in the previous period. The absolute number of shrinking
small cities nearly doubled, reflecting the growing severity of the shrinkage phenomenon across all
sizes of cities. At the same time, small cities held the biggest share of the population living in the

growing by above-average amount type of cities (Figure 25).
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Figure 25. Urban population in Poland in 2011-2016 period, divided by growth and shrinkage type (A-E), and city size
(large, medium, small). Source: Author based on GUS data

Period 20162021
In the 2016-2021 period, the share of the Polish urban population residing in shrinking cities

slightly decreased to 53%. However, the number of cities affected by shrinkage remained high,
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with 508 urban centres shrinking, indicating that over half of all Polish cities continued to
experience shrinkage. The large urban centres (over 100,000 inhabitants) fared better than in the
previous period, with only 2 of the 27 shrinking cities experiencing strong shrinkage (type E).
Nevertheless, 69% of large cities continued to shrink, indicating that while the intensity of
shrinkage lessened, it was still a widespread issue. For the first time, the highest amount of
population living at an above-average rate was in large urban locations (Figure 26). This is a
significant change compared to previous periods. A slight increase in the population living in
growing medium-sized cities can be observed. However, they remained the most affected by urban
shrinkage, with 119 out of 184 cities (65%) in decline, mirroring the challenges observed in earlier
periods. Small cities saw the highest percentage increase in shrinking localities, with nearly half of
their population residing in cities classified as shrinking. Despite this, small cities continued to

experience less severe shrinkage than their larger counterparts.
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Figure 26. Urban population in Poland in 2016-2021 period, divided by growth and shrinkage type (A-E), and city size
(large, medium, small). Source: Author based on GUS data

Spatial distribution of shrinking and growing cities

The spatial distribution of urban growth during the first five-year period shows it was concentrated
around the largest metropolitan regions, particularly in Wielkopolskie, Mazowieckie, and
Matopolskie Voivodeships (Figure 27). Shrinking cities, however, were more dispersed across the
country, with post-industrial Silesia and regions like Lower Silesia (Sudety Mountains),

Warminsko-Mazurskie, Kujawsko-Pomorskie, and tddzkie seeing significant shrinkage.

In 2011-2016, shrinkage increased and spread, particularly in small and medium cities, while
growth remained concentrated around the same metropolitan areas. The 2016-2021 period saw
these trends of growth and shrinkage intensified, with more growth in southern regions and less
around Warsaw. Shrinkage intensified in the peripheries and post-industrial areas, while growth
was concentrated around Warsaw, Poznan, Tri-City and Krakéw metropolitan areas. However,
some urban centres in Slgskie grew amidst ongoing shrinkage in nearby towns.
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In summary, Poland's shrinking urban centres increased from 311 in 2006-2011 to 504 in
2011-2016 and stabilised at 508 in 2016-2021. While large cities were most affected by this

phenomenon initially, the trend moved to medium-sized ones later. The approach focuses not on

absolute growth or decline but on analysing national statistics encompassing all municipalities in

the country, thereby reflecting relative growth and decline. The primary outcomes of this

multi-criterion indicator analysis for Polish cities from 2006 to 2021 are as follows:

1.

It is uncommon for urban centres to return to a growth trajectory after experiencing
shrinkage. While some exceptions exist, only five localities achieved a form of re-growth
during the 15 years. Most urban centres showing shrinkage do not revert to a growth path.
The cities that exhibited significant shrinkage during all three five-year periods mostly fall
within the medium-size category (20,000-100,000 inhabitants). Overall, the shrinkage
phenomenon in Poland can mainly be attributed to these medium-sized cities.

Growing urban centres tend to be around Poland’s five major metropolitan areas.

While growth is concentrated around metropolitan areas, shrinking localities have been
relatively widespread throughout Poland across all periods. However, they tend to be
located on the edges of the country’s administrative voivodeships or on the outskirts of the

nation itself.

Table 2 below indicates a comparison that grouped all cities according to their type in all three

periods to see the extremes in the following five categories:

1.
2.

Cities that were always strongly growing [AAA],

Cities that changed from shrinkage to growth [EEB | EEA | EDA | DEA | DDA | EDB | DEB |
DDBDDB, EDB],

Cities that were always stable [CCC],

Cities that changed from growth to shrinkage [AAD | AAE | BAE | ABE | BBE | BAD | ABD |
BBDABD, BBD, BBE],

Cities that were always strongly shrinking [EEE],
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Table 2. Classification status groups for all cities in three periods from 2006 to 2021, Source: Author

2. Changed from
shrinking to growing

3. Always stable

4. Changed from
growing to shrinking

Aleksandrow L.odzki [M],
Choroszcz [S],

Katy Wroctawskie [S],
Nekla [S],

Niepotomice [S],
Ozaréw Mazowiecki [S],
Siechnice [S],

Szubin [S],

Wieliczka [M],

Zduny [S],

Zukowo [S]

Gdynia [L],

Nowy Sacz [M],
Opole [L],

Ostréw Lubelski [S],
Tarnowskie Gory [M]

Drezdenko [S],
Kepno [S],
Miedzyborz [S],
Miedzyrzecz [S],
Milicz [S],
Nowa Deba [S],
Olesnica [M],
Pyrzyce [S],
Sompolno [S],
Szlichtyngowa [S],
Trzciel [S],
Trzebinia [M],
Ujscie [S],
Wotdw [S]

Chetmek [S],

Czaplinek [S],

Dobra [S],

Jabtonowo Pomorskie [S],
Kamien Krajenski [S],
Ktecko [S],

Opalenica [S],

Pilawa [S],

Suchan [S],

Swinoujécie [M]

Bartoszyce [M],
Bogatynia [S],
Chodziez [S],
Duszniki-Zdrdj [S],
Jarostaw [M],

Jasto [M],
Kedzierzyn-Kozle [M],
Lowicz [M],

Piekary Slqskie [M],
Przemysl [M],
Skarzysko-Kamienna [M],
Zdzieszowice [S],
Zychlin [S]

The research determines that 13 cities experienced continuous, severe shrinkage during the 15
years from 2006 to 2021. Among these, eight that fall into the medium-size category are
Bartoszyce, Jarostaw, Jasto, Kedzierzyn-Kozle, towicz, Piekary Slaskie, Przemy$l, and
Skarzysko-Kamienna. At the same time, five (Bogatynia, Chodziez, Duszniki-Zdréj, Zdzieszowice,

and Zychlin) are classified as “small’(see Table 2).
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4.3. Stage 2 — assessment of urban form compactness

This part of the research was guided by the following research questions:
What is the relationship between city size and city compactness in Poland?

How does the compactness of Polish cities change over time?

In the second phase of the analysis (stage 2), the focus shifted to examining urban compactness
and dispersion trends. The analysis aimed to explore the relationship between city size and
compactness in Poland and how compactness has changed over time. Two key urban shape
measures to quantify compactness were selected (see section 3.1.4 for selection rationale):

- the compactness index (Ci) and

- urban population density (Pd).
The compactness index quantifies the irregularity of a city's shape, assuming the circle is the most
compact 2d form. The Schwartzberg compactness index was selected among the measures that
Bernes and Solomon (2021) identified. It calculates the ratio of a city's perimeter (Pd) to the
circumference of a circle with an area equal to the city’s urban area. The second measure, urban
population density, on the other hand, factors in the urban area (Ua) and the municipality
population (Pop) for a given year, offering a more precise representation than the standard
population density. This provides a clearer picture of urbanised boundaries in Polish cities. The
author developed the methodology to suit research objectives, scale and the broadly available land
use data from the CORINE Land Cover (later called CLC). Moreover, the calculation defines urban
areas as “artificial surfaces” according to the CLC. This definition encompasses infrastructure and

green urban spaces, represented by 11 categories (see Table 3).

Table 3. CLC codes indicate classes considered for calculation and their respective colours. Source: CLC, 2022.

CLC Code Name
. 111 Continuous urban fabric
. 112 Discontinuous urban fabric
. 121 Industrial or commercial units
. 122 Road and rail networks and associated land
123 Port areas
124 Airports
. 131 Mineral-extraction sites
. 132 Dump sites
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133 Construction sites

141 Green urban areas

142 Sport and leisure facilities

This section presents the analysis outcomes for all municipalities (2,477) and specifically for urban
municipalities (964) across three periods based on the CLC datasets. The findings are categorised

into patterns in time and trends concerning city size and location.

Compactness index

The Schwartzberg compactness index is expressed in numbers ranging from 0-1, with one being
the most compact. Initially, the compactness index (Ci) of urbanised areas in Polish municipalities
demonstrates a decreasing trend over time. It shows a normal distribution in all years. This
observation holds true for all municipalities, specifically for urban municipalities (including urban,
kind 1 and urban-rural, kind 3 in Statistics Poland) (Figure 28). On average, urban municipalities
exhibit greater compactness compared to urbanised areas in rural municipalities. The most
compact Polish urban municipalities in 2006 were Zgbki, Podkowa Lesna, and Wysokie
Mazowieckie; by 2012 and 2018, the top municipalities were Zawidow, Wysokie Mazowieckie, and
Podkowa Lesna, each with a Ci exceeding 0.6. Notably, all the highest-scoring municipalities are

small, except Zgbki, a medium-sized city located within the Warsaw functional urban area.

Compactness by Year Compactness by Year Compactness by Year

Small Cities ~ Medum Cties . LargeCities

Schwartzberg Index

Schwartzberg Index
Schwartzberg Index

= .

Figure 28. The urban compactness trend for all urban municipalities in 2006, 2012, and 2018 was divided into city sizes

(large, medium, and small). Source: Author

The results of the compactness analysis for medium-sized and large cities (all urban municipalities
with a population over 20,000) were found to be associated with the urban municipality's population
size. Figure 29 depicts a clear logarithmic relationship, indicating that medium-sized cities

(20,000-100,000 inhabitants) tend to be more compact than larger ones.
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Figure 29. Urban compactness trend for medium-sized (0.02-0.1 x10°) and big urban municipalities (0.1 =1.75 x10°) in
2018. Source: Author

The compactness analysis results for medium-sized cities across three periods reveal consistent
findings. Although the maximum values declined over time, the minimum values slightly increased
from 2006 to 2012 and 2018. This indicates a general light dispersion pattern in small- and
medium-sized cities, while large cities maintained their compactness index without significant
changes. The medium-sized cities that consistently ranked among the top 10 in terms of
compactness during all analysed periods include Zgbki, Piastéow, Zyrardéw, Legionowo, Stupsk,
Gizycko, Swidnica, and Rumia. Conversely, the cities with the least compactness were Wyszkow,

Swiebodzin, Opoczno, Jastrzebie-Zdroj, and Pszczyna.

Urban population density

Further, the study examined changes in urban density (Pd) in urbanised areas across Polish
municipalities over time. Like compactness, there was a noticeable decline in urban population
densities for all municipalities and urban municipalities over the years (refer to Figure 30). There
are clear differences between urban population density, which is, on average, higher among large

cities.
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Figure 30. Urban population density trend for all urban municipalities in 2006, 2012 and 2018 divided into city size
(large, medium, small). Source: Author

This was confirmed in Figure 31, where larger cities exhibit higher urban population density,

indicating a distinct logarithmic pattern.
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Figure 31. Urban population density trend for medium-sized (0.02-0.1 x10°) and big urban municipalities (0.1 —=1.75
x10°) in 2018. Source: Author

The analysis of urban population density in medium-sized cities across three periods demonstrates
a normal distribution and a significant downward trend for all city sizes. Although the maximum
values declined over time, the minimum densities varied, indicating that medium cities become less
dense as time progresses. This reflects a general tendency towards dispersion in medium-sized
urban areas. Among the medium-sized cities with the highest density throughout the examined
periods (consistently ranking in the top 10) were Wejherowo, Sopot, Swietochtowice, Etk, and
Grudzigdz. Conversely, Polkowice, Trzebinia, Skawina, Czechowice—Dziedzice, Wyszkéw, and

Pszczyna had the lowest densities.
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Figure 32. The compactness index (left) and urban population density calculation (right) for all Polish municipalities in
three periods are based on CLC datasets and Polish Statistics (2023). Source: Author
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Spatial distribution of results

As shown in Figure 32, cities with high scores in both the compactness index and urban population
density tend to cluster in the same regions of Poland. Specifically, the country's southern edge and
north-central areas feature a notable concentration of densely populated, compact cities, with the
Kujawsko-Pomorskie voivodeship having the most compact municipalities. Neighbouring regions
like Mazowieckie, Pomorskie, and northern Lodzkie also show a similar pattern. While the
mountainous southern regions and lakelands exhibit a denser presence of compact cities, they are
rare and sparsely spread across the lowland areas in the centre of the country. Notably, although
the Silesian region maintains high population density, it consistently shows lower levels of

compactness over time.
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4.4. Stage 3 - identifying the relationships between urban compactness and
shrinkage

The following research hypotheses guided this part of the research:
I. There is a statistically significant correlation between urban compactness and
shrinkage of medium-sized Polish cities.
Il. There is a statistically significant correlation between urban population density and
shrinkage.

lll. The trend persists within the analysed time frame.

In the third phase of the analysis (stage 3), the focus was to determine whether there is a
relationship between urban shrinkage and urban compactness among medium-sized cities. In this
final step, the author analysed the correlations between the urban growth/shrinkage score, the
urban shape compactness measure (Ci), and the urban population density measure (Pd). A
correlational analysis was conducted using Pearson’s correlation coefficient (r) to assess the
relationships among several variables of interest. The coefficient, calculated from the normalised
values of two variables across a sample of n values (ranges from +1 to -1, with values near 0
indicates no correlation). The statistical significance index (p-value) was employed, confirming a
significant correlation when p is below 0.05, which allowed the author to test the research

hypotheses.

It is important to note that the author opted to modify the method used to define the shape of an
urban area. In stage 2, the urban area considered for calculating the two measures was based on
a broadly defined concept of urban area, referred to as ‘artificial surfaces’ (see Table 4). The
modification incorporated calculations based on the ‘urban fabric’ layers (only CLC Class Numbers
111 and 112). While this area represents where most of the population resides, it does not capture
the entire city landscape, as shown in the example of Jasto (Figure 33). Examining both definitions

aimed to mitigate potential errors associated with an inadequate representation of urban form.
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Moreover, in this analysis stage, the author found a need to distinguish the results for urban
municipalities and urban-rural municipalities. In 2021, Poland comprised 2,477 municipalities: 302
urban, 662 urban-rural, and 1,513 rural. This research concentrates on medium-sized cities and
towns. Data from "urban" municipalities and those classified as "urban-rural" were utilised for the
study. An "urban municipality" (level 6, kind 1 in Statistics Poland) is a municipality consisting of a
single city with administrative boundaries closely surrounding its urban areas. In contrast, an
"urban-rural municipality" (6, 3) includes a city with various urban areas, such as villages and small
towns, that are more loosely interconnected. Due to the difference between these two types, as

exhibited in Figure 34, the analysis is divided into these two categories.
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Figure 34. An example of an urban area defined | CLC as ‘artificial surfaces’ (in yellow) of an urban municipality (6, 1)
and an urban-rural municipality (6, 3) showing different spatial patterns. Source: Author

Correlation between the shrinkage/growth score and compactness index

This examination explored the relationship between the compactness index and urban shrinkage
and growth scores over three distinct periods. All statistically significant results are presented in
bold in the tables below. For medium-sized cities, the results shifted over time from a modest
positive correlation in the first period to a slight negative correlation in the subsequent periods.

However, since the p-value exceeded 0.05, all findings are statistically insignificant (see Table 4).

When analysing the correlation separately for urban municipalities (6, 1) and the score index, a
positive correlation with strong statistical significance was identified across all periods (refer to
Table 5). This positive correlation shows that growing cities (with higher scores) are more compact.
Although the strongest correlation coefficient of 0.34 was observed in the first analysed period and
weakened over time, it was true for both ways of looking at urban areas. In the case of urban-rural
municipalities (6, 3), the correlation was close to 0 and shifted from negative to positive; however,
the p-value remained insignificant across all periods (see Table 6). According to the criteria
outlined by Cohen et al. (2002), a correlation r value of 0.3 can be considered moderate. While
strong correlations (r>0.5) are relatively rare in social science due to the complexity and variability
of social systems, weak correlations can have practical significance if analysed on a large dataset
(Cohen et al., 2002).
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Table 4. Correlation outcomes between the shrinkage/growth score and urban
medium-sized cities.

compactness for all

Periods
2006-2011 2011-2016 2016-2021
Number of observations 180 184 180
Correlation for 0.09 -0.07 -0.06
“urban fabric” (p=0.21) (p=0.32) (p=0.4)
Correlation for 0.05 -0.08 -0.08
“artificial surfaces” (p=0.44) (p=0.235) (p=0.252)

Table 5. Correlation outcomes between the shrinkage/growth score and urban
medium-sized urban municipalities (6, 1).

compactness for all

Periods
2006-2011 2011-2016 2016-2021
Number of observations 147 149 147
Correlation for 0.34 0.23 0.22
“urban fabric” (p =0.00) (p =0.00) (p = 0.005)
Correlation for 0.29 0.19 0.18
“artificial surfaces” (p =0.0002) (p =0.014) (p =0.024)

Table 6. Correlation outcomes between the shrinkage/growth score and urban
medium-sized urban-rural municipalities (6, 3).

compactness for all

Periods
2006 2012 2018
Number of observations 33 35 33
Correlation for 0.02 -0.12 0.02
“urban fabric” (p=0.9) (p=0.47) (p=0.89)
Correlation for -0.017 -0.074 0.064
“artificial surfaces” (p=0.923) (p=0.67) (p=0.72)

Correlation between the shrinkage/growth score and urban population density

The correlation between urban population density and shrinkage and growth scores was analysed
over three periods. For medium-sized cities, the results from the first two periods indicated a slight
negative correlation, supported by a statistically significant p-value (see Table 7). However, during
the last period, specifically for “artificial surfaces,” this correlation diminished. In the earlier periods

analysed, a lower score (indicating higher shrinkage) was associated with greater urban density,

but this trend no longer held true for 2016-2021.

Additionally, when examining the separate correlations for urban municipalities (6, 1), a shift to a
positive correlation trend was observed in the last period (refer to Table 8). Although the high
p-values indicate that these correlations are statistically insignificant, the analysis for urban
municipalities in this latter period confirms a change in trend. For urban-rural municipalities, the

correlation values were also weaker (see Table 9). Nevertheless, akin to compactness, a
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correlation value of -0.2 is classified as a weak relationship. As the trend evolves throughout the
analysed periods, it suggests a potential positive correlation in the future. As urban density
increases, the shrinkage score may increase as well, indicating that higher densities could be

beginning to be associated with reduced shrinkage levels.

Table 7. Correlation outcomes between the shrinkage/growth score and urban density for all medium-sized cities.

Periods
20062011 2011-2016 2016-2021
Number of observations 180 184 180
Correlation for -0.29 -0.27 -0.20
“urban fabric” (p = 0.000) (p = 0.000) (p =0.005)
Correlation for -0.222 -0.231 -0.105
“artificial surfaces” (p =0.002) (p =0.001) (p=0.157)

Table 8. Correlation outcomes between the shrinkage/growth score and urban density for medium-sized urban
municipalities (6, 1).

Periods
20062011 2011-2016 2016-2021
Number of observations 147 149 147
Correlation for -0.18 -0.11 -0.03
“urban fabric” (p =0.022) (p=0.15) (p=0.71)
Correlation for -0.081 -0.016 0.12
“artificial surfaces” (p=0.32) (p=0.83) (p=0.14)

Table 9. Correlation outcomes between the shrinkage/growth score and urban density for medium-sized urban-rural
municipalities (6, 3).

Periods
20062011 2011-2016 2016-2021
Number of observations 33 35 33
Correlation for -0.24 -0.26 -0.18
“urban fabric” (p=0.16) (p=0.11) (p=0.31)
Correlation for —0.242 —0.28 -0.073
“artificial surfaces” (p=0.17) (p=0.103) (p=0.68)

Summary of hypothesis testing

Due to the different outcomes of testing the research hypothesis when different urban areas or
types of municipalities were considered, this summary combines them in Table 10 below. When
examining all types of medium-sized urban municipalities (6, 1 and 6, 3), Hypothesis 1 (H1) is false
since no statistically significant correlation was found between urban shape compactness and
shrinkage. However, the hypothesis is true in the case of urban municipalities (6,1), where a
statistically significant, positive, moderate correlation exists between urban compactness and the
shrinkage/growth score. In other words, the results indicate that a more compact urban
municipality tends to experience less shrinkage. This connection remains consistent throughout the

analysed period from 2006 to 2021 for both urban areas definitions. Therefore, one can say that
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there is a significant negative correlation between urban compactness and shrinkage among

medium-sized urban municipalities.

The correlation analysis between density and the shrinkage/growth score among medium-sized
cities shows that urban areas with higher density were more prone to shrinkage between 2006 and
2016 than those with lower density. Though the correlation results demonstrate a significant
spread, they retain statistical significance during that time frame, indicating a trend that lessened
and ultimately disappeared in 2016-2021. Therefore, Hypothesis 2 (H2) is supported when looking
at all medium-sized cities, as denser urban areas from 2006-2016 exhibited greater shrinkage.
Therefore, one can say that there is a statistically significant, weak, positive correlation between
urban population density and shrinkage among all medium-sized municipalities and a temporary

one for medium-sized urban municipalities.

The third hypothesis (H3) is true: the relationship between shrinkage and compactness, specifically
for urban municipalities. It also holds true for the connection between shrinkage and density across
all medium-sized municipalities when urban density is assessed using “urban fabric” as the basis.
However, when “artificial surfaces” are used for calculating urban density, this trend does not

continue throughout all analysed periods and disappears in the final one.

Table 10. Summary of hypothesis confirmation.

All Medium-Sized Medium-Sized Urban Medium-Sized
. Selected Urban areas A s Urban-Rural
Hypothesis (CLC Classes) Municipalities Municipalities Municipalities
(6,1and6, 3) (6,1)
(6, 3)
H1: “Urban fabric” NO YES NO
There is a statistically
significant correlation
between urban “Artificial surfaces” NO YES NO
compactness and
shrinkage.
H2: “Urban fabric” YES Yes, for 2006-2011 NO
There is a statistically
significant correlation
between urban “Artificial surfaces” YES for 2006—2016 NO NO
population density and
shrinkage.
YES
H3: “Urban fabric” YES (for compactness NO
The trend persists within relationship only)
the analysed time frame. . YES
“Artificial surfaces” NO (for compactness NO

relationship only)

Considering the above outcomes, the research hypothesis could be answered as follows:
H1. A statistically significant, negative correlation exists between compactness and shrinkage of

medium-sized Polish cities.
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H2. A statistically significant, positive correlation exists between urban population density and
shrinkage of medium-sized Polish cities.

H3. Some trends persist within the analysed time frame.

While the correlation results are significant, with the coefficient for compactness being positive and
for population density negative, identifying the relationship between urban form and urban
shrinkage is not straightforward. Correlation indicates an association, not causation, and should be

juxtaposed with other potential factors.
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5. Discussion of results

The list below outlines how the empirical and methodological research objectives of this study,

were achieved:

Methodological objective

1. To identify methods to evaluate the urban shrinkage and urban form compactness using

broadly available datasets.
Accomplishments:

Choosing a multi-criteria indicator developed by Milbert (203, 2015, 2020) that allows the
assessment of growth and shrinkage using six, socio-economic variables in five-year periods

(presented in section 4.1.1).

Adopting multi-criteria indicator method to Polish statistical data to allow for continuous

monitoring of growth and shrinkage patterns in 2006-2021 (section 4.1.1).

Choosing and developing a compactness assessment method suitable for analysing big, national

scope of urban areas based on Corine Land Cover datasets (section 4.1.2)

Empirical objectives
2. To assess shrinkage and growth trends in Polish cities.

3. To assess compactness and dispersion trends in Polish cities.

Accomplishments:

Assessing urban shrinkage in Poland using statistical data from 2006-2021 for all the

municipalities to see the outcomes relative to the national perspective (section 4.2).
Verifying if urban shrinkage is related to city size types (section 4.2).

Measuring urban shrinkage in the fifteen-year term in five-year intervals to allow for observation

of trends and changes in time (section 4.2).
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Assessing urban compactness in Poland in 2006-2018 to provide an overview of urban form

trends over the long term (section 4.3).
Verifying if urban compactness measures are related to city size types (section 4.3).

A relationship between urban shape compactness and the shrinkage in medium-sized Polish

cities was testes through Person’s correlation in three periods (section 4.4).

5.1. Methodological findings discussion

The methodological findings presented in Section 4.1 of this dissertation were confronted with
existing literature, providing a comprehensive discussion on two main areas: urban shrinkage and
urban form compactness assessment. The primary aim of this phase to explore approaches for
measuring urban shrinkage and compactness using widely accessible datasets was achieved,

offering insights that contribute to national and European urban studies.
5.1.1. Urban shrinkage measure

The multi-criteria indicator approach to measuring urban shrinkage offers a valuable lens for
understanding the broader socio-economic transformations in Poland, in contrast to population
only and other multi-criteria approaches. By leveraging widely available statistical data across the
years, the methodology provided robust, scalable insights, aligning with prior findings on Poland’s
urbanisation challenges but adding temporal aspects. The method can be applied to other
European contexts, reflecting the commonality of selected variables across Europe. However, due
to differences in tax systems, the last variable (the Municipality's own income) might have to be

changed into another similar one.

Furthermore, the multi-criteria method allows for temporal monitoring of Polish cities' growth and
shrinkage trends. As shown by the example of German shrinking cities, monitoring urbanisation
trends allows for better diagnosis of arising problems and more accurate responses. The division
into five-year periods makes it a useful tool for national and local governments to observe changes
over time, while the typologies (from A to E) provide straightforward information on the city's status.
It is worth noting that a multicriteria method allows for country-specific observations as the
calculation is not absolute but relative to the country's statistics. In Germany, this method made it

possible to assess the effectiveness of planning responses.

Different approaches exist for selecting the indicators that most effectively explain the phenomenon

of urban shrinkage. This study utilised six indicators, comprising an equal balance of demographic
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and economic factors. In a multi-criteria method outlined by Sleszynski (2019), seven indicators
were chosen, with only two being demographic in nature. Economic indicators, such as the number
of registered companies and the presence of company headquarters, highlighted a strong
emphasis on functional and economic performance, thus changing the results compared to this
study. The final classification of this study from shrinkage to growth (A-E) is different from that used
in Sleszynski’s (2019) (e.g. “cities in crisis” or “marginalised cities”), leaving space for establishing

new meanings to the term “shrinkage”.

5.1.2. Urban form compactness measure

The developed methodology combines two primary measures: urban population density and
shape, utilising the Corine Land Cover (CLC) database and population data from Polish Statistics.
The combined use of density and shape measures revealed moderate correlation, a high degree of
overlap, particularly in areas with the most compact and dense urban forms, and a consistent
decrease over time, underscoring the measures’ relevance in evaluating spatial distribution and

urban form.

The study’s approach to measuring urban compactness highlights notable dispersion in Polish
urban forms. For instance, Sopot, identified as Poland’s densest municipality in 2006, saw its
population density decline from over 5,894 people/km? to 5,413 people/km? by 2018. Other
municipalities with high density, such as Swietochtowice and Chetmno, also showed a gradual
decline, though they retained relatively high-density levels overall. The observed relationship
between city size and density corroborates research by Sleszynski (2014), which established a
strong correlation between a city's central area density and overall size. This consistency with past
findings confirms that density and shape measures provide comparable insights, reinforcing the
validity of the other. Moreover, the methodology underscores a persistent trend of decreasing
density across urban municipalities (Cortinovis et al., 2022), adding to the discourse on urban

dispersion in Poland and providing a useful monitoring tool for national and local governments.

Comparative perspective and pan-European context

Many European countries experience similar patterns of urban dispersion, where smaller cities
lose residents while larger cities densify and expand (Angel et al., 2020). By employing a
combination of density and shape measures, this methodology provided insights into the
socio-spatial characteristics of medium-sized cities in Poland, validating previous literature and
aligning with established European urban studies. Moreover, these measures provide a potential
foundation for pan-European comparisons and can be combined with other functional and

morphological compactness measures.
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In conclusion, this study establishes a solid framework for assessing urban compactness across
Europe. It sheds light on the spatial dynamics of urban areas, including the effects of planning
policies and economic trends. Given that CLC datasets span the entire EU, this method is

adaptable across member states, enabling further comparative research.

96



5.2. Urban shrinkage in Poland

The empirical findings presented in Section 4.2 of this dissertation were confronted with existing
literature, providing a comprehensive discussion on urban shrinkage assessment. The primary aim
of this phase to assess urban shrinkage in Poland in 2006-2021 was achieved. While much of the
Polish discourse on urban shrinkage centres around socio-economic, demographic, and spatial
dimensions, relatively few studies have approached this issue using a comprehensive, nationwide
multi-criteria analysis. Studies by Jaroszewska (2019), Sleszynski (2017, 2019), Jopek and
Musiat-Matago (2021) and Sroka (2021) are examples of this approach. The chapters below reflect

on the findings of this study an juxtaposes it with research conducted by the authors listed above.

Medium-sized cities shrinkage

This study reveals a broader trend of urban shrinkage in Poland, which has intensified over time,
aligning with demographic foresight made by Statistics Poland (2023b). While the early 2000s
posed significant challenges for larger cities, subsequent years have enabled these cities to
recover economically, gradually attracting capital and residents from more peripheral regions of the
country. Statistics Poland (2023b) forecasts that medium-sized cities will continue to experience
considerably higher demographic decline rates than other urban areas, with projected population
losses of up to 39% in Konin and 35.4% in Tarnobrzeg by 2050. Although the author focuses on
the period between 2006-2021 with no attempts to present a forecast, this research underscores
the notable trend of shrinking medium-sized cities throughout the study's time frame, thus

supporting alarming projections made by Statistics Poland (2023b).

When putting together all analysed periods, this study reveals that of the 13 cities experiencing
severe shrinkage in every five years, eight are medium-sized — namely Bartoszyce, Jarostaw,
Jasto, Kedzierzyn-Kozle, towicz, Piekary Slgskie, Przemysl, Skarzysko-Kamienna — and five are
small-sized — namely Bogatynia, Chodziez, Duszniki-Zdréj, Zdzieszowice and Zychlin. These
findings partially correspond with Sleszynski’s multicriteria research conducted between 2004-2014
and 2008-2018, which also highlighted medium cities such as Przemy$l, Jarostaw, Bartoszyce, and
Jasto being in crisis. Comparing the results of both studies is challenging due to differing time
frames and selected indicators, which, considering urbanisation dynamics, influence the outcomes.
However, Sleszynski (2019) underscored the challenges that medium-sized cities face, noting their
declining economic significance and functionality—a trend that continues gaining traction in

academic and policy discussions.

When considering Sleszynski’s (2019) most recent delimitation in 2008-2018, it is notable that
cities identified as most crisis-ridden — such as Kilodzko, Tomaszéw Lubelski, Bolestawiec,

Chetmno, and Gorlice — are also recognised as shrinking in this research (see Figure 39). A
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noteworthy distinction is that while most of these cities are experiencing above-average shrinkage,
Bolestawiec is classified in this study as shrinking (type D), and Gorlice temporarily faced
above-average shrinkage (type E) before reverting to a trend of shrinking in the latest period
studied. Thus, while the overall outcomes often align, there are instances where they diverge from
Sleszynski's findings. This is related to the difference in time frame, the indicators selected, and the

typology of both multi-criteria methods.
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Figure 39. Outcomes of multi-criteria classifications presenting shrinking cities 1) Medium-sized urban areas in crisis in

2004-2014 and 2008-2018 (top); 2) All cities in 1990-2018 (bottom). Source: Author based on Sleszyfiski, 2019 (top) &
Sroka, 2021 (bottom).

Spatial distribution
Examining the spatial distribution of classified cities during the initial five-year period reveals that
most growth occurred in the metropolitan regions of Poland’s largest cities. In contrast, the

concentration of shrinking cities is less pronounced when analysed across all three periods.
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Growth was most prevalent in the Greater Poland (Wielkopolskie), Masovian (Mazowieckie), and
Lesser Poland (Matopolskie) voivodeships, whereas the occurrence of shrinking cities is more
widespread throughout the country. Shrinkage is particularly evident in the post-industrial regions
of western Lower Silesia and the Sudety Mountains and in areas that housed industries during the
socialist era. Additionally, there is a notable concentration of shrinking small and medium-sized
cities in the northeastern Varmian-Masurian (Warminsko-Mazurskie) voivodeship, the
Kujavian-Pomeranian (Kujawsko-Pomorskie) voivodeship, and £6dz voivodeship in central Poland
(Figure 40). These findings are corresponding with Sleszynski's (2017, 2019) as well as

Jaroszewska’s (2019) and Sroka’s (2021) multi-criteria analysis.

In the subsequent period from 2011 to 2016, a significant shift became apparent, characterised by
an increase in shrinking cities and a decrease in those experiencing growth. While growth
remained concentrated around the same metropolitan areas, shrinkage broadened across the
country, particularly impacting small and medium-sized cities. The last analysed period, from 2016
to 2021, showed a polarisation with an increase in both strongly shrinking and strongly growing
cities accompanied by a decrease in the number of stagnant (stable) cities. Additional growing
urban centres can be found among large and smaller cities around them (refer to Figure 40). The
rise in shrinking cities is especially noticeable on the peripheries of various voivodeships, situated
away from the major metropolitan growth zones and in certain post-industrial areas still grappling

with the challenges following the transformation.

Conversely, some cities in the Upper Silesian region displayed growth, indicating dynamic shifts
within the agglomeration. A similar pattern of overlapping dynamics is observed around the Tricity
agglomeration in the Pomeranian voivodeship, where medium and small shrinking cities surround
growth poles. Jaroszewska (2019) and Krzysztofik et al. (2011), among others, have conducted

detailed studies on those agglomerations.
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Multi-criteria shrinkage and growth typology
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Figure 40. Multi-criteria assessment of growing and shrinking cities in Poland in 2016-2021 overlapped with FUA
(Functional Urban Areas) for 2022 (Statistics Poland, 2024). Source: Author based on Statistics Poland

Summary

In summary, comparing the results with other multi-criteria analyses proved challenging. For
example, Sroka (2021), inspired by Milbert's (2015) multicriteria method, examined urban
shrinkage using different indicators and a different time frame (1995-2018) without subdivision into
specific five-year periods. Sroka’s analysis identified 53 of 190 medium-sized cities as severely
shrinking. Compared to Sroka (2021), this study offers a more granular view, detailing trends and
fluctuations in shrinking cities across five-year intervals. Similarly, due to methodological
differences, it is hard to compare the outcomes to Jaroszewska’s (2019) analysis of shrinkage
trends. She analysed demographic shrinkage in 829 cities between 1990-2010 but considered
socioeconomic data only from 2003 and 2013, which makes direct comparisons difficult.

Nonetheless, both studies reveal similarities in shrinking and growing cities across voivodeships.

Furthermore, differences emerge when comparing this study’s results to Jopek and
Musiat-Matago’s (2021) multi-criteria analysis of urban shrinkage from 2018-2020. First, Jopek and
Musiat-Matago analysed selected cities with over 100,000 inhabitants, meaning their study omits
the medium-sized group. Nevertheless, some large cities identified in their study can be compared
with the author’s outcomes. For example, Bytom and Watbrzych were identified by Jopek and
Musiat-Matago (2021) as the most severely shrinking cities. In this multi-criteria analysis,
Watbrzych indeed displayed above-average shrinkage in 2006-2011 and 2016-2021 (type E) but
ranked higher in 2011-2016 (type D) due to favourable employment conditions despite population
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loss. Bytom’s ranking similarly improved in 2016-2021 (type D) due to low unemployment rates.
This example comparison demonstrates the differences between the two classifications and their

impact on shrinkage assessments.

The author identifies several convergences when comparing the outcomes of recent multi-criteria
research. However, due to differences in methodology, it is evident that these studies cannot be
considered directly comparable. Nonetheless, the issues of functional decline, status within the
settlement hierarchy, and the broader economic challenges facing medium-sized cities in Poland
are increasingly significant problems that demand careful attention in both practical and academic
contexts. Until recently, these centres have been undervalued in development policy, yet as
pointed out by Sleszynski (2017, 2019), they play a vital role in stabilising the polycentric
settlement system and fostering balanced development in areas where, for various natural

reasons, growth stimuli from major metropolises do not extend.

5.3. Relationship between urban form and shrinkage in medium-sized cities

The empirical findings presented in section 4.4 of this dissertation were confronted with existing
literature, providing a comprehensive discussion on the urban shrinkage and from relationship. The
primary aim of this phase to find out if there is a relationship between urban shrinkage and urban

compactness trends among medium-sized cities in Poland was achieved.

5.3.1. Relationship between compactness and shrinkage

The empirical analysis of urbanised areas in Polish municipalities reveals a minor but clear
downward trend in the compactness index over time. The compactness of medium-sized cities is
the highest compared to small and large urban units. No statistically significant relationship was
found when compactness was correlated with urban growth/shrinkage score in all medium-sized
cities (categories 6, 1 and 6, 3). However, in the case of urban municipalities (6,1), a moderately
positive, statistically significant correlation exists between compactness and the shrinkage/growth
score (for both urban fabric” and “artificial surfaces”). This indicates that more compact urban
municipalities are less likely to experience shrinkage. Moreover, this trend remains consistent from

2006 to 2021, suggesting a solid relationship will hold.

Exploring the range of urban, economic, social, and demographic dynamics that impact
sustainable development is crucial to fully understand this finding. In research, higher compactness
is associated with greater resilience and sustainability (Squires, 2002; OECD, 2012; Angel, 2020),
which is particularly beneficial for medium-sized cities with limited governance resources. In
contrast, urban sprawl and outward expansion increase infrastructure operating costs (Schiller and

Siedentop, 2006; Siedentop and Fina, 2010), putting local governments’ budgets under greater
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pressure. Compact cities can manage these challenges more effectively by concentrating activities
within a smaller area, as they do not have underutilised infrastructure. This results in lower costs
and the maintenance of clear urban-rural boundaries, reinforcing that cities with more compact
urban forms are less prone to economic shrinkage (Haase et al., 2021). While demographic

shrinkage might still occur in cities, their compact form allows them to maintain fiscal balance.

In the correlation between urban sprawl and economic performance in selected growing Polish
cities, Litynski (2016) concluded that higher local economic indicators significantly correlate with a
lower degree of urban sprawl. However, this study is analysing the relationship between the
compactness index and the shrinkage/growth score, which comprises six indicators, of which only
half are economic; these two analyses demonstrate similar spatial phenomena. Supporting this
view, research by Wang et al. (2022) finds that shrinking cities in Northeast China have significantly

lower compactness than those experiencing growth.

5.3.2. Relationship between urban population density and shrinkage

The analysis of urban population density shows a steady decline across all cities throughout the
observation period, like the trend observed in urban compactness. Here, however, medium-sized
cities are, on average, less dense than large urban areas and more dense than small ones. The
analysis of the relationship between density and size aligns with the findings of Sleszynski (2014),
who demonstrated a significant correlation between the density of a city's central region and the

size of the city in Poland.

Correlation analysis of density and shrinkage/growth scores in all medium-sized cities (both urban
and urban-rural municipalities) reveals that denser urban areas were more prone to shrinkage from
2006 to 2021 than less dense areas. Although there was substantial variability in the correlation
data (different for “urban fabric’ than for “artificial surfaces”), the results remained statistically
significant for “urban fabric”, pointing to a trend. However, that correlation weakened for “artificial
surfaces” and eventually showed no statistical significance between 2016 and 2021. In other
words, denser medium-sized cities temporarily experienced higher shrinkage levels between 2006
and 2016 than the less dense ones. Figure 41 demonstrates the diversity of shrinking and growing
medium-sized cities (expressed in A-E types) regarding their compactness and density values.
While a moderate positive correlation was observed between Ci and growth/shrinkage score, there
was a temporal negative correlation between Pd and score, thus making the overall conclusion

challenging.

103



EBA BB C mD mE

1.00
075 4+
®
050 +
O .
] 1
1 9
0.25 s ®
ol
0.00 : : : |
9 o o o o
1P 59 1% 0P
Pd

Figure 41. Compactness results (Ci and Pd) for all medium-sized Polish cities in 2018 divided by colour of
shrinkage/growth types (A-E) in a corresponding period 2016-2021. Source: Author

Potential causes and future trends

Since demographic indicators are a part of the shrinkage/growth score, it is necessary to look at
the possible causes of migration between cities. The increase in migration from denser,
medium-sized cities to larger metropolitan areas was likely driven by metropolisation trends, limited
job opportunities, and crowded housing conditions. While the housing situation improved over the
last years, Poland consistently exhibits high overcrowding rates, an important factor in housing
conditions that motivates migration to access better living standards at lower costs (EUROSTAT,
2023). Large Polish cities and their suburbs see significant new housing construction, attracting
investment and employment. These factors, combined with economic liberalisation and land use
policies that permit suburban sprawl (NIK, 2022) and market-driven growth, have led to declining
densities in medium-sized cities from 2006 to 2021, while urban growth rates in the cores and

suburbs of major cities have surged.

Finally, the findings of this study suggest that future development in the shrinking cities could follow
a model Siedentop and Fina (2008, 2010) described as “shrinkage sprawl!”. In their analysis of
urban areas in Germany from 1996 to 2006, Siedentop and Fina (2008) noted an increase in
“growth-sprawl” into suburban regions, which persisted even as the core cities experienced
ongoing depopulation. The physical characteristics of this “shrinkage sprawl” are similar to those
associated with urban sprawl in expanding cities. This phenomenon results in fragmented and
perforated landscapes characterised by low-density development, rising vacancy rates, and a

deteriorating urban fabric in inner-city locations.
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The observation of a period between 2016 and 2021 suggests a shift towards this model. For all
medium-sized cities (‘artificial surfaces’), low urban population density no longer correlates with
higher shrinkage/growth scores. It revealed a positive yet statistically insignificant trend for urban
municipalities (‘artificial surfaces’). This hints at the possible emergence of “shrinkage sprawl!”
(Siedentop and Fina, 2010), where a strong relationship between low density and shrinkage may

develop over time.

5.4. Diversity of medium-sized cities

In addition to the above-described urbanisation patterns, this study revealed the diversity of
medium-sized cities in Poland, both in growth and shrinkage and in urban form patterns, which
substantially shape the outcomes of the correlation between the two. Firstly, the differences in
urban density between urban (6,1) and urban-rural (6,3) municipalities greatly influence observed
correlation trends. Secondly, the heterogeneous nature of medium-sized cities is underscored by
their varied roles within the urban network system. This diversity is critical when interpreting the
outcomes and considering planning implications, as policies must account for each city's unique

structural and functional characteristics.

These findings highlight the diversity of medium-sized cities, as explained by Kunzmann (1992,
2000, 2010), who provides a valuable framework for understanding the typologies of medium-sized
cities based on their positioning within broader urban networks (Figure 42). He identifies three

main types of medium-sized cities:

1. Within metropolitan regions: These cities are integrated into major metropolitan areas'
economy and transportation systems. They benefit from proximity to large urban centres,
serving as commuter hubs or residential extensions of the metropolis.

2. On the boundaries or between metropolitan areas: Cities located at the intersection of
metropolitan influences may experience competing dynamics, balancing the opportunities
from multiple urban regions while maintaining local identity and function.

3. On the geographic peripheries of Europe: Cities on the outer edges of the European
continent, or in isolated regions, often face unique challenges in attracting investment and
retaining population due to their remote location. This underscores the importance of

considering historical context, geographic location, and urban form in planning.
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Figure 42. Typologies of medium-sized cities as defined by Kunzmann (2000, 2010). Source: SMESTO, 2005

The significant differences between the position of medium-sized cities in the urban settlement
network help frame the variety in urban form, economic function, and demographic pressures,
highlighting the role it plays in the urbanisation processes and the challenges they bring. Courtney
and Errington (2003) note that growth pole theory in rural development often positions small towns
as sub-poles, facilitating regional economic development and stabilising local economies. This is
especially relevant for areas where small towns serve as focal points for essential functions,
offering services that might not be accessible in larger metropolitan regions. In contrast,
medium-sized towns close to large metropolitan areas often act as satellites, drawing residents
who seek affordable housing within commuting distance of larger job markets. An observation of
similar dependency was done in a study by Liu et al. (2022) in China, which identified different
models based on the hierarchy and influence of nearby urban centres. The location within the
urban network shapes their role in ways that differ markedly from their rural counterparts as they
become integrated into the metropolitan labour market and regional economy. These typological
differences are critical to consider when planning urban renewal strategies targeted to manage

urban shrinkage in medium-sized urban areas.

5.4.1. Compact and dense cities

In Poland, most medium-sized cities located in metropolitan cities’ functional urban areas (FUAs)
areas—Zgbki and Legionowo near Warsaw and Rumia and Wejcherowo near Tricity—are growing

and dense (see Figure 43). However, not all growing cities in a metropolitan hub's FUAs are dense.
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For example, Wieliczka, near Krakow (see Figure 44), is characterised by strong growth

accompanied by sprawling, low-density development patterns.

In cities like Sopot in northern Poland, a dense, compact urban form is maintained despite
difficulties attracting new residents and investment. Similarly, despite shrinkage, the compact and
dense Bartoszyce, Brzeg and Gizycko show high compactness and density, suggesting that the
position of a city in the urban settlement network must be considered when analysing relationships

between socio-economic and physical patterns.

Zabki (see Figure 43), Piastow and Pruszkéw remain dense extensions of the growing capital city.
Angel et al. (2020) describes the phenomenon of cities expanding by merging with nearby
settlements. These satellite cities, often part of the metropolitan city, increase in density as they
have no expansion areas. Zgbki is constrained by the forest, and Rumia (see Figure 44) by

topography. Otherwise, they would have been merged entirely by the large urban agglomeration.

Stupsk (see Figure 45) is a historically important city that is currently shrinking due to demographic
losses. Located on the Baltic coast, Sopot is far from other large cities. Its shrinkage is not
associated with dispersion trends. Xu et al. (2020) emphasise that the historical development
patterns of cities significantly shape their current densities. Their study on the 200 cities globally
revealed that cities that developed historically as dense urban centres are likely to retain these

characteristics, even if they face challenges of population decline and limited investment.
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Figure 43. Zabki - selected medium-sized dense and compact city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of an urban area

(right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Pol
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Figure 44. Rumia - selected medium-sized dense and compact city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of an urban area

(right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Poland
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Figure 45. Stupsk - selected medium-sized dense and compact city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of an urban area

(right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Poland
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5.4.2. Dispersed and low-density cities

An example of Wieliczka (see Figure 46) and Skawina, located in the metropolitan functional area
(FUA) of Krakéw, shows a sprawling growth pattern. While cities have experienced significant
growth driven by their proximity to a large job market, it was often accompanied by physical
expansion on the greenfields. While Wieliczka’s city centre retains a historic, dense urban fabric,
much of its new development is characterised by sprawling, low-density patterns across varied
topography. Moreover, this municipality is surrounded by villages and small towns contributing to a

more dispersed shape in this calculation.

Czechowice-Dziedzice (see Figure 47) is a municipality located in the close vicinity of a large
Bielsko-Biata, a local growth pole. It is characterised by low density. For comparison, Rumia
(Figure 44) has a bigger population and a significantly smaller urban area size (see a yellow circle
size). Low density can be associated with historical development patterns. At the beginning of the
20th century, Czechowice and Dziedzice were two separate villages. The city was formally founded
in the ‘50s, but its structures reflect its polycentric and dispersed village origins. The city struggled
in the last period with low economic indicators, but its proximity to Bielsko-Biata could potentially

change this in future.

Orzesze (see Figure 48) performs strongly in demographic indicators, but it lacks economic
balance. This trend is common for Upper Silesian agglomerations, with many small and
medium-sized cities experiencing challenges of post-mining transformation. Such urban systems

require a holistic approach allowing them to grasp all urban complexities.
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Wieliczka (6,3)
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Figure 46. Wieliczka - selected medium-sized, dispersed, low-density city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of an urban
area (right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Poland
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Figure 47. Czechowice-Dziedzice - selected medium-sized, dispersed, low-density city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of
an urban area (right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Poland
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Figure 48. Orzesze - selected medium-sized, dispersed, low-density city. A municipality land use (left), urban areas (middle) and merged areas with a circle the size of an urban area
(right). Below are the outcomes of growth/shrinkage score calculation in three five-year periods. Source: Author based on CLC2018 and Statistics Poland
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5.5. Planning Implications

While it is not evident to pinpoint the relationship dynamics between urbanisation physical patterns
and urban shrinkage among medium-sized cities, this research shows an intensifying trend of
urban density loss and increase in urban shrinkage. Schiller and Kenworthy (2018) highlight the
crucial role of urban density in promoting sustainable, transit-oriented cities that support walking
and cycling. In Poland, Lytynski (2016) revealed that areas with lower population densities tend to
have lower GDP, indicating a potential economic disadvantage for low-density municipalities.
Additionally, Dong et al. (2019) research evidence that cities rarely shift from dispersed to compact
forms. Given the dispersion trend in Poland presented in this research, reversing it will be
challenging or impossible. Thus, containing dispersed development should be a key policy for all

medium-sized cities.

In shrinking cities, reduced housing demand and lower housing costs could be an opportunity to
stop sprawl by focusing on urban renewal of inner-city areas, which could, in turn, attract residents
back to the urban core and help maintain or even increase density. Planning strategies should thus
encourage this shift by investing in public transport, improving walking and cycling infrastructure,
and enhancing public spaces, green areas, and social facilities (Schwaab, 2022). Reurbanization
policies should target brownfields, former industrial sites, vacant lots, and oversized road

infrastructure rather than undeveloped green spaces.

Newman et al. (2016) examined the distinct “urban fabrics” in cities, such as walking-oriented,
public transit-oriented, and car-dependent areas. Their research traces how traditional walking and
transit-based urban structures — common from the 1800s to the mid-20th century — have been
disrupted by car-centric urban designs prioritising extensive road systems, parking areas, and
single-family housing that encourage sprawl. They advocate for re-urbanizing these traditional
areas, such as reclaiming roadways and parking lots for public spaces or residential projects and
creating transit-oriented developments (TOD) near rail stations. They also advise limiting new
car-dependent development. For shrinking cities, such measures could foster stable, sustainable
economic growth by reducing excessive infrastructure (Schiller and Siedentorp, 2008) and car

travel costs, enhancing the city's resilience (Newman and Kenworthy, 1999, 2015).

By containing urban dispersion and protecting surrounding green areas from development, cities
can help reduce the urban heat island effect and optimise resource allocation to existing
infrastructure rather than continuous outward expansion (Schwaab, 2022). This approach also
supports a vibrant urban life and efficient asset management. Notably, cities often experience

uneven patterns of growth and shrinkage (Kazimierczak and Szafranska, 2019; Hollander et al.,
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2019), making it essential for local governments to monitor these patterns closely and address

emerging issues proactively.

Future national and regional policies on spatial planning, infrastructure and real estate must utilise
parameters and instruments that focus on the driving forces of greenfield development.
Demand-driven land consumption can predominantly be controlled with new planning instruments
that aim at dense and compact urban forms and ensure that environmental norms are considered.
This can be achieved with the following new planning instruments (Ustawa z dnia 7 lipca 2023 r.,

Dz.U. 2023, poz. 1688):

Instrument

Use

Urban shrinkage planning goal

General Plans
(orig. Plan ogoiny)

Municipality Development
Strategy (orig. Strategia
rozwoju gminy)

Zoning in General Plans
(orig. Strefy planistyczne)

Integrated Investment Plan
(orig. Zintegrowany plan
inwestycyjny)

Participatory planning,
Urban Register

Parameters for allowed
development based on the
demographic forecast.

Infill zones in the inner city.

Strategy specifying trajectories
and goals for future
development.

13 land uses each with specific
parameters on building density
and green areas provision

Defining special investment
zones with specific rules
(depending on the local

municipality's agreement with
investors).

Setting standards for
transparency and inclusion in
decision-making.

No specific instrument exists.

Setting maximum development capacities
in city and district plans. Constraints on
areas of investment.

Setting strict controlling mechanisms on
local development, limiting
suburbanisation by focusing on quality
urban spaces in the inner city.

Defining minimum densities for new
developments, providing parameters for
green public spaces, and marking clear
urban-rural boundaries.

Setting price controls (tax, responsibilities)
for settlement and building forms that use
land extensively.

Making sure the decisions are made
transparently and in a participatory
approach, including all stakeholders.

Setting obligatory contributions to the

costs of infrastructure to discourage

expansion.

However, decisions on the exact shape of listed planning instruments depend on local
municipalities and their ability to assess the risk that land-consuming developments pose to the

city's future in the face of demographic decline.

The findings of this dissertation underscore the importance of an integrative analysis of urban
shrinkage and urban form measures for achieving a more accurate understanding of the different
realities of medium-sized cities. While there is no “one-size-fits-all” approach, the observations

pave the way for formulating urban strategies designed to address urban shrinkage in a
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contextualised way and promote development without spatial growth. it is crucial to recognise
diverse developmental pathways and tailored plans that consider each city’s historical evolution,
position in the settlement hierarchy, urban form, and environmental context. Considering the
obligation to design new General plans until the end of 2025, medium-sized cities can benefit from

rethinking their current development strategies towards a more compact and resilient urban form.

5.6. Research limitations

This study acknowledges several limitations, suggesting pathways for future refinement and
deeper analysis. First, the trends observed across this extensive sample of medium-sized Polish
cities may be influenced by factors that interact in complex and locally specific ways. A
comprehensive understanding of these dynamics would require in-depth local analyses and
qualitative insights beyond the present study's scope. Methodological variations in measuring
“‘urban compactness” and “urban density” also impact the observed correlations, as different data
collection methods and definitions can yield varying outcomes. Although this research employs two
approaches using Corine Land Cover (CLC) classifications to define urban areas, this method
could be overly generalised. More precise results on urban density might require refined methods,
such as population and urban land area data drawn from local statistical sources. However,
gathering such detailed data for hundreds of cities would demand substantial time and resources,

making it impractical within the scope of this study.

Further, there are potential data accuracy risks, particularly concerning census data in Poland. For
example, population distribution data could be improved to address discrepancies between
registered and actual residential addresses, especially among younger, mobile individuals who
may not update their official addresses (there is no obligation in Poland to update home
addresses). Such discrepancies can lead to overestimating populations in medium-sized cities, as
younger age groups are more likely to migrate to larger centres for employment, education, and

social opportunities.

While the approach presented here enables a broad, country-wide spatial analysis, it has
limitations when applied to specific topographical contexts. Natural features such as hills or bodies
of water can shape city boundaries in ways that affect the compactness index and urban density
measures, potentially distorting results. This is especially relevant in cities where topographical
constraints influence urban form. Consequently, caution is warranted when applying these metrics
to such cases. Moreover, a broader approach to defining a city could bring different results. This
study uses a combination of urban areas defined by land use and administrative borders. Such an
approach does not show the sprawl in the neighbouring municipalities. Thus, applying a concept of

functional urban areas could expose this phenomenon more accurately.
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It should also be noted that while this approach is adequate for national-scale research, it lacks the
granularity needed for more focused urban studies. There are discrepancies between CLC-defined
land classes and actual land use patterns. For example, as highlighted by Sleszynski et al. (2020),
the classification of urbanised areas sometimes diverges from on-the-ground land use realities.
Although this method aligns with existing literature, it would benefit from integrating a broader
range of compactness measures. Addressing these limitations could involve exploring alternative
data sources and refining methodologies to minimise these discrepancies, offering a more

nuanced picture of urban compactness and density in future research.

5.7. Suggestions for further research

This dissertation highlights various avenues for future research on urban shrinkage and
compactness, particularly concerning medium-sized cities. While the current study has provided
insights into urban density, shrinkage, and compactness patterns, further exploration is necessary
to address the nuanced factors influencing these trends. This section outlines key areas for further
investigation, emphasising capturing the spatial, socio-economic, and morphological dimensions of

shrinking cities.

Compactness measures

The current study does not account for the nuanced impacts of topography on urban compactness.
However, topographical settings may be critical in shaping urban form. Future research could
employ qualitative methods to explore how factors like elevation, landscape type, and physical
barriers influence population distribution, density, and urban sprawl in medium-sized cities.
Examining cities within specific topographical contexts, such as coastal areas, valleys, or
mountainous regions, could show how geographical features interact with urban dynamics. This
line of inquiry may reveal localised patterns of shrinkage and growth, which can be instrumental for
place-sensitive planning strategies. The observed discrepancies in urban population densities
across medium-sized cities suggest a need for further research to explore the causes and
implications of these variations. Future studies could conduct a more granular population density
analysis by dissecting its distribution within inner-city districts. This approach could provide a
clearer understanding of the spatial implications of shrinkage in inner-city areas versus suburban
zones. Additionally, exploring these differences nationally could yield insights into the relationship
between density and urban resilience, offering guidelines for enhancing city centres and containing

sprawl in shrinking municipalities.
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Functional aspects of compactness

Future research could adopt a functional lens to deepen understanding urban compactness.
Researchers can gain a more dynamic view of compactness by examining how urban activities are
spatially distributed, including factors like 10T data and nighttime patterns. Functional compactness
may reveal areas of activity concentration, mobility patterns, and areas with underutilised potential.
This approach could better illustrate how certain neighbourhoods within shrinking cities may still
function as hubs, maintaining compact and lively urban life. Further investigation could involve
comparing daytime and nighttime urban activity, offering insights into the vitality of different urban

areas and informing interventions for enhancing local activity.

Morphological aspects of compactness

Future studies could also investigate morphological and urban quality characteristics, including
building density, typology, floor area ratio, street connectivity, and urban expansion patterns, to
enrich the concept of compactness of urban form. These characteristics influence urban areas'
spatial efficiency and vibrancy and studying them in detail could help identify urban form elements
that support compactness and resilience. Research that tracks these morphological elements over
time would help understand the evolution of urban form in response to shrinkage, offering insights

into which patterns promote or inhibit sustainable urban structures.

Context-specific studies

Socio-economic and cultural dimensions significantly impact the experience and implications of
urban shrinkage, and examining these attributes could provide a more holistic view of the
phenomenon. Future research could investigate the socio-economic conditions of shrinking cities,
such as employment rates, housing affordability, and educational opportunities, which may reveal
specific factors driving population decline. Additionally, exploring the cultural identity of these cities
— particularly those with historical significance or unique local traditions — could uncover
resilience factors and barriers. This analysis would enable a more comprehensive understanding of
which areas face the most significant challenges and the root causes of urban decline, guiding

targeted interventions.

Comparative studies

Given the unique development trajectories of cities within different countries, future studies could
adopt a comparative approach by examining urban shrinkage across multiple national contexts.
Comparative research that juxtaposes medium-sized cities in Poland with those in other European
countries, for instance, could identify shared patterns and distinct drivers of shrinkage. Additionally,
examining a broader range of city sizes — from small towns to large metropolitan areas — may

reveal size-dependent patterns and adaptive strategies. This approach could also contribute to the
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growing discourse on de-growth governance by offering cross-cultural perspectives on managing

decline sustainably.

Longitudinal studies

A longer observational time frame could provide valuable insights into the long-term impacts of
shrinkage and compactness on urban areas. Extending the study period would allow researchers
to capture slower-moving processes, such as the effects of urban renewal policies, infrastructure
investments, and demographic shifts. Furthermore, evaluating the outcomes of new planning
regulations or specific urban renewal programs could offer empirical evidence on the effectiveness
of planning interventions. By focusing on programs targeting brownfields, industrial zones, and

road reclamation, such research could inform future policies to foster resilience in shrinking cities.

Typologies of medium-sized cities

Following Kunzmann’s typology (1992, 2000, 2010), future research could analyse cities within
categories based on their role within urban networks. This categorisation could include cities within
metropolitan regions, those on the border or between metropolitan areas, and those on Europe’s
periphery. Additionally, cities can be analysed regarding their socio-economic positioning, as noted
in studies by Runge (2012), which classified Polish medium-sized cities socio-economically over
several decades. By segmenting cities based on their regional and network roles, researchers can

better understand the interdependencies and unique challenges each type of city faces.
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6. Conclusions

This research presents a comprehensive, interdisciplinary approach to analysing urban shrinkage
from an urban planning perspective. Given that planning operates primarily within the physical
realm, this study links spatial factors with social and economic dynamics, capturing the city both as
a "physical place" and as "a mentality compiled from perceptions, behaviours, and beliefs”
(Sennett, 2019, p.1). This is represented by the interdisciplinary approach of this doctoral thesis
that links the domain of urban planning, architecture, data science and geography using

contemporary GIS and analytical tools, enabling a multifaceted exploration of urban shrinkage.

This study first examined urban shrinkage trends across Poland from 2006 to 2021. Using a
multi-criteria indicator analysis adapted from the German Federal Institute for Research on
Building, Urban Affairs and Spatial Development (BBSR) provided a relative measure of urban
shrinkage and growth based on a broad socio-economic definition. When adapted to Polish
statistical data, this method revealed an increasing trend in urban shrinkage over the analysed
period, affecting a growing number of predominantly medium-sized cities. Spatially, this shrinkage
was concentrated on the peripheries of metropolitan areas, exposing a trend of metropolisation

and polarisation in urbanisation processes.

Secondly, the research analysed urban compactness in Poland, examining spatial form changes
over time across all Polish municipalities using compactness measures derived from the Corine
Land Cover datasets for 2006, 2012, and 2018. The findings reveal a general decrease in urban
compactness over time and a logarithmic relationship between population size, compactness
index, and urban population density. While smaller cities tend to exhibit a more compact shape but
lower density, larger cities demonstrate higher density alongside greater spatial dispersion. This
nuanced understanding of compactness trends informs how urban form varies with city size and

population density.

Finally, the study tested a hypothesis concerning the relationship between urban form and
shrinkage among medium-sized cities. The data shows a positive correlation for urban
municipalities (orig. gmina miejska): less compact urban areas tend to experience more shrinkage.
Interestingly, the correlation between population density and shrinkage/growth scores was
temporarily negative, shifting to positive from 2016 to 2021 for these urban areas (less dense
urban municipalities show more shrinkage). This complexity underscores the dynamic nature of
urban shrinkage and its potential links to urban form. Although a straightforward conclusion is
elusive, these results reveal key interactions between urban form and shrinkage trends, inviting

further exploration into their causal mechanisms.
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This research underscores the urgent need for planning which addresses urban shrinkage,
especially in medium-sized cities that may lack sufficient resources for sustainable futures. While
current planning frameworks are growth-oriented and reliant on developing greenfield sites (NIK,
2022), the new planning reform (Ustawa z dnia 7 lipca 2023 r., Dz.U. 2023, poz. 1688) provides
instruments that promote compact urban form and inward-focused growth based on demographic
forecasts. This can lead to a shift towards enhanced quality of life, environmental sustainability,
and biodiversity in medium-sized cities. Well-connected medium-sized urban centres have a
chance to continue supporting rural areas and foster mutual resilience despite their peripheral

locations and demographic trends.

While the trends identified in this analysis are subject to change, this study reveals that the path
towards dispersion and urban shrinkage is usually one-way. This means that medium-sized cities
should protect their compact and dense structure and maintain a stable socio-economic base
during demographic decline. Urban planning instruments should be supported with targeted urban
renewal programs developed to strengthen local government's capacities, encouraging resilient

planning strategies that foster balanced, non-growth-dependent urban development.

This research contributes to a deeper understanding of urban shrinkage in Poland, particularly in
medium-sized cities. Examining shrinkage's spatial, social, and economic dimensions laid a
foundation for new methodologies and future studies. It informs policymakers, guiding the
formulation of strategies tailored to the unique challenges posed by urban shrinkage. The findings
advocate for continued, focused research on medium-sized cities, crucial yet often overlooked

players in the broader urban landscape.
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“Czasami w ten sposob rozpadaty sie na moich oczach nawet miasta. Domy, ulice, place -
wszystko rozwarstwiato sie i odklejato od widoku. Dzis mysle, Zze ona sie kurczy. Pierwszy raz
poczutem to w Karpaczu. Rozmawiatem z burmistrzem, ktory pozwolit by jego miasto kompletnie
zmarniato. On widziat ten proces inaczej. Byt z siebie zadowolony, wrecz dumny. (...) Wypowiadat
kolejne stowa: inwestorzy, harmonogram, modernizacja, promocja, a ja pod stopami czutem
agonalne drgawki Krainy.”

Filip Springer, Mein Gott, jak pieknie, 2023.

"Sometimes, even cities seemed to fall apart before my eyes. Houses, streets,
squares—everything would peel away and detach from view. Today, I think it’'s shrinking. I first felt
it in Karpacz. | was talking to the mayor, who had let his town completely wither. He saw the
process differently. He was pleased with himself, even proud. (...) He uttered words like investors,

schedule, modernisation, promotion, while | felt the dying tremors of the Land beneath my feet." —

Translated by author from Filip Springer, Mein Gott, jak pieknie, 2023.
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Abstract. Urban shrinkage, characterised by long-term demographic, socio-economic and spatial changes, has
been studied extensively, including via research into causes, typologies, and planning responses. However, while
understanding and measuring urban shrinkage processes is crucial if policymakers are to respond adequately
to cities’ challenges, multi-criterion studies on shrinkage trajectories are still required for the spatiotempo-
ral complexity to be captured correctly. This study reviews methods by which urban shrinkage is studied and
concludes with a selection of multi-criterion methods that offer more in-depth insight than population-based
methods. Finally, a multicriteria analysis, adapted from Milbert (2015), is applied to measure urban shrinkage
in Poland in the years 2006 to 2021. This incorporates six variables with a view to shrinking and growing cities
being assessed and assigned to one of five categories.

The research provides insights into Poland’s most recent urban shrinkage processes. Results show that, over the
analysed period, urban shrinkage was a phenomenon that increased and intensified in Poland, affected a gro-
wing number of urban centres of medium size, and was to be noted on the peripheries of metropolitan areas.
Such research outcomes contribute to a better understanding of urban shrinkage in Poland, provide a basis for
further research, and inform policymakers as they seek to formulate more-targeted strategies to address the
specific challenges that urban shrinkage raises.

Keywords: urban shrinkage, multi-criterion indicator, urbanisation trends, urban data analysis, Poland.

Introduction

The contemporary debate on urban population decline emerged in the second half of the
20th century, when urban shrinkage became a common transformation pathway for
many large cities across Europe and North America. The term shrinking cities was first
used by German researchers Hausermann and Siebel in the 1980s (originally as Schrump-
fende Stadt) — with a view to a name being given to long-term demographic and economic
changes taking place in urban areas of the Ruhr region (Haussermann & Siebel, 1988).
Since then, the term has become a frame of reference for a wide range of topics (Ha-
ase et al.,, 2014), gaining wide use in urban-studies research, including within the fields
of geography, social economics, urban planning, etc. The concept has been elaborated
and reflected on in many research projects, such as COST Action TU 0803 ‘Cities Regro-
wing Smaller’ (CIRES) and The Shrinking Cities International Research Network (SCiRN),
as well as in global publications (Oswalt, 2005; Oswalt & Rieniets, 2007; Pallagst et al.,
2009; Martinez-Fernandez et al., 2009, 2012, 2016; GroBmann et al., 2013; Haase et al.,
2013, 2014, 2021).
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However, the challenge lies in defining this urban phenomenon (Bernt et al., 2014;
Haase et al., 2014; Kantor-Pietraga, 2014; Sroka, 2022). Most research has been linked
broadly to demographic aspects of shrinkage, with population change being the main in-
dicator. CIRES, for example, defines shrinkage as a depopulation of more than 0.15% each
year in a period of a minimum of five years. In contrast, Turok and Mykhnenko (2007)
refer to it as a loss in population within consecutive five-year periods. Additionally, a po-
pulation change relative to the national population was included to illustrate shrinkage
in the country. However, researchers offer broad acknowledgment that urban shrinkage
surpasses simple population decline and cannot be analysed adequately using a single
indicator (Haase et al., 2013; Stryjakiewicz, 2014a). As noted by Wolff and Wiechmann
(2014): “there are many examples where the demographic and the economic develop-
ment do not go hand in hand. Cities losing population can keep a strong economic structu-
re and development” (Wolff and Wiechmann, 2014, p. 1). Against this background, SCIRN
has developed a definition that includes, aside from population loss, signs of economic
transformation with some symptoms of a structural crisis (Bern, 2018). This approach
implies that a variety of economic and social indicators should be considered when iden-
tifying shrinking cities.

However, a meta-analysis of the literature on urban shrinkage conducted by Doéringer
et al. (2019) indicates that it is rare for urban-studies research to explore multiple indi-
cators. They found no universal definition of ‘urban shrinkage’, while: “Two-thirds of the
given definitions focus on population decline as the major dynamic. One-quarter of the
articles also mention the dimension of economic decline. In contrast, multidimensional
definitions are barely used” (Doringer et al., 2019, p. 6). Moreover, research that grasps
many dimensions of urban shrinkage is usually conducted as a case study (Déringer et al.,
2019). Conversely, multi-criterion investigations are rarely shown in nationwide analyses
as they pose a major challenge given the robustness and availability of data. Thus, with
the different spatiotemporal aspects, trajectories and contexts of urban shrinkage being
as they are, capturing it poses a challenge for theoretical and empirical studies (Haase
et al.,, 2017). These are the reasons for the present article seeking to address this iden-
tified gap and focus on the methodological aspects of encapsulating the phenomenon
of urban shrinkage in a broader, multi-criterion manner and on a national scale.

In contemporary Poland, urban shrinkage became apparent in the early 2000s, when
the first symptoms of the economic ‘shock therapy’ became visible. Thus, while urban
demographics were a common subject of Polish research over a number of decades, the
first diagnosis under the heading of urban shrinkage was arrived at by Zborowski (2002),
Parysek (2004) and Jedraszko (2005). As mentioned above, broader comparative studies
then followed, with the above topic representing an element of international research
incorporated into such projects as C/RES and Shrink Smart (Krzysztofik et al., 2011, 2012a;
EU, 2023), in the period between 1990 and 2010. Furthermore, identification and analy-
sis vis-a-vis Poland’s shrinking cities was engaged in by Krzysztofik and Szmytkie (2011),
Krzysztofik et al. (2011, 2012, 2014), Stryjakiewicz et al. (2012a, b), Zborowski et al.
(2012), Stryjakiewicz et al. (2014, 2016), Kantor-Pietraga (2014), Jaroszewska (2019), Sro-
ka (2021), Sleszyriski (2017, 2019), and Musiat-Matago (20183, b).

And notwithstanding recent influxes of migrants (notably from war-torn Ukraine),
the forecasts for Poland’s demographic future remain alarming. The most recent esti-
mates in population predictions from Statistics Poland (GUS, 2023) still have the country
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in an ongoing population decline, in cities in particular. The prediction for the rate of dec-
line in some medium-sized cities is one of the estimates achieving the highest value (GUS,
2023). However, the up-to-date predictions are based on population statistics alone, thus
failing to offer any more comprehensive or insightful understanding of the situation.

The research detailed here has proceeded on the assumption that urban-policy re-
sponses to processes of urban shrinkage (whether at state, regional or local levels) should
be grounded in a more-nuanced assessment of the present circumstances. In line with
the definition of urban shrinkage as a multifaceted phenomenon, a complementary stu-
dy and prediction with a multi-factor approach would allow for a more-comprehensive
picture of shrinkage processes. Consequently, future policy responses could consider the
broader factors contributing to depopulation, with a crucial emphasis on understanding
the dynamics of this phenomenon. This study, therefore, endeavours to offer a thoro-
ugh exploration of urban shrinkage while encompassing a temporal perspective of fifteen
years (2006-2021) with a spatial focus on cities across the territory of Poland.

Specifically, the two objectives addressed by the paper (one empirical and the other
methodological) (Fig. 1) are guided by questions as follows:

Objectives: Methodological Empirical
: . Q1: What are the methods utilisable in ~ : g
Questions: identifying shrinking and growing ! Q3: What are the trends and
1 cities? : patterns to urban shrinkage, and
’ how do these differ in cities of
different sizes across Poland?
Q2: How can existing multi-criterion TP PP TPTRIRS
methods for such identification of :
shrinking and growing cities be
adapted to fit the Polish context?
Research:
Methods to identify shrinking cities All Polish cities in period 2006-2021
................. B et PR e e e
B ! 5 A I
Pop‘ulat.lon o Mu.ltl 'cntenon : —>! Selected and adapted method :
criteria ! indicator H ! 1
______________ 1 T T |
prmmmmeennnnes - 5
i I :
! Selected method | 2006-2011 2011-2016 20162021 | :
1 L 5
Method Identified Identified Identified
. growing & growing & growing &
Results: adqptatlon to shrinking shrinking shrinking
Polish context cities cities cities

Identification of
patterns and trends

Fig. 1. Structure of research stages
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Q1: What are the methods utilisable in identifying shrinking and growing cities?

Q2: How can existing multi-criterion methods for such identification of shrinking and

growing cities be adapted to fit the Polish context?

Q3: What are the trends and patterns to urban shrinkage, and how do these differ

in cities of different sizes across Poland?

In striving to answer these questions, our study focused on three key outcomes. Fir-
stly, Section 2 provides a review of selected methods used in diagnosing and classifying
urban shrinkage — above all with a view to a most suitable multi-criterion method being
selected. Section 3 then seeks to present and explain methods used to conduct an empi-
rical study of Polish cities through the years 2006-2021 inclusive. Section 4 then presents
the results of the multi-criterion assessment of urban shrinkage actually made. In this
way, the most recent statistical and geospatial data will be applied in offering a complete
overview of the shrinkage process as it has been affecting today’s Poland.

Review of Methods

This chapter presents a literature review of methods used to diagnose and classify the
various types of urban shrinkage. It summarises the literature as to how the relevant
processes have been defined, elaborates on commonly used variables and classification
methodologies and alludes to research gaps remaining within the domain. The review
extends to 44 papers in total, with 10 of global scope, 17 relating to Europe and a further
17 seen as explicitly focused on Poland.

Definitions
The first definition of urban shrinkage (Schumpfungsprozess) was developed in 1988
by Haussermann and Siebel, and summarised the problem as follows:

“.. [it] does not lie in individual developments. Only the interaction of population los-
ses with selective migration of qualified young workers, unsuccessful integration of im-
migrants, negative economic developments, high unemployment, declining municipal
financial leeway, dissolution of the city structure and thinning out of the supply of goods
and services results in an urban crisis in which negative developments can intensify into
a vicious circle.”(Haussermann & Siebel, 1988, p. 10).

The work of Haussermann and Siebel did not aim at quantifying the phenomenon,
even as it represented a broad description of causes and effects that paved the way for
further studies. Literature aiming to quantify the phenomenon of urban shrinkage can
be viewed in at least two fundamental ways (Stryjakiewicz, 2014a). The older and more
traditional approach regards this process as a progressive depopulation. However, a de-
crease in the number of residents does not per se equate to the decline of a city, and
conceivably might even lead to an improvement in living standards and/or quality of life
(Stryjakiewicz, 2014a). On that basis, a second, more multidimensional perspective was
developed whereby shrinkage came to be viewed as a process linked to the social, spatial
and economic restructuring of urban centres, as accompanied by or accompanying a ste-
ady decline in population (Zborowski, 2012).
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A review of the methods used to classify urban shrinkage

In the study of the phenomenon of shrinking cities it is population that has been used
as the main indicator of city trajectories, partly given the availability of data availability
and consistency with previous research. Broadly speaking, all comparative studies have
been based predominantly on indicators relating to population (Van den Berg et al., 1982;
Cheshire & Hay, 1989; Cheshire, 1995; Turok & Mykhnenko, 2007). Yet, as has been no-
ted already, there are many examples wherein demographic and economic development
are not found to correlate. Cities with declining populations can retain strong economic
structure and go on developing (Wolff & Wiechmann, 2014). Thus, as Section 2 indicates,
there are many socio-economic factors shaping this urban phenomenon that will need
to be included as processes of urban shrinkage receive proper study.

The shrinking of cities must therefore be regarded as being or involving a specific kind
of interaction between matters of a demographic, social, economic and spatial nature
discernible with the aid of indicators. Wolff and Wiechmann (2014) gave a comprehensive
description of all potential factors underpinning shrinkage, as grouped in five thematic
areas. It is then often the scope of a given study that seems to shape the selection of in-
dicators. Indeed, the availability or comparability of data is a common concern, while the
theoretical basis sees demographic and economic indicators treated as most important
(Wolff and Wiechmann, 2014). Furthermore, classifications are most often ordered by re-
ference to severity, temporality and speed of shrinkage (Haase et al., 2017). Research
on causes of shrinkage is sometimes combined with classifications or typologies. A review
of classifications arrived at for urban shrinkage is thus offered below, in Table 1.

Selection of a multi-criterion method

As previously mentioned, there have been only a limited number of studies that use a mul-
ti-criterion approach in the evaluation of urban shrinkage. One such study, conducted
by Jaroszewska in 2019, focused solely on two specific years — 2003 and 2013. Another
analysis, inspired by the Milbert method and undertaken by Sroka, spanned a 23-year
period from 1995 to 2018. Finally, Sleszynski developed a multi-criterion assessment that
covered two distinct 10-year periods — 2004 to 2014 and 2008 to 2018 — as documented
in studies from 2017 and 2019.

We decided to focus on the method developed by Milbert (2015) from the Fede-
ral Office for Building and Regional Planning (later called BBSR) in Germany. According
to research conducted by the BBSR in the years 1997-2001, a steep growth in shrinkage
processes was most prominent among medium-sized cities in East Germany (Gatzweiler
et al., 2003; Gatzweiler & Milbert, 2009). Consequently, the German government decided
to step in and implement a bespoke urban-renewal strategy to stem further decline. The
strategy included the Stadtumbau Ost Programme and the complementary IBA Saxony-
-Anhalt 2010 Programme and was oriented towards selected medium-sized cities facing
the highest rates of urban shrinkage. Projects were implemented in the years 2002-2017,
allowing many cities in eastern German states to embark upon a new path of stable de-
-growth despite the continuous depopulation trends present in the region (Bernt, 2019;
Pallagst et al., 2021). The German approach shows that problem identification and moni-
toring are critical for informed planning but can lead to positive results.
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The Milbert multi-criterion method captures this multidimensionality with a selec-
tion of six demographic and socio-economic indicators based on the causal relationship
as exemplified by Mayer and Knox (2010). While the C/IRES methodology is based on the
absolute measures defining shrinkage, the multi-criterion method of Milbert (2020) is ba-
sed on measures relative to statistics for a country as a whole. A correlation and reliability
analysis of the selected demographic and socio-economic indicators was conducted for
all German municipalities (Gemeinden in German) for the observation periods 1997-2001
and 2003-2008. Cronbach’s alpha reliability analysis conducted for 2008-2013 showed
satisfactory results in alpha = 0.748 (Milbert, 2015). Moreover, the choice of indicators
was selected in line with the availability of statistical information at the municipality level.

Milbert (2015) chose to focus on the encapsulation of short-term, current processes
through study in relation to five-year periods. To track longer-term or structurally consolida-
ting tendencies of growth or shrinkage, repeated short-term measures were taken. A follow-
-up analysis in 2009 (Gatzweiler & Milbert, 2009) confirmed the phases to the urbanisation
trend and the effectiveness of shifting the constant time window instead of extending the
period. This approach is favoured since it allows for better observation of the natural alter-
nation of growth and shrinkage phases, over a sequence of several time windows.

It remains to be clarified whether decreases or increases in the individual six indicators
should be viewed in absolute or in relative terms. In his research, Sroka (2021) modified
the quintal division of each indicator into a division using mean and standard deviation.
However, Milbert justifies the use of quintal division with the distribution of measures
in five years representative of phases with economic peaks and drops. In such phases, the
outer quintile (20%) can hardly be determined via clearly positive or negative develop-
ments. Therefore, all indicators are ‘adjusted cyclically’, i.e., corrected for the nationwide
trend. Growth and shrinkage are then nothing more or less than a relatively more favo-
urable or more negative development of cities and communities as compared with the
national trend (Milbert, 2015, 2020).

Methodology

In line with our review of methods as documented in the previous section, we concluded
that a classification of urban shrinkage in general, and ours for Poland in particular, had
to be based on a multi-criterion approach, a timeframe divided into five-year periods,
with calculation in relation to all nationally available spatial units and a maximum number
of Polish cities covered (GUS, 2023; Geoportal, 2023). On that basis, the original method
developed by Milbert (2003, 2015, 2020) was adapted to the Polish territorial division and
statistical data in a manner made clear below in further parts of this paper. An overview
of the socio-economic processes and patterns in the entire country’s settlement network
produced selected statistical data for each municipality area (gmina in Polish), with these
then used to develop a five-level typology ranging from growing to shrinking cities.

Subjects

Poland’s administrative system features the provincial/regional voivodship (wojewddz-
two), the unit at county level (powiat), which can include individual cities, and the unit
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at local-authority level (gmina). GUS data are fragmented and did not allow us to con-
duct a sound analysis based on individual-city data without omitting a portion of those
for which data were not available. Indeed, due to far-reaching data fragmentation in the
analysed period between 2006 and 2021 at the level of the city (or town) unit (known
as miasto in Polish), an attempt at such a delimitation was discarded. One solution would
be to estimate the missing data using computational methods. We decided to search for
more continuous and robust data on a different administrative level. On that basis, given
the availability of data, and for reasons of nationwide comparability, our method uses the
smallest local-government unit, i.e. the gmina, which is on level 6 from the point of view
of Statistics Poland. That unit is either a city (miasto, level 6, kind 1 in GUS), has a city part
within an urban-rural municipality (gmina miejsko-wiejska, level 6, kind 3 in GUS) or is
a rural municipality (gmina wiejska, level 6, kind 2 in GUS). In 2021, Poland had 2,477 mu-
nicipalities: 302 cities, 662 urban-rural and 1,513 rural. For our research we utilised data
for all the aforementioned municipality types. During the process of analysis and conclu-
sion-drawing we narrowed the study area to cities represented by urban gminas (kind 1)
or those in the urban-rural category (kind 3). We further had to consider the changing
number of spatial units into which Poland was divided across different years. To ensure
data consistency, we thus selected 964 cities, for which we were able to extract data du-
ring the research period. In this way, it was possible to achieve accurate comparison and
analysis of our data without any discrepancies.

It is important to mention that the urban-rural gmina (level 6, kind 3) is deemed
to consist of a part that is urban (level 6, kind 4) and a part that is rural (level 6, kind 5).
However, because not all the datasets were available for both kinds 4 and 5, we used data
from the ‘parent’ municipality to do our research. However, values for the urban part
(level 6, kind 4) were used to identify the size type of a city (small, medium, or large).
We followed the approach taken by Milbert (2020).

The fundamental criterion for categorising cities by size is naturally their number
of inhabitants. When comparing the basic categories, namely the division of urban locali-
ties into small, medium-sized or large, certain questions arise regarding the criteria used
(Runge, 2012). It is worth mentioning that in public statistics (including the Demographic
Yearbook) and the subject literature, there are also seven size-classes identified for urban
localities. These classes are as follows: below 5,000 inhabitants, 5,000-10,000 inhabitants,
10,000-20,000 inhabitants, 20,000-50,000 inhabitants, 50,000-100,000 inhabitants,
100,000-200,000 inhabitants, and above 200,000 inhabitants. For this research, we follo-
wed the simplified division and categorised as follows (after GUS): below 20,000 inhabi-
tants —a small city, 20,000-100,000 — medium city, and above 100,000 inhabitants — large
city. When analysing urban population data, it is important to establish a consistent re-
ference point for size classification. We opted to base our categories on the beginning
of each five-year period, even though populations may fluctuate in size over time. This
helped us ensure accuracy and consistency in our analysis.

Research timeframe

There were a few reasons underpinning the selection of a timeframe between 2006 and
2021. Firstly, the selection aimed to capture the most-recent processes of urban shrinka-
ge (data for the year 2022 were still not complete as of 10th July 2023, and employment
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statistics were missing for a complete calculation), by reference to three five-year sub-
periods. Secondly, since shrinkage is a highly dynamic process, its empirical study needs
to be located within a particular socio-political and historical context. Due to the signifi-
cance of spatial changes following Poland’s political and economic transformation, as well
as in the wake of the May 2004 EU accession, the analysis captures after Poland joined
the Union, so as to avoid a before-after comparison. It is worth adding that the absorp-
tion of EU funding was not commenced with immediately post-accession. As of the end
of 2005, only 4.35% of funding allocated to Poland for the 2004-2006 period had been
utilised (Zuber, 2005).

Data

Statistical data used in the analysis were obtained from the database of Statistics Poland.
Due to the spatial scope, long timeframe, and multiple indicators, the volume of data
extended to more than 235,000 data input records (6 variables, for 2,477 municipali-
ties, for each of 15 years). Data manipulation required the use of tools such as Python
programming language with analytics libraries (Pandas, NumPy, etc.). Six variables en-
compassing indicators of a social, demographic, and economic profile were defined after
Milbet (2015) (Tab. 2). Equivalents of these factors were searched for among data availa-
ble in GUS BDL statistics. Most of the variables were straightforward and were equivalent
to German ones, though differences in the tax systems and data collected by the German
and Polish statistical offices enforced changes as follows, with a view to the methodology
being adapted successfully to Polish conditions (see Tab. 2).

Following downloading of the datasets, raw data were extracted and transformed
with Python scripts, connecting the statistical ID with the spatial ID (called TERYT). Finally,
results were loaded to output files — in our case in CSV (comma separated values) format?.
Each spatial unit was checked in terms of the completeness of data. Due to changes in ad-

Table 2. Variables selection

Original German criteria Polish equivalents in GUS BDL data Subject Variable
(Milbert, 2015) (Author’s choice) IDin GUS | IDin GUS
average annual population development in % | annual average population deve- ‘P2137 72305
lopment in %

average annual total migration balance per net migration per 1,000 inhabitants | ‘P1350’ 1365234
1,000 inhabitants
average annual development of the working- | annual average change in working ‘P1342 152
-age population (20 to 64 years) in % age population in %
average annual development of socially insu- | annual average change of employ- ‘P2172 54821
red employees at the workplace in % ed persons in %
average annual change in the unemployment | annual average change of unem- ‘P1944 10514
rate in percentage points ployed persons in % points
average annual development of business tax | annual average change in gminas ‘P2622’ 76070
base per inhabitant in % own income per inhabitant in %

Source: Authors based on Milbert (2020).

! The detailed research results are available at: https://rcin.org.pl/dlibra/publication/276466
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Table 3. Number of city size type in every analysed period

2006-2011 2011-2016 2016-2021
Large cities 39 39 39
Medium-sized cities 180 184 180
Smal cities 745 741 745

ministrative boundaries, certain units had to be combined/unified to achieve continuity
of data. The urban units were classified into one of three size types (under the GUS classi-
fication), by reference to the population in the first year of a period. The populations used
in the size classification related to the city classified here as the urban gmina (kind 1), or
else the urban part within a rural-urban gmina (kind 4).

Statistical and geospatial analysis

Analysis of statistical data was conducted in reference to the three five-year periods:
(1) 2006-2011, (I1) 2011-2016, and (lll) 2016-2021. In the case of most variables, the cal-
culation of the average development was achieved using the geometric mean of changes
between years. In the case of the variable ‘Unemployment’, guidance from Milbert re-
sulted in a different division being used to express the variety of cities and the changes
they experienced as regards unemployment (see Milbert, 2020). After these corrections,
a summary of the indicators with different units of measurement and a spread of the
division into quintiles is made. Based on an assumed normal distribution, the limits of the
outer quintiles are always such that the relative distance from extreme values and outliers
does not play a role. The affiliation of units to a quintile is translated into points for each
indicator. There are 0 points for being below the 1st or lowest quintile, 1 point for being
in the range between the 1st and 2nd quintile, 2 points for being in the range between
the 2nd and 3rd quintile, 3 points for being in the range between the 3rd and 4th quintile,
and 4 points for being above the 4th or top quintile. Thus, the more favourable the deve-
lopments are and the more often the indicators are in an upper quintile, the higher the
overall score. A gmina can achieve a maximum of 24 points and a minimum of 0. Obtained
results were then assigned to five types of cities:

(A) growing by an above average amount (24-19 points),

(B) growing (18-14 points),

(C) stagnating (13-11 points),

(D) shrinking (10-6 points),

(E) shrinking by an above average amount (5-0 points)

This classification was translated directly from Milbert (2020) and was repeated for
each five-year period.

Further statistical analysis of the calculation outcomes includes a box plot of the types,
various analyses of geographical distribution (of urban localities that ae large, medium, or
small) by type (A-E), charts and tables with average score per city size type, and a summa-
ry on population per city size and type. The classifications were then moved to QGIS for
visualisation. Additionally full data outcomes are provided in Appendix A.



458 Ewa Szymczyk » Mateusz Bukowski

Results

This section shares the findings of our research conducted on Polish cities from 2006 thro-
ugh to 2021 using our multi-criterion approach adapted from Milbert (2015, 2020). The
results are presented for each five-year subperiod and include information on (I) the num-
ber and population of urban localities affected by urban shrinkage, (Il) the types of cities
most affected according to size, and (lll) the spatial distribution of shrinking cities. Visual
aids such as graphs and charts are included to facilitate understanding of the statistical and
geospatial analysis. In addition to the detailed information shared in the previous section,
the research also provides a comparative analysis for all the subperiods studied. This reve-
als spatiotemporal trends and patterns of urban shrinkage with respect to city size.

Urban centres in Poland shrinking or growing in the years 2006-2011

In the analysed period, 53% of Poland’s urban population could be considered resident
in urban centres that were shrinking. The number of cities affected by such shrinkage
(in types D and E combined) is 311 out of a total of 964 under analysis. That means nearly
one-third of all Polish cities experiencing shrinkage in the 2006-2011 period.

Cities of more than 100,000 inhabitants were among the centres most affected
by shrinkage in 2006-2011, in terms of both number and population size (Fig. 2). Over
61% of the population resident in large urban localities could simultaneously be termed
residents of localities of this kind that were shrinking (assigned to types D and E). This fur-
ther shows that, out of 39 of Poland’s largest urban centres at that time, 77% (or 30 cities)
were in the shrinking categories. Localities affected most severely by this were: Tarnéw
and Wtoctawek (score 4), followed by Bytom, Elblgg, +t6dz and Radom (score 5). However,
the average score for the large city in the 2006-2011 period was 13.

Likewise, our medium-sized urban centres (of 20,000-100,000 inhabitants) had al-
most 60% of their total population living in localities that could be classed as shrinking
in the 2006-2011 period, though the overall population involved was smaller than in the
case of the largest urban centres. Within a total of 180 medium-sized cities in Poland,
over half (95) were classified as shrinking. It is worth adding that there were 30 such loca-
lities in which the degree of shrinkage could be viewed as strong. Among all the shrinking

large -
medium I -
small I I

0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000
HA mB C mD mE

Fig. 2. Urban population in Poland in 2006-2011 period, in line with growth or shrinkage types (A-E), as well
as size or urban locality (large, medium, small)
Source: The authors, on the basis of GUS data and their own calculations.
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urban centres of medium size it was Konin, Kamienna Gdra and Stalowa Wola whose
scores were lowest (at 3). These were then followed by Prudnik, Kluczbork, Bartoszyce,
Szczytno, Pabianice, towicz, Krosno, Jarostaw and Przemysl (score 4), while the average
score for a medium-sized city as of 2006-2011 was 13 (meaning the same value as was
noted for the group of large urban centres).

In general, the most optimistic situation could be said to characterise the last size gro-
up — involving the small urban centres of under 20,000 inhabitants. There, the percentage
of cities that were growing was highest (at 45%), while the percentage that were shrinking
was lowest. Thus only 24.5% of the inhabitants of localities in this category could be said
to live in localities that were shrinking. Nevertheless, since the number of localities qualify-
ing for this size category is large, that still leaves a large absolute number of urban centres
in the shrinking category. Among 746 such localities, 39 were undergoing marked shrin-
kage (type E), while a further 186 were shrinking (type D). Among them was Zdzieszowice
(Opole Voivodeship) achieving a 0 score in the period, followed by Ozimek and Zychlin
on 2, and Olszyna, Stronie Slaskie, Dobrodziers and Gorzéw Slaski all with a score of 3.

Urban centres in Poland shrinking or growing in the years 2011-2016

In the analysed period the percentage of the Polish urban population living in urban loca-
lities earning the description “shrinking cities” was greater than before, at 57%. Numbers
of cities affected by shrinkage (in either type D or E) jumped from 311 in 2006-2011
to 504 in 2011-2016. That means that over a half of all Poland’s urban centres were shrin-
king as of 2011-2016 — a considerable increase beyond what was noted in the first time
period (Fig. 3).

By this period, the type of urban centre most likely to be shrinking was no longer
a member of the grouping for the largest centres, but rather involved medium-sized or
smaller localities. Indeed, the situation of the 39 Polish cities of the “large urban centre”
category was better than before. While, in 2006-2011 these were among the centres most
affected by shrinkage, by 2011-2016 only 27 remained in the relevant categories (types D
and E), with only 7 experiencing above-average shrinkage. Among the most severely affec-
ted were again: Tarnow (score 3), and Wtoctawek and Bytom (score 4), followed by Zabrze
and Sosnowiec (score 5), and Ruda Slaska and Legnica (score 6) which overall shows an in-

large .
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Fig. 3. Urban population in Poland in the 2011-2016 period, as assigned by growth or shrinkage type (A-E), and
size of urban locality (large, medium, small)
Source: Authors based on GUS data and own calculations.
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crease in score compared with 2006-2011. In this period 51% of the population in these
cities overall could be deemed resident in a shrinking centre (assigned to types D and E).

In turn, the medium-sized urban centres then had 69% of their total population li-
ving in localities classed as shrinking, suggesting an issue of almost the same magnitude
as with the “large” category of locality. Out of a total 184 urban localities of medium size,
119 could be classified as shrinking, i.e. 65% and indicative of a steep increase (major wor-
sening) compared with the previous period. Furthermore, 41 of the shrinking localities
could be seen as subject to a strong effect (assighment to type E). However, among the
latter, only Przemysl remained from the previous period, being joined by Chetm, Krasnik,
Jasto and Tarnobrzeg in the lowest-scoring group (score 3).

Once again in this period, it was the small localities that had the highest percentage
(25%) of overall population residing in centres that could be termed growing. That said,
the” shrinking” categories can be seen to have experienced a doubling to almost 50%
compared with 2006-2011. Thus, among the 741 small centres identifiable during this
period, 358 were shrinking and 101 subject to strong shrinkage (type E). Among these,
Hel and Jastarnia in Pomorskie Voivodeship had 0 scores in that period, with Mirsk, Pie-
niezno, Drohiczyn and Szczuczyn scoring 2; as followed by a group of 12 small localities all
scoring 3, i.e. Ciechanowiec, Deblin, Frombork, Hrubieszow, teba, Lesko, Lezajsk, Lipiany,
Przedecz, Przemkow, Resko and Ustka.

Urban centres in Poland shrinking or growing in the years 2016-2021

In the most recent analysed period, the percentage of the Polish urban population living
in shrinking cities decreased slightly to 53% comparing with the previous period. Howe-
ver, the number of urban centres affected by shrinkage (in both types D and E) was still
higher — at 508 in relation to the 2016-2021 period. That means that over half of all Po-
lish urban centres continued to shrink in the years 2016-2021, i.e. the same percentage
as in the period before.

The situation for 39 large urban centres of Poland proved to be better than in the for-
mer period. While again, 27 of them experienced shrinkage (as previously), only 2 went
through strong processes of shrinkage (type E). Where numbers of cities are concerned,
69% of the 39 of large size were found to be shrinking.

large - I
mEdium I -
small I .
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Fig. 4. Urban population in Poland in the 2016-2021 period, as categorised by growth and shrinkage type (A-E),
and size or urban locality (large, medium, small)
Source: the authors, based on GUS data and own calculations.
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This time, among the localities experiencing the most-severe shrinkage were Legnica
and Watbrzych (score 6) followed by Czestochowa, Sosnowiec, Kalisz and tddz (score 7).
Although, the average score for large centres undergoing shrinkage was again 13, the
lowest-scoring examples were not so low anymore. In this period 47% of the population
of large cities lived in shrinking cities (type D and E).

The medium-sized cities had 65% of their total population residing in the context
of a situation of shrinkage as of 2016-2021. That was a more favourable circumstance
than in 2011-2016, though only slightly so. Nevertheless, this was the second five-year
period in a row wherein it was this group of localities that proved to be most affected
by the phenomenon of shrinkage. Moreover, the numbers living in shrinking urban
centres of medium size are almost as great as those in the large cities subject to shrin-
king. Out of a total of 180 medium-sized urban centres, 111 were classified as shrinking
— a figure of 61% and a minor decrease compared with the previous period. Over the
time in question, 38 of all the urban centres characterised by shrinkage were doing this
at an above average rate. Among the cases in point were Stalowa Wola with the lowest
score (of 3), followed by Olkusz, Oswiecim, Racibdrz, Kedziezyn-Kozle, Bartoszyce, Betcha-
tow, Piotrkow Trybunalski, Putawy Sanok and Jarostaw (score 4). The average score for
the group of medium-sized shrinking localities is a mere 4, which stands in contrast to the
score for the large urban centres — lowest Figure 6. There is a furthermore a highlighting
of the difficulties these urban centres were facing, as revealed in all the previously clas-
sified indicators. At the same time, there was a slight increase from 6 in 2011-2016 to 13
in 2016-2021, in the number of medium-sized urban localities growing significantly, and
thus assigned to type A).

The percentage of population residing in growing urban centres of small size rose
from 25% to almost 30%, but the population of these centres remained at 50%. Thus,
in the 2016-2021 period, among 745 such small cities and towns overall, 371 are seen
to be shrinking, with 127 assignable to the strong shrinkage category. Among these lo-
calities, we find Chodziez, Recz, teba and Lezajsk, all with scores of 2. Equally, no longer
was it possible to find small localities for which the score was actually zero. Moreover,
most of the localities previously qualifying for the severe shrinkage category are now seen
to have been “promoted” to type D. Among centres described as shrinking severely, there
is a group of no fewer than 20 small ones scoring 4. These localities are Bierutdw, Byczyna,
Goraj, Hrubieszow, Kepice, Kock, Korfantéw, taszczdw, Lipiany, Lipsk, Lipsko, Lubowidz,
Przemkéw, Radzyn Podlaski, Stupca, Swieradéw-Zdrdj, Tolkmicko, Wasosz and Wtodawa.

2006-2021 spatiotemporal changes characterising Polish urban centres that are
shrinking or growing.

Comparison of the outcomes from the three subperiods shows spatiotemporal patterns
of urban shrinkage within the spectrum of 15 years. While the urban population of Poland
accounted for 61% of the national total in 2006, by the end of 2021 that had actually
dropped to 59%, confirming a downward trend. In 2006 the urban centres under inve-
stigation here were inhabited by 23,346,297 people, with this number in steady decline
through subsequent years, to reach 22,751,998 people at the end of 2021. To put urban
shrinkage in the national context, the overall population of Poland can be noted to have
dropped by 0.12% in 2021 — below the 38.1 million people noted in 2006. This confirms
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tendencies for population transformations in cities and other urban areas to be more
marked than in the country overall.

Within the broader context, the total number of Polish urban centres earning the
description “shrinking” grew over the analysed period from 311 in 2006-2011, via 504
in 2011-2016, to 508 in 2016-2021 (Fig. 5). It confirms a trend that was signalled in popu-
lation predictions from the Central Statistical Office (GUS, 2023), and by other researchers
(Sleszyriski, 2017, 2019,; Sroka, 2021; Jaroszewska, 2019). However, when size type is
considered, shrinkage is not seen to be affecting urban centres equally but is rather most
common in small and medium-sized localities cities and in later periods. The number thus
rises over the years, even as there is a decline in cases of the largest cities shrinking. This
proves that, while the early 2000s were challenging for the largest urban centres, later
years have allowed them to bounce back economically, gradually attracting capital and
people from the more peripheral areas of the country. A box plot analysis of the average
score per type of urban locality in fact shows a growing difference (Fig. 6). Thus, while the
score for large localities started on the lower level, it showed improvement later. At the
same time, localities in the medium and small categories presented scores that have gone
on declining gradually.

400
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Fig. 5. Changes in the numbers of urban localities included in each group in the five-year periods between
2006 and 2021

Groups show the following types: A —above-average growth, B — growth, C — stability, D — shrinkage, E — abo-
ve-average shrinkage
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Fig. 6. Box plots of scores for urban centres in the different periods and as assigned to size-types of urban
centres (large, medium or small)
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A look at the spatial distribution of classified urban centres during the first five-year
period makes it apparent that most growth occurred around the metropolitan regions
of the largest Polish cities (Fig. 7). Conversely, the concentration of shrinkage is not as no-
ticeable when all three periods are looked at. While a concentration of growing urban
centres most often characterised Wielkopolskie, Mazowieckie and Matopolskie Voivode-
ships (the administrative divisions at regional/provincial level), the occurrence of localities
that are shrinking is more dispersed across the entire country. However, post-industrial
Silesia is one region in which shrinkage is evident, along with other areas where industries
were located during the communist era. Additionally, there is a concentration of shrinking
urban localities of small and medium size in Sudety Mountains region of Lower Silesia
(Dolnoslgskie Voivodeship) in SW Poland, as well as in the NE area of Warminsko-Mazur-
skie and Kujawsko-Pomorskie Voivodeships, as well as in Central Poland’s Voivodeship
of £édz (todzkie).

In the next period (of 2011-2016) an increase in numbers of shrinking localities and
a decrease in numbers of those that are growing ones represents the first major visible
change (Fig. 7). While growth then remained located around the same metropolitan areas
as previously, shrinkage was a phenomenon spreading out across the country, especially
among urban centres of small and medium size.

The last analysed period (of 2016-2021) saw these trends persist, albeit with more
growth poles in the south, and fewer around Warsaw as capital of Poland (Fig. 7). Further
intensification of the shrinkage phenomenon is evident on the peripheries of the voivode-
ships, away from the large metropolitan growth zones, and in certain post-industrial areas
that continue struggling with the challenges post-transformation. At the same time, there
are a few urban localities in the Silesian region (Slaskie Voivodeship) that are experiencing
growth, and thus manifesting dynamics at play within the agglomeration there. Similarly,
overlapping dynamics can be seen around the agglomeration in Pomorskie Voivodeship
known as the Tri-City which mainly comprises Gdansk, Gdynia and Sopot. There, we may
find some strong growth poles in the vicinities of medium or small urban centres that go
on shrinking.

Table 5 uses groupings of urban localities in line with their type, in each of the three
periods, and thus allows us to note extremes. This classification shows the cities that
retain their status in the classification (as groups 1, 3, 5), or which changed over the
period (groups 2 and 4). The chart points to the existence of urban centres falling into
the following five categories:

1. manifesting consistent strong growth [AAA],

2. changing over from shrinkage to growth [EEB |EEA |EDA |DEA |DDA |EDB |DEB
|DDBJ,

3. manifesting stability throughout [CCC],

4. changing over from growth to shrinkage [AAD |AAE |BAE |ABE |BBE |BAD |ABD
|BBD],

5. manifesting consistent strong shrinkage [EEE]

It is important to add that this list is not exhaustive, given its confinement to selected
types considered of interest by the authors. Our aim was to show all urban localities
capable of being regarded extreme in some ways. This leaves certain types not presen-
ted (e.g., BBB, DDD, CCB, etc.), as well as types potentially existing (in theory) but never
exemplified in real-life cases (e.g., EEA, DDA, EDA, etc.). The outcomes expose the fact
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2006-2011

2016-2021

(ﬁ;

Multi-criterion
indicator classification:

we. A -Growing above average City size:
s-. B-Growing Large (above 100,000)

D - Shrinking Medium (20,000 -100,000)
se. E - Shrinking above average Small ( below 20,000)

Fig. 7. Classification of Polish urban centres that grew or shrank in the 2006-2011, 2011-2016 or 2016-2021
periods, by reference to a multi-criterion indicator. The maps show localities in different size categories ma-
nifesting: A — above-average growth, or B — growth (left), or else D — shrinkage, E — above-average shrinkage
(right)

Source: the authors, by reference to data from GUS as processed using the method from Milbert (2020).
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of there being hardly any case in which an urban centre came back from a strongly shrin-
king path to one characterised by growth. Gdynia is here the exception, in that its unique
case sees a change from strong shrinkage (type E) in the first period to type D, and then
finally to growth (in type B). The other four centres represent cases of change from a ca-
tegorisation of type D to type B. Ostrow Lubelski is the only small urban centre (sic!) that
managed the switch from shrinkage to growth. On the other hand, there are nine small
localities that changed in the opposite direction — from growth to shrinkage, with Kamien
Krajenski being the only case of a recent move from type B in the first two periods to the
strongly shrinking type E. Swinoujécie is the only medium-sized urban centre in the group.
The group of strongly growing localities mainly comprises those of small size, with only
two in the medium-size category. Interestingly, Wieliczka only moved into the medium-
-sized category in 2009, when its population increased to reach the required threshold.
The group of strongly shrinking centres is larger, with 13 cases, of which most are in the
medium-sized category. This just confirms the challenges faced by this group that have
been exposed earlier in this article.

When the spatial distribution of the classified extremes are looked at (Fig. 8), it is
clear that urban centres that have gown consistently are always located in close proximi-
ty to the Voivodeship capitals. Conversely, localities that have remained assigned to the

Table 4. Numbers of Polish urban centres of different categories displaying growth or shrinkage in the three

consecutive five-year periods between 2006 and 2021

2006-2011 76 316 261 236 75
2011-2016 49 183 228 355 149
2016-2021 60 193 203 341 167

Table 5. Classification status groups for all three periods from 2006 to 2021

Aleksandrow todzki
M]

Choroszcz [S]

Katy Wroctawskie [S]
Nekla [S]
Niepotomice [S]
Ozaréw Mazowiecki
[S]

Siechnice [S]

Szubin [S]

Wieliczka [M]
Zduny [S]

Zukowo [S]

2. Changed over
from shrinkage

3. Always stable

4. Changed over
from growth

to growth to shrinkage
Gdynia [L] Drezdenko [S] Chetmek [S]
Nowy Sacz [M] Kepno [S] Czaplinek [S]
Opole [L] Miedzyborz [S] Dobra [S]

Ostréw Lubelski [S]
Tarnowskie Géry [M]

Miedzyrzecz [S]
Milicz [S]

Nowa Deba [S]
Olesnica [M]
Pyrzyce [S]
Sompolno [S]
Szlichtyngowa [S]
Trzciel [S]
Trzebinia [M]
Ujscie [S]
Wotdw [S]

Jabtonowo Pomorskie
(S]

Kamien Krajerski [S]
Ktecko [S]
Opalenica [S]
Pilawa [S]

Suchan [S]
Swinoujscie [M]

Bartoszyce [M]
Bogatynia [S]
Chodziez [S]
Duszniki-Zdroj [S]
Jarostaw [M]

Jasto [M]
Kedzierzyn-Kozle [M]
towicz [M]

Piekary Slaskie [M]
Przemysl [M]

Skarzysko-Kamienna
(M]

Zdzieszowice [S]
Zychlin [S]
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Fig. 8. Selected Polish urban centres classified in the five groups for the whole 2006-2021 period.
The classification includes groups (1-5) of urban centres depending on their type (A-E) in each analysed five-
-year period

type of strong shrinkage (E) throughout the analysed period are peripheral. Bartoszyce,
Duszniki-Zdréj, towicz, Przemysl, Jasto, Skarzysko-Kamienna and Zychlin are located close
to either Voivodeship boundaries or the state border. Similarly, the spatial distribution
of urban centres that have consistently proved stable (assigned to type C) is characterised
by peripherality. Most such localities are in western Poland, located on the perimeter
of either Wielkopolskie or Dolnoslgskie Voivodeships.

Discussion

An increasing number of cities in Poland have been experiencing the shrinkage proces-
ses understood as denoting social, spatial, and economic restructuring, as accompanied
by population decline (Zborowski et al., 2012). The phenomenon has been the subject
of ongoing research worldwide and still poses theoretical and empirical challenges. Scho-
lars in Poland have done extensive work to analyse the extent of this phenomenon in re-
cent years (Krzysztofik & Szmytkie, 2019; Janas et al., 2019; Jopek and Musiat-Matago,
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2021; Sroka, 2021). While relevant Polish discourse on urban shrinkage revolves incre-
asingly around its socio-economic, demographic and spatial aspects, very few studies
have attempted to analyse the entire territory of Poland by reference to a single multi-
-criterion approach (Jaroszewska, 2019; Sleszyniski, 2017, 2019; Sroka, 2021). The work
detailed here has thus presented a spectrum of methods by which urban growth and
shrinkage may be analysed. With the aim of providing a comprehensive and holistic ove-
rview of the shrinkage phenomenon in Poland, we decided to select and adapt a single
multi-criterion method.

Germany’s BBSR institute has engaged in the continuous monitoring of urban growth
and shrinkage in that country since the early 2000s, when the eastern regions began
to face unprecedented challenges. A multi-criterion method developed by Milbert (2008,
2015, 2020) was used to help diagnose and assess the effectiveness of planning respon-
ses. Given the potentially similar scope of challenges in Poland, we decided to adapt the
above method to analyse the contemporary situation, with findings then set against the
existing research. The approach pertains, not to absolute decline or growth, but to a pro-
cessing of nationwide statistics involving all the country’s local-authority areas, and thus
indicating relative growth and decline. The main findings of such a multi-criterion indica-
tor analysis for Polish cities over the 2006-2021 period are as follows:

1. It has been rare for urban centres to return to a growth path having once expe-
rienced shrinkage. Some exceptions exist, but over the 15 years only five localities
achieved some kind of re-growth. Most urban centres manifesting shrinkage do not
go back to a path of growth.

2. Most cities characterised by strong shrinkage across all three five-year periods
were assigned to the medium size category (meaning 20,000-100,000 inhabitants).
In general, the shrinkage phenomenon as manifested in Poland can mostly be ascri-
bed to the medium-sized cities.

3. Urban centres manifesting growth are mostly located around Poland’s five main
metropolitan centres.

4. In all the periods, shrinking localities have proved to be rather dispersed across
Poland, albeit with a tendency for them to be located on the peripheries of the
country’s constituent voivodeships (units of administration at regional/provincial
level), or else on the peripheries of the country as a whole.

The research concludes that 13 cities experienced severe shrinkage throughout the

15 years from 2006-2021. Nine of these falling within this study’s “medium” size category
are Bartoszyce, Jarostaw, Jasto, Kedzierzyn-Kozle, towicz, Piekary Slaskie, Przemysél and
Skarzysko-Kamienna, while five (Bogatynia, Chodziez, Duszniki-Zdrdj, Zdzieszowice and
Zychlin) are here categorised as “small”. These findings offer partial overlap with the out-
comes of a multi-criterion study conducted by Sleszyriski (2017, 2019), in relation to the
periods 2004-2014 and 2008-2018. In the former period, cities like Przemysl, Jarostaw,
Bartoszyce and Jasto were identified by Sleszyriski (2017). However, from 2008-2018, the
study found that Bartoszyce and Przemysl were in a better position. From the point of view
of our study, they have to be viewed as remaining crisis-hit. Sleszyriski concludes that the
issues of loss of function, significance in the settlement hierarchy, and overall economic
crisis affecting Poland’s medium-sized urban centre seems to represent an increasingly
serious problem, requiring careful consideration in both practical and scientific spheres
(Sleszyniski, 2019). Additionally, forecasts from Statistics Poland (GUS, 2023) have shrin-
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kage exerting its most-severe effects in the coming years on medium-sized urban centres.
Predictions for example include a 39% loss of population for Konin, and one of 35.4%
in the case of Tarnobrzeg, by 2050. While the research presented here offers no long-
-term forecasts, it does demonstrate a growing trend for the analysed period whereby
medium-sized urban centres undergo shrinkage.

Reference to the outcomes of other multi-criterion research does not suggest any
easy identification of similarities. Sroka (2021) resembled ourselves in researching urban
shrinkage and in drawing inspiration from the multi-criterion approach of Milbert (2015),
yet that study revolved around different indicators (see Tab. 1) and a different timeframe
(1995-2018); and it also eschewed the division into separate five-year periods. Instead,
the work opted for a summary approach to the most severely shrinking cities. According
to Sroka (2021) 53 of the 190 medium-sized cities analysed could be assigned to the se-
vere shrinkage category.

Compared with Sroka (2021), the research presented here benefits from the ap-
proach involving sub-division of the overall period, in this way offering a more-detailed
analysis of shrinkage trends, and changes in numbers of shrinking localities, over the
years. Similarly, Jaroszewska (2019) deploys a method different enough to obstruct any
making of comparisons. She conducted an extensive study on urban shrinkage involving
829 urban centres, over a period extending from 1990 to 2010, and with additional socio-
-economic data on offer for 2003 and 2013. While it is impossible to compare outcomes,
some general voivodeship-oriented similarities can be identified as regards the proportio-
nality between urban centres that are either shrinking or growing.

Finally, it is possible to observe discrepancy of outcome as the results of the present
study are set against the analysis based on population criteria that was conducted for the
2000-2020 period by Jopek and Musial-Matago (2021). The latter authors identified By-
tom and Watbrzych as the urban centres showing the most severe shrinkage, though the
multi-criterion approach used in this study reveals some differences. In the 2006-2011
and 2016-2021 period, Watbrzych indeed scored relatively low (with the city assigned
to type E). However, 2011-2016 brought a higher score due to low unemployment and
high employment. Thus, despite its population decrease, this city ranked higher (being
assigned to type D). Similarly, Bytom moved up the ranking due to low unemployment
in the years 2016-2021 and is not even present among the urban centres found to be
shrinking most. Such examples can be found as population-based analyses are compared
with the multi-criterion approach, with this evidencing the difference in outcome attribu-
table to the two methods of classification.

Summary

The work detailed here has first involved a review of selected approaches to measuring
urban shrinkage, with this leading to our ultimate adoption of a multi-criterion method
by which to run an assessment in Poland. Inspired by a German study from Milbert
(2015, 2020), this method offers a nuanced understanding of shrinking cities, given that
it extends to diversified socio-economic indicators in a position to reveal variations in the
proportion of shrinking or severely shrinking municipalities, as compared with measures
based solely on population. This underscores the importance of a multidimensional ap-
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proach if we are to gain a more accurate representation of urban shrinkage dynamics,
as well as the need for diverse measurement methods if an early warning system drawing
on weaker signals is to be put in place.

Building on existing research in Poland, this study enhances our understanding
of urban shrinkage, supporting informed decision-making in urban planning and deve-
lopment. The focus on a five-year period allows for a detailed investigation into the tra-
jectories of individual urban centres, and the emphasis on those of medium size (here
identified as the ones most affected by urban shrinkage) is notable, considering the role
played in the stabilisation of polycentric settlement systems. Indeed, this study confirms
previous findings to the effect that urban localities of medium size are in need of strategic
support.

This study points to avenues for further research, for example encouraging the explo-
ration of spatial associations relating to structure and networks in urban localities of me-
dium size. An extension of this kind would serve to uncover patterns and offer valuable
insights for planning practitioners and local governments working to develop more-in-
formed planning strategies. Additionally, the study opens up the possibility of the results
of implemented urban renewal programmes being reviewed and evaluated by reference
to their outcomes. Overall, the study contributes to the ongoing discourse on urban shrin-
kage, emphasising the need for a holistic and multidimensional approach to the under-
standing and addressing of this complex phenomenon.

Unless otherwise stated, the sources of tables and figures are the authors’, on the basis
of their own research.
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Compactness of Polish urban areas - methodologies and
analysis based on CLC dataset
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Abstract

Introduction

This research delves into the dynamics of urban compactness in Poland, exploring methodologies for
analysis and assessing changes over time. Three key research questions guiding the study revolve
around methods for compactness analysis, the relationship between the size of urban municipalities
and compactness, and temporal changes.

Subject and purpose / methodology

The research considers all Polish municipalities and analyses selected compactness measures in
2006, 2012 and 2018. By evaluating various analytical approaches and utilising land use data from
CORINE Land Cover, the study provides a new methodology to monitor city compactness measures,
thus contributing to evidence-based decision-making for sustainable urban planning.

Results / Conclusions

The outcomes unveil patterns and correlations across city sizes and temporal trends, showing the
decrease in compactness over time. It reveals a logarithmic relation between population size,
compactness index, and urban population density. While smaller cities tend to be more compact in
shape, they are less dense. Conversely, larger cities tend to be more dense but also dispersed. This
study contributes to the state of knowledge by introducing and testing a method to assess urban
compactness across urban areas. Since the CLC datasets cover the entire EU, this method is
replicable in every member state, allowing for further comparative studies.
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1. Introduction

There has been a growing interest in urban patterns in European and North American literature, specifically
focusing on quantitative methods (Reis et al., 2016). The emphasis on sustainable development models, the
advancement of GIS tools and information technology, and the increased availability and quality of spatial
data have led to a rapid acceleration of data-driven spatial research across various domains. Geographers,
environmental scientists, economists, and policymakers have all analysed the relationships with spatial
patterns. Spatial indicators are crucial in examining the connections between the built environment and
different urban processes. It is similar in urban science, where spatial measures are essential for monitoring
the development of spatial organisation within cities over time, allowing for analysing and comparing spatial-
temporal patterns. While numerous methods are available for such analyses, the choice of method is typically
influenced by its relevance to the specific question.

Urban form measures have become a central focus in the study of urban compactness, an urban form
characteristic strongly linked to sustainable development (OECD, 2012) and seen as the opposite of urban
sprawl (Tsai, 2005). At the same time, urban sprawl is known to have high social costs in urban planning
(Squires, 2002); recent research suggests that urban forms significantly impact commuting patterns (Song et
al., 2017). According to Schiller and Kenworthy (2018), this development pattern also leads to increased
costs, adverse effects on the city centre, higher energy and fuel consumption, and detrimental effects on
household budgets and the environment. In a study on the relationship between urban sprawl and economic
performance in growing Polish cities, Lityriski (2021) found that stronger local economies are associated with
less urban sprawl. Conversely, high urban compactness and high urban density are believed to benefit public
transit systems (OECD, 2012; Schiller and Kenworthy, 2018).

The concept of the compact city is one of the most widely discussed in contemporary urban policy (OECD,
2012). The term compact city was first used by Dantzig and Saaty (1973), who were principally interested in
a more efficient use of urban resources. It is recommended for urban development at all levels of planning
guidelines, from global organisations like the UN-HABITAT to the European Union and in Polish national
planning documents (KPM 2023). Compactness can be measured in various ways but generally relates to
urban expansion and density patterns. The OECD defines the characteristics of the compact city as “dense
and proximate development patterns (...) urban areas linked by public transport systems (...) accessibility to
local services and jobs” (OECD, 2012, p.15). Understanding urban compactness is crucial for addressing urban
sprawl and promoting and effectively planning sustainable urban development globally and locally. Since this
concept in Poland was mainly analysed from the perspective of the opposite phenomenon of urban sprawl
and never from a nationwide scale, this study fills this gap. It aims to achieve methodological and empirical
objectives of assessing urban compactness in Poland. This aim is achieved by addressing three key research
questions:

1. What are the methods for analysing compactness?

2. What is the relationship between city size and city compactness in Poland?

3. How does compactness change over time in Polish cities?

The research assesses various methods for analysing urban compactness, including morphological indices
and computational models, and their relevance in the context of Poland. It suggests a methodology based on
the CORINE Land Cover (later called CLC), a crucial data source on Europe's land use and landscape dynamics.
The study applies two methods to assess the compactness of all municipalities in Poland. It uses historical
CLC data to explore the evolution of urban compactness in all Polish urban areas (in all municipalities) and
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separately only for urban areas in cities (urban and urban-rural municipalities) and its relationship to the
municipality population size.

2. State of research on compactness measures

Ahlfeldt and Pietrostefani (2017) reviewed the theoretical literature and identified three main characteristics
of compact cities: economic density, morphological density, and mixed land use. Each of these characteristics
can be measured in various ways. Economic density, the number of people or jobs within a given area, is
typically measured using population or employment density (Ahlfeldt & Pietrostefani, 2017). Morphological
density focuses on the built environment and includes measures such as urban/rural boundaries, street
connectivity, and building footprint-to-parcel ratio. Mixed land use captures the co-location of different
functions, such as residential, employment, and retail. It can be measured in two dimensions (Ahlfeldt &
Pietrostefani, 2017) or vertically (in three dimensions) (Burton, 2002). When considering the concept of a
compact city, it is essential to select measures and methods based on their relevance to the specific question
being addressed, available data and the scale of the analysis (Ottensmann, 2021).

A study on spatial metrics conducted by Reis et al. (2015) provides an extensive overview of all measures and
methods to study patterns of urban growth and shrinkage. Authors subdivided patterns of growth into four
main groups:

1) Expansion,

2) Urban sprawl,

3) Polycentrism,

4) Densification/Coalescence.
According to their review, urban sprawl is the most studied pattern in Planning and Geography. While the
exact definition is ambiguous, it is commonly understood as characterised by scatter/fragmentation, low
density (both population and building), single-use and poor accessibility (Reis et al., 2015). Compactness,
seen as the opposite of urban sprawl, may be measured similarly.

The most commonly used measure of compactness is related to density (Burton, 2002). Most known research
uses population density (for example, Newman & Kenworthy, 1989). When it comes to spatial measures, the
compact city concept typically concerns the two-dimensional expansion pattern of an urbanised area, which
is considered more compact if the pattern is more clustered towards a centre and with less sprawl, leap-
frogging or branching (Mubareka et al.,2011). Referring to Reis et al. (2015) classification of metrics, the
analysis can use one of three metrics groups depending on the area of knowledge and methodological
approach to urban form. These groups are Landscape metrics, Geospatial metrics and Spatial metrics.
Categories organise each of these groups and consist of numerous metrics to investigate them. Figure 1
shows how the selected shape metrics fit into the classification.
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Figure 1. Landscape metrics groups and shape metrics categories. Source: Author based on Reis et al. (2015)
and Ottensmann (2021).

Ottensmann (2021) conducted a study on the urban shape of 59 large cities in the US, evaluating measures
based on specific criteria. The author identified three crucial aspects for determining the most suitable shape
indices: the ability of metrics to measure the relation to the city centre (Central Business District in the US),
the method of measuring holes and discontinuous areas, and the applicability to given urban area data. The
study reviewed shape measures that assess the compactness of urban areas, assuming that the circle is the
most compact 2D shape. In his research on large US cities, Ottensmann used the Proximity Index (belonging
to the ‘Distances to Areas in the Shape’ category). This landscape metric measures shape irregularity by
calculating the distance from all locations within the urban area to the CBD. The author points out that this
method is suitable when only one centre can be identified but isn’t useful for polycentric urban areas.

Similarly, Burton (2002) studied English compactness, selecting 25 towns, medium-sized, and big cities.
However, Burton developed a multi-criteria indicator method. Indicators were organised into six groups:
compactness, density, mixed-use, intensification, population intensification, and built-form intensification,
each with four variables. While the measures of compactness objectively represented the phenomenon, the
author concluded that they may not always accurately represent subjective compactness. This supports the
idea that compactness is a socio-cultural construct rather than a purely objective one.

Thinh et al. (2002) research on the compactness of 116 German cities was driven by the question of how
compact is a sustainable city. The authors used data from the CLC and the Digital Landscape Model (DLM) of
Germany to establish and validate the degree of surface sealing (in percentage). They established a GIS raster
analysis using a square raster (500/500m grid) and the gravitational approach (Thinh et al., 2002). Their
research presented a connection between various socio-environmental indicators and the compactness of
city form.
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In the literature about Polish cities, there is a significant focus on urban sprawl. Urban compactness is
primarily examined in terms of urban density. Sleszynski (2014) conducted the most extensive study on urban
population density in 147 Polish cities. His analysis utilised data from the 2002 census, which divided cities
with over 30’000 inhabitants into statistical districts, enabling more in-depth studies on population
distribution within cities. The key findings are related to the distribution of density from the city centre,
revealing a strong correlation between population density in the 0-2 km concentration zone from the city
centre and the demographic sizes of towns or cities. Smaller cities and towns generally have less dense
centres compared to larger ones. Litynski (2016) conducted a major study on urban sprawl in relation to
economic performance. The Author analysed 4 big Polish cities and their neighbouring municipalities. The
method used to assess urban sprawl is based on the following indicators: density, continuity, concentration,
clustering and centrality. Higher ratios indicate less urban sprawl. Density, for example, is the number of
housing units per hectare of urbanised land! and Centrality is the degree to which buildings are located in
relation to the city centre. It calculates the distance from the village centre to the city centre. The measure
is the inverse of the average sum of these distances weighted by the number of housing units in the village.

The methods listed above answer the first research question by demonstrating the various ways compactness
can be measured, depending on the specific focus of the research. The next sections of this study add to the
methodologies for measuring the compact city by offering a technique that utilises open-source spatial data
(CLC) and statistical population data.

3. Data and methods description

This study adopts a quantitative approach to examine Poland's urban municipalities from the perspective of
12 years. The selection of subjects is based on Poland's administrative system. On the highest/regional level,
there is a voivodeship (wojewddztwo), which consists of counties (powiat); counties are divided into
individual local-authority municipalities (gmina); a municipality contains either an individual city (GUS level
6, kind 1), only villages - rural area (GUS level 6, kind 2), or a mix of a town and villages - urban-rural area
(GUS level 6, kind 3). The selected method uses the smallest local government unit, i.e., the municipality
(gmina). In 2021, Poland had 2,477 municipalities: 302 urban, 662 urban-rural and 1,513 rural. Therefore, the
analysis is divided into three administrative categories:
- an urban area in the urban municipality (GUS level 6, kind 1),
- an urban area in the urban-rural municipality (GUS level 6, kind 3), including a city and small settlements.
- an urban area in a rural municipality ( GUS level 6, kind 2), including towns and small settlements.
The varying spatial units over different years in Poland were carefully considered to maintain data
consistency. Additionally, to see the possible linkage with the size of urban areas, this study relied on a
simplified division based on Statistics Poland's categorisation:

- below 20,000 as a small city,

- 20,000-100,000 as a medium city and

- above 100,000 a big city.
The population was categorised based on the year of the spatial analysis data.

The timeframe of our study was chosen for two reasons: first, because the most recent data available at the
time was provided for 2018, and second, to see urban areas for an extended amount of time after the EU
accession (in 2004). The data for urban spatial metrics is based on land use data from the CORINE Land Cover

1 Author calls it Developable land (DL) which is an area that is the difference between the total municipal area and the
sum of land covered by water, forest, recreation areas, roads and land reserved for ecological purposes (Lityrski, 2016).
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(later called CLC) for the area of Poland. The CLC data is a standardised methodology for producing continent-
scale land cover, biotope, and air quality maps, including 44 land-use classes. Since the product is updated
every six years, with the most recent update being in 2018, the three data sets were selected: CLC2006,
CLC2012, and CLC2018.

To define the shape of the urban area, the 44 classes of land used by the CLC were considered. Urban areas
were broadly defined as ‘artificial surfaces’ (CLC), which include infrastructure and green urban areas,
represented by 11 classes (Table 1). This method is similar to the one followed by the (GUGIK). While most
of the population lives in the first two ‘urban areas’ classes (111, 112), the remaining nine classes represent
urbanised areas, which are an integral part of the city.

CLC Code Name
. 111 Continuous urban fabric
. 112 Discontinuous urban fabric
. 121 Industrial or commercial units
. 122 Road. and rail networks and

associated land

123 Port areas

124 Airports
. 131 Mineral extraction sites
. 132 Dump sites

133 Construction sites

141 Green urban areas

142 Sport and leisure facilities

Table 1. CLC Codes indicate classes taken under consideration and their respective colours. Source: CLC
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The selected classes were cut to the municipality's boundaries and merged into one shape consisting of one
or more polygons (Figure 2). Each shape received a unique identification number of a spatial unit, called the
National Official Register of the Territorial Division of the Country (TERYT). Moreover, the development of
the analytical method included some calibrations. Due to some discrepancies in the spatial data (such as
imprecise land use demarcation), many cities had minor shapes left after cutting to the boundaries. After
analysing possible thresholds to avoid distorting the calculation, a threshold of 2% of the total shape area
was set. All the shapes that were below this value were deleted (step D).

The calculation consists of the following operations for each selected year:
A. Isolation of selected 11 land use classes;

A cut of land use polygons with city administrative boundaries;

Merge polygons into continuous shapes;

Delete polygons below a set threshold - for a given shape;

Calculate the shape’s area and perimeter;

Calculate the compactness index;

O MmO

Calculate the urban population density.

Corine Land Cover 2018 dataset B. Polygons are cut to administrative boundaries.

E. Total shape’s area and perimeter are calculated.
F. Compactness index is calculated as the ratio of
g 8 the perimeter of the urban area to the

C.Polygons are merged into continuous shapes. D. Polygons below a set threshold - for a circumference of a circle whose area is equal to the
given shape - are deleted. area of the shape.

Figure 2. Diagram presenting a step-by-step spatial analysis method, defining compactness index (Ci) and
Urban population density (Ud) based on Jasto.

As presented in Section 2, there are multiple ways to measure urban area compactness. This study uses the
compactness index (Ci) and urban population density (Ud) measures with values in people per square
kilometre.

The compactness index quantifies the compactness of shapes’ irregularity. There are many measures of the
compactness index (Niemi et al., 1990; Altman et al., 1998; Chambers & Miller, 2010). A few were identified
by Bernes and Solomon (2021) as the most commonly used. Among these most common, the authors
selected a single measure named Schwartzberg (1966). The Schwartzberg compactness index is determined
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by comparing the perimeter (Pd) of an urban area (see Figure 2) to the circumference of a circle that has the
same area (Ad) as the urban area. It can be expressed as follows:

. 1
Ci =—5;

2mn[Ap/m
Index ranges from 0 to 1, where 0 is the least compact and 1 is the most compact. This index was calculated

for each medium-sized city in each CLC year.

The second measure considers the urban area (Ua) and the municipality population (Pop) in the
corresponding year to calculate the urban population density. Compared to the simplified population density
found in Polish Statistics, this method of selecting urban areas excludes agricultural land, forests and water
bodies, among others, giving a more accurate picture of where the city urbanised boundaries. The urban

population density (Ud) can be formally written as:

P
ud = 2P
Uq

4. Results

This section presents the analysis outcomes for all municipalities (2477) and separately only for urban
municipalities (964) in three periods based on the CLC datasets. The outcomes are divided into three
relations:

- Trends in time,

- Trends concerning city size,

- Trends concerning the location.

Firstly, the compactness index (Ci) of urbanised areas in Polish municipalities shows a decreasing trend over
time. This is true when urban areas in all municipalities are considered (Figure 3) and when only the urban
municipalities (Kind 1, Kind 3 in GUS) are taken into consideration (Figure 4). On average, Urban
municipalities were more compact than rural ones. Table 3 shows detailed analysis outcomes, revealing the
decrease in the Ci of urban areas in urban municipalities. The most compact Polish urban municipalities in
2006 were Zgbki, Podkowa Lesna and Wysokie Mazowieckie in 2012 and in 2018, it was Zawiddéw, Wysokie
Mazowieckie and Podkowa Lesna with over 0,6 Ci. All the top-scoring cities are small (except for Zgbki, a
medium-sized city), and all are adjacent to a big urban area.
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Figure 3. Compactness index trend for all Polish municipalities.
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Figure 4. Compactness index trend for all urban municipalities.

Years 2006 2012 2018

number of observations 964 964 964
median 0.1962 0.1912 0.1895
mean 0.2239 0.2177 0.2158
Lowest outcome 0.0864 0.0929 0.0917
Highest outcome 0.4478 0.4251 0.4195

Table 3. Outcomes of compactness index analysis of urban areas in all urban municipalities (kind 1, kind 3).
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Secondly, the urban density (Ud) of urbanised areas in Polish municipalities over time was compared.
Similarly to compactness, change over the years for all municipalities and urban municipalities shows a trend
of significant decrease in urban population densities (Figure 5, Figure 6). Interestingly, the densest Polish
urban municipality in 2006 - Sopot, with over 5894 people/km2 was decreasing its density to reach 5413
people/km2 in 2018. The densest urban municipalities in 2006 were Sopot, Swietochtowice and Chetmno. In
2012 and 2018, Wejcherowo, Chetmno and Sopot with over 5 thousand people/km2. For comparison, the
densest European city and one of the densest in the world among mega cities - Paris, has an urban population
density of 20641 people/km2. Table 4 shows detailed outcomes of the analysis, revealing the decrease in the
urban population density in all urban municipalities.

Density by Year
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Figure 5. Urban population density trend for all municipalities.
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Figure 6. Urban population density trend for all urban municipalities.

Years 2006 2012 2018

number of observations 964 964 964
median  (people/km2) 2183.1 1970.24 1945.08
Mean (people/km?2) 2487.4 2232.33 2173.55
Lowest outcome (people/km2) 451.86 388.22 464.36
Highest outcome (people/km?2) 5353.09 4730.06 4611.62

Table 4. Outcomes of urban population density analysis for all urban municipalities.

The outcomes of compactness analysis for medium-sized and large cities (population over 20,000) were
related to the urban municipality's population size. Figure 7 shows a clear logarithmic relationship of
medium-sized cities being more compact than the big ones.

Population vs Compactness

064 *

054 e

044 &
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Figure 7. Urban compactness trend for medium-sized and big urban municipalities in 2018.

A similar relation analysis was conducted for the urban population density (Figure 8). Conversely, the urban
population density of bigger cities is higher, showing a clear logarithmic trend.
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5. Discussion

This research contributes to the study of urban compactness in Poland, being the first to employ a shape
measure to assess the compactness of all urban municipalities in the country. Previous studies have
predominantly focused on urban sprawl, often limited to a smaller scope of cities (for example, Sleszyriski,
2014, Litynski, 2021). Leveraging GIS and information technology tools enabled the management of extensive
data sets across numerous municipalities, providing a comprehensive analysis of all urban areas over three
distinct years for which spatial data was available in CLC. This chapter discusses the findings concerning the
primary research questions.

5.1. Methods for analysing the compactness of Polish cities

The methodology utilised in this study combines the widely used measure of urban population density with
an urban shape measure based on the assumption that a circle represents the most compact geometric
shape. It uses CLC- an open-sourced pan-European land use database in combination with population data
(Polish Statistics). The integration of these measures proved effective in analysing compactness at a national
scale. The shape measure, in particular, offers a novel approach in the Polish context, allowing for a more
nuanced understanding of urban form beyond simple population density metrics. There is a considerable
overlap between compactness index (Ci) and urban population density (Ud) measures concerning the
geographic concentration of the most compact and densest urban areas.

Additionally, when correlated between each other, measures show a strong relationship. The Pearson
correlation between Ud and Ci was conducted for three datasets. The results for all urban municipalities
(urban and urban-rural) for data in 2006 indicated a r value 0.45 correlation with a statistically significant p-
value. In the year 2012 the correlation value increased to 0.48. In the last period the coefficient remained
strong at 0.48. This strong relationship is related to both measures having the same component of urban
area (Ad in compactness index and Ua in urban population density). This also proves that measures depict
the same urban phenomenon.

Both measures exhibit a significant decrease over time. These observations confirm that these measures
describe a similar concept. Moreover, the presented outcomes of density relation with size are in line with
research conducted by SleszyAski (2014), which showed a strong correlation between the density of a city's
central area and city size. However, it has to be noted that this measure, while sufficient for general nation-
scale research, is not sufficiently detailed for detailed studies. This is because there are discrepancies
between land classes identified by CLC and the actual land uses. For example, according to the study of
Sleszyniski et al. (2020), there is a mismatch, especially in the urbanised areas classification. While this
method's alignment with existing literature supports its validity, future improvement is required. Further
research should try to eliminate these discrepancies by reaching for different data.

5.2. Relationship between city size and compactness

The analysis reveals that compactness is more prevalent in medium-sized urban municipalities, whereas
urban population density is higher in larger urban municipalities, with Warsaw being a notable outlier.
However, there is a significant geographic overlap between the most compact and densest urban areas,
particularly in the southern edge and above the central belt of Poland. The Kujawsko-Pomorskie voivodeship
exhibits the most compact and densest municipalities, with neighbouring regions like Mazowieckie,
Pomorskie, and northern parts of Lodzkie sharing this concentration. Conversely, lowland areas show a
sparse distribution of compact and dense cities, while mountainous regions in the south and the lakelands
have higher concentrations. Moreover, the voivodeship with sparse populations, such as the northeastern
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corner of Poland, exhibits high-density urban areas. These findings suggest that historical context and
topography play crucial roles in shaping urban compactness and pave the way for future research on the
causes of compact urban patterns.

5.3. Changes in compactness over time

This study provides evidence that the compactness of Polish urban areas is declining over time. Both
compactness and urban population density measures demonstrate significant decreases, suggesting an
ongoing trend towards urban dispersion. This trend poses environmental and economic risks, as highlighted
by Lityrski (2021), SleszyAski (2014) and Schiller & Kenworthy (2018), among others, and challenges the
sustainability of urban development. The implications are particularly concerning in the context of declining
demographic rates and urban shrinkage in Poland (Szymczyk & Bukowski, 2023). Shrinking cities find it harder
to maintain excess infrastructure in low-density areas. Research on shrinkage sprawl in the Polish context
should follow to keep track of urbanisation patterns to effectively manage this phenomenon's negative
effects.

5.4. Research limitations

It has to be noted that this study did not account for topographical features such as bodies of water or forests,
which constrains urban area development (making it more compact), nor did it consider the relationship to
the Central Business District (CBD) or historic city cores (Ottensmann, 2021). Moreover, this study shows that
the most compact cities are part of a bigger urban area with administrative boundaries “cutting” the shape
out. Such cities, e.g. Zgbki and Podkowa Lesna around Warsaw, can be seen around big metropolitan areas.
It would not be fair to see them as separate compact entities in the same way as Koscian, a city which is not
bordering any big urban area, nor is it shaped by natural features. This leads to a conclusion that delimitation
of urban areas in future research could try to use the concept of functional areas instead of administrative
boundaries. According to The OECD definition (Moreno-Monroy et al., 2021), functional urban areas (FUAs)
allow to capture connections between cities and their surroundings. This can help grasping the suburban
sprawl more accurately than presented in this research.

Moreover, this study acknowledges the discrepancies between land uses, which tend to be overly generalised
in CLC. Future research could benefit from incorporating these factors and improving the accuracy. Exploring
morphological aspects like street connectivity building density (Burton, 2002) and combining it with
economic and functional aspects of compactness warrant further investigation. Moreover, population data
coming from municipal data allowed for a generalised urban density calculation. This could be improved by
using population data with more precise geolocation.

In conclusion, this study provides a robust framework for analysing urban compactness in the European
context, offering valuable insights into the spatial dynamics of urban areas, such as the spatial implications
of planning policies or economic processes. Since CLC datasets cover the entire EU, this method is replicable
in every member state, allowing for further comparative studies. The findings underscore the need for
tailored urban policies that address the challenges of urban dispersion and promote sustainable urban
development.

6. Summary

This study contributes to the state of knowledge by introducing and testing a shape measure to assess urban
compactness across urban areas, offering a general but comprehensive national analysis. The research
reveals that compactness in Poland is falling over the analysed time between 2006 and 2018. It shows that
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smaller urban municipalities are more compact in shape, whereas larger municipalities exhibit a logarithmic
pattern of higher urban population density. Geographic patterns indicate that compact cities are more
concentrated in Poland's southern and central regions.

Despite these advancements, the measure should have considered factors such as functional urban areas,
topography, the location of a city in relation to other cities (free standing or adjacent) and the aspects of
proximity of urban areas to city centres. Future research should also incorporate morphological factors like
street connectivity, building density, building typologies, and economic and functional aspects of
compactness. Addressing these limitations will enhance understanding of urban dynamics and inform more
effective urban planning and policy-making, contributing to more sustainable development patterns in the
context of climate change as well as in times of demographic and urban shrinkage.
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Abstract: Understanding the relationship between urban form and urban shrinkage is crucial for
developing sustainable urban policies, particularly in medium-sized cities facing demographic
and economic challenges. This study investigates the complex relationship between urban form
and urban shrinkage in medium-sized Polish cities (population of 20,000 to 100,000), highlighting
the implications for sustainability. Utilising a comprehensive multi-factor approach, it analyses
the shrinkage and growth trends over 15 years (2006-2021) by establishing a shrinkage/growth
score based on social, demographic, and economic factors for each city. It examines spatial aspects,
particularly urban form compactness and population density, using Corine Land Cover (CLC)
spatial data, making the methodology applicable to urban areas across Europe. The findings reveal
no significant overall correlation between urban compactness and shrinkage/growth score across
all cities. However, a positive correlation exists within “urban municipalities”, indicating that
less compact urban areas tend to experience more shrinkage. Additionally, a temporary negative
correlation between population density and shrinkage/growth score was observed from 2006 to
2016, which shifted to a positive trend in “urban municipalities” from 2016 to 2021. These results
highlight urban shrinkage’s complex and dynamic nature and its potential ties to urban form. The
study concludes with recommendations for urban policymakers and planners regarding compact
and dense urban strategies to mitigate the adverse effects of shrinkage and enhance urban resilience
and sustainability. While the trends change, the study highlights the need for further analysis of
these relationships.

Keywords: Polish medium-sized cities; urban shrinkage; urban form; compactness; spatial measures;
urban population density; CORINE Land Cover

1. Introduction

The modern-day discussion on urban population decline began in the second half of
the 20th century when so-called “urban shrinkage” became a common transformation for
many large cities in Europe and North America. German researchers Hausermann and
Siebel [1] first used the term “shrinking cities” to describe long-term demographic, socio-
economic, and spatial changes in urban areas. Since then, research on urban shrinkage has
been conducted around the globe. According to the most recent UN-Habitat—World Cities
Report 2022, almost half of the developed countries’ cities have experienced shrinkage
processes since the 2000s, most based in Europe and North America [2]. Significant popula-
tion losses have also been recorded in Japanese and Northeastern Chinese cities [3,4], as
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well as in Australian small towns. Shrinkage is always linked to specific local and global
forces. In Australia, it is linked to youth migration, fluctuation in global mineral markets,
climate change, and policy change in the localisation of government services [5,6], while
urban shrinkage in the Global South is additionally related to conflicts often exacerbated by
climate change [2]. Because of its multidisciplinary nature and complexity, understanding
this phenomenon still challenges researchers worldwide.

The first definition of urban shrinkage (Schumpfungsprozess) embraced the multidi-
mensional aspects beyond the population decline problem and summarised it as follows: “...
[it] does not lie in individual developments. Only the interaction of population losses with
selective migration of qualified young workers, unsuccessful integration of immigrants,
negative economic developments, high unemployment, declining municipal financial lee-
way, dissolution of the city structure, and thinning out of the supply of goods and services
results in an urban crisis in which negative developments can intensify into a vicious
circle” [1] (p. 10). In some shrinking cities, adverse developments are deteriorating the
fiscal base and disturbing the maintenance of local infrastructure levels and quality of
life. Consequently, many are suffering from problems related to vacant and underutilised
housing, uncompetitive local business firms, and derelict transportation systems, including
streets and other utility infrastructure [7]. Large amounts of housing vacancies or under-
utilised supply networks and facilities raise the question of whether such infrastructures
can be sustained [8]. When prolonged, this state can lead to a decline spiral, deepening
over time [9].

In general, it was observed that smaller cities near economically prosperous metropoli-
tan areas benefit from urbanisation effects and can compensate for natural population
development. In contrast, those in peripheral and structurally weak areas struggle to
cope with the consequences of demographic change [10]. Due to limited resources, small-
and medium-sized cities with less beneficial positions will have less time to react. The
question of whether effective urban spatial strategies on a local level can influence resilience
to the decline spiral and promote a sustainable path for shrinking medium-sized cities
without growth is an important and complex one. Resilience theories suggest that cities can
adapt, transform, or resist challenges and maintain their core functions [11]. However, it is
essential to understand which spatial qualities impact urban resilience and sustainability.
Reis, Silva, and Pinho [12] note the growing importance of understanding the relationship
between spatial qualities and urban resilience to urban shrinkage. However, understand-
ing how effective urban strategies can influence resilience and promote sustainability in
shrinking cities requires a comprehensive and interdisciplinary approach.

Urban planning practices and how they relate resilience to urban decline have been
widely debated among scholars [9,13,14]. According to Schwarz et al. [15], shrinkage has
severe implications for all dimensions of sustainability and quality of life in cities. These
implications force planners and policymakers to search for new concepts. Pallagst et al. [9]
suggest that effective management of urban shrinkage requires shifting attitudes from
growth to de-growth, reuse, and retrofit. In times of scarce external funding, inclusive gov-
ernance and innovation in urban planning play a crucial role [9]. Haase et al. [14] point out
that different external and internal drivers influence urban growth and development, and
planning policies should focus on inward-oriented, right-sized, compact cities with revital-
ized dense urban centres. The Urban Renewal program in Eastern Germany successfully
implemented this approach through the Stadtumbau Ost program and the complementary
IBA Saxony—Anhalt 2010 program for medium-sized cities facing urban shrinkage. These
projects provided valuable insights for research and planning for urban shrinkage. Despite
criticism, they enabled many cities in Eastern German states to enter a new path of stable
de-growth despite continuous depopulation trends in the region. The abovementioned
approach emphasises urban compactness and density as the critical qualities that help
redirect the decline path towards a more optimistic, stable de-growth path.

The concept of urban compactness has been widely linked with the sustainability of
urban areas. In the context of shrinkage, it has been associated with improved outcomes of
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sustainable shrinkage planning. However, the empirical literature on this subject is still
lacking. A literature review conducted by Reis et al. [12] on spatial metrics used in urban
shrinkage studies revealed that these metrics are insufficient to comprehensively assess
spatial patterns.

In light of this, the present study aims to at least partly bridge this gap in empirical
literature by testing the relationship between urban compactness, urban population density,
and urban shrinkage processes. The objective is to assist urban governments in responding
more precisely to the challenges of urban shrinkage in medium-sized cities by providing
them with a methodology to monitor the urban shrinkage patterns with the use of available
datasets. While more research on a wide, national scale is still needed to gain understanding,
this study serves as a step in finding the relationship between urban form and urban
shrinkage patterns in European medium-sized cities.

The conceptual framework for the study is based on the example of Poland. Possible
connections between changes in urban form in all Polish medium-sized cities (population
size of 20,000-100,000) and urban growth and shrinkage processes are investigated. These
proposed connections reflect current planning knowledge regarding factors associated
with urban shrinkage. Against the background of the identified research gaps, briefly
summarised in the introduction and expanded in subsequent sections, together with
reflection on the debate and theory of shrinking cities, the following hypotheses structure
this work:

H1. There is a statistically significant correlation between compactness and shrinkage of medium-
sized Polish cities.

H2. There is a statistically significant correlation between urban population density and shrinkage
of medium-sized Polish cities.

H3. The trend persists within the analysed timeframe.

This study incorporates statistical and geospatial data to explore urban shrinkage and
growth processes and the shape of each city in the analysed years. Geospatial tools evaluate
urban form concerning its compactness and population density. By correlating the findings
of both datasets, this study aims to test the hypothesis mentioned above. Figure 1 provides
an overview of the study’s structure and methodology. Within this diagram, a number of
key tools have been used to execute the research. Briefly, these are as follows: QGIS for
spatial analysis and Visual Studio Code to manage and write scripts in Python language
with Pandas libraries.
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Figure 1. Research plan diagram. Source: Authors.
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The article has six sections. After this general introduction, Section 2 addresses the
changing spatial patterns of urban shrinkage, presenting an overview of the literature. A
particular emphasis is set on the measures of urban form. This section concludes with
identified research gaps and outlines the research proposal. Section 3 presents the materials
and methods used in the research, along with the selected subjects and time frames of
analysis. The outcomes of all measured variables are presented in Section 4, along with a
statistical analysis of their relationships. Finally, Section 5 presents and compares the main
findings with previous research. The article ends with Section 6., which summarises the
conclusions and provides a list of references.

2. Spatial Patterns of Urban Shrinkage

Although analysing urban morphology and shape in urban research dates back to at
least the early 20th century [16-18], data and computational limitations have prevented a
more comprehensive implementation of these metrics beyond case studies. However, the
field has significantly broadened with the advancement of geospatial tools and computing
power. Nonetheless, little research has examined urban metrics and shrinkage across all
cities in the national urban network, which necessitates significant computing capacities and
sophisticated spatial data analysis. Recent research in this field highlights the importance
of quantitative methods and emphasises the physical dimension of urban areas.

2.1. State of Research on Spatial Patterns of Urban Shrinkage

According to Kazimierczak and Szafraniska [19], there are three primary scales for
analysing spatial patterns of urban shrinkage, as shown in Figure 2. Comparative studies at
the national and regional levels can identify differences and similarities in the causes, pro-
gression, and consequences of depopulation among a specific group of cities, providing gen-
eral and detailed conceptual and theoretical assumptions (e.g., Turok and Mykhnenko [20]).
At a lower level, general urban studies (urban and supra-urban scale, according to Kaz-
imierczak and Szafraniska [19]) can identify direct and indirect depopulation effects relevant
to local growth and planning. Intra-urban scale studies, which focus on a city, its specific
districts, urban zones, or housing estates, can be compared across the city to provide
a comprehensive understanding of the dimensions of urban shrinkage [19]. It can also
reveal shrinkage of certain areas despite overall growth processes when looking at the
entire city. Thus, integrating studies at all three levels can provide a complete picture of
urban shrinkage.
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Figure 2. Scale of analysis of urban shrinkage process; Source: Authors based on Kazimierczak and
Szafraniska [19].
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A literature review on spatial patterns of urban shrinkage conducted by Reis, Silva,
and Pinho [12] shows that it is less extensive than the literature on growth patterns. This is
partially because spatial patterns of shrinkage tend to be less precise, as built-up areas do
not disappear when people move out [12]. Groffmann et al. [21] propose examining shared
spatial characteristics across different scales that may indicate shrinking urban areas.

2.1.1. Regional or Inter-Urban Scale

Spatial patterns of urban shrinkage on a national scale often reveal entire regions
undergoing structural changes such as deindustrialisation. Examples can be found in the
Rust Belt in the USA, the old industrial regions of Northern Great Britain, the German
Rubhr region [9], China’s Northeastern regions of the Yangtze River Delta [22,23], and many
more worldwide. These hot spots of urban shrinkage might be temporal or long term.
Analysing large-scale associations involves looking at metropolisation processes and their
effects on all cities in the urban hierarchy. Liu et al. [22] looked at inter-urban hierarchical
dependencies to analyse patterns between different sizes of growing and shrinking cities in
Northeast China from 2000 to 2020. Their study reveals five typical patterns, with small
and medium towns experiencing more challenges than bigger, central ones. However, the
growth of the central city might as well have a strong spillover effect on the region [22]. Tan
et al. [23] used Nighttime Light Data to identify possible reasons for urban shrinkage in the
Yangtze River Delta. The remotely sensed nighttime light (NTL) can accurately record the
trajectory of human production and life, reflecting the integrated demographic, economic,
and spatial changes of cities. Their study concluded that the mono-economic structure, the
difficulty of industrial transformation, and the lack of linkage among bigger cities were the
leading causes of shrinkage in that region [23]. Yu et al. [24] investigated the connection
between urban shrinkage and urban resilience indicators. Their research pointed to various
resilience indicators, including urbanisation and environmental indicators. The results
showed no significant relation between shrinkage and these indicators. However, the nature
of Chinese urbanisation and its hierarchical urban settlement model makes it difficult to
relate the results to other urban contexts. Therefore, research conducted in the European
context can show different relationships compared to those found in China.

2.1.2. Urban and Supra-Urban Scale

When analysing urban areas in Germany in the period from 1996-2006, Siedentop
and Fina [25] observed increased suburban sprawl, which continued despite ongoing
depopulation in the core city. The physical patterns of “shrinkage-sprawl” are similar
to those of urban sprawl in a growing context, resulting in a fragmented and perforated
territory with low-density development, increasing vacancy, and deteriorating urban fabric
in inner city locations (Figure 3). On the other hand, research on “post-socialist sprawl”
conducted by Schmidt et al. [26] demonstrates that declining densities and sprawling
growth patterns are not only linked to demographic decline and economic change, but
instead, they have been “exacerbated by public policy and unregulated market-induced
growth in the case of the other CEE countries” [26] (p. 17). They conclude that the
continuing demographic transition of much of Eastern Europe calls for a research agenda
that analyses the impacts of shrinkage on urban development in much more detail [26].

Urban shrinkage often results in urban areas where fewer people and fewer activities
are spread out across a more extensive territory [25,27]. This results, on the one hand, from
low-density suburban sprawl and new land-intensive industrial enterprises, an automobile-
oriented transport network, and, on the other hand, a deteriorating urban core that suffers
from population loss, a lack of investment in public infrastructure, neighbourhood de-
terioration, and an overall image problem [26]. Consequently, this development pattern
generates excessive costs, such as increased public expenditures for building and maintain-
ing infrastructure and public services. It bears a commercially negative impact on the city
centre, an increase in energy and fuel consumption, and a negative impact on household
budgets and the environment [28]. In a study on the correlation between urban sprawl
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and economic performance in selected growing Polish cities, Lityniski [29] concluded that
higher local economies significantly correlate with a more minor degree of urban sprawl.

Population
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Figure 3. Pattern dimension of “shrinkage sprawl”. Source: Authors based on Siedentop and
Fina [25].

Consequently, the more compactly the houses in a particular municipality are built
across its space, the higher the local economy level, regardless of the distance from the
city [29]. On the other hand, a study of urban sprawl in two shrinking cities, Leipzig and
Liverpool, shows that sprawl is not a challenge bounded by shrinkage [27]. The study
concluded that declining cities” suburban zones are similar to those in thriving regions.
However, some shrinking cities might have problems with urban sprawl, but they are often
more burdened with the urban decline of the inner city [30].

2.1.3. Intra-Urban Scale

The growth and shrinkage of urban areas often co-occur, resulting in a growing geo-
graphic divide within and between cities and their surrounding regions. Various studies,
including those by Hollander et al. [7], Pallagst et al. [3], and Wolff and Wiechmann [31],
have examined this phenomenon. A study by Schwarz et al. [15] tested simulation models
on urban land-use change to understand relations with shrinkage. The models were tested
in selected US, European, and Japanese cities. The results show a very heterogeneous mech-
anism; no single model fulfils the criteria to explain the relations. Another study explored
the morphological aspects of £.6dZ and found that patterns of intra-urban shrinkage were
not uniform, with the downtown and historic areas being particularly affected, in line with
Klaassen'’s [32] theoretical assumptions regarding the mismatch between urban and social
subsystems [19]. However, while there are numerous case studies on the subject, large-scale
and longitudinal studies on the spatial patterns of urban shrinkage are few. One such study
by Wang et al. [4] analysed 15 cities in Northeastern China and found that shrinking cities
had lower compactness and land-use efficiency than growing ones. As cities evolve and
transform, industries that rely on resources may abandon significant amounts of industrial
land, exacerbating the problem of lagged land-use efficiency in shrinking cities. Further
research on this topic is necessary to identify spatial patterns of urban shrinkage in Europe
and provide more evidence for informed planning decisions.

2.2. Polish Urban Shrinkage Context

The decline in the urban population in Poland is a significant challenge for the coun-
try’s spatial policy, as projected by the Poland Statistics [33] forecasts for 2023-2060. Ac-
cording to the report, the population of Poland will experience a decline by 2060 of 25% in
the low scenario and 40% in the high scenario [34]. This decline will primarily affect urban
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areas as the progress of suburbanisation is expected, especially in rural areas around major
urban centres [34]. This alarming trend has prompted numerous researchers to address the
issue and propose strategies to counteract and eliminate its adverse effects in cities. The
Institute of Geography and Spatial Organization of the Polish Academy of Sciences has
conducted numerous analyses of this topic. Project manager prof. Sleszyriski stated that,
proportionally, it might be one of the most significant declines in the world.

Furthermore, medium-sized cities are the group most affected [35,36], and due to
limited resources, they face challenges to manage it quickly and effectively [35-37]. A study
by Szymczyk and Bukowski [38] confirmed that trend by investigating the patterns of urban
shrinkage in all Polish cities through a multicriteria indicator approach. It highlights that
medium-sized cities were the predominant size type among all shrinking cities between
2016 and 2021, with over half of medium-sized cities classified as shrinking, as shown in
Figure 4. It is worth adding that the number of inhabitants of shrinking medium-sized
cities (4.0 mil. in.) is almost the size of small and large shrinking cities together (4.7 mil.
in.). The terms small, medium, and large cities in the Polish context are explained later in
this paper.

2006-2011

large -
medium I -
small I I

0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000

HA mB C mD mE
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Figure 4. The number of inhabitants of small, medium-sized, and large cities in Poland in three 5-year
periods divided by growth and shrinkage type (A growing significantly, B growing, C stagnant, D
shrinking, E shrinking significantly). Source: Szymczyk and Bukowski [38] based on the multicriteria
method [39].
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In the European settlement network, medium-sized cities have a vital supply function
for rural regions, providing goods and infrastructure for basic and more specified needs.
They are essential elements of a sustainable polycentric urban network. These types of
cities are especially endangered by demographic change and fiscal collapse. Their future
significance and development depend on external circumstances and internal governance
strategies. Due to the urgency and magnitude of the problem, the urban shrinkage of
medium-sized cities in Poland challenges traditional, growth-oriented urban planning
strategies and requires informed, innovative approaches. Thus, empirical studies on the
relationship between shrinkage and urban space help find more adequate solutions.

While medium cities are the group most affected by shrinkage in Poland, many are in
socio-economic balance or thriving. Understanding if there are common spatial patterns
among growing and shrinking medium-sized cities can provide critical information about
relations between spatial and socioeconomic factors. Since planning theories and tools were
mainly developed for growth-oriented planning, researchers call for advancing shrinkage-
oriented tools [12] to help shape more appropriate urban shrinkage governance.

2.3. Compactness

Urban compactness is typically viewed as the antithesis of urban sprawl [40], linked to
high social and environmental costs in urban planning [41]. While the term “compact city”
has different meanings, it implies different evaluation approaches. The OECD describes
the characteristics of the compact city as “dense and proximate development patterns
(...) urban areas linked by public transport systems (...) accessibility to local services
and jobs” [42] (p. 15). The term “compact city” is often said to have first been used by
Dantzig and Saaty [43], who were principally interested in a more efficient use of urban
resources. According to Ahlfeldt and Pietrostefani [44], three concepts are commonly used
in describing the compact city: economic, morphological, and mixed-use densities, each
translating into different measures (Table 1). They include measures such as the population
density of a spatial unit, employment density, and mix of uses or demarcated limits of
urban and rural borders [44]. It is worth adding that compactness is regarded as a relative
concept, not a concept of absolute material density. Thus, it must be analysed in a specific
national or regional context.

Table 1. Compact cities characteristics. Source: Ahlfeldt and Pietrostefani [44].

Index

Characteristic

Summary

Economic density

Morphological density

Mixed land use

Refers to the number of economic agents living or working within a spatial unit and is
typically measured as population or employment density (Thomas and Cousins 1996;
Churchman 1999; Burton 2002; Neuman 2005).

Refers to the density of the built environment and captures aspects of the compact city such
as compact urban land cover, demarcated limits (demarcated urban/rural land borders),
street connectivity, impervious surface coverage, and a high building footprint to parcel size
ratio (OECD 2012; Wolsink 2016; Neuman 2005; Burton 2002; Churchman 1999).

Captures the co-location of employment, residential, retail and leisure opportunities
(Churchman 1999; Burton 2002; Neuman 2005), both horizontally across buildings and
vertically within buildings Burton (2002).

An example of such a study can be found in Angel et al. [45], where the authors explore
relationships between the compactness of urban form and climate change. They state:
“Other things being equal, both population density and shape compactness help determine
the average travel distances in cities, and, hence, affect their energy consumption and
their greenhouse gas emissions. They also affect the length of infrastructure lines and the
length of commutes. In principle, therefore, increasing either the shape compactness or the
population density of cities can contribute—in different yet similar measures—to mitigating
climate change” [45] (p. 1). Overall, the study not only demonstrates the importance of
density and shape compactness as critical measures in the shrinkage discussion but also as
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critical in helping to forge greater sustainability, especially in urban transport and climate
change policy in cities.

Another example of measuring compactness comes from China. In their research on
spatial relations of shrinking cities, Wang et al. [4] used a multicriteria assessment with
multiple statistical indicators ranging from population, economic, land use, and public-
service compactness [4]. Mouratidis [46], on the other hand, uses a combination of urban
population density, building typologies, and functional mix in his study to assess the
compactness of Oslo’s neighbourhoods. In a study on the link between urban form and
CO;, emissions, Guo et al. [47] used four measures to analyse urban area compactness and
complexity. He et al. [48] analysed 293 Chinese shrinking cities in search of relationships
between shrinkage and urban form characteristics. Their research examined changes in
morphological characteristics of urban expansion, such as fragmentation, compactness,
urban sprawl, and city size.

Due to the scale of this study (a large number of analysed data), it uses selected
key indicators and follows the “morphological density” characteristics Ahlfeldt and Piet-
rostefani [44] described. It aims to analyse the spatial urban form of all medium-sized
municipalities in Poland, reflected by the urban-rural boundaries and measured with
“shape irregularity” [12] (p. 11). The authors calculated compactness using a compactness
index of demarcated urban borders and more precise urban population density, considering
the actual urbanised land instead of administrative boundaries. Such politically drawn
boundaries can arbitrarily include large areas of non-urbanised territory or, conversely,
very little or no non-urban land, depending on where they are drawn. Densities so derived
are, therefore, totally inconsistent with each other and non-comparable.

3. Materials and Methods

This study adopts a quantitative approach to examine the urban settlement network
in Poland over a 15-year timeframe. It draws on classifying urban areas in Poland using a
multicriteria indicator of urban growth and shrinkage. The results from the multicriteria
analysis are then compared to spatial data expressed in compactness and density. The
study checks if there is a correlation between urban growth and shrinkage and urban-form
parameters. The following section provides a comprehensive overview of the study’s
subjects, time frame, data, and analysis methods.

3.1. Subjects

This study focuses on all medium-sized Polish cities. The selection of cities is based
on Poland’s administrative system. Expressed simply, on the highest/regional level, we
have a voivodeship (wojewddztwo), which consists of counties (powiat); counties are
divided into individual local-authority municipalities (gmina); a municipality contains
either an individual city (GUS level 6, kind 1), only villages—rural area (GUS level 6,
Kind 2), or a mix of a town and villages—urban-rural area (GUS level 6, Kind 3)(see
Figure 5 for municipalities map). Due to data availability, continuity of research, and
nationwide comparability, the selected method uses the smallest local government unit,
i.e., the municipality (gmina).

In 2021, Poland had 2477 municipalities: 302 urban, 662 urban-rural, and 1513 rural.
While this research focuses on medium-sized cities and towns (in Poland, both cities and
towns are called “miasto”, a city), we utilised data for “urban” municipalities and those
in the “urban-rural” category. An “urban municipality” (6, 1) is a municipality with
an individual city and has administrative boundaries tightly enclosing urban areas. An
“urban-rural municipality” (6, 3), on the other hand, includes a city and various urban areas
such as villages and small towns loosely connected to each other. Due to the difference
between these two types of urban areas, the analysis is divided into two categories:

- urban area in the urban municipality (6, 1),
- anurban area in the urban-rural municipality (6, 3), including a city and small settle-
ments.
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- Urban municipality

gmina miejska, level 6, kind 1 (GUS)
- Urban-rural municipality

gmina miejsko-wiejska, level 6, kind 3 (GUS)

Rural municipality

gmina wiejska, level 6, kind 2 (GUS)

To maintain data consistency, we carefully considered the varying number of spatial
units in Poland over different years. After much consideration, we ultimately selected 964
cities to ensure accurate comparison and analysis of our data without discrepancies. We
relied on a simplified division based on Statistics Poland’s categorisation. Cities with a
population of up to 20,000 are categorised as small, between 20,000 and 100,000 as medium,
and above 100,000 as large. When analysing urban population data, it is crucial to establish
a consistent reference point for size classification. Therefore, we chose to base our categories
on the beginning of each analysed period despite potential population fluctuations over
time. This approach allowed us to guarantee precision and consistency in our analysis. The
population was categorised based on the 1st year for the 5-year periods. Figure 5 provides
a map of the different spatial entities.

Urban municipality includes:
urban areas of one city

Rural municipality includes*: —

rural areas, small settlements
*not considered in the study

Urban-rural municipality includes:
one or more urban areas and rural areas
with small settlements

Figure 5. A map of Poland’s urban and urban-rural spatial units according to the TERYT register as
of 1 January 2022. Source: Authors based on Statistics Poland (TERYT) for 2022 [49].
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3.2. Timeframe

Urban dynamics are inherently complex and can vary depending on the specific
phenomena being studied. For instance, socio-economic factors tend to be more dynamic
than physical changes to the built environment. To fully understand the relationships
between these factors, it is necessary to conduct longitudinal studies. The timeframe of
our study was chosen for two reasons: first, because of the availability of spatial data (as
discussed in Section 3.4), and second, because our study builds on the multicriteria indicator
assessment of shrinking cities in Poland conducted by Szymczyk and Bukowski [38].
The analysis was divided into three sub-periods: 2006-2011, 2011-2016, and 20162021
(Figure 6).

Staristical data Spatial data
Polish Statistics (GUS BDL) CORINE Land Cover
P1 P2 ‘ P3 P4 P5 P8
04 0-4 04 0-4 0-4 0-4 ‘artificial surfaces’
Urban area shape
‘urban fabric’
Score (0-24)
—un ; ; Shape size (kmz} Shape compactness
Small Medium Large
cities cities ; cities :
: A
Urban population density Compactness index
(pplikm?) (0-1)
| / x\
2006-2011 ‘ 2011-2016 2016-2021 ‘ 2006 ‘ ‘ 2012 2018 ‘
x- - . 4 -7 i

Correlation

Figure 6. Correlation analysis between the shrinkage/growth score and corresponding spatial
analysis. Source: Authors.

3.3. Statistical Data

The literature aiming to quantify the phenomenon of urban shrinkage can be divided
into two fundamental approaches [50]. The traditional view sees urban shrinkage as a
progressive depopulation, with studies primarily focusing on population-based indica-
tors [20,51,52]. However, there are examples where demographic and economic devel-
opment do not align. Cities with declining populations may still have robust economic
structures and continue to thrive [31]. In Poland, a multi-criterion approach to assess urban
shrinkage has been conducted by researchers such as Jaroszewska [53], Sleszyﬁski [36],
Sroka [54], and Szymczyk and Bukowski [38], among others. Of these, Szymczyk and
Bukowski [38] focused on the method developed by Milbert [55] from the Federal Office
for Building and Regional Planning in Germany (BBSR in German). The Milbert method
captures this multidimensionality through six demographic and socio-economic indicators.
This method was adapted to the Polish territorial division and statistical data. It considered
the following equivalent indicators from Polish Statistics: annual average population devel-
opment (in %), net migration per 1,000 inhabitants, annual average change in working-age
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population (in %), annual average change of employed persons (in %), annual average
change of unemployed persons in (% points), and annual average change in municipality
own income per inhabitant (in %). A summary of the indicators with different units of
measurement and a spread of the division into quintiles is made. Based on a tested normal
distribution, the limits of the outer quintiles are always such that the relative distance
from extreme values and outliers does not play a role. The affiliation of units to a quintile
is translated into points for each indicator. Points are summed up into a numeric score
ranging from 0-24 for each city in each research period. Cities scoring 0-10 are considered
shrinking, 11-13 are stagnating, and 14-24 are growing (the calculation outcomes can be
found here: https:/ /rcin.org.pl/dlibra/publication /276466 (accessed on 13 May 2024). The
outcomes for a group of medium-sized cities are selected to relate them with the spatial
analysis results we conduct here. Figure 7 shows the distribution of different types of
medium-sized cities in 2016-2021, with division from strongly growing to shrinking signifi-
cantly. Consequently, we have analysed all 180 medium-sized cities in the first period, 184
cities in the second period, and 180 cities in the last period.

o ’;érszawa

o O..}.@ C

Trend

@ strong growth
) growth
stable

strong shrinkage

City Type
@® capital
large city
> medium city
small city 50 100 km
L1 1

1

Figure 7. A multicriteria analysis of growth/shrinkage trend for all medium-sized Polish cities in
2016-2021. Source: Authors.
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3.4. Spatial Data

The data for intra-urban spatial metrics of medium-sized cities is based on land-use
data from the CORINE Land Cover (later called CLC) for the area of Poland. The CORINE
Land Cover (CLC) data is one of the most important sources of land use and landscape
dynamics data from a European perspective and the only consistent and harmonised
multinational, continental-scale collection of land-use information in the world [56]. It
is a standardised methodology for producing continent-scale land cover, biotope, and
air-quality maps. CLC uses a hierarchical classification system to categorise land cover and
land use into 44 classes grouped into the following five main categories:

1. Artificial surfaces—built-up areas, including residential areas, commercial and indus-
trial areas, mines, and green urban spaces.

2. Agricultural areas—arable land, permanent crops, meadows, pastures, and land
principally occupied by agriculture with significant areas of natural vegetation.

3. Forests and semi-natural areas—forests, shrubs, and open areas with little or no
vegetation.

4. Wetlands—inland marshes, peat bogs, salt marshes, salines, and intertidal flats.

5.  Water bodies—inland waters and marine waters.

The methodology involves the interpretation of satellite images combined with an-
cillary data and field surveys to ensure accuracy (see a detailed explanation of the CLC
methodology in the European Environment Agency [57]). Furthermore, CLC classes can
be associated with the concept of defining Production-Living—Ecological Space (PLES),
which is commonly used in Chinese planning policies. PLES categorises land into spaces
for production (industrial and commercial units in CLC), living (urban fabric in CLC), and
ecological purposes (forest, wetlands, and water bodies in CLC). This alignment allows
for the integration of PLES into the European context. Since the product is updated every
6 years, with the most recent update in 2018, the three corresponding datasets were selected
for this analysis. For 2006-2011, a CLC2006; for 2011-2016, a CLC2012; and for 2016-2021,
a CLC2018 (Figure 6). In their study of urban sprawl in Poland, Cieslak et al. [58] indicated
that the CLC database is a reliable source of information about urbanisation processes. On
the other hand, it has to be noted that there are some discrepancies between the CLC and
the actual urbanised areas in Poland [59]. Consequently, the results were later compared
with the data on urban population density calculated by the Head Office of Geodesy and
Cartography (GUGIK) in Poland [60], which employs similar urban uses (see Table 2) but a
different calculation method.

3.5. Defining Urban Compactness

To define the shape of the urban area, we considered the 44 classes of land uses
provided by the CLC. We opted for two approaches. First, we consider an urban area a
shape represented by only “urban fabric” layers (Class Number 111, 112). This is where
most people live in the city. Secondly, we also analyse a more broadly defined urban area
as “artificial surfaces”, which includes infrastructure and green urban areas, represented
by 11 classes (Table 2). The aim is to ensure that the two approaches allow us to control for
potential errors related to inadequate urban form definition.

Built-up and urbanised areas, according to GUGIK, are shown below in Table 3.

The selected classes were isolated and cut to the boundaries of the municipality.
Next, they were merged into one shape consisting of one or more polygons (Figure 8).
Each shape received a unique identification number of a spatial unit, called the National
Official Register of the Territorial Division of the Country (TERYT).TERYT functions on
the basis of The Law of June 29th, 1995 on official statistics (Journal of Laws from 2018,
item 997 with amendments) and the Regulation of the Council of Ministers of December
15th, 1998 on detailed principles of running, using and making available the territorial
register and related to it, obligations towards the state administration agencies and the
self-government entities (Journal of Laws from 1998 No 157, item 1031 with amendments).
Moreover, the development of the analytical method included some calibrations. Due to
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some discrepancies in the spatial data (such as imprecise land use demarcation), many
cities had minor shapes left after cutting to the boundaries. We have analysed possible
thresholds to avoid distorting the calculation by examining the histogram of shape sizes.
Most small patches had a size below the 2% of the total shape area. Consequently, we have
decided to set a threshold of 2% of the total shape area. All the shapes that were below this

value were deleted.

Table 2. CLC codes indicate classes considered and their respective colours. Source: CLC [56].

CLC Code Name

. 111 Continuous urban fabric
. 112 Discontinuous urban fabric
. 121 Industrial or commercial units
. 122 Road and rail networks and associated land

123 Port areas

124 Airports
. 131 Mineral-extraction sites
. 132 Dump sites

133 Construction sites

141 Green urban areas

142 Sport and leisure facilities

Table 3. Polish Statistics codes and classes indicating urbanised areas (in Polish, “grunty zabudowane

i zurbanizowane”). Source: GUGIK [60].

Code Class Name
B Housing
Ba Industrial
Bi Other built-up areas
Bp Urbanised areas with no buildings
Bz Recreation areas
K Mining areas
dr Transport areas—Roads
Tk Transport areas—Rail
Ti Transport areas—other
To Areas designated for future
P infrastructure investments
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B) Polygons are cut to administrative boundaries. C) Polygons are merged into continuous shapes. D) Polygons below a set threshold - for a
given shape - are deleted.

A= circle area

Schwarzberg Compactness index (Ci)

is the ratio of the perimeter of the urban
area (Ap) to the circumference of a circle
whose area is equal to the area of the shape.
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F) Compactness index (Ci) is calculated.
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G) Urban population density (Pd) is calculated. ==% from population living in administrative
boundaries (Pop) and total shape area (Ad).

Figure 8. Urban shape-analysis diagram based on the Jasto urban municipality (6, 1) example. Source:
Authors.

In summary, the calculation consists of the following operations (presented in Figure 8)
for each selected year:

A.  Isolation of selected land use classes;

A cut of land-use polygons with city administrative boundaries;
Merge polygons into continuous shapes;

Delete polygons below a set threshold for a particular shape;
Calculate the shape’s area and perimeter;

Calculate the compactness index;

Calculate the urban population density.

OmEmonN=
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3.5.1. Spatial Measures

Once the shape is extracted and its measures calculated, we calculate a measure of
compactness and a measure of urban population density. For this research, the following
definitions are used:

Ap Urban area

Ap Urban area perimeter length
Ci Compactness index

Pop Urban population

Pd Urban population density

Compactness Index Calculation

As mentioned previously, there are multiple ways to measure compactness. This
study uses the compactness index (Ci) measure, quantifying the compactness of shapes’
irregularity. According to the classification by Reis et al. [12], the proposed metrics “measure
the extent to which urban settlements are more continuous and concentrated or more
scattered (fragmented)” [12] (p. 13). Thus, the fundamental idea primarily revolves around
the two-dimensional expansion pattern of an urbanised area, which is deemed to be more
compact if the pattern is more clustered towards a centre and with less sprawl, leapfrogging,
or branching [61]. There are many measures of the compactness index [62-64]. Among
them, a few were identified by Barnes and Solomon [65] as the most commonly used.
Among these most common, the authors selected a single measure named after the name
of its author, Schwartzberg [17].

Interestingly, both the Polsby—Popper and Schwartzberg Compactness indexes are
mathematically equal (one score is the other score raised to a power) and based on compar-
ing an urban area shape to a circle assumed to be a perfectly compact shape. Schwartzberg
compactness index is calculated as the ratio of the perimeter of the urban area (Ap) to
the circumference of a circle whose area is equal to the area of the urban area. It can be

written as
2777\/ AD/7T
Ap

Scores range from 0 to 1, where 0 is the least compact and 1 is the most compact. This
index was calculated for each medium-sized city in each CLC year.

Ci=

Urban Population Density Calculation

The second measure considers the urban area (Ap) and the municipality population
(Pop) in the corresponding period to calculate the urban population density. As opposed to
the city population density provided in the national statistics, this method captures a more
accurate density as it considers not the administrative boundaries but the actual urban
area within them. Compared to the administrative boundaries, the urban area excludes
agricultural land, forests, and water bodies, among others, providing a more accurate
picture of the city boundaries and where people live. The urban population density (Pd)
can be formally written as:

Pop

Pd = An

3.5.2. Statistical Correlation Analysis between Spatial Measures and Urban Shrinkage

In the last step, an analysis was undertaken, establishing the correlations between
the urban growth and shrinkage score, the urban-shape-compactness measure (Ci), and
the urban population-density measure (Pd). We conducted the correlational analysis,
determining whether there is any relationship or association between several variables
of interest [66]. A correlation analysis and Pearson’s correlation coefficient (r) were used.
Correlation r results from comparing two variables in their normalised form over the
sample of n values in each case. One of its properties is that its value varies between +1
and —1, representing a maximum positive and inverse correlation. Values close to 0 show
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there is no statistical correlation between the variables. In the social sciences, values above
0.5 can be considered a statistically significant, high correlational effect [67]. The analysis
method used the statistical significance index or p-value. This indicator confirms that the
correlation between two variables is significant if p is below 0.05. This enabled us to test
our research hypotheses. It is worth mentioning that correlation results are cross-sectional
and should be interpreted cautiously, as they point to associations but not necessarily
causal relationships.

3.6. Tools

Due to the spatial scope, long timeframe, and volume of data (multiple variables,
times all 2621 municipalities considered in this research, times three periods), any ma-
nipulation required data-analytic tools. Python 3.11 programming language and data
analytics libraries (Pandas and NumPy) were used to harmonise and clean the data. After
downloading, raw CLC data were converted into a dataset connecting the statistical ID
with spatial ID (called TERYT). Each spatial unit was checked for completeness. Spatial
analysis was conducted using QGIS 3.28 and Python scripts (see the Appendix A for
detailed information).

4. Results

The results are divided into two stages. The first stage (Section 4.1) shows the outcomes
of each variable analysis: compactness index (Ci) and urban population density (Pd). The
second stage (Section 4.2) shows correlation analyses between the variables and urban
growth and shrinkage score (Sc) (for more details on Sc, see Section 3.3).

4.1. Spatial Measures Calculation Outcomes

This section presents the outcomes of calculating compactness index (Ci) and urban
population density (Pd) for three selected CLC datasets (2006, 2012, and 2018).

4.1.1. Compactness Index

The results of the compactness analysis for medium-sized cities in three periods show
rather similar outcomes (Table 4). The Schwartzberg compactness index is expressed in
numbers ranging from 0-1, with one being the most compact. It shows a normal distribution
in all years. While the maximum values decreased in time, the minimum ones in 2006
increased slightly in 2012 and 2018. This shows an overall trend of light dispersion in small-
and medium-sized cities, while large cities did not change their compactness index over
time). Among the most compact medium-sized cities throughout the analysed timeframes
(Holding top 10 position in all the analysed periods) were Zabki, Piastéw, Zyrardéw,
Legionowo, Stupsk, Gizycko, Swidnica, and Rumia. The least compact were Wyszkdow,
Swiebodzin, Opoczno, Jastrzebie-Zdrdj, and Pszczyna (Figure 9).

Table 4. Outcomes of the compactness index analysis (Schwartzberg compactness index) for all
medium-sized Polish cities in 2006, 2012, and 2018 considering urban areas as “artificial surfaces”.

Schwartzberg Compactness Index

Outcomes Per Year 2006 2012 2018
Number of observations 180 184 180
Min 0.1160 0.1047 0.1049
Median 0.2628 0.2577 0.2503

Max 0.5146 0.5221 0.5186
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Figure 9. A map of Polish medium-sized cities showing a degree of urban compactness index

(left) and urban population density (right) in different years (based on “artificial surface” area).
Source: Authors.
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4.1.2. Urban Population Density

The urban population density-analysis results for medium-sized cities in three periods
show a normal distribution and a strongly decreasing trend for all city sizes (Table 5). While
the maximum values decreased in time, the minimum densities fluctuated, showing a trend
of medium cities becoming less dense over time. This shows an overall trend of dispersion
in medium-sized cities. Among the densest cities throughout the analysed timeframes
(Holding top 10 position in all analysed periods) were Wejherowo, Sopot, Swietochlowice,
Elk, and Grudziadz (Figure 9). Polkowice, Trzebinia, Skawina, Czechowice-Dziedzice,
Wyszkoéw, and Pszczyna were the least dense.

Table 5. Urban population density for medium-sized Polish cities in 2006, 2012, and 2018 considering
urban areas as “artificial surfaces”.

Urban Population Density

Outcomes Per Year 2006 2012 2018
Number of observations 180 184 180
Min (ppl/km?) 1511 1512 1406
Median (ppl/km?) 3259 3000 2903
Max (ppl/km?) 5353 4893 4502

It is important to note a discrepancy between the results obtained from the 2012
CLC dataset calculation and the urban population density available in Polish Statistics
(Table 6). However, the Polish Statistics data were only published for 2013, 2014, and
2015, with no new data available to date, making it difficult to compare. Based on the
analysed sample of randomly selected cities, the Polish statistics appear to calculate fewer
urban land areas than the “artificial surfaces” do (and more than “urban fabric”). As a
result, density values are higher in Polish Statistics. There could be several reasons for this
difference. While Tables 2 and 3 show that the principles of delimitation of urban areas
are very similar, the method relying on CLC uses satellite images, which simplifies the
contours of urbanised land, which leads to discrepancies. On the other hand, CLC 2018
dataset classes were compared with building address points data by Sleszyriski, Gibas,
and Sudra [59], showing an average of approximately 35% of buildings located in areas
defined in CLC as agricultural, suggesting an underestimation of urbanised areas in CLC.
Finally, since this study aims to establish a methodology that uses comparable, open-source,
up-to-date, and Europe-wide land-use data, CLC data meet these requirements. While
Polish Statistic data are not regularly updated, it does not provide a reliable source for the
purpose of territorial monitoring.

Table 6. A comparison of selected cities” urban population density based on CLC and GUGIK data.
Source: Author’s research and GUS BDL [33].

Urban Population Density

Based on the Authors’ Urban Population Density
Name of the City Calculation for “Artificial Sourced from GUS BDL for 2013
Surfaces’ for CLC2012 (people/km?)
(people/km?)
Wieliczka (6,3) 2134 3634
Jasto (6,1) 2357 3568
Bartoszyce (6,1) 3809 4295
Srem (6,3) 3156 2877
Leszno (6,1) 3307 4164
Wejherowo (6,1) 5735 5847
Sopot (6,1) 5614 5582
Trzebinia (6,3) 1617 2926

Polkowice (6,3) 1513 1231
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Figure 10 shows an overall trend of light dispersion in small—and medium-sized cities,
while large cities did not change their compactness index over time. Similarly, Figure 11
shows that the urban population density analysis results show a strongly decreasing trend,
but this time, it is for all city sizes. The two measures indicate an overall trend of dispersion,
mostly among medium-sized cities. Figure 12 presents the outcomes of shrinkage/growth
score for each city size type.
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Figure 10. An overview of the distribution of outcomes for small-, medium-, and large-sized
Polish cities in terms of urban compactness index in three analysed periods between 2006 and 2021.
Source: Authors.
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Figure 11. An overview of the distribution of outcomes for small-, medium-, and large-sized
Polish cities in terms of urban population density in three analysed periods between 2006 and 2021.
Source: Authors.
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Figure 12. An overview of the distribution of outcomes for small-, medium-, and large-sized Polish
cities in terms of urban growth/shrinkage score in three analysed periods between 2006 and 2021.
Source: Authors.

4.2. Correlation Analysis

This section presents the outcomes of the correlation analysis between the score and
spatial measures such as compactness index (Ci) and urban population density (Ud). They
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are additionally broken down into more detailed analyses looking at these correlations
for urban municipalities (6, 1) and urban-rural municipalities (6, 3). This was done be-
cause the characteristics of a single urban area differ from those of an urban-rural area,
which considers a more diverse context with possible smaller settlements included in
the calculation.

4.2.1. Correlation between the Shrinkage/Growth Score and Compactness Index

An examination was performed on the relation between compactness index and urban
shrinkage and growth score for three periods. All statistically significant results are shown
in greyscale in the tables. The results for all medium-sized cities changed over time from
a minor positive in the first period to a slight negative correlation in the later periods.
However, with a p-value above 0.05, all the results are statistically insignificant (Table 7
and Figure 13). When correlated separately between urban municipalities (6, 1) and the
score index, there is a minor positive correlation with a strong statistical significance for all
periods (Table 8). This positive correlation means that growing cities are typically more
compact. While the strongest correlation was in the first analysed period, this relation
weakened over time. The correlation analysis for urban—rural municipalities (6, 3) shows
a change from a negative to a positive value. However, the p-value is insignificant for all
the periods (Table 9), and, per the criteria described by Onwuegbuzie and Daniel [67], a
correlation value dropping from 0.3 to 0.18 is not strong.

Table 7. Correlation outcomes between the shrinkage and growth score and urban compactness for
all medium-sized cities.

Periods
2006-2011 2011-2016 2016-2021
Number of observations 180 184 180
Correlation for 0.09 —0.07 —0.06
“urban fabric” (p=0.21) (p=0.32) (p=04)
Correlation for 0.05 —0.08 —0.08
“artificial surfaces” (p=0.44) (p =0.235) (p =0.252)

Table 8. Correlation outcomes between the shrinkage and growth score and urban compactness for

all medium-sized urban municipalities (6, 1).

Periods
2006-2011 2011-2016 2016-2021
Number of observations 147 149 147
Correlation for 0.34 0.23 0.22
“urban fabric” (p =0.00) (p =0.00) (p = 0.005)
Correlation for 0.29 0.19 0.18
“artificial surfaces” (p = 0.0002) (p =0.014) (p = 0.024)

Table 9. Correlation outcomes between the shrinkage and growth score and urban compactness for

all medium-sized urban-rural municipalities (6, 3).

Periods
2006 2012 2018
Number of observations 33 35 33
Correlation for 0.02 —0.12 0.02
“urban fabric” (p=0.9) (p=0.47) (p =0.89)
Correlation for —0.017 —0.074 0.064
“artificial surfaces” (p =0.923) (p =0.67) (p=0.72)
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Figure 13. Scatter plots of Pearson’s correlation analysis between urban population density (“ar-
tificial surface”) and growth/shrinkage score and between compactness (“artificial surface”) and
growth/shrinkage score for all medium-sized Polish cities in three periods (20062011, 2011-2016,
2016-2021). Source: Authors.

4.2.2. Correlation between the Shrinkage /Growth Score and Urban Population Density

The correlation between urban population density (an independent variable) and
urban shrinkage and growth score (a dependent variable) was conducted for three periods.
The results for all medium-sized cities for the first two periods indicated a slight negative
correlation with a statistically significant p-value (Table 10 and Figure 13). However, the
results from the last period for “artificial surfaces” show that this correlation disappears.
While in the first analysed periods, a lower score (high shrinkage) is related to higher
urban density, this trend does not hold, and in 2016-2021, it is not true anymore. Moreover,
when looking at the separate correlations conducted for the urban municipalities (6, 1),
there is a switch to a positive correlation trend in the last period (Table 11). While due
to high p-values, these correlations are statistically insignificant. The analysis for urban
municipalities in the last period confirms a change in trend. For urban—rural municipalities,
it also shows weaker values (Table 12). Nevertheless, similarly to compactness, a correlation
value of —0.2 is considered a weak relation. As the trend changes over the analysed periods,
it signals a possible positive correlation in the future. As urban density increases, the
shrinkage score increases, meaning that higher densities appear to be beginning to be
associated with less shrinkage.

Table 10. Correlation outcomes between the shrinkage and growth score and urban density for all

medium-sized cities.

Periods
2006-2011 2011-2016 2016-2021
Number of observations 180 184 180
Correlation for —0.29 —0.27 —0.20
“urban fabric” (p = 0.000) (p = 0.000) (p = 0.005)
Correlation for —0.222 —0.231 —0.105
“artificial surfaces” (p = 0.002) (p = 0.001) (p =0.157)
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Table 11. Correlation outcomes between the shrinkage and growth score and urban density for

medium-sized urban municipalities (6, 1).

Periods
2006-2011 2011-2016 2016-2021
Number of observations 147 149 147
Correlation for —0.18 —0.11 —0.03
“urban fabric” (p =0.022) (p=0.15) (p=0.71)
Correlation for —0.081 —0.016 0.12
“artificial surfaces” (p=0.32) (p=0.83) (p=0.14)

Table 12. Correlation outcomes between the shrinkage and growth score and urban density for

medium-sized urban-rural municipalities (6, 3).

Periods
2006-2011 2011-2016 2016-2021
Number of observations 33 35 33
Correlation for —-0.24 —0.26 —0.18
“urban fabric” (p=0.16) (p=0.11) (p=0.31)
Correlation for —0.242 —0.28 —0.073
“artificial surfaces” (p=0.17) (p =0.103) (p =0.68)

5. Findings and Discussion

The decline in Poland’s urban population presents a significant challenge to the
country’s spatial policy. The trend of urban shrinkage, understood in a multicriteria way
as a socio-economic and demographic decline, is most noticeable in medium-sized cities.
However, while some cities struggle to handle the process, others thrive. By understanding
the patterns and interconnections between urban form and shrinkage, it is possible to gain
insights into the spatial characteristics that influence this phenomenon. This can lead to
informed management of the negative impacts and enable sustainable development. In this
section of the paper, we seek to check three research hypotheses on relationships between
medium-sized city urban form and shrinkage (Table 13):

Addressing H1. There is a statistically significant correlation between compactness and
shrinkage of medium-sized Polish cities.

Addressing H2. There is a statistically significant correlation between urban population
density and shrinkage of medium-sized Polish cities.

Addressing H3. The trend persists within the analysed timeframe.

Table 13. Summary of hypothesis confirmation.

Medium-Sized

All Medium-Sized  Medium-Sized Urban

Hypothesis Selected Urban Areas Municipalities Municipalities Urb‘al}-Ru‘rfll
(CLC Classes) Municipalities
(6,1and 6, 3) 6,1)
(6,3)
HI: “Urban fabric” NO YES NO
There is a statistically significant correlation
between urban compactness and shrinkage. “Artificial surfaces” NO YES NO
) = _ “Urban fabric” YES Yes, for 2006-2011 NO
There is a statistically significant correlation
between urban population density and shrinkage. “Artificial surfaces” YES for 2006-2016 NO NO
YES
“Urban fabric” YES (for compactness NO
H3: relationship only)
The trend persists within the analysed timeframe. YES
“Artificial surfaces” NO (for compactness NO

relationship only)
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5.1. Urban Shape Compactness and Urban Shrinkage

The empirical analysis conducted on the urbanised areas in Polish municipalities
indicates a discernible declining trend in the compactness index (Ci) over time. Notably,
the reduction in compactness is more pronounced in small- and medium-sized cities. Upon
considering all types of medium-sized cities (6, 1 and 6, 3), Hypothesis 1 (H1) is not true as
no statistically significant correlation was observed between urban-shape compactness and
shrinkage. However, this hypothesis only holds true in urban municipalities (6,1), where a
statistically significant, positive, moderate correlation exists between urban compactness
and the shrinkage/growth score. The findings suggest that a more compact urban mu-
nicipality is less likely to experience shrinkage. This relationship persists throughout the
analysed period from 2006 to 2021 and is attributable to various factors.

A comprehensive understanding of this phenomenon necessitates the examination
of diverse urban, economic, social, and demographic dynamics and their influence on
sustainable development. Compactness is intricately linked to heightened resilience and
sustainability, rendering it beneficial for medium-sized cities with limited governance
capacities. The sprawl of urban form and expansion patterns escalate the operational
costs of infrastructures. Conversely, compact cities adeptly navigate challenging socio-
economic trends by concentrating activities within a smaller area, thereby reducing costs
and upholding clear urban-rural boundaries. Consequently, it is observed that the more
compact the urbanised area of a city, the lower the likelihood of shrinkage.

Research by Wang et al. [4] underscores that the compactness of shrinking cities in
Northeast China is notably lower than that of growing ones. Conversely, a global-scale
study by Angel et al. [45] asserts that city-shape compactness is independent of city popu-
lation, area, population density, and per-capita income but may be contingent on physical
barriers, merging of adjacent settlements, inter-city roads and rail lines, land-use restric-
tions, beachfront preferences, and land-market distortions. Furthermore, Dong et al. [68]
suggest that transitioning from a compact form to a dispersed one is common, while the
reverse is rare and difficult to achieve. Therefore, prioritising the maintenance of existing
urban compactness is imperative for cities contending with urban shrinkage processes.

5.2. Urban Population Density and Urban Shrinkage

The collected data indicate a consistent decrease in urban population densities across
all urban municipalities over the observed period, paralleling the findings on urban com-
pactness. Correlation analysis between the density and the shrinkage/growth score among
medium-sized cities reveals that denser urban areas were more inclined to experience
shrinkage between 2006 and 2016 than less dense ones. Although the correlation results
exhibit a considerable scatter, they remain statistically significant throughout that period,
suggesting a trend that diminished and eventually vanished in 2016-2021. Hence, Hypoth-
esis 2 (H2) holds true when considering all medium-sized cities, whereby denser urban
areas during 2006-2016 demonstrated higher degrees of shrinkage.

This pattern aligns with the broader global trends investigated by Angel et al. [45],
demonstrating an overall decline in urban density between 1990 and 2014, particularly
prominent in developed countries and associated with higher economic growth rates.
While Schwarz et al. [15] linked low-density settlements with the urban landscape of
shrinking cities, our study of medium-sized Polish cities does not fully support this view.
Nonetheless, it suggests that future development in medium-sized cities might adhere
to a pattern described as “growth sprawl” by Siedentop and Fina [25], characterised by
initial growth, followed by an outflux of residents from the city centre to the outskirts
and subsequent urban perforation and decreased densities. However, the latest analysed
period indicates a departure from this trend, as low urban population density no longer
correlates with higher shrinkage/growth scores, hinting at the potential emergence of
“shrinkage sprawl” [25] with a robust statistical relationship between decreasing density
and increasing shrinkage in cities in the near future.
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In the context of Poland, the emigration of inhabitants from denser, medium-sized
cities to larger metropolitan areas may be attributed to metropolization trends driven by
limited job prospects and overcrowded housing conditions. Notably, Poland exhibits con-
sistently high overcrowding rates, a key dimension in evaluating housing conditions [69].
This trend highlights one of the challenges posed by dense urban areas and contributes
to migration decisions to access better living conditions at a reduced cost. Large cities in
Poland witness substantial new housing construction, attracting increased investment and
employment opportunities. These dynamics, coupled with economic liberalisation and
land-use policies allowing for suburban sprawl and market-led growth, have resulted in
declining densities in medium-sized urban centres from 2006 to 2021 and escalating urban
growth rates within the inner areas and suburbs of major cities.

5.3. Changes in Time

The third hypothesis (H3) is valid for the first relationship between shrinkage and
compactness and only for urban municipalities. It is also valid for the relationship be-
tween shrinkage and density for all medium-sized municipalities when measuring urban
density using “urban fabric” as the denominator. When considering “artificial surfaces”
for the urban-density calculation, the trend did not persist over all analysed periods but
disappeared in the last.

Furthermore, the differences in urban density between the two types of municipalities
substantially impact the correlation trend. The heterogeneous nature of medium-sized
cities is emphasised, indicating variations in their functioning within the urban network
system. These differences are crucial considerations when devising planning implications.
According to Xu et al. [70], historical development patterns of cities play a significant role
in their current density, with cities historically developed as dense urban centres likely to
retain this characteristic even as they experience shrinkage. An example of such a city is
Bartoszyce in Northern Poland, which exhibits dense and compact urban characteristics
despite facing challenges in attracting capital and residents due to its location (Figure 14).
Conversely, newer growing cities, particularly those near metropolitan areas, tend to
develop in a sprawl-oriented, low-density pattern by merging with adjacent settlements,
as described by Angel et al. [45]. Wieliczka, for instance, exemplifies this pattern, which
is characterised by sprawling development in diverse topography. While the city centre
retains a relatively dense, historic urban fabric, the predominant development consists
of low-density urban sprawl patterns. The location, particularly its proximity to the
metropolitan area of Krakow, serves as a significant driver of growth for Wieliczka, offering
ample job opportunities. These findings align with the classification of Chinese cities by
Liu et al. [22]. They identified five main types depending on the relationship between
the hierarchy of cities in the network. Wieliczka exhibits a so-called “growth-driven”
model, with Krakow being the growth pole for surrounding medium-sized and small
cities. Consequently, these findings highlight the diverse nature of medium-sized cities and
emphasise the need to consider their historical development and urban characteristics in
urban planning and policymaking.

5.4. Planning Implications

Studies conducted by Schiller and Kenworthy [28] stress the importance of urban
densities in creating sustainable cities oriented to public transport, walking, and cycling.
Moreover, according to Lytyniski’s [29] research, a preponderance of low densities is accom-
panied by lower GDP in selected municipalities. In shrinking cities, lower housing demand
and lower housing costs might be seen as an opportunity to contain the sprawl and focus
on improving inner city areas. This can, in the future, attract residents to central areas,
maintaining or increasing density. Planning strategies should stimulate it further through
investment in public transport infrastructure, better conditions for walking and cycling
and improvement of urban life, public spaces, green areas, and social infrastructure [71].
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Name: Bartoszyce
Municipality type: urban

Compactness index: 0.4/1

Reurbanisation policies should focus on brownfields, industrial areas, former car parks,
and excessive road infrastructure rather than open green spaces.

A4

300m

Name: Wieliczka

Municipality type: urban-rural

City population: 24,001 inhabitants (2016) City population: 22,442 inh. (2016)

Score (2016-2021): 4/24 (significantly shrinking) Municipality population: 57,478 inh. (2016)

Score (2016-2021): 22/24 (signicantly growing)

Urban population density: 3,473.8 ppl/km? Compactness index: 0.12/1

Urban population density: 2,285.2 ppl/km?

Figure 14. An example of an urban municipality (6, 1) and an urban-rural municipality (6, 3) showing
different urban area-development patterns. Source: Authors.

Newman et al. [72] provide a detailed discussion of the different urban fabrics that
exist in all cities today and portray these as walking fabrics, public transport fabrics,
and automobile-based fabrics. They show how, over decades, traditional urban fabrics
developed in the walking era (up to about 1850) and public transport fabrics (dominant in
the period from 1850 to around the Second World War), have been negatively impacted and
even destroyed by the imposition of automobile-based urban development, which stresses
space-consuming parking, expansive road networks, and single-family, sprawling housing.
Their analysis shows the critical need to stop and reverse this process by re-urbanising
traditional walking and public transport fabrics, especially by reclaiming roads and parking
spaces for public life and new residential development and developing TOD around rail
stations. In parallel, they also emphasise the need to minimise further automobile-based
urban development in most parts of the city.

Through such approaches, well-managed shrinking cities could re-grow or enter a
stable and sustainable degrowth path with a balanced economic base and fewer expenses
lost on excess infrastructure and excessive travel costs in cars. In essence, they have the
potential to become more sustainable and resilient [73,74]. By containing its boundaries
and avoiding destructive city sprawl into forested areas, thus reducing the urban heat
island effect [71], an urban area can maintain lively urban life, manage assets efficiently, and
allocate funds to enhance existing potential rather than further expanding built-up areas.
It is worth adding that uneven growth and shrinkage patterns within one city are also
common [19,75]. Therefore, it is essential that the local government monitors the situation
and identifies problems early.

5.5. Research Limitations

Overall, it is essential to note that the factors mentioned above can interact in complex
ways, and the specific reasons for the observed trends in this large sample of medium-sized
Polish cities would require detailed local-scale analysis and additional qualitative studies.
Data-collection methods and definitions for measuring “urban compactness” and “urban
density” can significantly affect the observed correlations. Despite showing two approaches
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to selecting different CLC land-use classes, the urban area defined in this study can be seen
as overly generalised. Therefore, achieving conclusive urban-density results may require a
different or refined method, perhaps collecting population and urban land-area data from
local statistical databases. However, such an exercise for hundreds of cases would be highly
time-consuming and beyond the scope of the present research.

Additionally, there are risks associated with data accuracy, particularly about census
data in Poland. For instance, population distribution data in Poland could be improved, as
there are discrepancies between actual and registered home addresses, especially among
young mobile people who still need to update their addresses in the registry. This could
result in overestimating the number of inhabitants in medium-sized cities, as younger popu-
lation cohorts tend to relocate to larger centres for work, education, and social opportunities
unavailable in smaller settlements.

Finally, while the method presented in this paper is general enough to allow for
country-wide spatial analysis of all available cases, it may need to be revised to account for
specific topographical conditions. For example, natural elements such as hills or bodies
of water may define the boundaries of a city and render the compactness index of a city’s
shape and urban population density misleading. Therefore, caution should be exercised
when applying the method to such cases.

5.6. Implications for Further Research

Although this study did not account for the nuances of cities within specific topograph-
ical settings, further research is necessary to explore these relationships through qualitative
data. The discrepancies between the urban population densities identified in this article
should be further investigated.

Additionally, a more nuanced understanding of compactness can be achieved by
examining the compactness of selected cities through a functional lens and utilising data
on activities such as the Internet of Things (IoT) and nighttime patterns. Further, analysing
the socio-economic and cultural attributes of shrinking cities can provide a more holistic
comprehension of which areas of the city face difficulties and the underlying causes.

Moreover, future studies could focus on morphological and urban qualities, such
as building density, typology, floor-area ratio, street connectivity, and expansion pattern,
which play a significant role in better understanding an area’s compactness. Future studies
could also benefit from a more extensive timeframe and a broader scope with a comparative
view juxtaposing two or more national contexts and looking at different city sizes in search
of patterns.

6. Conclusions

The present study provides empirical insights into the intricate relationship between
urban form and shrinkage in medium-sized Polish cities. It delves into the pressing
issue of urban shrinkage, examining the interplay between urban form, compactness, and
population density. Spanning 2006 to 2021, our analysis aimed to test three hypotheses
to grasp these relationships. The results revealed a nuanced and dynamic relationship
between urban form and shrinkage. While no significant correlation was found between
urban compactness and shrinkage across all medium-sized cities, a positive correlation was
identified in urban municipalities. This suggests that more compact urban areas are less
susceptible to shrinkage, underscoring the potential advantages of compact urban forms
for resilience and sustainability. Conversely, denser urban areas showed a higher likelihood
of shrinkage between 2006 and 2016. However, this trend weakened in the subsequent
years, which may signal a reversal of the earlier relationship in medium-sized Polish cities.

The study emphasises the diverse nature of medium-sized cities and the need for
tailored urban-planning strategies. Compactness and density, while not consistently linked
to shrinkage, play roles that demand careful consideration in sustainable urban develop-
ment. This is especially so in supporting global efforts to develop more sustainable urban



Sustainability 2024, 16, 7030

28 of 34

transport by reducing trip distances, making walking, cycling, and public transport more
attractive and feasible, and minimising the need to use a car.

Based on Corine Land Cover (CLC) spatial data, our methodology extends to urban
areas across Europe, providing a valuable framework for broader spatial analyses. How-
ever, the observed correlations warrant further investigation through detailed local-scale
analyses and additional qualitative studies involving more diverse variables than urban
density and compactness alone. Recognising limitations in data accuracy and methodologi-
cal constraints, the study urges caution in interpreting observed correlations as causative,
highlighting the multifaceted nature of urban-shrinkage determinants. Due to its widely
recognised adverse sustainability implications, it also discourages viewing urban sprawl as
a remedy to shrinkage.

Future research endeavours can benefit from refining compactness assessments to
encompass morphological and functional dimensions and longer time spans, leveraging
advancements in urban data analytics. In conclusion, the study underscores the need for
further research, particularly in exploring the socio-economic and cultural dimensions of
shrinking cities. It calls for nuanced housing policies and land-use regulations to manage
urban density in shrinking cities without compromising their long-term development or
sustainability objectives.
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Appendix A

Appendix A presents a simplified methodology for the research process. This section
depicts the following aspects: shrinking city classification, compactness and density index
calculation, and correlation analysis. In our example, we follow a cycle for the city of
Krakéw. All data were obtained either from Polish Statistics (GUS) or CORINE Land Cover
(CLQ).

Appendix A.1. Shrinking Score

All discrete data were obtained from BDL—Local Data Bank (in Polish Bank Danych
Lokalnych) provided by GUS. These data can be either downloaded as spreadsheets
https://bdl.stat.gov.pl (accessed on 13 May 2023) or via provided through REST API
https:/ /api.stat.gov.pl (accessed on 13 May 2023).

We download data for the whole research period for all unit municipalities from Level
6. The data are divided into specific subjects, which can be identified as parameters; in our
case, we focus on the ones listed in Table A1. Each subject can be further divided by specific
sex, age group, or additional parameters, but we focus only on total values in our case.
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Table A1l. BDL Subjects. Ordered shrinking parameters: P1-P6.

Parameter Id Description

P1 Total population of municipality
P2 Inward and outward migration

P3 Population in working age

P4 Employed persons in municipality
P5 Registered unemployed persons
Pé6 Municipality’s own revenue

After a set of queries, sample data for Krakéw appear in Table A2. Teryt Id is a
unique unit identifier derived from the Unit Id field. We use it as a primary ID in further
computations. Level 6 indicates that a unit is a type of municipality, while Kind 1 indicates
an urban municipality.

Table A2. Sample population data.

UnitId Teryt Id Name Level Kind Year Population
011212161011 1261011 Krakow 6 1 2006 756,267
011212161011 1261011 Krakow 6 1 2007 756,583
011212161011 1261011 Krakéw 6 1 2008 754,624
011212161011 1261011 Krakéw 6 1 2009 755,000
011212161011 1261011 Krakow 6 1 2010 757,740
011212161011 1261011 Krakow 6 1 2011 759,137
011212161011 1261011 Krakow 6 1 2012 758,334
011212161011 1261011 Krakéw 6 1 2013 758,992
011212161011 1261011 Krakéw 6 1 2014 761,873
011212161011 1261011 Krakow 6 1 2015 761,069
011212161011 1261011 Krakow 6 1 2016 765,320
011212161011 1261011 Krakow 6 1 2017 767,348
011212161011 1261011 Krakéw 6 1 2018 771,069
011212161011 1261011 Krakéw 6 1 2019 779,115
011212161011 1261011 Krakow 6 1 2020 779,966
011212161011 1261011 Krakow 6 1 2021 782,137

Extracting subject-specific data is repeated independently for each parameter.

We follow the multicriteria methodology (Milbert, 2020) [39], and for each parameter,
we calculate the changes year by year. We average them over 5-year periods and distribute
results from each municipality in quantiles (five buckets). Based on the bucket, we assign a
score from 0 to 4. If needed, a score is adjusted based on additional rules (see Table A3).
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Table A3. Score assignment for the population parameter.

Teryt Id Year Population Difference Rate Mean Score
1261011 2006 756,267 —362 —0.000480  —0.000440 2
1261011 2007 756,583 316 0.000418 —0.000250 2
1261011 2008 754,624 —1959  —0.002590  —0.000810 2
1261011 2009 755,000 376 0.000498 —0.000640 2
1261011 2010 757,740 2740 0.003629 0.000293 3
1261011 2011 759,137 1397 0.001844 0.000758 3
1261011 2012 758,334 —803  —0.001060 0.000462 3
1261011 2013 758,992 658 0.000868 0.001155 3
1261011 2014 761,873 2881 0.003796 0.001814 3
1261011 2015 761,069 —804 —0.001060 0.000877 3
1261011 2016 765,320 4251 0.005586 0.001624 3
1261011 2017 767,348 2028 0.002650 0.002366 3
1261011 2018 771,069 3721 0.004849 0.003162 3
1261011 2019 779,115 8046 0.010435 0.004486 4
1261011 2020 779,966 851 0.001092 0.004917 4
1261011 2021 782,137 2171 0.002783 0.004357 4

Once the score for each parameter (P1: population, P2: migration, P3: working age,
P4: employment, P5: unemployment rate, P6: municipality own revenue) is calculated, we
sum them, and, based on the final outcome, we indicate if a municipality is growing (A, B),
stagnating (C), or shrinking (D, E) type (see Table A4).

Table A4. Shrinking score calculation.

Teryt Id Start End P1 P2 P3 P4 P5 P6 Total Type
1261011 2006 2011 3 3 0 2 2 2 12 C
1261011 2007 2012 3 3 0 2 0 2 10 D
1261011 2008 2013 3 3 0 2 0 2 10 D
1261011 2009 2014 3 3 0 2 0 2 10 D
1261011 2010 2015 3 3 0 2 0 2 10 D
1261011 2011 2016 3 3 1 3 0 2 12 C
1261011 2012 2017 3 4 1 3 1 2 14 B
1261011 2013 2018 3 4 1 3 1 2 14 B
1261011 2014 2019 4 4 2 3 2 2 17 B
1261011 2015 2020 4 4 3 3 1 2 17

1261011 2016 2021 4 4 3 3 0 2 16
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Appendix A.2. Spatial Indexes

Following a method described in Section 3.5, we calculate the properties of basic
geometries (see Table A5). The district is the urban area indicated by the shapes of “artificial
surface” codes. The calculations below are repeated for “urban area” codes.

Table A5. Municipality’s geometries—based on CLC.U.

Teryt Id Year District

Area (km?) Perimeter (km)
1261011 2006 151,538,463 361,537
1261011 2012 167,952,975 317,358
1261011 2018 169,016,958 317,574

Table A6 calculates the compactness index Ci (Schwartzberg) using the above geome-
tries (Table A5).

Table A6. Municipality’s compactness indexes.

Teryt Id Year Ci (Schwartzberg)

1261011 2006 0.120702
1261011 2012 0.144760
1261011 2018 0.145119

In parallel, we combine the municipality’s population for a particular year and calcu-
late the density of the district’s area (see Table A7). We ensure that CLC calculations were
included in the particular shrinking period.

Table A7. Municipality’s density based on CLC.

] District Density
Teryt Id Start End Population  CLC Year Area (k) (peaplellkm?)
1261011 2003 2008 757,685 2006 151,538,462 4999.95
1261011 2004 2009 757,430 2006 151,538,462 4998.26
1261011 2005 2010 756,629 2006 151,538,462 4992.98
1261011 2006 2011 756,267 2006 151,538,462 4990.59
1261011 2007 2012 756,583 2012 167,952,975 4504.73
1261011 2008 2013 754,624 2012 167,952,975 4493.06
1261011 2009 2014 755,000 2012 167,952,975 4495.30
1261011 2010 2015 757,740 2012 167,952,975 4511.62
1261011 2011 2016 759,137 2012 167,952,975 4519.93
1261011 2012 2017 758,334 2012 167,952,975 4515.15
1261011 2013 2018 758,992 2018 169,016,958 4490.62
1261011 2014 2019 761,873 2018 169,016,958.1  4507.672
1261011 2015 2020 761,069 2018 169,016,958.1  4502.915

1261011 2016 2021 765,320 2018 169,016,958.1  4528.066
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Appendix A.3. Correlation Analysis

Finally, we combine spatial data with a growth/shrinkage score for each investigation
period (see Table AS).

Table A8. Combined analysis data.

Density Ci
Teryt Id Name Start End Score (Peoplefkn®)  (Schwartzbers)
1261011 Krakéw 2006 2011 12 4990.59 0.120702
1261011 Krakéw 2011 2016 12 4519.93 0.144760
1261011 Krakéw 2016 2021 16 4528.06 0.145119

After combining the data, we calculate the correlation described in Section 3.5.2.
Because cities have multiple characteristics: population/size category, level/kind, and
CLC codes, we run a correlation analysis between spatial parameters (compactness and
density) and growth/shrinkage scores by grouping cities based on the aforementioned

characteristics.

References

1.  Haussermann, H.; Siebel, W. Die Schrumpfende Stadt und Die Stadtsoziologie; Springer: Berlin/Heidelberg, Germany, 1988; pp. 1-10.

2. UN-HABITAT. Envisaging the Future of Cities. 2022. Available online: https://unhabitat.org/wcr/ (accessed on 20 March 2024).

3. Pallagst, K.; Aber, J.; Audirac, I.; Cunningham-Sabot, E.; Fol, S.; Martinez-Fernandez, C.; Moraes, S.; Mulligan, H.; Vargas-
Hernandez, J.; Wiechmann, T.; et al. The Future of Shrinking Cities: Problems, Patterns and Strategies of Urban Transformation in a
Global Context; University of California: Berkeley, CA, USA, 2009.

4. Wang, Y.; Liu, Y.; Zhou, G.; Ma, Z; Sun, H.; Fu, H. Coordinated Relationship between Compactness and Land-Use Efficiency in
Shrinking Cities: A Case Study of Northeast China. Land 2022, 11, 366. [CrossRef]

5. Cunningham-Sabot, E.; Jaroszewska, E.; Fol, S.; Roth, H.; Stryjakiewicz, T.; Wiechmann, T. Processus de de’ croissance urbaine.
In Villes et Régions Européennes en de’Croissance, Maintenir la Cohésion Territorial; Baron, M., Cunningham-Sabot, E., Grasland, C.,
Riviere, D., Van Hamme, G., Eds.; Editions Hermé: Barcelona, Spain, 2010.

6.  Martinez-Fernandez, M.C.; Wu, C.T. Shrinking cities in Australia. In Proceedings of the 3rd State of Australian Cities National
Conference, Adelaide, Australia, 28-30 November 2007; pp. 28-30.

7. Hollander, ].B. Polluted and Dangerous: America’s Worst Abandoned Properties and What Can Be Done about Them; University of
Vermont Press: Burlington, ON, Canada, 2009.

8. Koziol, M. Folgen des demographischen Wandels fiir die kommunale Infrastruktur, Deutsche Zeitschrift fiir Kommunalwis-
senschaften. Heft 2004, 43, 69-83.

9.  Pallagst, K.; Fleschurz, R.; Nothof, S.; Uemura, T. Shrinking cities: Implications for planning cultures? Artic. Urban Stud. 2021, 58,
164-181. [CrossRef]

10. Reckien, D.; Martinez-Fernandez, C. Why do cities shrink? Eur. Plan. Stud. 2011, 19, 1375-1397. [CrossRef]

11. Alves, D.; Barreira, A.P.; Guimaraes, M.H.; Panagopoulos, T. Historical trajectories of currently shrinking Portuguese cities: A
typology of urban shrinkage. Cities 2016, 52, 20-29. [CrossRef]

12. Reis, J.P; Silva, E.A.; Pinho, P. Spatial metrics to study urban patterns in growing and shrinking cities. Urban Geogr. 2016, 37,
246-271. [CrossRef]

13. Rink, D.; Haase, A.; Bernt, M.; Gromann, K. Addressing Urban Shrinkage Across Europe—Challenges and Prospects, Shrink Smart.
The Governance of Shrinkage within a European Context; Research Brief 1; Helmholtz Centre for Environmental Research: Leipzig,
Germany, 2010; 25p.

14. Haase, A.; Bontje, M.; Couch, C.; Marcinczak, S.; Rink, D.; Rumpel, P.; Wolff, M. Factors driving the regrowth of European cities
and the role of local and contextual impacts: A contrasting analysis of regrowing and shrinking cities. Cities 2021, 108, 102-942.
[CrossRef]

15.  Schwarz, N.; Haase, D.; Seppelt, R. Omnipresent Sprawl? A Review of Urban Simulation Models with Respect to Urban Shrinkage.
Environ. Plan. B Plan. Des. 2010, 37, 265-283. [CrossRef]

16. Stewart, ].Q. Suggested principles of “Social Physics”. Science 1947, 106, 179-180. [CrossRef]

17.  Schwartzberg, ].E. Reapportionment, Gerrymanders, and the Notion of Compactness. Minn. Law Rev. 1966, 50, 443-452.

18. Batty, M.; Longley, P.A. Fractal-Based Description of Urban Form. Environ. Plan. B Plan. Des. 1987, 14, 123-134. [CrossRef]

19. Kazimierczak, J.; Szafrariska, E. Demographic and morphological shrinkage of urban neighbourhoods in a post-socialist city: The
case of £6dz, Poland. Geogr. Ann. Ser. B Hum. Geogr. 2019, 101, 138-163. [CrossRef]

20. Turok, I.; Mykhnenko, V. East European Cities—Patterns of Growth and Decline, 1960-2005. Int. Plan. Stud. 2008, 13, 311-342.


https://unhabitat.org/wcr/
https://doi.org/10.3390/land11030366
https://doi.org/10.1177/0042098019885549
https://doi.org/10.1080/09654313.2011.593333
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1080/02723638.2015.1096118
https://doi.org/10.1016/j.cities.2020.102942
https://doi.org/10.1068/b35087
https://doi.org/10.1126/science.106.2748.179
https://doi.org/10.1068/b140123
https://doi.org/10.1080/04353684.2019.1582304

Sustainability 2024, 16, 7030 33 of 34

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.
46.
47.
48.
49.

50.
51.

52.

Grofimann, K.; Bontje, M.; Haase, A.; Mykhnenko, V. Shrinking cities: Notes for the further research agenda. Cities 2013, 35,
221-225. [CrossRef]

Liu, W.; Tong, Y.; Zhang, J.; Ma, Z.; Zhou, G.; Liu, Y. Hierarchical Correlates of the Shrinkage of Cities and Towns in Northeast
China. Land 2022, 11, 2208. [CrossRef]

Tan, Z.; Xiang, S.; Wang, ]J.; Chen, S. Identification and Measurement of Shrinking Cities Based on Integrated Time-Series
Nighttime Light Data: An Example of the Yangtze River Economic Belt. Remote Sens. 2023, 15, 3797. [CrossRef]

Yu, S.; Wang, R.; Zhang, X.; Miao, Y.; Wang, C. Spatiotemporal Evolution of Urban Shrinkage and Its Impact on Urban Resilience
in Three Provinces of Northeast China. Land 2023, 12, 1412. [CrossRef]

Siedentop, S.; Fina, S. Urban sprawl beyond growth: From a growth to a decline perspective on the cost of sprawl. In Proceedings
of the 44th ISCOCARP Congress, Dalian, China, 19-23 September 2008.

Schmidt, S.; Fina, S.; Siedentop, S. Post-socialist Sprawl: A Cross-Country Comparison. Eur. Plan. Stud. 2014, 23, 1357-1380.
[CrossRef]

Couch, C.; Karecha, J.; Nuissl, H.; Rink, D. Decline and sprawl: An evolving type of urban development—observed in Liverpool
and Leipzig. Eur. Plan. Stud. 2005, 13, 117-136. [CrossRef]

Schiller, P.; Kenworthy, J.R. An Introduction to Sustainable Transportation: Policy, Planning and Implementation, 2nd ed.; Earthscan:
Oxford, UK, 2018. [CrossRef]

Lityniski, P. The Intensity of Urban Sprawl in Poland. ISPRS Int. ]. Geo-Inf. 2021, 10, 95. [CrossRef]

Couch, C.; Cocks, M.; Bernt, M.; Grossmann, K.; Haase, A_; Rink, D. Shrinking Cities in Europe. Town Ctry. Plan. 2012, 81, 264-270.
Wolff, M.; Wiechmann, T. Uneven Urban Dynamics the Role of Urban Shrinkage and Regrowth in Europe; TU Dortmund University:
Dortmund, Germany, 2018.

Klaassen, L.H. Mysl I Praktyka Ekonomiczna A Przestrzeri; Wydawnictwo UL: £6dZ, Poland, 1988.

GUS. Polish Statistics. 2024. Available online: https:/ /bdl.stat.gov.pl/bdl/start (accessed on 1 March 2023).

GUS. Prognoza Ludnosci Rezydujacej Dla Polski Na Lata 2023-2060; Departament Badaii Demograficznych i Rynku Pracy GUS:
Warszawa, Poland, 2023. Available online: https:/ /stat.gov.pl/obszary-tematyczne /ludnosc/prognoza-ludnosci/prognoza-
ludnosci-na-lata-2023-2060,11,1.html (accessed on 20 March 2024).

éleszyﬁski, P. Wyznaczenie i typologia miast srednich tracacych funkcje spoteczno-gospodarcze. Przeglad Geogr. 2017, 89, 565-593.
[CrossRef]

Sleszynski, P. Aktualizacja Delimitacji Miast Srednich Tracacych Funkcje Spoteczno-Gospodarcze (Powickszajacych Dystans Rozwojowy);
Instytut Geografii i Przestrzennego Zagospodarowania PAN: Warszawa, Poland, 2019. Available online: https://www.gov.pl/
attachment/5c7a04a5-ab22-49e4--a6al-e874ede01445 (accessed on 1 October 2023).

Runge, A. Methodological problems associated with research on midsize towns in Poland. Prace Geogr. 2012, 129, 83-101.
[CrossRef]

Szymczyk, E.; Bukowski, M. Identification of shrinking cities in Poland using a multi-criterion indicator. Przeglad Geogr. 2023, 95,
447-473. [CrossRef]

Milbert, A. Wachsen und Schrumpfen von Stidten und Gemeinden 2013 bis 2018 im bundesweiten Vergleich; BBSR: Bonn, Germany,
2020; Available online: https:/ /www.bbsr.bund.de/BBSR/DE/startseite/ topmeldungen/downloads/wachsen-schrumpfen-
hintergrund.pdf?__blob=publicationFile&v=2 (accessed on 10 July 2023).

Tsai, Y.H. Quantifying urban form: Compactness versus ‘sprawl’. Urban Stud. 2005, 42, 141-161. [CrossRef]

Squires, G.D. (Ed.) Urban Sprawl: Causes, Consequences, and Policy Responses; The Urban Institute Press: Washington, DC, USA,
2002.

OECD. Compact City Policies A COMPARATIVE ASSESSMENT. 2012. Available online: https://www.oecd.org/greengrowth/
compact-city-policies-9789264167865-en.htm (accessed on 20 March 2024).

Dantzig, G.B.; Saaty, T.L. Compact City: A Plan for a Liveable Urban Environment; WH Freeman: New York, NY, USA, 1973.
Ahlfeldt, G.; Pietrostefani, E. The Compact City in Empirical Research: A Quantitative Literature Review (SERC Discussion
Paper). 2017. Available online: https://eprints.Ise.ac.uk/83638/1/sercdp0215.pdf (accessed on 10 March 2024).

Angel, S.; Arango Franco, S.; Liu, Y.; Blei, A. The shape compactness of urban footprints. Prog. Plan. 2020, 139, 100429. [CrossRef]
Mouratidis, K. Compact city, urban sprawl, and subjective well-being. Cities 2019, 92, 261-272. [CrossRef]

Guo, R.; Leng, H.; Yuan, Q.; Song, S. Impact of Urban Form on CO2 Emissions under Different Socioeconomic Factors: Evidence
from 132 Small and Medium-Sized Cities in China. Land 2022, 11, 713. [CrossRef]

He, Q.; Yan, M.; Zheng, L.; Wang, B.; Zhou, J. The Effect of Urban Form on Urban Shrinkage—A Study of 293 Chinese Cities
Using Geodetector. Land 2023, 12, 799. [CrossRef]

TERYT Database. Available online: https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie_danych/baza_teryt/
uzytkownicy_indywidualni (accessed on 20 March 2024).

Stryjakiewicz, T. Kurczenie sie miast w europie srodkowo-wschodniej. Rozw. Reg. I Polityka Reg. 2018, 24, 191-192.

Cheshire, P. A new phase of urban development in Western Europe? The evidence for the 1980s. Urban Stud. 1995, 32, 1045-1063.
[CrossRef]

CIRES. Cities Regrowing Smaller. Fostering Knowledge on Regeneration Strategies in Shrinking Cities across Europe. 2022. Available
online: http://cost-cires.eu/fileadmin/Conference/Presentations /02_Musterd.pdf (accessed on 1 January 2024).


https://doi.org/10.1016/j.cities.2013.07.007
https://doi.org/10.3390/land11122208
https://doi.org/10.3390/rs15153797
https://doi.org/10.3390/land12071412
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1080/0965431042000312433
https://doi.org/10.4324/9781315644486
https://doi.org/10.3390/ijgi10020095
https://bdl.stat.gov.pl/bdl/start
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://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
https://doi.org/10.4467/20833113PG.12.015.0523
https://doi.org/10.7163/PrzG.2023.4.5
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf?__blob=publicationFile&v=2
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf?__blob=publicationFile&v=2
https://doi.org/10.1080/0042098042000309748
https://www.oecd.org/greengrowth/compact-city-policies-9789264167865-en.htm
https://www.oecd.org/greengrowth/compact-city-policies-9789264167865-en.htm
https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://doi.org/10.1016/j.progress.2018.12.001
https://doi.org/10.1016/j.cities.2019.04.013
https://doi.org/10.3390/land11050713
https://doi.org/10.3390/land12040799
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie_danych/baza_teryt/uzytkownicy_indywidualni
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie_danych/baza_teryt/uzytkownicy_indywidualni
https://doi.org/10.1080/00420989550012564
http://cost-cires.eu/fileadmin/Conference/Presentations/02_Musterd.pdf

Sustainability 2024, 16, 7030 34 of 34

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

Jaroszewska, E. Urban Shrinkage and Regeneration of an Old Industrial City: The Case of Watbrzych In Poland. Quaest. Geogr.
2019, 38, 75-90. [CrossRef]

Sroka, B. Dychotomia Procesu Urbanizacji, Czyli Rozlewanie Miast Kurczacych sig w Kontekscie Systemu Planowania Przestrzennego;
Instytut Rozwoju Miast i Regionéw: Krakéw, Poland, 2021.

Milbert, A. Wachsen oder schrumpfen? BBSR-Analysen KOMPAKT 2015, 12, 1-24. Available online: https:/ /www.bbsr.bund.de/
BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.html (accessed on 1 October 2023).

CLC Database. Available online: https:/ /land.copernicus.eu/en/products/corine-land-cover (accessed on 20 March 2023).
European Environment Agency. Corine Land Cover Nomenclature Guidelines. 2019. Available online: https:/ /land.copernicus.
eu/content/corine-land-cover-nomenclature-guidelines/docs/pdf/CLC2018_Nomenclature_illustrated_guide_20190510.pdf
(accessed on 23 July 2024).

Cieslak, I.; Bitozor, A.; Szuniewicz, K. The Use of the CORINE Land Cover (CLC) Database for Analyzing Urban Sprawl. Remote
Sens. 2020, 12, 282. [CrossRef]

Sleszyﬁski, P,; Gibas, P.; Sudra, P. The Problem of Mismatch between the CORINE Land Cover Data Classification and the
Development of Settlement in Poland. Remote Sens. 2020, 12, 2253. [CrossRef]

GUGIK Database. Available online: https://www.gov.pl/web/gugik (accessed on 20 March 2024).

Mubareka, S.; Koomen, E.; Estreguil, C.; Lavalle, C. Development of a composite index of urban compactness for land use
modelling applications. Landsc. Urban Plan. 2011, 103, 303-317. [CrossRef]

Niemi, R.G.; Grofman, B.; Carlucci, C.; Hofeller, T. Measuring Compactness and the Role of a Compactness Standard in a Test for
Partisan and Racial Gerrymandering. J. Politics 1990, 52, 1155-1181. [CrossRef]

Altman, M. The Consistency and Effectiveness of Mandatory District Compactness Rules. Chapter 2 of Districting Principles
and Democratic Representation. Ph.D. Thesis, California Institute of Technology, Pasadena, CA, USA, 1998. Available online:
https:/ /thesis.library.caltech.edu/1871/3/2chapter_2.pdf (accessed on 5 May 2024).

Chambers, C.; Miller, A. A Measure of Bizarreness. Q. J. Political Sci. 2010, 5, 27-44. [CrossRef]

Barnes, R.; Solomon, J. Gerrymandering and Compactness: Implementation Flexibility and Abuse. Political Anal. 2021, 29, 448-466.
[CrossRef]

Cohen, J.; Cohen, P.; West, S.G.; Aiken, L.S. Applied Multiple Regression/Correlation Analysis for the Behavioural Sciences, 3rd ed.;
Routledge: London, UK, 2002.

Onwuegbuzie, A.J.; Daniel, L.G. Uses and misuses of the correlation coefficient. Res. Sch. 2002, 9, 73-90.

Dong, T.; Jiao, L.; Xu, G.; Yang, L.; Liu, J. Towards sustainability? Analyzing changing urban form patterns in the United States,
Europe, and China. Sci. Total Environ. 2019, 671, 632-643. [CrossRef] [PubMed]

EUROSTAT. Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Living_conditions_in_
Europe_-_housing (accessed on 20 March 2024).

Xu, G.; Zhengzi, Z.; Limin, ].; Zhao, R. Compact Urban Form and Expansion Pattern Slow Down the Decline in Urban Densities:
A Global Perspective. Land Use Policy 2020, 94, 104563. [CrossRef]

Schwaab, J. Sprawl or compactness? How urban form influences urban surface temperatures in Europe. City Environ. Interact.
2022, 16, 100091. [CrossRef]

Newman, P.; Kosonen, L.; Kenworthy, J. Theory of urban fabrics: Planning the walking, transit/public transport and automo-
bile/motor car cities for reduced car dependency. Town Plan. Rev. 2016, 87, 429-458. [CrossRef]

Newman, PW.G.; Kenworthy, ]J.R. Sustainability and Cities: Overcoming Automobile Dependence; Island Press: Washington, DC, USA,
1999; p. 442.

Newman, P.; Kenworthy, J. The End of Automobile Dependence: How Cities are Moving Away from Car-Based Planning; Island Press:
Washington, DC, USA, 2015; p. 273.

Hollander, J.; Johnson, M.; Drew, R.B.; Tu, ]. Changing urban form in a shrinking city. Environ. Plan. B Urban Anal. City Sci. 2019,
46, 963-991. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


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://land.copernicus.eu/en/products/corine-land-cover
https://land.copernicus.eu/content/corine-land-cover-nomenclature-guidelines/docs/pdf/CLC2018_Nomenclature_illustrated_guide_20190510.pdf
https://land.copernicus.eu/content/corine-land-cover-nomenclature-guidelines/docs/pdf/CLC2018_Nomenclature_illustrated_guide_20190510.pdf
https://doi.org/10.3390/rs12020282
https://doi.org/10.3390/rs12142253
https://www.gov.pl/web/gugik
https://doi.org/10.1016/j.landurbplan.2011.08.012
https://doi.org/10.2307/2131686
https://thesis.library.caltech.edu/1871/3/2chapter_2.pdf
https://doi.org/10.1561/100.00009022
https://doi.org/10.1017/pan.2020.36
https://doi.org/10.1016/j.scitotenv.2019.03.269
https://www.ncbi.nlm.nih.gov/pubmed/30939316
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Living_conditions_in_Europe_-_housing
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Living_conditions_in_Europe_-_housing
https://doi.org/10.1016/j.landusepol.2020.104563
https://doi.org/10.1016/j.cacint.2022.100091
https://doi.org/10.3828/tpr.2016.28
https://doi.org/10.1177/2399808317743971

Krakow, 11.12.2024

OSWIADCZENIE

OSwiadczam iz jako wspdtautorka ponizszych artykutéw miatam nastepujacy wktad w powstanie
publikacji:

Publikacja nr.1

Tytut: “Identification of shrinking cities in Poland using a multi-criterion indicator”
Autorzy: Ewa Szymczyk, Mateusz Bukowski

DOI: 10.7163/PrzG.2023.4.5

Wydawnictwo: Przeglad Geograficzny

Strona: https://przegladgeograficzny.igipz.pan.pl/article/item/13835.html

Rok: 2023

wktad w powstanie publikacji:

- Konceptualizacja publikacji badawczej w tym analiza literatury tematu, okreSlenie celu i
zakresu badan,

- Opracowanie metodologii w tym dobdr danych statystycznych i przestrzennych, okreSlenie
zakresu pracy (czasowy, przestrzenny, tematyczny), dobér metod badawczych
(multikryterialna metoda Milbert), dobér metod statystycznych (analiza box plot, etc.)

- Konsultacje specjalistyczne z promotorem oraz ekspertami (w tym z A.Milbert)

- Opis badan

- Nadzor nad pracami zwigzanymi z analizg danych i analizg statystyczng opracowang przez
mgr. Bukowskiego.

Publikacja nr.2

Tytut: “Compactness of Polish urban areas - methodologies and analysis based on CLC dataset.”
Autorzy: Ewa Szymczyk, Mateusz Bukowski

Wydawnictwo: Architectus

wktad w powstanie publikacji:

- Konceptualizacja publikacji badawczej w tym analiza literatury tematu, okreSlenie celu i
zakresu badan,

- Opracowanie metodologii w tym dobdr danych statystycznych (GUS BDL) i przestrzennych
(CLC), okreSlenie zakresu pracy (czasowy, przestrzenny, tematyczny), dobdr metod
badawczych (metody analizy przestrzennej obszaréw zurbanizowanych), dobér metod
statystycznych (analiza box plot, etc.).

- Opis badan.


https://przegladgeograficzny.igipz.pan.pl/article/item/13835.html

Publikacja nr.3

Tytut: “Understanding the Relationship between Urban Form and Urban Shrinkage among

Medium-Sized Cities in Poland and its Implications for Sustainability”

Autorzy: Ewa Szymczyk, Mateusz Bukowski, Jeffrey Kenworthy
DOI: 10.3390/su16167030

Wydawnictwo: Sustainability

Rok: 2024

wktad w powstanie publikacji:

Konceptualizacja publikacji badawczej w tym analiza literatury tematu, okreslenie celu i
zakresu badan,

Opracowanie metodologii w tym dobdr danych statystycznych i przestrzennych, okreslenie
zakresu pracy (czasowy, przestrzenny, tematyczny), dobdr metod badawczych
(multikryterialna metoda Milbert oraz analizy przestrzennej kompaktowosci), dobér metod
statystycznych (korelacja Pearson’a, analiza box plot, etc.)

Opis badan,

Konsultacje specjalistyczne ze statystykami i demografami,

Konsultacje i superwizja z prof. Jeffreyem Kenworthy,

Korekta i edycja tekstu po recenzjach.



Krakéw, 11.11.2024

OSWIADCZENIE

Oswiadczam iz jako wspétautor artykutow:
e “Identification of shrinking cities in Poland using a multi-criterion indicator” o numerze DOI
/10.7163/PrzG.2023.4.5 wydanego przez Przeglad Geograficzny,

”

e “Compactness of Polish urban areas - methodologies and analysis based on CLC dataset
wydanego przez Architectus,

e “Understanding the Relationship between the Urban Form and Urban Shrinkage among
Medium-sized Cities in Poland and its Implications for Sustainability” o numerze DOI
/10.3390/su16167030 wydanego przez Sustainability MDPI.

miatem nastepujacy wktad w powstanie publikacji:

- Dobdr narzedzi, jezyka programowania oraz niezbednych bibliotek do obrébki danych wg.
wytycznych: Visual Studio Code, Python, Conda, Pandas, Matplotlib etc.,

- Stworzenie srodowiska obliczeniowego oraz implementacja algorytmoéw na potrzeby
metodologii,

- Harmonizacja danych statystycznych celem dostosowania do danych przestrzennych,

- Wizualizacja danych statystycznych w Excel i Matplotlib,

- Obrdbka danych przestrzennych oraz wizualizacja danych w programie QGIS,

- Obliczenia statystyczne wedtug wytycznych autorki badan.

Hh Bt

Mgr. inz. Mateusz Bukowski



Frankfurt am Main, 11.08.2024

STATEMENT

| hereby declare that as a co-author of the article “Understanding the Relationship between the
Urban Form and Urban Shrinkage among medium-sized Cities in Poland and its Implications for
Sustainability”, published in 2024 by Sustainability MDPI,

I made the following contributions to the publications:

e Supervision of research
e Validation to ensure the quality
e Review and editing

./ \
| v/ ( j,

Prof. Jeffrey RaymondﬂKenW’brthy



8. References

Aber, J. (2009). The creative imperative in a postindustrial economy to foster a more sustainable
development in shrinking cities. In K. Pallagst, J. Aber, |. Audirac, E. Cunningham-Sabot, S.
Fol, C. Martinez-Fernandez, S. Moraes, H. Mulligan, J. Vargas-Hernandez, & T.
Wiechmann (Eds.), The future of shrinking cities: Problems, patterns and strategies of
urban transformation in a global context (pp. 111-121). IURD, UCA.

Ahlava, A. (2021). Project Betterfield—Looking back after 10 Years: Urban Catalysts and Culture
for Shrinking Cities. Goethe-Institut Singapore. Retrieved March 17, 2023, from

https://www.goethe.de/resources/files/pdf235/retrospective-betterfield-aa-gis1.pdf

Ahlfeldt, G., & Pietrostefani, E. (2017). The compact city in empirical research: A quantitative
literature review (SERC Discussion Paper). Retrieved March 10, 2024, from
https://eprints.Ise.ac.uk/83638/1/sercdp0215.pdf

Altman, M. (1998). The consistency and effectiveness of mandatory district compactness rules. In

Districting principles and democratic representation [PhD thesis, California Institute of
Technology]. https://doi.org/10.7907/7ZE9-TH19

Alves, D., Barreira, A. P., Guimaraes, 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
Angel, S., Arango Franco, S., Liu, Y., & Blei, A. (2020). The shape compactness of urban

footprints. Progress in Planning, 139, 100429.
https://doi.org/10.1016/j.progress.2018.12.001

ArchReSci (2024). Architecture Research Science Conference. Retrieved November 10, 2024,

from https://archresci.pwr.edu.pl/?page id=316&lang=en

Audirac, |. (2010). Long waves of industrial change and urban restructuring in the South and North:
Latin America in the second phase of globalization. In I. Audirac & J. Arroyo-Alejandre
(Eds.), Shrinking cities South/North (pp. 69-94). University of Guadalajara & UCLA
Program on Mexico.

Banica, A., Istrate, M., & Muntele, |. (2017). Challenges for the resilience capacity of Romanian
shrinking cities. Sustainability, 9, 2289. https://doi.org/10.3390/su9122289

Barnes, R., & Solomon, J. (2021). Gerrymandering and compactness: Implementation flexibility
and abuse. Political Analysis, 29(4), 448—466. https://doi.org/10.1017/pan.2020.36

Batty, M., & Longley, P. A. (1987). Fractal-based description of urban form. Environment and
Planning B: Planning and Design, 14(2), 123—134. https://doi.org/10.1068/b140123

Bauer, U. C. (2011). Weniger ist Zukunft: Ein Rickblick auf die ,Internationale Bauausstellung
Stadtumbau Sachsen-Anhalt 2010“. Standort, 35, 2-5.



https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://www.goethe.de/resources/files/pdf235/retrospective-betterfield-aa-gis1.pdf
https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://eprints.lse.ac.uk/83638/1/sercdp0215.pdf
https://doi.org/10.7907/7ZE9-TH19
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1016/j.progress.2018.12.001
https://doi.org/10.1016/j.progress.2018.12.001
https://archresci.pwr.edu.pl/?page_id=316&lang=en
https://doi.org/10.3390/su9122289
https://doi.org/10.1017/pan.2020.36
https://doi.org/10.1068/b140123

BBSR (Bundesinstitut fir Bau-, Stadt- und Raumforschung). (2017). Gemeinsame Evaluierung der
Programme Stadtumbau Ost und Stadtumbau West. Bonn. Retrieved July 20, 2023, from
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/sonderveroeffentlichungen/2017/e

valuierung-stadtumbau-ost-west-dl.pdf? __blob=publicationFile&v=1

IBA. (2011). Internationale Bauausstellungen. IBA Stadtumbau. Less is future. Retrieved May 10,
2023, from
https://www.internationale-bauausstellungen.de/en/history/2002-2010-iba-stadtumbau-less-i
s-future

BBSR (Bundesinstitut flir Bau-, Stadt- und Raumforschung). (2021). Indikatoren und Karten zur
Raum- und Stadtentwicklung. Bonn. Retrieved July 20, 2023, from https://www.inkar.de

Beauregard, R. A. (2009). Urban population loss in historical perspective: United States,
1820-2000. Environment & Planning A, 41(3), 514-528.

Bernt, M. (2018). Schrumpfung. In ARL — Akademie fir Raumforschung und Landesplanung (Ed.),
Handwérterbuch der Stadt- und Raumentwicklung (pp. 2119-2128). ARL — Akademie fir
Raumforschung und Landesplanung.

Bernt, M. (2019). The emergence of ‘Stadtumbau Ost’. Urban Geography, 40(2), 174-191.
https://doi.org/10.1080/02723638.2017.1332926

Bernt, M., Cocks, M., Couch, C., Grossmann, K., Haase, A., & Rink, D. (2012). Policy response,

governance and future directions. Shrink Smart Research Brief No. 2. Helmholtz Centre for

Environmental Research — UFZ, Leipzig.

Bernt, M., Haase, A., GroBmann, K., Cocks, M., Couch, C., Cortese, C., & Krzysztofik, R. (2014).
How does (n’t) urban shrinkage get onto the agenda? Experience from Leipzig, Liverpool,
Genoa, and Bytom. International Journal of Urban and Regional Research, 38(5),
1749-1766. https://doi.org/10.1111/1468-2427.12101

Bitterfeld-Wolfen City Council. (2007). GINSEK 2005/2006: Gemeinsames Integriertes
Stadtentwicklungskonzept Bitterfeld — Wolfen — Greppin. Berlin. Retrieved February 15,
2024, from https://www.bitterfeld-wolfen.de/en/upload/Teil%201-GINSEK 2007.pdf

Bitterfeld-Wolfen City Council. (2015). Stadtentwicklungskonzept 2015-2025 (STEK 2015-2025).
Retrieved February 15, 2024, from
https://www.bitterfeld-wolfen.de/de/wis|_s-cms/_redaktionell/65/Stadtentwicklungskonzept/9
69/Stadtentwicklungskonzept 2015 2025__STEK 2015_2025_.html

BMVBS (Bundesministerium fir Verkehr, Bau und Stadtentwicklung). (2012). Bund-Lé&nder-Bericht
zum Programm Stadtumbau Ost. Bundesamt fir Bauwesen und Raumordnung: Bonn.

BMWSB (Bundesministerium fur Wohnen, Stadtentwicklung und Bauen). (2023). Nationale
Stadtentwicklungspolitik. Retrieved July 20, 2023, from
https://www.nationale-stadtentwicklungspolitik.de/NSPWeb/DE/Home/home_node.html

Bontje, M. (2004). Facing the challenge of shrinking cities in East Germany: The case of Leipzig.
GeodJournal, 61(1), 13—21. https://doi.org/10.1007/s10708-004-0843-7


https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/sonderveroeffentlichungen/2017/evaluierung-stadtumbau-ost-west-dl.pdf?__blob=publicationFile&v=1
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/sonderveroeffentlichungen/2017/evaluierung-stadtumbau-ost-west-dl.pdf?__blob=publicationFile&v=1
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/sonderveroeffentlichungen/2017/evaluierung-stadtumbau-ost-west-dl.pdf?__blob=publicationFile&v=1
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://www.internationale-bauausstellungen.de/en/history/2002-2010-iba-stadtumbau-less-is-future
https://www.inkar.de/
https://doi.org/10.1080/02723638.2017.1332926
https://doi.org/10.1111/1468-2427.12101
https://www.bitterfeld-wolfen.de/en/upload/Teil%201-GINSEK_2007.pdf
https://www.bitterfeld-wolfen.de/de/wisl_s-cms/_redaktionell/65/Stadtentwicklungskonzept/969/Stadtentwicklungskonzept_2015_2025__STEK_2015_2025_.html
https://www.bitterfeld-wolfen.de/de/wisl_s-cms/_redaktionell/65/Stadtentwicklungskonzept/969/Stadtentwicklungskonzept_2015_2025__STEK_2015_2025_.html
https://www.bitterfeld-wolfen.de/de/wisl_s-cms/_redaktionell/65/Stadtentwicklungskonzept/969/Stadtentwicklungskonzept_2015_2025__STEK_2015_2025_.html
https://www.nationale-stadtentwicklungspolitik.de/NSPWeb/DE/Home/home_node.html
https://www.nationale-stadtentwicklungspolitik.de/NSPWeb/DE/Home/home_node.html
https://doi.org/10.1007/s10708-004-0843-7

Brake, K., Dangschat, J. S., & Herfert, G. (2001). Suburbanisierung in Deutschland — aktuelle
Tendenzen. In K. Brake, J. S. Dangschat, & G. Herfert (Eds.), Suburbanisierung in
Deutschland (pp. 1-24). VS Verlag flr Sozialwissenschaften.
https://doi.org/10.1007/978-3-663-11566-3_1

Brickner, H. (2007). Auf dem MONITOR: Die IBA-Evaluierung in Sachsen-Anhalt. In T. Weith
(Ed.), Stadtumbau erfolgreich evaluieren (pp. 161-178). Waxmann-Verlag.

Bugalski, t., & Lorens, P. (2023). Post-Second World War reconstruction of Polish cities: The
interplay between politics and paradigms. Urban Planning, 8(1), 182—195.
https://doi.org/10.17645/up.v8i1.6116

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 39, Washington D.C.

Burton, E. (2002). Measuring urban compactness in UK towns and cities. Environment and
Planning B: Planning and Design, 29(2), 219-250. https://doi.org/10.1068/b2713

Barklin, T., & Peterek, M. (2017). Basics urban building blocks. Basel/Berlin/Boston: Birkhauser.
https://d-nb.info/1133224946
Campos-Sanchez, F. S., Reinoso-Bellido, R., & Abarca-Alvarez, F. J. (2019). Sustainable

environmental strategies for shrinking cities based on processing successful case studies

facing decline using a decision-support system. International Journal of Environmental
Research and Public Health, 16, 3727. https://doi.org/10.3390/ijerph16193727
Carruthers, John & Ulfarsson, Gudmundur. (2003). Urban Sprawl and the Cost of Public Services.

Environment and Planning B: Planning and Design. 30. 503-522.
https://doi.org/10.1068/b12847.

Cattaneo, C., D’Alisa, G., Kallis, G., & Zografos, C. (2012). Degrowth futures and democracy.
Futures, 44(6), 515-523. https://doi.org/10.1016/j.futures.2012.03.012

Chambers, C., & Miller, A. (2010). A measure of bizarreness. Quarterly Journal of Political Science,
5(1), 27-44.

Cheshire, P. (1995). A new phase of urban development in Western Europe? The evidence for the
1980s. Urban Studies, 32(7), 1045-1063.

Cheshire, P., & Hay, D. G. (1989). Urban problems in Western Europe. Unwin Hyman.

Chojnicki, Z. (1970). Podstawowe tendencje metodologiczne wspotczesnej geografii ekonomiczne;.
Przeglad Geograficzny, 42(2), 199-213.

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

Cieslak, I., Bitozor, A., & Szuniewicz, K. (2020). The use of the CORINE Land Cover (CLC)
database for analyzing urban sprawl. Remote Sensing, 12(2), 282.
https://doi.org/10.3390/rs12020282

CIRES. (2022). Cities regrowing smaller: Fostering knowledge on regeneration strategies in

shrinking cities across Europe. Retrieved January 1, 2022, from www.cost-cires.eu



https://doi.org/10.1007/978-3-663-11566-3_1
https://doi.org/10.1007/978-3-663-11566-3_1
https://doi.org/10.17645/up.v8i1.6116
https://doi.org/10.17645/up.v8i1.6116
https://doi.org/10.1068/b2713
https://d-nb.info/1133224946
https://d-nb.info/1133224946
https://doi.org/10.3390/ijerph16193727
https://doi.org/10.3390/ijerph16193727
https://doi.org/10.1016/j.futures.2012.03.012
https://doi.org/10.14512/rur.26
https://doi.org/10.3390/rs12020282
https://doi.org/10.3390/rs12020282
http://www.cost-cires.eu/

CLC — Corine Land Cover. (2022). Spatial data on Europe. Retrieved January 1, 2022, from
https://land.copernicus.eu/en/products/corine-land-cover
Cohen, J., Cohen, P, West, S. G., & Aiken, L. S. (2002). Applied multiple regression/correlation

analysis for the behavioural sciences (3rd ed.). Routledge.

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 Sustain 2, 19.

https://doi.org/10.1038/s42949-022-00062-0

Couch, C. (1990). Urban renewal: Theory and practice. Macmillan Education.

Couch, C., Cocks, M., Bernt, M., Grossmann, K., Haase, A., & Rink, D. (2012). Shrinking cities in
Europe. Town & Country Planning, 81(6), 264-270.

Couch, C., Karecha, J., Nuissl, H., & Rink, D. (2005). Decline and sprawl: An evolving type of

urban development observed in Liverpool and Leipzig. European Planning Studies, 13(1),
117-136. https://doi.org/10.1080/0965431042000312433
Couch, C., Sykes, O., & Borstinghaus, W. (2011). Thirty years of urban regeneration in Britain,

Germany and France: The importance of context and path dependency. Progress in
Planning, 75, 1-52. https://doi.org/10.1016/j.progress.2010.12.001
Cunningham-Sabot, E., Jaroszewska, E., Fol, S., Roth, H., Stryjakiewicz, T., & Wiechmann, T.

(2010). Processus de décroissance urbaine. In M. Baron, E. Cunningham-Sabot, C.
Grasland, D. Riviere, & G. Van Hamme (Eds.), Villes et régions européennes en
décroissance: Maintenir la cohésion territoriale. Editions Hermés.

Dantzig, G. B., & Saaty, T. L. (1973). Compact city: A plan for a liveable urban environment. W. H.
Freeman.

Dong, T, Jiao, L., Xu, G., Yang, L., & Liu, J. (2019). Towards sustainability? Analyzing changing
urban form patterns in the United States, Europe, and China. Science of the Total
Environment, 671, 632—643.

Déringer, 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

Environmental Protection and Management Act. (2001). Ustawa z dnia 27 kwietnia 2001 r. Prawo

ochrony srodowiska. Retrieved May 10, 2024, from
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20010620627

Escudero-Gomez, L. A., Garcia-Gonzalez, J. A., & Martinez-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, 104205.
https://doi.org/10.1016/].cities.2023.104205

ESPON 1.4.3. (2007). Study on urban functions: Final report. Retrieved May 11, 2023, from
https://archive.espon.eu/sites/default/files/attachments/fr-1.4.3_April2007-final.pdf



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/10.1080/0965431042000312433
https://doi.org/10.1016/j.progress.2010.12.001
https://doi.org/10.1080/09654313.2019.1604635
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20010620627
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20010620627
https://doi.org/10.1016/j.cities.2023.104205
https://doi.org/10.1016/j.cities.2023.104205
https://archive.espon.eu/sites/default/files/attachments/fr-1.4.3_April2007-final.pdf

European Commission. (2007). Urban Audit 2007. Retrieved May 10, 2023, from

https://ec.europa.eu/regional policy/policy/themes/urban-development/audit _en

European Funds. (2020a). Video on model urban renewal in Leszno. [Video]. Retrieved May 22,
2023, from
https://www.youtube.com/watch?v=lwd4wulORtQ&list=PL SoHIHWmvfwo-vJRGuyCHK23q
Aox764xt&index=21

European Funds. (2022). Modelowa rewitalizacja miast — Leszno. Retrieved May 10, 2023, from

https://www.funduszeeuropejskie.gov.pl/strony/o-funduszach/rewitalizacja/modelowa-rewital

izacja
EUROSTAT. (2023). Living conditions in Europe. Retrieved March 20, 2023, from

ousing
Florczyk, A., Corbane, C., Schiavina, M., Pesaresi, M., Maffenini, L., Melchiorri, M., Politis, P.,

Sabo, F., Freire, S., Ehrlich, D., Kemper, T., Tommasi, P., Airaghi, D., & Zanchetta, L.
(2019). GHS Urban Centre Database 2015, multitemporal and multidimensional attributes,
R2019A [Dataset]. European Commission, Joint Research Centre (JRC).

Frackowiak, M. (1993). Podstawowe przyczyny narastania deficytu i pogtebiania kryzysu
mieszkaniowego w Polsce. Ruch Prawniczy, Ekonomiczny i Socjologiczny, 60(4), 107-117.

Frohlich, P., Mannewitz, T., & Ranft, F. (2022). Die Ubergangenen. Strukturschwach &
Erfahrungsstark. Zur Bedeutung regionaler Perspektiven fiir die gro3e Transformation.
Friedrich-Ebert-Stiftung. Retrieved July 10, 2023, from
https://library.fes.de/pdf-files/a-p-b/18522.pdf

Gaczek, W., Mrozinska, A., Bernaciak, A., Kisiata, W., & Palicki, S. (2019). Miasta srednie w

wojewoddztwie wielkopolskim i ich znaczenie dla rozwoju regionu. Biuletyn Wielkopolskiego

Regionalnego Obserwatorium Terytorialnego, 4—15.

Ganser, K. (1997). Aufstieg und Fall stadtischer Regionen. In T. Kramer-Badoni & W. Petrowsky
(Eds.), Das Verschwinden der Stadte: Documentation of 16th Bremer Wissenschaftsforum
der Universitdt Bremen (p. 9).

Gatzweiler, H., & Kaltenbrunner, R. (2009). Stadt als Aufgabe! Informationen zur
Raumentwicklung, 3/4, 143—-155.

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

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

Geipel, K., & Kowa, G. (2010). IBA Stadtumbau Sachsen-Anhalt. Bauwelt, 17/18-2010, 20-38.

Gibas, P. & Heffner, K. (2018). Spoteczne i ekonomiczne koszty beztadu przestrzennego —

Osadnictwo obszardow wiejskich. In: Studia nad Chaosem Przestrzennym. Tom Il Koszty


https://ec.europa.eu/regional_policy/policy/themes/urban-development/audit_en
https://ec.europa.eu/regional_policy/policy/themes/urban-development/audit_en
https://www.youtube.com/watch?v=lwd4wuIORtQ&list=PLSoHIHWmvfwo-vJRGuyCHK23qAox764xt&index=21
https://www.youtube.com/watch?v=lwd4wuIORtQ&list=PLSoHIHWmvfwo-vJRGuyCHK23qAox764xt&index=21
https://www.youtube.com/watch?v=lwd4wuIORtQ&list=PLSoHIHWmvfwo-vJRGuyCHK23qAox764xt&index=21
https://www.funduszeeuropejskie.gov.pl/strony/o-funduszach/rewitalizacja/modelowa-rewitalizacja
https://www.funduszeeuropejskie.gov.pl/strony/o-funduszach/rewitalizacja/modelowa-rewitalizacja
https://www.funduszeeuropejskie.gov.pl/strony/o-funduszach/rewitalizacja/modelowa-rewitalizacja
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Living_conditions_in_Europe_-_housing
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Living_conditions_in_Europe_-_housing
https://library.fes.de/pdf-files/a-p-b/18522.pdf
https://library.fes.de/pdf-files/a-p-b/18522.pdf

Chaosu Przestrzennego; Kowalewski, A., Markowski, T., Sleszyhski, P., Eds.; Studia KPZK
PAN, CLXXII: Warszawa, Poland, 163-175.

Gies, J., Holz, P., Jossin, J., Milbert, A., Miller, A., Peters, O., & Scheller, H. (2021). National
progress report on the implementation of the New Urban Agenda. BBSR. Retrieved August
10, 2023, from
https://www.bbsr.bund.de/BBSR/EN/publications/OnlinePublications/2021/bbsr-online-03-2
021.html

Gminny Program Reuwitalizacji Miasta Leszna na lata 2017-2027. (2017). (Leszno Municipal
Renewal Plan). Retrieved July 10, 2024, from
https://bip.leszno.pl/attachments/download/9072

Goddecke-Stellmann, J., & Wagener, T. (2009). Stadtebauférderung — Investitionen fir die Zukunft
der Stadte. Informationen zur Raumentwicklung, 3/4, 181-192.

Gdoddecke-Stellmann, J. (2016). Jede MaRnahme ist anders — Nutzen und Grenzen quantitativer
Daten fur das Monitoring der Stadtebauférderung. Informationen zur Raumentwicklung, 1,
17-28.

Grelak, U., & Pasternack, P. (2014). Die Bildungs-IBA: Bildung als Ressource im demografischen
Wandel: Die Internationale Bauausstellung ,,Stadtumbau Sachsen-Anhalt 2010 Leipzig:
AVA Akademische Verlagsanstalt. Retrieved January 20, 2023, from
https://www.researchgate.net/publication/348930262_Die_Bildungs-IBA_Bildung_als_Probl
embearbeitung_im_demografischen_Wandel_Die_Internationale_Bauausstellung_Stadtum
bau_Sachsen-Anhalt_2010

Grelak, U., & Pasternack, P. (2015). Bildung als Chance der schrumpfenden Peripherie. Die IBA

~otadtumbau Sachsen-Anhalt 2010“ Abschied vom Wachstum, auf3er der Bildung. pnd
online, 1-2015. Retrieved July 21, 2023, from
https://publications.rwth-aachen.de/record/483942/files/pndlonline_2015-1.pdf

Grelak, U., & Pasternack, P. (2016). Demografie-IBA: Die Risiken und Erfolgsfaktoren der IBA
»Stadtumbau Sachsen-Anhalt 2010“. Raumplanung, 185(3-2016), 45—49.

Grimm, N. B., Cook, E. M., Hale, R. L., & Iwaniec, D. M. (2015). A broader framing of ecosystem
services in cities: Benefits and challenges of built, natural or hybrid system function. In K.
C. Seto, W. Solecki, & C. Griffith (Eds.), The Routledge Handbook of Urbanization and
Global Environmental Change (pp. 203-212). Routledge.

GroBmann, 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/].cities.2013.07.007

Guo, R, Leng, H., Yuan, Q., & Song, S. (2022). Impact of urban form on CO, emissions under

different socioeconomic factors: Evidence from 132 small and medium-sized cities in China.
Land, 11(5), 713. https://doi.org/10.3390/land11050713

GUS. (2023). Prognoza ludnoéci rezydujacej dla Polski na lata 2023—2060, Departament Badan
Demograficznych i Rynku Pracy GUS, Warszawa. Retrieved March 20, 2024, from



https://www.bbsr.bund.de/BBSR/EN/publications/OnlinePublications/2021/bbsr-online-03-2021.html
https://www.bbsr.bund.de/BBSR/EN/publications/OnlinePublications/2021/bbsr-online-03-2021.html
https://www.bbsr.bund.de/BBSR/EN/publications/OnlinePublications/2021/bbsr-online-03-2021.html
https://bip.leszno.pl/attachments/download/9072
https://bip.leszno.pl/attachments/download/9072
https://www.researchgate.net/publication/348930262_Die_Bildungs-IBA_Bildung_als_Problembearbeitung_im_demografischen_Wandel_Die_Internationale_Bauausstellung_Stadtumbau_Sachsen-Anhalt_2010
https://www.researchgate.net/publication/348930262_Die_Bildungs-IBA_Bildung_als_Problembearbeitung_im_demografischen_Wandel_Die_Internationale_Bauausstellung_Stadtumbau_Sachsen-Anhalt_2010
https://www.researchgate.net/publication/348930262_Die_Bildungs-IBA_Bildung_als_Problembearbeitung_im_demografischen_Wandel_Die_Internationale_Bauausstellung_Stadtumbau_Sachsen-Anhalt_2010
https://publications.rwth-aachen.de/record/483942/files/pndlonline_2015-1.pdf
https://publications.rwth-aachen.de/record/483942/files/pndlonline_2015-1.pdf
https://doi.org/10.1016/j.cities.2013.07.007
https://doi.org/10.3390/land11050713
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-lat
a-2023-2060,11,1.html

Gyurkovich, M. (2023). Modelowanie policentrycznej metropolii. In T. Bradecki (Ed.), Modele
struktury Metropolii GZM (pp. 106—107). Gliwice: Wydawnictwo Politechniki Slgskie;.
Haase, A., Bernt, M., Grossmann, K., Mykhnenko, V., & Rink, D. (2013). Varieties of shrinkage in

European cities. European Urban and Regional Studies, 23(1), 86—102.
https://doi.org/10.1177/0969776413481985
Haase, A., Bontje, M., Couch, C., Marcinczak, S., Rink, D., Rumpel, P., & Wolff, M. (2021). Factors

driving the regrowth of European cities and the role of local and contextual impacts: A

contrasting analysis of regrowing and shrinking cities. Cities: The International Journal of
Urban Policy and Planning, 108, 102942. https://doi.org/10.1016/j.cities.2020.102942

Haase, A., Nelle, A., & Mallach, A. (2017). Representing urban shrinkage: The importance of
discourse as a frame for understanding conditions and policy. Cities, 69, 95-101.
https://doi.org/10.1016/j.cities.2016.09.007

Haase, A., Rink, D., Grossmann, K., Bernt, M., & Mykhnenko, V. (2014). Conceptualizing urban
shrinkage. Environment and Planning A: Economy and Space, 46(7), 1519-1534.
https://doi.org/10.1068/a46269

Haranczyk, A. (2015). Przejawy i konsekwencje depopulacji miast. In A. Haranczyk (Ed.),

Uwarunkowania i konsekwencje procesu kurczenia sie miast w Polsce (pp. 41-80).
Warszawa: CeDeWu.

Haschke, H. (2014). Rahmenbedingungen fiir Raumpioniere zur Férderung der urbanen Kultur in
Merseburg [Bachelor's thesis, Hochschule Merseburg].

HauRermann, H., & Siebel, W. (1987). Neue Urbanitét. Frankfurt am Main: Suhrkamp.

HauRermann, H., & Siebel, W. (1988). Die schrumpfende Stadt und die Stadtsoziologie.
Soziologische Stadtforschung. Kéiner Zeitschrift fiir Soziologie und Sozialpsychologie, 29,
78-94.

He, Q., Yan, M., Zheng, L., Wang, B., & Zhou, J. (2023). The effect of urban form on urban
shrinkage: A study of 293 Chinese cities using Geodetector. Land, 12(4), 799.
https://doi.org/10.3390/land12040799

Heimpold, G. (2015). Im Fokus: Industrielle Kerne in Ostdeutschland und wie es dort heute

aussieht — Das Beispiel des Chemiestandorts Bitterfeld-Wolfen. Wirtschaft im Wandel,
21(6), 110-113.

Heinrich, A. J. (2013). Urban governance im Stadtumbau ostdeutscher Mittelstadte:
Governance-Muster im Stadtumbau am Beispiel der IBA-Stadte Bernburg und Weissenfels.
disP — The Planning Review, 49(1), 29-43.

Herfert, G. (2003). Die ostdeutsche Schrumpfungslandschaft: Schrumpfende und stabile
Regionen, Stadte und Wohnquartiere. Standpunkt, 04, Oktober 2003.

http://shrinkingcities.com/fileadmin/shrink/downloads/pdfs/Hefert.pdf


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://doi.org/10.1177/0969776413481985
https://doi.org/10.1177/0969776413481985
https://doi.org/10.1016/j.cities.2020.102942
https://doi.org/10.1016/j.cities.2016.09.007
https://doi.org/10.1016/j.cities.2016.09.007
https://doi.org/10.1068/a46269
https://doi.org/10.1068/a46269
https://doi.org/10.3390/land12040799
http://shrinkingcities.com/fileadmin/shrink/downloads/pdfs/Hefert.pdf

Herrmann, D., Schwarz, K., Shuster, W., Berland, A., Chaffin, B., Garmestani, A., & Hopton, M.
(2016). Ecology for the shrinking city. BioScience, 66(11), 965-975.
https://doi.org/10.1093/biosci/biw062

Hollander, J. (2009). Polluted and dangerous: America's worst abandoned properties and what can

be done about them. Burlington: 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.

Hollander, J., Johnson, M., Drew, R. B., & Tu, J. (2019). Changing urban form in a shrinking city.
Environment and Planning B: Urban Analytics and City Science, 46(5), 963—991.
https://doi.org/10.1177/2399808317743971

Hollander, J., Pallagst, K., Schwartz, T., & Popper, F. (2009). Planning shrinking cities. In H. Blanco

& M. Alberti (Eds.), Shaken, shrinking, hot, impoverished and informal: Emerging research
agendas in planning. Progress in Planning, 72(4), 223-233.
https://doi.org/10.1016/j.progress.2009.09.001

Hospers, G. J. (2014). Policy responses to urban shrinkage: From growth thinking to civic
engagement. European Planning Studies, 22, 1507-1523.
https://doi.org/10.1080/09654313.2013.793655

IBA. (2010). Less is Future. Catalogue for the final presentation of the International Building

Exhibition Urban Redevelopment Saxony-Anhalt 2010. Ministry of Regional Development
and Transport for the Federal State of Saxony-Anhalt (Ed.).

IBA Stadtumbau. (2013). Retrieved 10 May, 2023, from https://www.iba-stadtumbau.de

IBA Urban Renewal. (2010). International Building Exhibition Urban Redevelopment Saxony-Anhalt
2010. Retrieved July 20, 2023, from https://www.iba-stadtumbau.de/index.php?iba2010-en

Inostroza, L., Baur, R., & Csaplovics, E. (2013). Urban sprawl and fragmentation in Latin America:

A dynamic quantification and characterization of spatial patterns. Journal of Environmental
Management, 115, 87-97. https://doi.org/10.1016/j.jenvman.2012.11.007

Jadach-Sepioto, A. (2010). Rewitalizacja miast w dokumentach strategicznych w Polsce.

Odniesienie do projektu Krajowej Strategii Rozwoju Regionalnego 2010-2020: Regiony,
miasta, obszary wiejskie. In K. Skalski (Ed.), O budowie metod rewitalizacji w Polsce -
aspekty wybrane (pp. 41-80). Krakow: ISP UJ.

Jadach-Sepioto, A., Kutaczkowska, A., & Mroz, A. (Eds.). (2018). Rewitalizacja w praktyce. Modele
rozwigzan jako rezultaty konkursu Modelowa Rewitalizacja Miast i pilotazy w zakresie
rewitalizacji. Warszawa: Krajowy Instytut Polityki Przestrzennej i Mieszkalnictwa.

Jagietto-Kowalczyk, M., Stachura, E. & Poluk, D. (2023). Spatial transformation of a heritage city
by infill development: The case of Racibérz Old Town. Zeszyty Naukowe Politechniki
Poznanskiej. Architektura, Urbanistyka, Architektura Wnetrz, 15, 65-83.
https://doi.org/10.21008/].2658-2619.2023.15.4



https://doi.org/10.1093/biosci/biw062
https://doi.org/10.1093/biosci/biw062
https://doi.org/10.1177/2399808317743971
https://doi.org/10.1016/j.progress.2009.09.001
https://doi.org/10.1016/j.progress.2009.09.001
https://doi.org/10.1080/09654313.2013.793655
https://doi.org/10.1080/09654313.2013.793655
https://www.iba-stadtumbau.de/
https://www.iba-stadtumbau.de/index.php?iba2010-en
https://doi.org/10.1016/j.jenvman.2012.11.007
https://doi.org/10.21008/j.2658-2619.2023.15.4

Janas, K., & Trojnar, M. (Eds.). (2014). Community-Led Urban Regeneration: Polish-Ukrainian
experience and inspiration. Krakow-Lviv: IRM.

Janas, K., Piech, K., & Trzepacz, P. (2019). Zmiany liczby mieszkancéw miast w latach
2006-2016. In R. Krzysztofik (Ed.), Przemiany demograficzne miast Polski. Wymiar
krajowy, regionalny i lokalny (pp. 26—40). Krakow: Instytut Rozwoju Miast i Regiondw.

Jarczewski, W., & Kutaczkowska, E. (Eds.). (2019). Rewitalizacja. Raport o stanie polskich miast.
Warszawa: Instytut Rozwoju Miast i Regiondw.

Jaroszewska, E. (2014). In search of a new approach for urban policies under shrinkage
tendencies in Poland. Journal of Spatial and Organisational Dynamics, 2(4), 276-287.

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

Jazdzewska, I. (2006). The relationship between the administrative division and urban settlement
system of Poland. Use of the k-means method in studying the urban settlement system.
Przeglad Geograficzny, 78, 2, 247-259.

Jazdzewska, |. (2008). Przemiany miejskiej sieci osadniczej w Polsce w swietle metod

matematycznych. £6dz: Wydawnictwo Uniwersytetu L.édzkiego.

Jazdzewska, I. (2020). Urban network in Poland during the last millennium. Konwersatorium
Wiedzy o Miescie, 5(33). https://doi.org/10.18778/2543-9421.05.01

Jedraszko, A. (2005). Kurczace sie miasta. Urbanista, 8, August 2005, 9-12.

Johnson, J. (2000). Rebuilding of a historic Polish town: “Retroversion” in action. Journal of
Architectural Conservation, 6(2), 63—71. https://doi.org/10.1080/13556207.2000.10785270

Jopek, D., & Musiat-Malago, M. (2021). Shrinking cities as a process of cities transformation in the

light of selected aspects. Urban Design and Spatial Planning, XLIX, 115—135.
https://doi.org/10.24425/tkuia.2021.138706

Kajdanek, K. (2017). Nowe tory - centrum Leszna po kolei. Opracowanie koncepcji miksu

spotecznego z uwzglednieniem przestrzennego rozktadu mieszkarncow zapewniajgcego
optymalny rozwdj obszaru rewitalizacji. Wroctaw. Retrieved July 20, 2023, from

https://www.leszno.pl/files/47493/Koncepcja Miks spoleczny.pdf

Kalinowski, W. (1986). Rozwdj miast w Polsce. In W. Zin (Ed.), Zabytki urbanistyki i architektury w
Polsce. Odbudowa i konserwacja. Vol. 1: Miasta historyczne (pp. 16—47). Warszawa:
Osrodek Dokumentacji Zabytkéw. Arkady.

Kantarek, A. (2010). Tranzyt a spojnos¢ formy miasta. Czasopismo techniczne. Wydawnictwo
Politechniki Krakowskiej.

Kantor, P., & Savitch, H. V. (2005). How to study comparative urban development politics: A
research note. International Journal of Urban and Regional Research, 29, 135-151.
https://doi.org/10.1111/j.1468-2427.2005.00575.x

Kantor-Pietraga, I. (2014). Systematyka procesu depopulacji miast na obszarze Polski od XIX do

XXI wieku. Katowice: Wydawnictwo Uniwersytetu Slgskiego.


https://doi.org/10.2478/quageo-2019-0023
https://doi.org/10.2478/quageo-2019-0023
https://doi.org/10.18778/2543-9421.05.01
https://doi.org/10.1080/13556207.2000.10785270
https://doi.org/10.24425/tkuia.2021.138706
https://www.leszno.pl/files/47493/Koncepcja_Miks_spoleczny.pdf
https://www.leszno.pl/files/47493/Koncepcja_Miks_spoleczny.pdf
https://doi.org/10.1111/j.1468-2427.2005.00575.x
https://doi.org/10.1111/j.1468-2427.2005.00575.x

Kazimierczak, J., & Szafranska, E. (2019). Demographic and morphological shrinkage of urban
neighbourhoods in a post-socialist city: The case of £L.6dz, Poland. Geografiska Annaler,
Series B: Human Geography, 101(2), 138—-163.
https://doi.org/10.1080/04353684.2019.1582304

Kegler, H. (2005). Charrette-Verfahren zur Reurbanisierung. disP - The Planning Review, 41(160),
75-82.

Kerschner, C. (2010). Economic de-growth vs. steady-state economy. Journal of Cleaner
Production, 18, 544-551. https://doi.org/10.1016/j.iclepro.2009.10.019

Kil, W. (2004). Luxus der Leere: Vom schwierigen Riickzug aus der Wachstumswelt. Wuppertal:

Mdaller und Bergmann.
Klaassen, L. H. (1988). Mys! i praktyka ekonomiczna a przestrzen. £o6dz: Wydawnictwo UL.
Kohler, H., Billari, F., & Ortega, J. (2002). The emergence of lowest-low fertility in Europe during
the 1990s. Population and Development Review, 28(4), 641-680.
Kompetenzzentrum Stadtumbau. (n.d.). Neue Perspektiven fur Stadtentwicklung. Retrieved July

29, 2023, from https://kompetenzzentrum-stadtumbau.de

Korbel, W. (2023). Local planning in the national provisions of the Polish Building Code of 1928 — A
forgotten legacy. Planning Perspectives: An International Journal of History, Planning and
the Environment, 1-14. https://doi.org/10.1080/02665433.2023.2272737

Koter, M., & Kulesza, M. (2001). Geographical and historical grounds of formation of borders of

former and present-day Poland. In M. Koter & K. Heffner (Eds.), Changing role of border
areas and regional policies. Region and Regionalism (No. 5, pp. 165-179). University of
t6dz, Silesian Institute.

Koter, M.(1990). The Morphological Evolution of a Nineteenth-century City Centre: £6dz, Poland,
1825-1973 [in:] T.R. Slater (ed.) The Built Form of Western Cities. Essays for M.R.G.
Conzen on the occasion of his eightieth birthday, Leicester—London: Leicester University
Press.

Kowalski, K. & Hanzl, M., (2021). Resilient Urban Form Assessment — Burgage Cycle and
Morphometry, ICCSA 2021

Koziol, M. (2004). Folgen des demographischen Wandels fiir die kommunale Infrastruktur.
Deutsche Zeitschrift fiir Kommunalwissenschaften, Heft 2004(1), 69-83.

Krajowa Polityka Miejska. (2023). Ministry of Infrastructure and Development. Warsaw, 2015.

Krawczyk, N. (2009). Szczegotowa analiza wybranych przypadkéw odnowy miejskiej. In M. Bryx &
A. Jadach-Sepioto (Eds.), Rewitalizacja miast w Niemczech (pp. 167—168). Krakow: IRM.

Krzysztofik, R., & Szmytkie, R. (2011). Studia nad procesami i strukturami osadniczymi sieci miast
Polski Potudniowej (Nr. 68). Sosnowiec: Prace Wydziatu Nauk o Ziemi Uniwersytetu

Slgskiego.


https://doi.org/10.1080/04353684.2019.1582304
https://doi.org/10.1016/j.jclepro.2009.10.019
https://kompetenzzentrum-stadtumbau.de/
https://doi.org/10.1080/02665433.2023.2272737

Krzysztofik, R., & Szmytkie, R. (2018). Procesy depopulacji w Polsce w swietle zmian bazy
ekonomicznej miast = Depopulation in Poland in the light of changes in city functions.
Przeglad Geograficzny, 90, 291-308. https://doi.org/10.7163/PrzG.2018.2.6

Krzysztofik, R., Runge, J., & Kantor-Pietraga, |. (2011). Paths of shrinkage in the Katowice

conurbation. Case studies of Bytom and Sosnowiec cities. Sosnowiec: WNoZ Uniwersytet
Slgski.

Kucharska-Stasiak, E. (2008). Rynek nieruchomosci i jego specyfika. In E. Kucharska-Stasiak
(Ed.), Cykle rynku nieruchomos$ci a sektor bankowy. Zeszyt Hipoteczny, 26 (pp. 12—-13).

Kunzmann, K. R. (1992). Zur Entwicklung der Stadtsysteme in Europa. Mitteilungen der
Osterreichischen Geographischen Gesellschaft, 134, 25-50.

Kunzmann, K. R. (2000). Network Europe: A Europe City Regions. In L. Bekemanns & E. Mira
(Eds.), Civitas Europa — Cities, Urban Systems and Cultural Regions between Diversity and
Convergence (pp. 119-131). Peter Lang Verlag.

Kunzmann, K. R. (2010). Medium-sized towns, strategic planning and creative governance in the
South Baltic Arc. In Making Strategies in Spatial Planning: Urban and Landscape
Perspectives, 9, 27-45.

Kusinski, W. (1991). Stadia rozwoju urbanizacji w Polsce. Przeglagd Geograficzny, 63(3—4),
271-281.

Kusinski, W. (1993). Rola miast w ksztattowaniu lokalnych systemow osadniczych. In W. Maik
(Ed.), Problematyka lokalnych systemoéw osadniczych (pp. 49-59). UMK Torun.

Kuftaczkowska, A. (2018). Wsparcie samorzgddéw w programowaniu i realizacji rewitalizacji: Raport
z dotychczasowych dziafan. Ministerstwo Inwestycji i Rozwoju.

L.Stadt (2017) Oczy kamienic, L.Story. Mystic Production

Le Galés, P. (2002). European Cities, Social Conflicts and Governance. New York: Oxford
University Press.

Lemoine-Rodriguez, R., Inostroza, L., & Zepp, H. (2020). The global homogenization of urban
form: An assessment of 194 cities across time. Landscape and Urban Planning, 204,
103949. https://doi.org/10.1016/j.landurbplan.2020.103949

Liszewski, S. (1994). O hipotezach przeksztatceh systemu osadniczego w Polsce w warunkach

transformaciji. In A. Stasiak (Ed.), Podstawowe wezty uktadu osadniczego Polski. Biuletyn
PAN KPZK, (167), 97—-101.

Litynski, P. (2021). The intensity of urban sprawl in Poland. ISPRS International Journal of
Geo-Information, 10(2), 95. https://doi.org/10.3390/ijgi10020095

Liu, W,, Tong, Y., Zhang, J., Ma, Z., Zhou, G., & Liu, Y. (2022). Hierarchical correlates of the
shrinkage of cities and towns in Northeast China. Land, 11(12), 2208.
https://doi.org/10.3390/land 11122208



https://doi.org/10.7163/PrzG.2018.2.6
https://doi.org/10.1016/j.landurbplan.2020.103949
https://doi.org/10.3390/ijgi10020095
https://doi.org/10.3390/land11122208
https://doi.org/10.3390/land11122208

Lubocka-Hoffmann, M. (2004). Miasta historyczne zachodniej i pétnocnej Polski: Zniszczenia i
programy odbudowy [Historical cities of Western and Northern Poland: Destruction and
reconstruction programs]. Oficyna Wydawnicza Excalibur.

MarcaChile (2013). #63 Volcanic aftermath in Chaitén - Living Atlas Chile. Retrieved January 5,
2024 from https://www.youtube.com/watch?v=a9EbKJYtCYs

Martinez-Fernandez, C., & Wu, C. T. (2007). Shrinking cities in Australia. In 3rd State of Australian
Cities National Conference (pp. 28—30). Adelaide, Australia.

Martinez-Fernandez, C., Audirac, |., Fol, S., & Cunningham-Sabot, E. (2012b). Shrinking cities:
Urban challenges of globalization. International Journal of Urban and Regional Research,
36(2), 213-225.

Martinez-Fernandez, C., Kubo, N., Noya, A., & Weyman, T. (2012a). Demographic change and

local development: Shrinkage, regeneration, and social dynamics. Paris: OECD Publishing.
Martinez-Fernandez, C., Weyman, T., Fol, S., Audirac, |., Cunningham-Sabot, E., Wiechmann, T.,
& Yahagi, H. (2016). Shrinking cities in Australia, Japan, Europe, and the USA: From a
global process to local policy responses. Progress in Planning, 105, 1-48.
https://doi.org/10.1016/j.progress.2014.10.001
Masierek, E. (2020). Programowanie dziatan rewitalizacyjnych — przyktad Konina. Rozwdj
Regionalny i Polityka Regionalna, 52, 101-121. https://doi.org/10.14746/rrpr.2020.52.07

Masztalski, R. (2013). Wsspdtczesna urbanistyka Leszna. Wroctaw: Oficyna Wydawnicza

Politechniki Wroctawskie;j.

Mayer, H., & Knox, P. (2010). Small-town sustainability: Prospects in the second modernity.
European Planning Studies, 18(10), 1545-1565.
https://doi.org/10.1080/09654313.2010.504336

McPhearson, T., Haase, D., Kabisch, N., Gren, A. (2016). Advancing understanding of the complex

nature of urban systems. Ecological Indicators, 70, 566-573.
https://doi.org/10.1016/j.ecolind.2016.03.054

MFPR - Ministerstwo Funduszy i Polityki Regionalnej. (2019). KSRR 2030. Retrieved February 10,
2024, from
https://www.gov.pl/web/fundusze-regiony/krajowa-strategia-rozwoju-regionalnego

Milbert, A. (2015). Wachsen oder schrumpfen? BBSR-Analysen KOMPAKT, 12, 1-24. Retrieved
July 10, 2022, from
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK12201
5.htm

Milbert, A. (2020). Wachsen und Schrumpfen von St&dten und Gemeinden 2013 bis 2018 im
bundesweiten Vergleich. BBSR. Retrieved July 10, 2022, from
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpf

en-hintergrund.pdf?__blob=publicationFile&v=2
Milbert, A., & Porsche, L. (2018). Kleinstadte in Deutschland. Ein Uberblick. Informationen zur



https://www.youtube.com/watch?v=a9EbKJYtCYs
https://doi.org/10.1016/j.progress.2014.10.001
https://doi.org/10.1016/j.progress.2014.10.001
https://doi.org/10.14746/rrpr.2020.52.07
https://doi.org/10.1080/09654313.2010.504336
https://doi.org/10.1016/j.ecolind.2016.03.054
https://www.gov.pl/web/fundusze-regiony/krajowa-strategia-rozwoju-regionalnego
https://www.gov.pl/web/fundusze-regiony/krajowa-strategia-rozwoju-regionalnego
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.htm
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.htm
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/analysen-kompakt/2015/AK122015.htm
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf?__blob=publicationFile&v=2
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf?__blob=publicationFile&v=2
https://www.bbsr.bund.de/BBSR/DE/startseite/topmeldungen/downloads/wachsen-schrumpfen-hintergrund.pdf?__blob=publicationFile&v=2

Raumentwicklung, 6/2018, 4. Retrieved February 10, 2024, from
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/izr/2018/6/izr-6-2018.html
Ministry of Regional Development and Transport of the State of Saxony-Anhalt. (2010).

International Building Exhibition Urban Redevelopment Saxony-Anhalt 2010: Less Is Future
19 cities - 19 Themes. Berlin: Jovis.

Ministry of Regional Development of Poland. (2022). Modelowa Rewitalizacja Miast. Retrieved July
10, 2024, from https://www.gov.pl/web/fundusze-regiony/modelowa-rewitalizacja-miast

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, Volume 12, Issue 4, 375-384,
https://doi.org/10.1016/j.jum.2023.08.003

MLV LSA - Ministerium fur Landesentwicklung und Verkehr des Landes Sachsen-Anhalt. (2008).
URBAN21. Eine Initiative des Landes Sachsen-Anhalt. Retrieved July 10, 2024, from
https://europa.sachsen-anhalt.de/fileadmin/Bibliothek/Politik_und_Verwaltung/StK/Europa/D
okumente/URBAN_21web.pdf

MLV LSA - Ministerium fir Landesentwicklung und Verkehr des Landes Sachsen-Anhalt. (2010).
Internationale Bauausstellung Stadtumbau Sachsen-Anhalt 2010. Retrieved July 10, 2023,

from https://iba-stadtumbau.de/index.php?merseburg-projekt

Model Urban Renewal Competition Regulations. (2015). Regulamin konkursu dotacji Modelowa
Rewitalizacja Miast. Retrieved July 10, 2023, from

https://www.popt.gov.pl/strony/o-programie/wydarzenia/konkurs-dla-samorzadow-modelow

a-rewitalizacja-miast

Mouratidis, K. (2019). Compact city, urban sprawl, and subjective well-being. Cities, 92, 261-272.
https://doi.org/10.1016/j.cities.2019.04.013

Mubareka, S., Koomen, E., Estreguil, C., Lavalle, C. (2011). Development of a composite index of

urban compactness for land use modelling applications. Landscape and Urban Planning,
103(3-4), 303—-317. https://doi.org/10.1016/j.landurbplan.2011.08.012

Mulligan, H. (2009). Environmental policy action: Comparative importance in differing categories of

shrinking city. In K. Pallagst, J. Aber, I. Audirac, E. Cunningham-Sabot, S. Fol, C.
Martinez-Fernandez, S. Moraes, H. Mulligan, J. Vargas-Hernandez, T. Wiechmann, et al.
(Eds.), The future of shrinking cities: Problems, patterns and strategies of urban
transformation in a global context (pp. 101-111). Berkeley, CA, USA: I[URD, UCA.

Musiat-Malago, M. (2018a). Kurczenie sie miast Polski — analiza i pomiar zjawiska. Rozwdj
Regionalny i Polityka Regionalna, 42, 91-102.

Musiat-Malago, M. (2018b). Problematyka identyfikacji i pomiaru procesu kurczenia sie miast.
Biuletyn KPZK PAN, 272, 174-187.


https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/izr/2018/6/izr-6-2018.html
https://www.bbsr.bund.de/BBSR/DE/veroeffentlichungen/izr/2018/6/izr-6-2018.html
https://www.gov.pl/web/fundusze-regiony/modelowa-rewitalizacja-miast
https://doi.org/10.1016/j.jum.2023.08.003
https://europa.sachsen-anhalt.de/fileadmin/Bibliothek/Politik_und_Verwaltung/StK/Europa/Dokumente/URBAN_21web.pdf
https://europa.sachsen-anhalt.de/fileadmin/Bibliothek/Politik_und_Verwaltung/StK/Europa/Dokumente/URBAN_21web.pdf
https://europa.sachsen-anhalt.de/fileadmin/Bibliothek/Politik_und_Verwaltung/StK/Europa/Dokumente/URBAN_21web.pdf
https://iba-stadtumbau.de/index.php?merseburg-projekt
https://www.popt.gov.pl/strony/o-programie/wydarzenia/konkurs-dla-samorzadow-modelowa-rewitalizacja-miast
https://www.popt.gov.pl/strony/o-programie/wydarzenia/konkurs-dla-samorzadow-modelowa-rewitalizacja-miast
https://www.popt.gov.pl/strony/o-programie/wydarzenia/konkurs-dla-samorzadow-modelowa-rewitalizacja-miast
https://doi.org/10.1016/j.cities.2019.04.013
https://doi.org/10.1016/j.cities.2019.04.013
https://doi.org/10.1016/j.landurbplan.2011.08.012

Najwyzsza Izba Kontroli (NIK). (2022). Raport planowanie i zagospodarowanie przestrzenne w
polsce na przyktadzie wybranych miast. Retrieved January 1, 2024, from
https://www.nik.gov.pl/plik/id,27471.vp.30286.pdf

National Urban Policy 2023 (Krajowa Polityka Miejska 2023). Retrieved February 10, 2024, from
https://www.funduszeeuropejskie.gov.pl/media/74967/Krajowa_Polityka Miejska_2023.pdf

NCN (2024) Opens Science Principles. Retrieved November 3, 2024, from
https://ncn.gov.pl/en/finansowanie-nauki/otwarta-nauka

Nelle, A., Grossmann, K., Hasse, D., Kabisch, S., Rink, D., & Wolff, M. (2017). Urban shrinkage in

Germany: An entangled web of conditions, debates and policies. Cities, 69, 117.

Newman, P., & Kenworthy, J. (1989). Cities and automobile dependence: An international
sourcebook. Gower.

Newman, P., & Kenworthy, J. R. (1999). Sustainability and cities: Overcoming automobile
dependence.

Newman, P., & Kenworthy, J. (2015). The end of automobile dependence: How cities are moving
away from car-based planning.

Newman, P., Kosonen, L., & Kenworthy, J. (2016). Theory of urban fabrics: Planning the walking,
transit/public transport and automobile/motor car cities for reduced car dependency. Town
Planning Review, 87(4), 429—-458.

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

Niezabitowska, E. (2014). Metody i techniki badawcze w architekturze: zastosowanie w procesach
projektowania. Gliwice: Wydawnictwo Politechniki Slgskiej. ISBN: 978-83-7880-123-8.

OECD. (2011). Local economic and employment development. Retrieved July 20, 2023, from
https://www.oecd-ilibrary.org/docserver/9789264180468-en.pdf?expires=1710255729&id=id
&accname=guest&checksum=C2D9699E6B76366D17552D9863424135

OECD. (2012). Compact city policies: A comparative assessment. Retrieved March 20, 2023, from

https://www.oecd.org/greengrowth/compact-city-policies-9789264167865-en.htm

Ogrodowczyk, A., Pielesiak, I., Marcinczak, S. (2021). Budowanie preznosci w kontekscie
kurczenia sie miast europejskich. https://doi.org/10.18778/8220-411-7.

Olczak, B., Wilkosz-Mamcarczyk, M., Prus, B., Hodor, K., Dixon-Gough, R. (2022). Application of
the building cohesion method in spatial planning to shape patterns of the development in a
suburban historical landscape of a 'village within Krakow', Land Use Policy, Volume 114,
105997, https://doi.org/10.1016/j.landusepol.2022.105997

Onwuegbuzie, A. J., & Daniel, L. G. (2002). Uses and misuses of the correlation coefficient.
Research in the Schools, 9, 73-90.

Oswalt, P. (2006a). Shrinking cities volume. 1: International research. Hatje Cantz.

Oswalt, P. (2006b). Shrinking cities volume 2: Interventions. Hatje Cantz.


https://www.nik.gov.pl/plik/id,27471,vp,30286.pdf
https://www.nik.gov.pl/plik/id,27471,vp,30286.pdf
https://www.funduszeeuropejskie.gov.pl/media/74967/Krajowa_Polityka_Miejska_2023.pdf
https://www.funduszeeuropejskie.gov.pl/media/74967/Krajowa_Polityka_Miejska_2023.pdf
https://ncn.gov.pl/en/finansowanie-nauki/otwarta-nauka
https://doi.org/10.2307/2131686
https://www.oecd-ilibrary.org/docserver/9789264180468-en.pdf?expires=1710255729&id=id&accname=guest&checksum=C2D9699E6B76366D17552D9863424135
https://www.oecd-ilibrary.org/docserver/9789264180468-en.pdf?expires=1710255729&id=id&accname=guest&checksum=C2D9699E6B76366D17552D9863424135
https://www.oecd-ilibrary.org/docserver/9789264180468-en.pdf?expires=1710255729&id=id&accname=guest&checksum=C2D9699E6B76366D17552D9863424135
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/10.13140/RG.2.2.28509.13288
https://doi.org/10.1016/j.landusepol.2022.105997

Oswalt, P., & Reniets, T. (2006). Atlas der schrumpfenden Stadte. Hatje Cantz.

Ottensmann, J. (2021). Measuring the shape of urban areas. Indiana University-Purdue University
Indianapolis - School of Public and Environmental Affairs (SPEA).
https://doi.org/10.13140/RG.2.2.28509.13288

Pahl-Weber, E., & Schwartze, F. (2018). Stadtplanung. In ARL — Akademie fiir Raumforschung und
Landesplanung (Eds.), Handbuch der Stadt- und Raumentwicklung (pp. 2509-2520).
Hannover.

Pallagst, K. (2008). Shrinking cities: Planning challenges from an international perspective. Urban
Infill, 1, 6-16.

Pallagst, K., & Wiechmann, T. (2005). Shrinking smart — Staedtische Schrumpfungsprozesse in
den USA. In N. Gestring et al. (Ed.), Jahrbuch Stadtregion 2004/05, Schwerpunkt:
Schrumpfende Stadte (pp. 105-127). VS Verlag fir Sozialwissenschaften.

Pallagst, K., Aber, J., Audirac, |., Cunnigham-Sabot, E., Fol, S., Martinez-Fernandez, C., Moraes,
S., Mulligan, H., Vargas-Hernandez, J., Weichmann, T., Wu, T., & Rich, J. (2009). The
Future of Shrinking Cities: Problems, Patterns and Strategies of Urban Transformation in a
Global Context. Center for Global Metropolitan Studies, Institute of Urban and Regional
Development, and the Shrinking Cities International Research Network, Monograph Series:

University of California, Berkeley. https://escholarship.org/uc/item/7zz6s7bm

Pallagst, K., Aber, J., Audirac, |., Cunningham-Sabot, E., Fol, S., Martinez-Fernandez, C., Moraes,
S., Mulligan, H., Vargas-Hernandez, J., Wiechmann, T., & Tong, W. (2009). The future of
shrinking cities: Problems, patterns and strategies of urban transformation in a global
context. Center for Global Metropolitan Studies, Institute of Urban and Regional
Development, and the Shrinking Cities International Research Network, Monograph Series:
University of California, Berkeley.

Pallagst, K., Fleschurz, R., & Said, S. (2017). What drives planning in a shrinking city? Tales from
two German and two American cases. The Town Planning Review, 88, 15-28.
https://doi.org/10.3828/tpr.2017.3

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 rozwoju miast polskich w latach 1992-2002. In J. Parysek (Ed.),
Rozwqj regionalny i lokalny w Polsce w latach 1989-2002 (pp. 117-132). Instytut Geografii i

Spoteczno-Ekonomicznej i Gospodarki Przestrzennej UAM.

Paun-Constantinescu, I. (Ed.). (2019a). Shrinking cities in Romania, vol. 1: Research and analysis.
DOM Publishers.

Paun-Constantinescu, I. (Ed.). (2019b). Shrinking cities in Romania, vol. 2: Responses and

interventions. DOM Publishers.


https://doi.org/10.13140/RG.2.2.28509.13288
https://escholarship.org/uc/item/7zz6s7bm
https://doi.org/10.3828/tpr.2017.3
https://doi.org/10.3828/tpr.2017.3
https://doi.org/10.1177/0042098019885549
https://doi.org/10.1177/0042098019885549

Pehlke, D., Diller, C., & Eichhorn, S. (2021). Beeinflusst die Tragerschaft der Regionalplanung die
Inhalte der Regionalplane und die regionale Siedlungsentwicklung? Theoretische
Uberlegungen und eine empirische Analyse fiir Deutschland. Raumforschung und
Raumordnung | Spatial Research and Planning, 79(5), 484—500.

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

Pinoncely, V. (2022). Uneven trajectories and decentralisation: Lessons from historical planning
processes in Saint-Etienne. Urban Planning, 7(3), 63-74.
https://doi.org/10.17645/up.v7i3.5483

Polish Building Law (1994). Dz.U. 1994 nr 89 poz. 414. Retrieved May 10, 2024, from

https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu199408904 14
Polish Senate - Senat RP. (2013). Zarzgdzanie rozwojem miast o zmniejszajgce;j sie liczbie

mieszkancow (w kontekscie perspektywy finansowej 2014-2020). Retrieved July 1, 2024,
from
https://www.senat.gov.pl/gfx/senat/userfiles/ public/k8/agenda/seminaria/2013/130301/zarz
rozw_miast 10122013.pdf
Raco, M. (2020). Governance, urban. In A. Kobayashi (Ed.), International Encyclopedia of Human
Geography (2nd ed., pp. 253—-258). Elsevier.
https://doi.org/10.1016/b978-0-08-102295-5.10650-x

Racon-Leja, K. (2019). Miasto i wojna: Wptyw Il wojny Swiatowej na przeksztatcenia struktury

przestrzennej i wspobtczesng kondycje urbanistyczng wybranych miast europejskich [City
and war: The impact of the Second World War on the transformation of the spatial structure
and the contemporary urban condition of selected European cities]. Politechnika
Krakowska.

Radzicki, M. J., & Sterman, J. D. (1994). Evolutionary economics and system dynamics. In R. W.
England (Ed.), Evolutionary concepts in contemporary economics (pp. 61-89). University of
Michigan Press.

Radzimski, A. (2015). Miedzy miastem kurczgcym sie a reurbanizacjg. Zréznicowanie rozwoju
miast w Niemczech w latach 1995-2012. Przeglgd Geograficzny, 87(4), 660-678.
https://doi.org/10.7163/PrzG.2015.4.5

Real Estate Management Act (1997). Ustawa z dnia 21 sierpnia 1997 r. o gospodarce

nieruchomosciami. Retrieved May 10, 2024, from
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU 19971150741

Reckien, D., & Martinez-Fernandez, C. (2011). Why do cities shrink? European Planning Studies,
19(8), 1375-1397. https://doi.org/10.1080/09654313.2011.593333

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



https://doi.org/10.17645/up.v7i3.5483
https://doi.org/10.17645/up.v7i3.5483
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu19940890414
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=wdu19940890414
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://www.senat.gov.pl/gfx/senat/userfiles/_public/k8/agenda/seminaria/2013/130301/zarz_rozw_miast_10122013.pdf
https://doi.org/10.1016/b978-0-08-102295-5.10650-x
https://doi.org/10.1016/b978-0-08-102295-5.10650-x
https://doi.org/10.7163/PrzG.2015.4.5
https://doi.org/10.7163/PrzG.2015.4.5
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU19971150741
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU19971150741
https://doi.org/10.1080/02723638.2015.1096118

Repko, A. (2011). Interdisciplinary research: Process and theory (2nd ed.). Sage.

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

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 and Practice, 7(3), 258—-277. https://doi.org/10.1080/17535069.2014.966511

Rink, D., Haase, A., Bernt, M., & Grossman, K. (2010). Addressing Urban Shrinkage Across

Europe — Challenges and Prospects. Shrink smart: The governance of shrinkage within a

European context research. Research Brief No. 1.
https://www.ufz.de/export/data/400/39003_D9 Research_Brief FINAL14223.pdf

Rink, D., Rumpel, P., Slach, O., Cortese, C., Violante, A., Calza Bini, P., Haase, A., Mykhnenko, V.,
Nadolu, B., Couch, C., Cocks, M., & Krzysztofik, R. (2012). Governance of shrinkage —
Lessons learnt from analysis for urban planning and policy. FP7 project Shrink Smart, work
package 7.

Roca Cladera, J., Marmolejo Duarte, C. R., & Moix, M. (2009). Urban Structure and Polycentrism:
Towards a Redefinition of the Sub-centre Concept. Urban Studies, 46(13), 2841-2868.
https://doi.org/10.1177/0042098009346329

Runge, A. (2011). Medium-sized towns in the context of size structural changes of towns in Poland.

In A. Runge & A. Kuczabski (Eds.), Medium-sized towns of Central-Eastern Europe in the
period of economic system transformation and social changes (pp. 66—87). National
Academy of Public Administration at the President of Ukraine, Kharkiv Regional Institute of
Public Administration.

Runge, A. (2012). Methodological problems associated with research on midsize towns in Poland.
Prace Geograficzne, 129, 83—101. https://doi.org/10.4467/20833113PG.12.015.0523

Scharmann, L. (2020). Introduction to the German spatial planning system. Interreg Central

Europe: Sachsen, Germany. Retrieved July 17, 2023, from
https://rainman-toolbox.eu/wp-content/uploads/2020/06/RAINMAN _Spatial-Planning_Germ
any.pdf

Schiller, P., & Kenworthy, J. R. (2018). An introduction to sustainable transportation: Policy,
planning and implementation (2nd ed.). Earthscan. https://doi.org/10.4324/9781315644486

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

Schwaab, J. (2022). Sprawl or compactness? How urban form influences urban surface

temperatures in Europe. City and Environment Interactions, 16, 100091.
https://doi.org/10.1016/j.cacint.2022.100091



https://doi.org/10.1080/17535069.2014.966511
https://doi.org/10.1080/17535069.2014.966511
https://www.ufz.de/export/data/400/39003_D9_Research_Brief_FINAL14223.pdf
https://doi.org/10.1177/0042098009346329
https://doi.org/10.4467/20833113PG.12.015.0523
https://rainman-toolbox.eu/wp-content/uploads/2020/06/RAINMAN_Spatial-Planning_Germany.pdf
https://rainman-toolbox.eu/wp-content/uploads/2020/06/RAINMAN_Spatial-Planning_Germany.pdf
https://rainman-toolbox.eu/wp-content/uploads/2020/06/RAINMAN_Spatial-Planning_Germany.pdf
https://doi.org/10.4324/9781315644486
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1080/09654313.2014.933178
https://doi.org/10.1016/j.cacint.2022.100091
https://doi.org/10.1016/j.cacint.2022.100091

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

Schwarz, N., Haase, D., & Seppelt, R. (2010). Omnipresent sprawl? A review of urban simulation
models with respect to urban shrinkage. Environment and Planning B: Planning and
Design, 37(2), 265—-283. https://doi.org/10.1068/b35087

Sennett, R. (2019). Building and dwelling: Ethics for the city. Penguin Books.

Shay, A.A. (2012). The contemporary international building exhibition (IBA): Innovative
regeneration strategies in Germany [Doctoral dissertation, Massachusetts Institute of
Technology].

Shrinking Cities across Europe. (2022). CIRES. Retrieved January 1, 2022, from

https://www.cost-cires.eu

Shrink Smart — The Governance of Shrinkage within a European Context. (2022). Retrieved

January 1, 2022, from https://www.shrinksmart.eu

Siedentop, S., & Fina, S. (2008). Urban sprawl beyond growth: From a growth to a decline
perspective on the cost of sprawl. In the 44th ISOCARP Congress, Dalin, China.

Siedentop, S., & Fina, S. (2010).Urban Sprawl beyond Growth: the Effect of Demographic Change
on Infrastructure Costs, Metropolis “Flux”, 79/80, 90-100

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

Sleszynski, P. (2014). Distribution of population density in Polish towns and cities. Geographia
Polonica, 87(1), 61-75. https://doi.org/10.7163/GPo0l.2014.4

Sleszynski, P. (2017). Wyznaczenie i typologia miast $rednich tracgcych funkcje

spoteczno-gospodarcze. Przeglgd Geograficzny, 89(4), 565-593.
https://doi.org/10.7163/PrzG.2017.4.3

Sleszynski, P. (2019). Aktualizacja delimitacji miast $rednich tracgcych funkcje

spoteczno-gospodarcze (powiekszajgcych dystans rozwojowy). Instytut Geografii i
Przestrzennego Zagospodarowania PAN. Retrieved October 1, 2023, from
https://www.gov.pl/attachment/5¢c7a04a5-ab22-49e4-a6a1-e874ede01445

Sleszynski, P., Gibas, P., & Sudra, P. (2020). The problem of mismatch between the CORINE Land
Cover data classification and the development of settlement in Poland. Remote Sensing,
12, 2253. https://doi.org/10.3390/rs 12142253

SMESTO - Small and Medium-sized Towns, Interim Report. (2005). ESPON 2006 Programme,
ESPON 1.4.1. Austrian Institute for Regional Studies and Spatial Planning.

Sobotka, T. (2011). Fertility in Central and Eastern Europe after 1989: Collapse and gradual
recovery. Historical Social Research, 36(2), 246—296.



https://doi.org/10.1068/b35087
https://www.cost-cires.eu/
https://www.cost-cires.eu/
https://www.shrinksmart.eu/
https://doi.org/10.1016/j.cities.2020.102799
https://doi.org/10.7163/GPol.2014.4
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
https://doi.org/10.3390/rs12142253

Song, Y., Guofan, S., Xiaodong, S., Yong, L., Lei, P., & Hong, Y. (2017). The relationships between
urban form and urban commuting: An empirical study in China. Sustainability, 9(7), 1150.
https://doi.org/10.3390/su9071150

Spadto, K. (2019). Raport: Jak powstat ‘Zestaw narzedzi ozywienia gospodarczego obszaru

rewitalizacji ,Starowka” w Koninie — pilotaz’? Retrieved July 2, 2024, from
https://www.funduszeeuropejskie.gov.pl/media/110583/8 Raport_Jak_powstal _zestaw nar

zedzi_ozywienia_gospodarczego.pdf
Spatial Planning and Development Act (2003), ‘Ustawa z dnia 27 marca 2003 r. o planowaniu i

zagospodarowaniu przestrzennym’. Retrieved May 10, 2024, from
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20030800717
Speir, C. & Stephenson, K. (2002). Does Sprawl cost us all ? Isolating the effects of housing

patterns on public water and sewer costs, Journal of the American Planning Association,
Vol. 68, n°1, 56-70.

Springer, F. (2023) Mein Gott, jak pieknie. Karakter
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 kurczgcych sie w
kontekscie systemu planowania przestrzennego. Instytut Rozwoju Miast i Regiondw.

Sroka, B. (2022). Urban shrinkage as a catalyst of a transition, revolving around definitions.
Sustainability, 14(20), 13203. MDPI AG. https://doi.org/10.3390/su142013203

Statistics Office Germany. (2008). Gebietsénderungen vom 01.01 bis 31.12.2007. Retrieved
November 22, 2023, from
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/
Namens-Grenz-Aenderung/2007.htmI?nn=212328

Statistics Poland - Gtowny Urzad Statystyczny GUS. (2015). Historical data 1921-2011. Retrieved
November 10, 2023, from

https://stat.gov.pl/spisy-powszechne/narodowe-spisy-powszechne/ludnosc-wedlug-spisow-

dane-historyczne/

Statistics Poland - Gtéwny Urzad Statystyczny GUS. (2023). Local Data Bank. Retrieved
November 10, 2023, from https://bdl.stat.gov.pl/bdl/start

Statistics Poland - Gtéwny Urzad Statystyczny GUS. (2023b). Demographic foresight 2014-2050.
Retrieved November 10, 2023, from
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lat
a-2014-2050-opracowana-2014-r-,1,5.html

Statistics Poland - Gtéwny Urzad Statystyczny GUS. (2024).Functional Urban Areas in Poland.
Retrieved November 10, 2024, from

https://stat.gov.pl/statystyka-regionalna/jednostki-terytorialne/unijne-typologie-terytorialne-te
rcet/funkcjonalne-obszary-miejskie-fua/



https://doi.org/10.3390/su9071150
https://doi.org/10.3390/su9071150
https://www.funduszeeuropejskie.gov.pl/media/110583/8_Raport_Jak_powstal_zestaw_narzedzi_ozywienia_gospodarczego.pdf
https://www.funduszeeuropejskie.gov.pl/media/110583/8_Raport_Jak_powstal_zestaw_narzedzi_ozywienia_gospodarczego.pdf
https://www.funduszeeuropejskie.gov.pl/media/110583/8_Raport_Jak_powstal_zestaw_narzedzi_ozywienia_gospodarczego.pdf
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20030800717
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20030800717
https://doi.org/10.3390/su142013203
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Namens-Grenz-Aenderung/2007.html?nn=212328
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Namens-Grenz-Aenderung/2007.html?nn=212328
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Namens-Grenz-Aenderung/2007.html?nn=212328
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/spisy-powszechne/narodowe-spisy-powszechne/ludnosc-wedlug-spisow-dane-historyczne/
https://stat.gov.pl/spisy-powszechne/narodowe-spisy-powszechne/ludnosc-wedlug-spisow-dane-historyczne/
https://stat.gov.pl/en/
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html
https://stat.gov.pl/obszary-tematyczne/ludnosc/prognoza-ludnosci/prognoza-ludnosci-na-lata-2014-2050-opracowana-2014-r-,1,5.html

Stewart, J. Q. (1947). Suggested principles of “social physics.” Science, 106(2748), 179-180.
https://doi.org/10.1126/science.106.2748.179

Stryjakiewicz, T. (2014a). Wspdtczesny kontekst i podstawy teoretyczno-metodologiczne analizy

procesu kurczenia sie miast. In Kurczenie sie miast w Europie Srodkowo-Wschodniej (pp.
9-14). Bogucki Wydawnictwo Naukowe.

Stryjakiewicz, T. (2014b). The process of urban shrinkage and its consequences. Romanian
Journal of Regional Science, 7(1), 29—-40. https://doi.org/10.1002/9781118568446

Stryjakiewicz, T., & Jaroszewska, E. (2016). The process of shrinkage as a challenge to urban

governance. Quaestiones Geographicae, 35(2), 27-37.
https://doi.org/10.1515/quageo-2016-0013
Szymczyk, E., & Bukowski, M. (2023). Identification of shrinking cities in Poland using a

multi-criterion indicator. Przeglagd Geograficzny, 95(4), 447-473.
https://doi.org/10.7163/PrzG.2023.4.5
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), 7030.
https://doi.org/10.3390/su16167030
Tan, Z., Xiang, S., Wang, J., & Chen, S. (2023). Identification and measurement of shrinking cities

based on integrated time-series nighttime light data: An example of the Yangtze River
Economic Belt. Remote Sensing, 15, 3797. https://doi.org/10.3390/rs15153797
TERYT (2023) Data on spatial identification. Retrieved March 20, 2024, from
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie _danych/baza_teryt/uzytkownicy indywid

ualni

Thinh, N. X., Arlt, G., Heber, B., Hennersdorf, J., & Lehmann, I. (2002). Evaluation of urban
land-use structures with a view to sustainable development. Environmental Impact
Assessment Review, 22(5), 475-492. https://doi.org/10.1016/S0195-9255(02)00023-9

Tillner, S. (2011). Impulsgeber fir andere Regionen, Sachsen-Anhalt: Ein Modell? In M. Schrenk et

al. (Eds.), Change for Stability: Lifecycle of Cities and Regions (pp. 437—446). Proceedings
of the REAL CORP 2011, 16th International Conference on Urban Planning, Regional
Development and Information Society.

Tillner, S. (2012). Providing impulses for other regions, Saxony-Anhalt: A model? 48th ISOCARP
Congress 2012. Retrieved February 10, 2023, from
https://www.isocarp.net/Data/case_studies/2222.pdf

Tsai, Y. H. (2005). Quantifying urban form: Compactness versus ‘sprawl’. Urban Studies, 42(1),
141-161.

Turok, I., & Mykhnenko, V. (2007). The trajectories of European cities, 1960—2005. Cities, 24(3),
165-182. https://doi.org/10.1016/j.cities.2007.01.007



https://doi.org/10.1126/science.106.2748.179
https://doi.org/10.1002/9781118568446
https://doi.org/10.1515/quageo-2016-0013
https://doi.org/10.1515/quageo-2016-0013
https://doi.org/10.7163/PrzG.2023.4.5
https://doi.org/10.7163/PrzG.2023.4.5
https://doi.org/10.3390/su16167030
https://doi.org/10.3390/rs15153797
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie_danych/baza_teryt/uzytkownicy_indywidualni/wyszukiwanie/wyszukiwanie.aspx?contrast=default
https://eteryt.stat.gov.pl/eTeryt/rejestr_teryt/udostepnianie_danych/baza_teryt/uzytkownicy_indywidualni/wyszukiwanie/wyszukiwanie.aspx?contrast=default
https://doi.org/10.1016/S0195-9255(02)00023-9
https://www.isocarp.net/Data/case_studies/2222.pdf
https://www.isocarp.net/Data/case_studies/2222.pdf
https://doi.org/10.1016/j.cities.2007.01.007

Turok, I., & Mykhnenko, V. (2008). East European cities — Patterns of growth and decline,
1960-2005. International Planning Studies, 13(4), 311-342.
https://doi.org/10.1080/13563470802518958

UNDESA. (2019). World urbanization prospects: The 2018 revision. United Nations, New York.
https://population.un.org/wup/publications/Files/\WUP2018-Report.pdf

UN-HABITAT. (2020). What is a City? UN-Habitat. Retrieved February 10, 2023, from
https://unhabitat.org/sites/default/files/2020/06/city _definition_what_is_a_city.pdf

UN-HABITAT. (2022). Envisaging the future of cities. Retrieved December 10, 2022, from

https://unhabitat.org/world-cities-report-2022-envisaging-the-future-of-cities

Urzad Miasta Konin (Konin City Council). (2019). Informacja o rewitalizacji Staréwki, Miasto Konin.
Retrieved February 10, 2024, from https://www.konin.pl/index.php/1480.html

Urzad Miasta Leszna (Leszno City Council). (2019). Do$wiadczalnik, czyli krete tory rewitalizacji.
Retrieved March 24, 2024, from

https://www.funduszeeuropejskie.gov.pl/media/121491/DOSWIADCZALNIK czyli _krete tor
y_rewitalizacji.pdf

Uskova, T. V., & Sekushina, I. A. (2021). Strategic priorities of small and medium towns’
development. Economic and Social Changes: Facts, Trends, Forecast, 14(1), 56—70.
https://doi.org/10.15838/esc.2021.1.73.5

Ustawa z dnia 7 lipca 2023 r. 0 zmianie ustawy o planowaniu i zagospodarowaniu przestrzennym

oraz niektorych innych ustaw, Dz.U. 2023, poz. 1688. Retrieved January 1, 2024 from
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20230001688.

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.

Venerandi, A., Zanella, M., Romice, O., Dibble, J., Porta, S. (2016). Form and urban change — An
urban morphometric study of five gentrified neighbourhoods in London. Environment and
Planning B Planning and Design. 44. https://doi.org/10.1177/0265813516658031.

Wang, Y., & Fukuda, H. (2019). Sustainable urban regeneration for shrinking cities: A case from
Japan. Sustainability, 11, 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). https://doi.org/10.3390/land11030366
Wentz, E. A., York, A. M., Alberti, M., Conrow, L., Fischer, H., Inostroza, L., & Taubenberock, H.

(2018). Six fundamental aspects for conceptualizing multidimensional urban form: A spatial
mapping perspective. Landscape and Urban Planning, 179, 55—62.
https://doi.org/10.1016/j.landurbplan.2018.07.007

Wiechmann, T. (2008). Errors expected — Aligning urban strategy with demographic uncertainty in
shrinking cities. International Planning Studies, 13(4), 431—446.



https://doi.org/10.1080/13563470802518958
https://population.un.org/wup/publications/Files/WUP2018-Report.pdf
https://www.isocarp.net/Data/case_studies/2222.pdf
https://unhabitat.org/sites/default/files/2020/06/city_definition_what_is_a_city.pdf
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://www.konin.pl/index.php/1480.html
https://www.funduszeeuropejskie.gov.pl/media/121491/DOSWIADCZALNIK_czyli_krete_tory_rewitalizacji.pdf
https://www.funduszeeuropejskie.gov.pl/media/121491/DOSWIADCZALNIK_czyli_krete_tory_rewitalizacji.pdf
https://www.funduszeeuropejskie.gov.pl/media/121491/DOSWIADCZALNIK_czyli_krete_tory_rewitalizacji.pdf
https://doi.org/10.15838/esc.2021.1.73.5
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20230001688
https://doi.org/10.15838/esc.2021.1.73.5
https://doi.org/10.3390/su11051505
https://doi.org/10.3390/land11030366
https://doi.org/10.1016/j.landurbplan.2018.07.007
https://doi.org/10.1016/j.landurbplan.2018.07.007

Wiechmann, T., & Wolff, M. (2013). Shrinking urban shrinkage in a spatial perspective —
Operationalization of shrinking cities in Europe 1990-2010. AESOP-ACSP Joint Congress,
15(19), 1-20.

Wiechmann, T., & Bontje, M. (2015). Responding to tough times: Policy and planning strategies in
shrinking cities. European Planning Studies, 23(1), 1-11.
https://doi.org/10.1080/09654313.2013.820077

Wolff, M. (2018a). Understanding the role of centralisation processes for cities: Evidence from a

spatial perspective of urban Europe 1990-2010. Cities, 75, 20-29.
https://doi.org/10.1016/j.cities.2017.01.009

Wolff, M. (2018b). Uneven urban dynamics: The role of urban shrinkage and regrowth in Europe
[PhD Thesis, School of Spatial Planning, TU Dortmund University].
http://dx.doi.org/10.17877/DE290R-19066

Wolff, M., & Wiechmann, T. (2014). Indicators to measure shrinking cities: A conceptual framework

for shrinking cities. (pp. 1-19). In: C. Martinez-Fernandez; S. Fol, T. Weyman, S. Musterd,
A Conceptual Framework for Shrinking Cities. COST Action TU0803: Cities Re-growing
Smaller (CIRES).
https://www.researchgate.net/profile/Manuel-Wolff-2/publication/270339860_Indicators_to

measure shrinking cities/links/5751403c08ae6807faf951c8/Indicators-to-measure-shrinkin

g-cities.pdf
Wolff, M., & Wiechmann, T. (2017). Urban growth and decline: Europe’s shrinking cities in a

comparative perspective 1990-2010. European Urban and Regional Studies, 25(2),
122-139. https://doi.org/10.1177/0969776417694680

World Bank. (2010). Cities in Europe and Central Asia: Poland. Retrieved February 1, 2023, from
https://documents1.worldbank.org/curated/fr/637261511934938547/pdf/121729-BRI-P1544
78-PUBLIC-Poland-Snapshot-Print.pdf

Xu, G, Zhou, Z., Jiao, L., & Zhao, R. (2020). Compact urban form and expansion pattern slow

down the decline in urban densities: A global perspective. Land Use Policy, 94, 104563.
https://doi.org/10.1016/j.landusepol.2020.104563

Yu, S., Wang, R., Zhang, X., Miao, Y., & Wang, C. (2023). Spatiotemporal evolution of urban
shrinkage and its impact on urban resilience in three provinces of Northeast China. Land,

12, 1412. hitps://doi.org/10.3390/land12071412
Zborowski, A. (2002). Obszary zagrozen demograficzno-spotecznych w wojewédztwie

Matopolskim w przetomie XX i XXI wieku. In Z. Gérka & A. Jelonek (Eds.), Geograficzne
uwarunkowania rozwoju Matopolski (pp. 129-145). IGIGP UJ.

Zborowski, A., Soja, M., & Lobodzinska, A. (2012). Population trends in Polish cities: Stagnation,
depopulation or shrinkage? Prace Geograficzne, 130, 7-28. Instytut Geografii i Gospodarki

Przestrzennej UJ.


https://doi.org/10.1080/09654313.2013.820077
https://doi.org/10.1080/09654313.2013.820077
https://doi.org/10.1016/j.cities.2017.01.009
http://dx.doi.org/10.17877/DE290R-19066
https://www.researchgate.net/profile/Manuel-Wolff-2/publication/270339860_Indicators_to_measure_shrinking_cities/links/5751403c08ae6807faf951c8/Indicators-to-measure-shrinking-cities.pdf
https://www.researchgate.net/profile/Manuel-Wolff-2/publication/270339860_Indicators_to_measure_shrinking_cities/links/5751403c08ae6807faf951c8/Indicators-to-measure-shrinking-cities.pdf
https://www.researchgate.net/profile/Manuel-Wolff-2/publication/270339860_Indicators_to_measure_shrinking_cities/links/5751403c08ae6807faf951c8/Indicators-to-measure-shrinking-cities.pdf
https://doi.org/10.1177/0969776417694680
https://documents1.worldbank.org/curated/fr/637261511934938547/pdf/121729-BRI-P154478-PUBLIC-Poland-Snapshot-Print.pdf
https://documents1.worldbank.org/curated/fr/637261511934938547/pdf/121729-BRI-P154478-PUBLIC-Poland-Snapshot-Print.pdf
https://documents1.worldbank.org/curated/fr/637261511934938547/pdf/121729-BRI-P154478-PUBLIC-Poland-Snapshot-Print.pdf
https://doi.org/10.1016/j.landusepol.2020.104563
https://doi.org/10.1016/j.landusepol.2020.104563
https://doi.org/10.3390/land12071412

Zidtkowska, M., & Kudtacz, K. (2020). Rewitalizacja w miastach tracgcych funkcje
spoteczno-gospodarcze — przeglad dziatah. Urban Development Issues, 67, 37—44.
https://doi.org/10.2478/udi-2020-0032

Zuber, P. (2005). Absorpcja funduszy strukturalnych — Polska na tle innych krajéw cztonkowskich
Unii Europejskiej. BRE Bank-CASE Proceedings, No. 81. Warsaw.



https://doi.org/10.2478/udi-2020-0032

9. List of tables and figures

Tables
Tab. 1 Compact cities characteristics.
Tab. 2 Classification status groups for all cities in three periods from 2006 to 2021.
Tab.3  CLC codes indicating classes considered for calculation and their respective colours.

Tab.4  Correlation outcomes between the shrinkage and growth score and urban compactness for all
medium-sized cities.

Tab.5  Correlation outcomes between the shrinkage and growth score and urban compactness for all
medium-sized urban municipalities (6, 1).

Tab.6  Correlation outcomes between the shrinkage/growth score and urban compactness for all
medium-sized urban-—rural municipalities (6, 3).

Tab.7  Correlation outcomes between the shrinkage/growth score and urban density for all
medium-sized cities.

Tab. 8  Correlation outcomes between the shrinkage/growth score and urban density for
medium-sized urban municipalities (6, 1).

Tab.9  Correlation outcomes between the shrinkage/growth score and urban density for
medium-sized urban—rural municipalities (6, 3).

Tab. 10  Summary of hypothesis confirmation.

Tab. 11 A review of selected urban shrinkage classification methods.

Tab. 12 Multi-criteria variables selection based on Milbert (2015).
Tab. 13 An example of shrinkage/growth score calculation outcome.
Tab. 14 An example of a municipality's Urban population density (Pd) calculation based on CLC.

Tab. 15  An example of a municipality’s Compactness index (Ci) outcomes based on CLC.

Figures
Fig. 1 Cities with a declining population in the period 2000-2018.

Fig. 2  Chaitén, the capital of Palena Province, was a hub of services and connectivity for the isolated
communities of the Chilean Patagonia until a volcanic eruption followed by a flood swept it away.
The displaced community of Chaitén reconstructed the city.

Fig. 3  Scale of analysis of urban shrinkage process.
Fig. 4  Residential density trends in Europe.
Fig. 5 Change in city population in European cities in a period 1990-2010.

Fig. 6 Population (upper) and employment (lower) change by city size in Germany in 1997-2001 with a
division to Western federal states (left) and Eastern states (right).



Fig. 7  Cities and municipalities (orig. Stadte und Gemeinden) that received aid from the Stadtumbau

Ost programme between 2002-2010.

Fig. 8  Beneficiaries of IBA Saxony Anhalt urban redevelopment.
Fig. 9  Multi-criteria shrinkage and growth assessment of German cities and municipalities 2003-2008.

Fig. 10 Distribution of urban clusters in relation to the administrative division of Poland in 2002 (k-means
method, k=16).

Fig. 11 Migration of permanent residents in Poland in 1980-2010.
Fig. 12 Cities in Poland 2008 divided into small (1), medium (2) and large (3) urban centres.

Fig. 13 Nightlights change over time used to define urban footprints, showing how Poland has
experienced an increased rate of growth of built-up areas, especially around the major cities.

Fig. 14  Oversupply of land designated for housing in local development plans (MPZP) and the actual
population number on the 31st of December 2021.

Fig. 15 Pattern dimension of “shrinkage sprawl”.

Fig. 16 Diagram of research design including the aim, objectives, research questions and hypothesis.
Fig. 17 Diagram of research design including subjects and time frame.

Fig. 18 Diagram of research design, including data sources and tools.

Fig. 19 Diagram of research stages sequence.

Fig. 20 Diagram of Stage 1 analysis sequence.

Fig. 21 Diagram of Stage 2 analysis sequence.

Fig. 22 Diagram of Stage 3 analysis sequence.

Fig. 23 Paper publication strategy.

Fig. 24  Urban population in Poland in 2006-2011 period, divided by growth and shrinkage type (A-E),
and city size (large, medium, small).

Fig. 25 Urban population in Poland in 2011-2016 period, divided by growth and shrinkage type (A-E),
and city size (large, medium, small).

Fig. 26 Urban population in Poland in 2016-2021 period, divided by growth and shrinkage type (A-E),
and city size (large, medium, small).

Fig. 27 Multi-criteria assessment of growth and shrinkage in Polish urban areas in 2006-2021.

Fig. 28 The urban compactness trend for all urban municipalities in 2006, 2012 and 2018 divided into
city size (large, medium, small).

Fig. 29 Urban compactness trend for medium-sized (0.02-0.1 x10°) and big urban municipalities (0.1
—1.75 x10°) in 2018.

Fig. 30 Urban population density trend for all urban municipalities in 2006, 2012 and 2018 divided into
city size (large, medium, small).
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Urban population density trend for medium-sized (0.02-0.1 x10°) and big urban municipalities
(0.1 =1.75 x10°) in 2018.

The Compactness index (left) and urban population density calculation (right) for all Polish
municipalities in three periods are based on CLC datasets and Polish Statistics (2023)

Urban shape-analysis diagram based on the Jasto urban municipality example.

An example of an urban area (in yellow) of an urban municipality (6, 1) and an urban-rural
municipality (6, 3) showing different urban area-development patterns.

Landscape metrics groups and shape metrics categories based on Reis et al. (2015) and
Ottensmann (2021).

Diagram presenting common compactness index calculation methods.
Urban compactness analysis diagram based on the Jasto urban municipality example.

A scatter plot shows the large, medium-sized, and small Polish cities’ urban population density
(Pd) and compactness index (Ci) calculation based on CLC2018.

Outcomes of multi-criteria classifications presenting shrinking cities 1) Medium-sized urban
areas in crisis in 2004-2014 and 2008-2018 (top); 2) All cities in 1990-2018 (bottom).

Multi-criteria assessment of growing and shrinking cities in Poland in 2016-2021 overlapped with
FUA (Functional Urban Areas) for 2022 (Statistics Poland, 2024).

Compactness results (Ci and Pd) for all medium-sized Polish cities in 2018 divided by colour of
shrinkage/growth types (A-E) in a corresponding period 2016-2021.

Typologies of medium-sized cities as defined by Kunzmann (2000, 2010).

Zabki - selected medium-sized dense and compact city. A municipality land use (left), urban
areas (middle) and merged areas with a circle the size of an urban area (right). Below are the
outcomes of growth/shrinkage score calculation in three five-year periods.

Rumia - selected medium-sized dense and compact city. A municipality land use (left), urban
areas (middle) and merged areas with a circle the size of an urban area (right). Below are the
outcomes of growth/shrinkage score calculation in three five-year periods.

Stupsk - selected medium-sized dense and compact city. A municipality land use (left), urban
areas (middle) and merged areas with a circle the size of an urban area (right). Below are the
outcomes of growth/shrinkage score calculation in three five-year periods.

Wieliczka - selected medium-sized, dispersed, low-density city. A municipality land use (left),
urban areas (middle) and merged areas with a circle the size of an urban area (right). Below are
the outcomes of growth/shrinkage score calculation in three five-year periods.

Czechowice-Dziedzice - selected medium-sized, dispersed, low-density city. A municipality land
use (left), urban areas (middle) and merged areas with a circle the size of an urban area (right).
Below are the outcomes of growth/shrinkage score calculation in three five-year periods.

Orzesze - selected medium-sized, dispersed, low-density city. A municipality land use (left),
urban areas (middle) and merged areas with a circle the size of an urban area (right). Below are
the outcomes of growth/shrinkage score calculation in three five-year periods.
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