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Abstract: The transformative period following 1989 ushered in significant political and economic
changes across Central and Eastern Europe. Among the profound consequences of these shifts were
the initiation of suburbanization processes and the uncontrolled expansion of suburbs, particularly
around major cities in the region. Suburban zones experienced extensive spatial and functional
alterations, while agglomeration centers, the cities themselves, underwent noteworthy transforma-
tions. The interplay of land rent dynamics contributed to the reconfiguration of functions within
cities, intensifying land use. The aim of this study is to explain the spatial processes of industrial
deconcentration within a post-socialist CEE city, using Wroclaw, Poland, as a case study. Employing
GIS software, we examine both the spatial patterns and localization of industrial activity within
the Wroclaw agglomeration. The research highlights that the peak of industrial deconcentration
in the city transpired during the 1990s. Presently, the suburban zone has assumed an increasingly
predominant role in the industrial activities within the agglomeration, aligning with the imperatives
of sustainable development policies.

Keywords: industrial deconcentration; deglomeration; GIS mapping; large city; sustainable development;
Wroclaw; Poland

1. Introduction

The year 1989 marked the beginning of profound transformations in the spatial struc-
tures of Central and Eastern European (CEE) cities. These changes were instigated by
the shift from centrally controlled economies to capitalist systems. The collapse of the
communist system in the late 1980s and early 1990s played a pivotal role in instigating
intense changes in socialist cities [1]. The transformations encompassed social, economic,
functional, and spatial dimensions [2,3]. Consequently, a novel urban archetype emerged in
Central Europe—the post-socialist city (cf. [4—6]). However, Sykora underlines that the tran-
sition from post-socialist cities to capitalist urban mechanisms did not unfold seamlessly
or comprehensively [6]. Their development after the collapse of communism exhibited
several characteristics that resisted categorization within the prevailing transitional urban
model of the time. Furthermore, many facets of this transformation remain incomplete
even after three decades [1,6].

This distinctive transformation occurring in post-socialist cities of CEE after 1989 was
particularly prominent in urban areas that historically relied on traditional industries.
These cities experienced a significant impact from the changes of deindustrialization, de-
glomeration, and deconcentration of industrial activities, which in turn led to widespread
unemployment [7-9]. Consequently, post-socialist cities witnessed the emergence of pro-
cesses such as gentrification, social segregation, and socioeconomic revitalization of specific
areas [10-12].
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As a result of these evolving processes, the functional structure of these cities has
undergone significant transformations. Traditional industrial areas, particularly located
in central areas, have gradually vanished from the urban landscape of post-socialist cities
rooted in traditional industries. In their stead, entities with a service-oriented function
(especially commercial), as well as creative industries, or modern industrial entities charac-
terized by reduced spatial demands and lower environmental footprints, have begun to
emerge [3,13-16]. Simultaneously, there has been a notable shift in the ownership structure
of production area enterprises. It has entailed a substantial process of commercialization
and privatization, accompanied by a wide influx of foreign investment [6,17]. Despite the
introduction of these new mechanisms, certain post-socialist cities, grappling with exten-
sive deindustrialization, have experienced challenging socio-demographic and economic
conditions, culminating in their urban population decline [18,19].

In addition to the aforementioned internal forces shaping the post-socialist city and
affecting its spatial structure since 1989, there were also external processes that pushed
traditional spatial patterns from the city center to its suburban zones. These forces were
primarily characterized by the processes of both residential and economic suburbanization.
Suburbanization, in particular, stands out as one of the extensively examined phenomena
in post-socialist urban transformation [1]. The analysis of suburbanization in CEE has been
the subject of numerous studies. For instance, Lisowski et al. [20] discussed the influence
of suburbanization on urban sprawl in their study of Warsaw, Pichler-Milanovi¢ [21]
described its effects in Ljubljana, while Stanilov and Hirt [22] conducted research in
Sofia, and Kovacs et al. [23] analyzed Budapest. These studies consistently reveal specific
spatial patterns, with a primary focus on the industrialization of peri-urban areas, often
leading to uncontrolled urban sprawl due to a lack of coordinated spatial planning. Con-
sequently, studies examining land use changes in the context of suburbanization include
the work of Grigorescu et al. [24], who investigated the largest Romanian agglomerations;
Sveda et al. [25], who studied Bratislava; and Stanilov and Sykora [26], who presented their
findings on Prague. The effects of suburbanization on housing and the economy in CEE
cities were discussed in studies by Sykora and Oufednicek [27] in their examination of
Prague, Leetmaa et al. [28] in their description of Tallinn, Kube$ [29] in their analysis of
Ceskie Budé&jovice, and Szmytkie [30] who investigated the development of intra-urban
suburbs in Wroclaw, Poland. In contrast, industrial deconcentration in post-socialist CEE
cities has received less attention in the literature. Economic deconcentration, which includes
industrial deconcentration, has been explored by Popescu [31,32] and Sédgeata et al. [33,34]
in the context of Bucharest and other Romanian cities. Similarly, Szmytkie and Brezderi [35]
conducted studies on Wroclaw, while Sikorski [15,16] provided insights into the natural
transition of industrial functions, particularly toward residential functions, within the
urban structure. Importantly, most of these studies focused on analyzing changes in the
number of employees or business entities within the agglomerations. There is a notable
gap in the literature regarding industrial deconcentration on a spatial scale; for instance, by
examining shifts in the number and areas of industrial sites and the resulting effects on the
urban landscape.

Therefore, we aim to examine the spatial patterns and localization of industrial activity
within the functional area of a post-socialist city in CEE after 1989, using the example of
Wroclaw, Poland. Based on preliminary observations, we assume that there has been indus-
trial deconcentration within the city structure, leading to the relocation of industries from
central areas to internal periphery and suburban zones. In this context, we are particularly
interested in capturing the dynamic nature of this phenomenon both in terms of spatial
distribution and quantity measures, as well as identifying potential periods of intensified
industrial deconcentration. This also involves analyzing the structure of industrial entities,
including their scale and the dynamics of land area occupancy. However, we acknowledge
certain limitations inherent to this methodological approach. The Polish surveying system
lacks consistent updates of cartographic materials and land cover data. Therefore, our
research is constrained by the quality and periodic availability of cartographic sources,
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necessitating the analysis of industrial deconcentration over extended time intervals. Given
our focus on the spatial location and size of industrial entities, further interdisciplinary
research is essential to refine this approach. Nevertheless, our delineation of processes at
the chosen spatial scale will support the ongoing analysis of this subject.

2. Materials and Methods
2.1. Study Area

Wroclaw is a large post-socialist city located in Central and Eastern Europe [36], in
the southwestern region of Poland and in the eastern part of the Lower Silesian Voivode-
ship (Figure 1). As of the most recent data from the National Population and Hous-
ing Census [37], the city boasts a population of 669,564 residents and covers an area of
292.8 km?. Together with the first ring of municipalities surrounding the city, collectively
forming the Wroclaw agglomeration, the total population reaches 857,443 individuals,
spread across a land area of 1391.8 km? [37].

study area
—— municipalities

city of Wroctaw
= districts within city of Wroctaw:

(A - Stare Miasto, B - Srodmiescie

C- Krzyki, D - Fabryczna, E - Psie Pole)
——  settlement units within city of Wroctaw

01234 5km
[ B Bl | (numbers: 1-48)

Figure 1. Study area (D) on the background of Europe (A), Poland (B), and Lower Silesia Voivodeship
(C). Note: Names of settlement units: Al: Stare Miasto, A2: Przedmiescie Swidnickie, A3: Szczepin,
B4: Nadodrze, B5: Olbin, B6: Plac Grunwaldzki, B7: Zacisze—Zalesie—Szczytniki, B8: Biskupin—
Sepolno—Dabie—Bartoszowice, C9: Przedmiescie Olawskie, C10: Tarnogaj, C11: Huby, C12: Pow-
stancww Slaskich, C13: Gaj, C14: Borek, C15: Ksieze, C16: Brochow, C17: Bienkowice, C18: Jagodno,
C19: Wojszyce, C20: Oltaszyn, C21: Krzyki—Partynice, C22: Klecina, D23: Pilczyce—Kozanow—
Popowice PIn., D24: Gadow—Popowice Pld., D25: Muchobor Maly, D26: Gajowice, D27: Grabiszyn—
Grabiszynek, D28: Oporow, D29: Muchobor Wielki, D30: Nowy Dwor, D31: Kuzniki, D32: Zerniki,
D33: Jerzmanowo—]Jarnoltiw—Strachowice—Osiniec, D34: Lesnica, D35: Maslice, D36: Pracze
Odrzanskie, E37: Kleczkow, E38: Karlowice—Rozanka, E39: Kowale, E40: Strachocin—Swojczyce—
Wojnow, E41: Psie Pole—Zawidawie, E42: Pawlowice, E43: Soltysowice, E44: Polanowice—
Poswietne—Ligota, E45: Widawa, E46: Lipa Piotrowska, E47: Swiniary, E48: Osobowice—Redzin.
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The selection of Wroclaw as the research area stemmed primarily from its status as an
exemplary illustration of a city that has traversed the standard trajectory of socio-economic
transformation from a socialist to a post-socialist urban center, a characteristic shared by
most CEE cities. As previously highlighted, the socio-economic processes and spatial
transformations observed in the CEE region exhibit substantial similarities. Given the
existing research gap within the Lower Silesia region, our study contributes to enhancing
the state of the art by advancing the understanding of the spatial dynamics related to
industrial deconcentration.

The city of Wroclaw has undergone numerous political, social, and economic changes
throughout its historical evolution [38,39]. Several key historical factors have profoundly
shaped the development of the city and its suburban zone, including an advantageous
geographic and transportation position (situated at the crossroads of Poland, Germany,
and the Czech Republic), proximity to the resource-rich Sudeten mountains, extensive
destruction after World War II, where more than 70% of the urban fabric was destroyed,
and the period of governance under the communist regime from 1945 to 1989, as detailed
by Ksiazek and Szuszczewicz [40].

Wroclaw is a rapidly developing European city. Several predominant phenomena
are shaping both its society and spatial landscape. These also include the progressively
advancing suburbanization, which manifests in various dimensions [41]. Additionally,
there is the ongoing process of industrial deconcentration with the expansion of the service
sector [42]. Our study area was delimited to the Wroclaw agglomeration defined as the
city of Wroclaw and its suburban zone, encompassing municipalities adjacent to the city’s
boundaries. By defining this specific spatial boundary, we can confidently attribute the
observed processes to direct interactions occurring along the urban—suburban interface. A
segment pertaining to the city of Wroclaw and its immediate surroundings was conducted
for the city itself, divided into 48 settlements units grouped into 5 districts, as well as for
the suburban zone, which was represented by the 9 municipalities in their administrative
boundaries (see Figure 1).

2.2. Research Design

The undertaken research of changes in the industrial location was conducted using a
cartographic source change detection method. Additionally, this study was complemented
by a statistical analysis of the REGON database (National Official Register of National
Economic Entities) in aggregation to urban units.

Cartographic sources in the form of 1:10,000-scale topographic maps were obtained
from open source national portal (https://www.geoportal.gov.pl/; accessed on 1 July 2023)
and the MAPSTER portal (http://igrek.amzp.pl/; accessed on 2 July 2023) for the period
from the 1980s to the present. To streamline the analysis and manage the available maps
effectively, it was decided to categorize them into five distinct time periods: the 1980s
(comprising topographic sheets of map published between 1981 and 1988) (1), the 1990s
(sheets of map published between 1994 and 1998) (2), the 2000s (sheets of map published
between 2008 and 2009) (3), the late 2010s (sheets of map published between 2016 and 2018)
(4), and the 2020s (sheets of map published in 2023) (5). Each decade since the 1980s has
been represented by a single topographic map. After the data collection stage, all maps
were georeferenced in the GIS environment. Then, utilizing change detection analysis, the
precise locations of each industrial site were identified as belonging to different analytical
periods. Employing GIS tools (QGIS Desktop 3.28.8 Firenze), their area (measured in
hectares) and distance from the city center of Wroclaw (specifically from the Market Square;
measured in meters) were also quantified.

Subsequently, using statistical data sources from the REGON, we identified the number
of industrial entities in Wroclaw and its suburban zone for the years 2008-2020, tracking
their changes over this period. These data were also used to identify and analyze the
migration patterns of industrial entities during the intervals 2008-2012, 2012-2016, and
2016-2020 (Unfortunately, due to the availability and quality of statistical data in Poland,
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it is impossible to analyze the number of industrial entities for earlier years (before 2008).
This subject was more extensively underlined by the authors of [43—46]).

Utilizing these two primary sources of information, the obtained data enabled us
to comprehensively trace the tangible process of industrial deconcentration within the
Wroclaw agglomeration from the 1980s to the 2020s. This encompassed the examination of
spatial transformations, including alterations in the location and size of industrial areas, as
well as economic dynamics, such as shifts in the number of industrial entities. Moreover, it
is worth noting that the existing functional links within this delineated area are notably
robust, as emphasized by Straszewicz [47].

3. Results
3.1. Dynamics of Spatial Distribution

The total number of industrial sites within the Wroclaw agglomeration increased
from 162 to 200, marking a growth of 23.5% over the studied period spanning from the
1980s to the 2020s. However, this growth was not uniform. There was a decline in the
number of industrial sites from 136 to 77 (—43.4%) within the city borders. This reduction
was particularly evident in the Krzyki district (decrease from 48 to 19; —60.4%) and Psie
Pole district (decreasing from 37 to 19, reflecting a decline of 48.6%). In contrast, the
suburban zone experienced a substantial increase in the number of industrial sites from
26 to 123 (+373.1%). This expansion was primarily concentrated in municipalities such
as Miekinia (increasing from 3 to 31; +933.3%), Katy Wroclawskie (increase from 2 to 18;
+800.0%), and Siechnice (increase from 6 to 20; +233.3), as seen in Table 1.

Table 1. The number of industrial sites in the Wroclaw agglomeration from the1980s to the 2020s.

1980s 1990s 2000s 2010s 2020s 1980s-2020s
A
rea (Number) (Number) (%)
Czernica 0 2 7 8 8 +8 -
o Dlugoleka 6 12 13 12 13 +7 +116.7
& Katy Wroclawskie 2 3 8 16 18 +16 +800.0
2 Kobierzyce 5 12 18 11 13 +8 +160.0
g Miekinia 3 6 20 27 31 +28 +933.3
5 Oborniki Slaskie 3 5 5 2 7 +4 +133.3
5 Siechnice 6 10 18 20 20 +14 +233.3
@ Wisznia Mala 1 3 6 6 6 +5 +500.0
Zorawina 0 0 6 6 7 +7 -
Fabryczna 39 48 27 29 32 -7 —-17.9
= % Krzyki 48 60 19 18 19 —29 —60.4
g\g Psie Pole 37 58 20 19 19 —18 —48.6
O § Stare Miasto 8 8 5 5 5 -3 —37.5
Srodmiescie 4 9 2 2 2 -2 —50.0
suburban zone 26 53 101 108 123 +97 +373.1
city of Wroclaw 136 184 73 73 77 —59 —43.4
total 162 237 174 181 200 +38 +23.5

The area of industrial land cover underwent significant changes. In the analyzed
period, the industrial land area in the Wroclaw agglomeration increased from 1510.0 ha to
1725.8 ha (+14.3%). However, the city of Wroclaw’s industrial land area decreased from
1366.2 ha to 877.8 ha (—35.8%), mainly in the districts of Fabryczna (—40.1%) and Krzyki
(—48.8%). Conversely, the suburban zone experienced a significant expansion in industrial
land cover, surging from 143.8 ha to 848.0 ha (+489.8%). This expansion was primarily
attributed to industrial land development in municipalities such as Kobierzyce, where the
industrial land area increased from 29.0 ha to 288.7 ha (+897.0%) and Katy Wroclawskie,
where the industrial sites’ land area increased from 19.7 ha to 140.7 ha (+612.4), as seen in
Table 2.
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Table 2. The area of industrial sites in the Wroclaw agglomeration from the1980s to the 2020s.

1980s 1990s 2000s 2010s 2020s 1980s-2020s
A
rea (ha) (ha) (%)
Czernica 0.0 2.0 11.3 12.7 12.7 +12.7 -
o Dlugoleka 30.4 45.1 69.7 78.8 79.8 +49 .4 +162.3
g Katy Wroclawskie 19.7 24.5 39.6 102.7 140.7 +120.9 +612.4
2 Kobierzyce 29.0 61.9 290.1 286.5 288.7 +259.8 +897.0
g Miekinia 9.8 19.1 729 83.3 102.0 +92.2 +940.1
5 Oborniki Slaskie 6.3 7.2 15.8 4.4 25.0 +18.7 +296.4
"% Siechnice 46.7 50.4 81.0 136.9 136.7 +90.0 +192.9
» Wisznia Mala 1.9 4.1 7.9 7.9 79 +6.0 +319.2
Zorawina 0.0 0.0 199 28.1 54.5 +54.5 -

Fabryczna 4899 493.8 251.2 2779 293.3 —196.6 —40.1
= % Krzyki 283.4 315.3 145.2 144 .4 145.2 —138.2 —48.8

> g Psie Pole 355.5 426.4 338.2 375.5 375.5 +20.0 +5.6
3 § Stare Miasto 107.7 76.6 43.8 439 439 —63.8 —59.2
Srodmiescie 129.8 130.6 52.6 52.6 19.9 —-109.9 —84.7
suburban zone 143.8 214.3 608.1 741.3 848.0 +704.2 +489.8
city of Wroclaw 1366.2 1441.0 830.8 894.3 877.8 —488.5 —35.8

total 1510.0 1655.3 1439.0 1635.7 1725.8 +215.8 +14.3

A consequence of the recorded changes in both the quantity and land cover of indus-
trial sites in the Wroclaw agglomeration was their shift in spatial distribution. The spatial
distribution of industrial areas followed a concentric pattern, primarily aligning with key
transportation networks such as roads, railways, and rivers. However, a discernible trend
emerged, marked by the gradual relocation of industry from the city core toward its periph-
ery, particularly within the suburban zone (see Figure 2). It is also of interest to note the
distribution of both the size (measured by occupancy area) and number of entities. Over the
years, there has been a proliferation of large industrial areas that have established directly
along the city’s administrative boundary, such as in the northern part of the Kobierzyce
municipality. In quantitative terms, Wroclaw still holds dominance over the suburban zone
in terms of the number of industrial enterprises. While these enterprises may be smaller
individually, they are numerous and are situated along the linear macroelements of the
city’s spatial structure (see kernel density of industrial entities in the 2020s in Figure 2).

The process of industrial deconcentration in the Wroclaw agglomeration is illustrated
by changes in the distribution of industrial land area relative to the distance from the
city center across the five studied periods (Figure 3). In the 1980s, a substantial portion,
approximately 79% of the total industrial areas, was situated within distances ranging
from 2001 m to 8000 m from the center of Wroclaw (2001-4000: 36.6%; 4001-6000: 26.0%;
6001-8000: 16.6%), effectively encompassing the city’s administrative boundaries. During
this period, only a negligible fraction of industrial land area was recorded within the
suburban zone of the agglomeration. In contrast, by the 2020s, the largest proportion of
industrial land (comprising 18.5% of the total area) was located between 14,001 m and
16,000 m from the center of the agglomeration, predominantly near the city’s periphery.
Currently, only 39.9% of the total industrial land falls within the range of 2001 m—-8000 m
from the center of Wroclaw. This represents a substantial decline of 39.3 percentage points
compared to the 1980s.
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Figure 2. Changes in the distribution of industrial sites in the Wroclaw agglomeration from the 1980s
to the 2020s.
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Figure 3. Changes in the distribution of industrial land cover as a function of distance from the city
center within Wroclaw agglomeration from the 1980s to the 2020s.

3.2. Dynamics of Industrial Entities

The number of industrial entities within the Wroclaw agglomeration increased from
8418 to 9790 (+16.3%) between 2008 and 2020. However, this expansion was not uniform
across all areas. In the city of Wroclaw, there was an increase from 7002 to 7476 entities
(+6.8%). This growth can be primarily attributed to the Old Town district, which experi-
enced a significant upswing from 897 to 1195 entities, marking a substantial increase of
33.2%, as well as Krzyki where the count increased from 1656 to 1904 entities, reflecting
a 15.0% growth. Conversely, the increase was considerably more pronounced within the
suburban zone. The number of industrial entities escalated from 1416 to 2314 (+63.4),
mainly in the municipalities of Dlugoleka (from 236 to 407; +72.5%) and Kobierzyce (from
144 to 289; +100.7%).
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There are significant disparities in terms of industrial entity distribution per square
kilometer. In Wroclaw, the density increased on average from 23.9 industrial entities per
square kilometer in 2008 to 25.5 in 2020. The Old Town district stands out with the highest
density of industrial entities, recording 135 entities per 1 km? in the 2020s (a density
increases of 33.7; +33.2%), as seen in Figure 4A. In contrast, the suburban zone, owing to its
expansive area and notably lower population density, exhibits a relatively lower density of
industrial entities, amounting to only 1.8 entities per square kilometer in the 2020s (density
increase of 0.7; +63.4%). The municipalities of Siechnice (2.9 entities per square kilometer)
and Czernica (2.3) reached the highest density of industrial entities (Figure 4B).

B

OBORNIKI
SLASKIE

study area study area

municipalities municipalities

districts within districts within

C- Kizyki, D - Fabryczn
dynamics in 2008-2020:
B -20.0%—-0.1%

number of industrial entities
per 1 km2

[ ] 1015 [ ] 0.0%-25.0%
[ 1630 [ 251%-50.0%
B 15.0-30.0 02 4 68 10km B 50.1%-75.0%
I 30.1-135.0 L Bl >75.0%

Figure 4. The number of industrial entities per square kilometer in 2020 (A) and the dynamics of its
change in the Wroclaw agglomeration in 2008-2020 (B).

When studying the deconcentration of industrial activity, it is also valuable to examine
the specific variations in the density within the city itself (Figure 5A) and the dynamics
of change (Figure 5B). To achieve this, a parallel analysis was conducted as previously
described, but with a focus on smaller units of observation such as settlement units. The
density of industrial entities in Wroclaw in 2020 reached its peak values in the city center,
notably in settlement unit Al (462.6 entities per square kilometer), B5 (144.9 entities per
square kilometer), and along the main transportation routes, exemplified by neighborhoods
no. D27 (89.9), A2 (89.6), and D26 (85.8). Conversely, a gradual shift in the distribution
of industrial entity density in the neighborhoods is discernible from 2008 to 2020. The
settlement units located on the outskirts of the city were growing, as illustrated by D33
(+170.0%), C18 (+148.3%), or E46 (+122.2%), while the neighborhoods located in the city
center were declining in terms of industrial density, as seen in D32 (—38.9%) or D26
(—34.9%). One noteworthy exception is the Al (Old Town) settlement unit, which recorded
an 85.4% increase in the density of industrial entities.

Additional insights into the process of industrial deconcentration can be gleaned
from an analysis of the industrial entity migration, which involves changes of regis-
tered office address during the following periods: 2008-2012 (A), 2012-2016 (B), and
2016-2020 (C). Across this time frame, a total of 3283 industrial entities altered their regis-
tered addresses, comprising 632 entities in (A), 1398 in (B), and 1253 in (C). In the majority
of cases, these changes entailed intra-city migrations, amounting to 2476 (75.4%), with
560 in (A), 978 in (B), and 938 in (C). However, a noteworthy 807 industrial entities (24.6%
of the total) relocated from the city of Wroclaw to the suburban zone, including 139 in (A),
486 in (B), and 408 in (C), as seen in Figure 6.
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Figure 5. The number of industrial entities per square kilometer in 2020 (A) and the dynamics of its
change in settlement units in Wroclaw from 2008 to 2020 (B).
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Figure 6. Migration of industrial entities in the Wroclaw agglomeration in 2008-2012 (A), 2012-2016
(B), and 2016-2020 (C).

Migrations within the study area are significantly influenced by the overall regional
economic conditions. Lower Silesia hosts more than 29.8 thousand companies engaged in
industrial activities, making up 7.1% of such entities nationwide. In 2019, the total industrial
production sales, calculated at current prices and for enterprises employing over nine
people in the region, amounted to PLN 135,257.9 million. This figure represented 8.8% of the
national total and positioned the region as the fourth highest in the country. This economic
vitality was reflected in a per-resident production value of over PLN 48.4 thousand, which
exceeded the national average (PLN 42.0 thousand) by 15% [48]. As a result, migrations
within the Wroclaw agglomeration are substantially influenced by the broader economic
development of the entire region.
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4. Discussion

The spatial distribution of the industrial areas within a city and its surroundings is
intrinsically linked to the region’s economic development history. In the case of the Wroclaw
agglomeration, industrial activity was primarily concentrated within the city’s boundaries,
aligning with major transportation routes and the Oder River [49]. Consequently, the
spatial distribution of the industry in Wroclaw assumed the pattern of concentration zones,
supported by the rationale of the city’s internal and external transportation network. This
spatial configuration of industry facilitated the efficient and swift transport of raw materials
and semi-finished products, fostering cooperative relationships and predictable technical
and technological advantages among individual industries [42]. In the suburban zone,
industrial activities played a lesser role [50]. However, with the advent of economic
transformations stemming from political changes in CEE since 1989, this arrangement
underwent gradual modification.

As demonstrated by this study, the gradual deconcentration of the industry has led to
significant modifications in the spatial distribution of industrial areas within the Wroclaw
agglomeration. Before 1989, the city of Wroclaw held a dominant position in regional
manufacturing activities, accounting for over 80% of the total number of all industrial areas,
which occupied more than 90% of the land designated for this type of agglomeration. In the
2020s, Wroclaw encompasses less than 40% of the number of industrial areas, which occupy
slightly over 50% of their total area (Tables 1 and 2). The turning point in rectifying these
disparities occurred during the 1990s, marking the period of the most significant changes
in the distribution of industrial areas within the Wroclaw agglomeration (Figures 2 and 3).

The patterns of industrial deconcentration in the Wroclaw agglomeration were primarily
influenced by the distribution of transportation infrastructure within the region. Municipalities
neighboring Wroclaw, where highways or national roads were constructed, witnessed the
most significant increase in the number and size of industrial areas (Tables 1 and 2). Of
particular significance in facilitating the relocation of the industry from the city boundaries
to the suburban zone was the creation of a modern transportation hub known as the
Bielanski Junction during the 1990s (Figure 7). This hub, located in the municipality of
Kobierzyce, represents the intersection of the highway and three national roads. This
underscores the validity of numerous scientific studies highlighting the pivotal role of
highways, national roads, and transportation hubs in attracting both new and existing
economic entities [51-53].

The deconcentration of industrial activity in the Wroclaw agglomeration was also
influenced by phenomena related to the economic processes of the time. Since 1989,
Wroclaw and its suburban zone have been undergoing significant transformations of spatial
structures, including functional structures, the symptom of which are the observed changes
in the distribution of economic entities, largely due to the process of suburbanization and
regional economic development [41]. Similar transformations are also taking place in other
large agglomerations in Poland [54].

The industrial deconcentration in the Wroclaw agglomeration exhibited a dual dimen-
sion. The first, the conventional dimension, involved the shift from the city to the suburban
zone. The results obtained are similar or identical to conclusions and regularities noted in
other studies of this kind. For example, Brezden et al. [54], studying changes in the number
and distribution of industrial entities (especially innovative industry) in the Wroclaw and
Krakéw agglomerations in Poland, noted analogous trends. The only difference in the
obtained results is the dynamics of the observed changes, which in the case of the Krakow
agglomeration was lower than in the Wroclaw agglomeration, which is likely related to
local conditions [54]. The second dimension, which is less apparent, pertained to the
movement from the inner settlements to the outer settlements and periphery of Wroclaw
(Figure 5A,B). As in the studies conducted by Arauzo [55,56], Sikorski, Szmytkie [41], and
Szmytkie [30], this type of deconcentration is relatively common in post-socialist CEE
cities. However, it is worth noting and emphasizing that the literature still lacks studies
that would prove the previously noted regularities on actual statistical data. The shift of
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industrial areas to peri-urban zones and the urban expansion throughout the city’s zones
can be ascribed to the shift from a centrally planned economy to a free-market system. This
transformation has heightened processes such as industrialization, suburbanization, and
internal suburbanization, which were previously investigated in the literature [6,19,30].
Kiss contended that the post-1989 restructuring of urban economic systems in CEE cities
led to the expansion of industrial areas, as exemplified in Budapest [57].
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Figure 7. Spatial development (A-D) of Bielanski Junction since the 1990s (A) to the 2020s (D).

The processes of shifting industrial activity toward the suburban zone of the agglom-
eration are multifaceted. On the one hand, the advantages of agglomeration can lead
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to a concentration of industrial activity, as discussed by researchers like Head [58] and
Richardson [59]. On the other hand, an excessive concentration of population and eco-
nomic activity can result in negative outcomes, such as the inefficiency of communication
systems, a lack of available municipal facilities, or infrastructure, as well as environmental
degradation, prompting deconcentration processes. This scenario mirrors the situation
in Wroclaw. Following the changes in 1989, the city of Wroclaw experienced a period of
rapid development, which led to a scarcity of space within the city for production activities.
The relocation of industry to other areas represents a natural response by companies to
evolving economic conditions. Globally, this phenomenon is associated with a more effi-
cient allocation of resources which, from an economic perspective, is regarded as a positive
trend [60]). The deconcentration of industry from Wroclaw to its suburban zone also carries
significant environmental and health implications. On the one hand, the decrease in the
scale of production activities within the city has positive effects on the well-being of its
residents, such as reduced air pollution in densely urbanized areas. On the other hand,
the dispersal of industrial land into the suburban zone results in adverse environmental
consequences, including diminishing biocapacity and escalating air pollution. These factors
have the potential to contribute to health issues among inhabitants who live in scattered
settlements [61].

While our study provides crucial insights into the development of industrial entities,
we acknowledge some limitations. Unfortunately, assessing persistent changes in develop-
ment is challenging due to the limited availability of cartographic and statistical sources.
The Polish surveying system lacks consistent updates of cartographic materials and land
cover data, necessitating the use of periodic analysis. We have employed 10-year intervals
in our research, believing that this time frame enables us to effectively capture significant
changes in the functional areas of a large city. Furthermore, we are confident that the chosen
intervals represented by cartographic maps allowed us to identify trends in the process
of industrial deconcentration in the post-socialist CEE city of Wroclaw. This approach has
substantiated the emergence of distinct spatial patterns within the study area. Moreover, by
analyzing the spatial form of industrial sites, we have laid the foundation for subsequent
investigations that can delve into the functional dynamics of industrial development.

5. Conclusions

Based on the conducted research and literature review, the following conclusions can
be drawn:

e  The significant deconcentration of industrial activity commenced after 1989, resulting
in substantial shifts in industry distribution across the city—suburban zone;

e  The peak of these changes occurred in the 1990s, driven more by the decline of unprofitable
industrial activities within the city [15] than by a deliberate deconcentration strategy;

e  The requirements for industry deconcentration began to gain importance in the eco-
nomic and spatial policies of CEE countries only in the late 1990s [62], leading to the
gradual implementation of the idea of sustainable urban development;

e The processes of industrial deconcentration in post-socialist cities are ongoing, al-
though not at the same scale as in earlier years.

After 1989, the process of industrial deconcentration became a widespread phe-
nomenon in most post-socialist CEE cities. However, the specifics of this process varied
depending on local and regional characteristics, as well as global factors. One significant
contribution of this research lies in its granularity and the utilization of spatial data, par-
ticularly in the analysis of the number and size of industrial sites. Consequently, this
study provides compelling evidence of deconcentration occurring within the investigated
city, with its most pronounced dynamics observed during the 1990s. Nevertheless, it
is important to acknowledge that this type of research has limitations, primarily stem-
ming from the absence of data that would enable a more detailed examination of the
deconcentration process.
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