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Abstract

:

A characteristic element of the transformations of cities in Central and Eastern Europe after 1990 was the emergence of shrinking cities. The main problem related to shrinking cities is around how this process developed as a result of rapidly intensifying de-industrialization. While many studies in this area are devoted to demographic, social, and economic issues, relatively few studies address the spatial dimension. In this article, the example of spatial development in the (post-) mining city of Bytom in southern Poland is discussed, pointing to the need for a multifaceted approach to this issue. This article begins with an attempt to contextualize this issue within a broader time perspective. Such an analysis makes it possible to better situate contemporary changes in the context of the processes that were visible in previous periods. Next, these changes are described using two methods. The basis of the first method is comparisons between the different types of land use. The second method, which is emphasized, is the method of A. Macias, which indicates the degree of naturalization/anthropogenization of space. Macias’ method is crucial in the context of discussions about the future of post-mining towns, where attention is paid, among other things, to the issue of sustainable development.
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1. Introduction


Economic development creates opportunities for the development of cities and, in the event of crises, can disintegrate their social, economic, and spatial structures. The dependence of cities upon economic conditions is quite apparent. However, there is ambiguity about the direct links between the primary industries which influence the development of cities, both in progression and recession. This is because social, political, and environmental factors also determine the development of cities. It is also vital to note that cities are located in a system of geographical connections. These geographical connections can refer to both the immediate surroundings and those of a network nature. Thus, it can be concluded that economic factors affect cities, but a city is also the sum of the impacts of other factors. Therefore, this relation is not a feedback relationship [1].



This fact seems to be visible in the geographical space of cities. The urban space is the background of all economic impulses. Each time, economic impacts leave a mark on the spatial development and functional structure of a city. Nevertheless, the spatial development and functional structure of a city also shaped by a background of social, political, and environmental influences. This is evident a city’s spatial development and changes in the structure of its components over time.



An analysis of changes in the spatial development of cities also allows us to partially answer the question of the actual dimension of the city’s dependence on its economic foundations—especially when, for example, due to de-industrialization, these economic foundations disappear. In such a case, the model of a city that does not matter, known from scientific literature, appears [2]. This is a city that exists, but its city-forming basis does not exist; a city that has lost its economic subjectivity (entirely or partially) but has not lost its geographical subjectivity.



This model of cities is considered in studies concerning various regions of the world, although it is most often associated with the phenomenon of de-industrialization and urban shrinkage [3,4,5]. Although there are differences in the course of these phenomena between individual countries and regions of the world [6,7,8,9], certain attributes seem to be constant in each case (e.g., a loss of demographic and economic potential, visible changes in the structure of land use, the formation of brownfields or the need for external support).



This article examines the city of Bytom in Poland; an interesting example of a shrinking city [10,11,12,13]. Notably, shrinkage here is mainly due to deindustrialization; the disappearance of the most significant economic entities—hard coal mines and other large industrial plants. The aim of this article is to attempt to answer the following question: does the application of A. Macias’s method allow for a more thorough interpretation of the land use structure in a bigger city experiencing de-industrialization and urban shrinkage? This article also examines a possible mismatch between the phases of economic and demographic changes and spatial changes. Detailed studies of one of the most significant shrinking (post-) industrial cities in Europe [14,15] will clarify this issue, based on in-depth studies of changes in spatial development from a historical perspective.




2. Research Review


The issue of transformations in post-industrial cities is an essential element of contemporary urban studies. This focus results from two fundamental research challenges. Firstly, cities of this type provoke questions about the future of the various sectors of the economy to be potential stabilizers of development. Secondly, research into changes always provokes questions about the development of future cities. It is impossible to outline this issue adequately, even within the general framework, without a good understanding of the current trends in developing individual urban structures—economic, social, spatial, ecological, and others. Hence, in contemporary urban studies, many scientific discourses have emerged in which issues relating to these two basic assumptions are addressed. At least four essential discourses can be found in relation to the studied city and the title issue of land-use changes.



The first discourse concerns the problem of shrinking cities [16,17,18,19]. Urban shrinkage is understood as a synonym of depopulation, and, more often, as a set of socio-economic phenomena and processes. Depopulation is one aspect of this [20,21,22,23,24]. It is assumed that two main phenomena are triggering urban shrinkage: suburbanization and de-industrialization [13,25]. Both types of cities were studied in Poland and the EEC [26].



The second discourse relates to post-industrial cities and the direction of functional changes. This issue has been developed in world literature since the second half of the 20th century and is related to an observed increase in the role of services in the economies of cities [27,28]. As part of this discourse, however, not only the change in the proportion between the industrial sector and the service sector is indicated, but also changes within one sector (re-industrialization or new services). This aspect is essential for cities such as Bytom, which, in the face of the loss of numerous jobs in coal mining and heavy industry, are looking for new paths of re-industrialization.



The third discourse concerns the spatial development of derelict areas, emphasizing post-industrial brownfields [29]. The discourse on the management of urban brownfields is gaining importance in relation to realized investment opportunities and diversified development [30,31]. In post-mining towns, the specificity of brownfields, the possibility of their rehabilitation and general challenges related to the implementation of buildings in their area are also important issues. Due to the large number of liquidated industrial plants, and their location, in all districts of Bytom, this subject is significant in this city.



The fourth discourse, which is meaningful only in light of this research, is based on the scientific literature devoted to Bytom [10,11,12,32]. It should be noted that works discussing demographic, urban, and economic aspects are dominant. In this city, the decline in the population was mainly due to the deindustrialization of the city, and an urban policy focused on this problem that was not entirely satisfactory [13]. Works devoted to the aspect of spatial changes should also be noted. However, they are generally presented [33] or devoted to only one form of spatial development at a particular moment in time [34].



This article refers to all of the above-mentioned discourses, but with a special reference to spatial issues. These issues were included in the area of land-use changes. Changes in land use are both a factor and an effect of such phenomena as urban shrinkage or de-industrialization. This phenomenon is related to the changes in the number and structure of the population observed in this type of city [35,36,37]. In Central and Eastern Europe, such changes were noticed when researching (post-) industrial cities [26,38,39].




3. Methods and Data


Historical cartographic materials are a valuable source of information on the changes in land use over the last two hundred years [40,41,42,43,44,45,46,47,48,49,50,51]. Prussian Urmesstischblätter maps from the beginning of the 19th century, Messtischblatter maps from the end of the 19th century and the beginning of the 20th century were used to study land-use changes [52,53,54]. These maps were made at 1:25,000 scale using the table method by qualified military cartographers in the polyhedral projection of the Bessel ellipsoid [55]. According to research by W. Jankowski [56] and A. Konias [55], these materials are characterized by good cartometric properties that are comparable to contemporary cartographic materials from the turn of the 20th and 21st centuries. Archival Prussian maps were compared with Polish topographic maps from the end of the 20th century (prepared on a scale of 1:10,000), and with aerial photos from 2019 (on the same scale) that were obtained from the Open Regional Spatial Information System [57,58]. Archival and contemporary map materials and aerial photos have been rectified in MapInfo Professional 10.0 and then vectorized.



Vector maps were used to create a space-time database, from which a tabular summary of the city’s land-use structure was prepared (Table 1). In this way, information on the state of the city’s land development was obtained and organized into five-time steps: the beginning of the 19th century (1827), the end of the 19th century (1883), the beginning of the 20th century (1934), and the end of the 20th century (1993), and the beginning of the 21st century (2019). In addition, aerial photos of parts of the city were taken in 2021 using the DJI Phantom 4 Advanced uncrewed aerial vehicle.



The degree of anthropogenic transformation of the city area was calculated according to A. Macias’ classification, using the database on the land use structure [59]. This author distinguished eleven types of land use and assigned them the degree of anthropogenic transformation, as follows:




	
natural surfaces (e.g., natural forests, natural watercourses, and lakes in class I cleanliness) with a transformation degree of 0%;



	
subnatural surfaces (e.g., current forests with unchanged habitat and lakes with class II water purity) with a transformation degree of 10%;



	
semi-natural areas (e.g., commercial forests and natural lakes in other water purity classes) with a transformation degree of 20%,;



	
pseudo-natural areas (e.g., grasslands) with a transformation degree of 30%;



	
anthropogenic surfaces with similarities with natural surfaces (e.g., parks, squares, and ponds) with a transformation degree of 40%;



	
agricultural areas (e.g., arable land and orchards) with a transformation degree of 50%;



	
areas of very intensive cultivation (e.g., home gardens and allotment gardens) with a transformation degree of 60%;



	
sub-anthropogenic surfaces (e.g., cemeteries, sports grounds, and wooden buildings) with a transformation degree of 70%;



	
semi-anthropogenic areas (e.g., rural and villa buildings, and unpaved roads) with a transformation degree of 80%;



	
anthropogenic urbanized areas (e.g., compact development) with a transformation degree of 90%;



	
anthropogenic, highly urbanized, and industrialized areas (e.g., large housing estates, industrial areas, communication areas, landfills, workings, dumps, settlements, and active slopes) with a transformation degree of 100%.








Each type of land use distinguished in the course of this study in individual time steps was classified into an appropriate group based on the source materials and literature. Watercourses were not included in the analysis because the authors considered their area negligible in relation to the entire research area. The degree of anthropogenic transformations of the area in particular periods was then calculated based on the following formula:


  S A P T =    P 1  × 0 % +  P 2  × 10 % + …  P  11   × 100 %    P m     [ % ]   



(1)




where:



P1, P2, P3....., P11—the size of the distinguished area [ha];



Pm—an area of the research area;



0%, 10%, 20%...., 100%—the degree of its anthropogenic transformation assigned to each unit.



The results obtained in this way represented the average degree of transformation of all the used areas in the study area in the five considered time steps. A. Macias [59] distinguished the following types of land transformation: landscape not transformed (0% transformation), very poorly transformed landscape (1–10%), poorly transformed landscape (11–30%), medium transformed landscape (31–50%), a firmly transformed landscape (51–70%), a strongly transformed landscape (71–90%), very strongly transformed landscape (91–99%), and a completely transformed landscape (100%).




4. Changes in Land Use in Bytom—Between Industrialization and De-Industrialization


4.1. Outline of the Economic Development of Bytom


Bytom is one of the main cities of the Katowice Conurbation (Figure 1). The city was founded under German Law in 1254 [60]. Over the centuries, Bytom developed thanks to its location on the trade route between Kraków and Wrocław, and ore mining—initially silver, and then zinc and lead [61,62]. The oldest mentions of mining works in the vicinity of towns date back to the first half of the 12th century [63,64]. For centuries, the mining of zinc and lead ores was an essential factor in developing the settlement network in the city area. For this purpose, numerous tunnels were built, and drainage devices were used [65,66,67].



The machinery industry and railways that developed in the 19th century brought a huge demand for iron. The first hard coal mine in today’s city was established in 1794 [68]. It exploited coal in the area of Bobrek. The dynamic development of hard coal mining took place in the second half of the 19th century. The mining fields and small mines established at the beginning of this century were consolidated into larger plants [68]. The development of industry brought in a new stage in the development of the settlement. The newly established plants conditioned the creation of workers’ settlements, which were gradually incorporated into the city limits.



There were seven large mining plants in the city, two of which still operate today [68,69,70,71,72]. As a result of the transformation which started in the 1990s, most of the industrial plants in the city collapsed.




4.2. Land-Use Changes—Dynamic Perspective


4.2.1. Land-Use Changes in the Period from the Nineteenth to the Early Twenty-First Century


Over the past 196 years, there have been significant changes in the use of the area of Bytom. At the beginning of the 19th century, agricultural and forest areas covered almost 95.0% of the city’s area (Figure 2). The category of agricultural land includes arable fields, fallow land, post-agricultural wasteland, meadows and pastures. In the years 1827, 1883, 1934, and 1994, this category included all of the open and undeveloped areas that were used by default for agriculture: arable land, fallow land, and post-agricultural wasteland. The area of Bytom at the beginning of the 19th century was a typically agricultural region. In the 1820s, agriculture was either the main or additional source of income for most of the town’s inhabitants [73]. In the following sub-periods, the proportion of land being used for agricultural purposes diminished: at the beginning of the 19th century, 66.0% of the city’s area was used for agriculture, whereas at the beginning of the 21st century only 13.0% was used for agriculture. The most dynamic decrease in the share of these use categories took place during the 20th century, between 1934 and 1994. At that time, the share of agricultural (open) land decreased by 2.103 ha, (i.e., 30.0% of the current area of Bytom) (Table 1). Likewise, the share of meadows, pastures, and other grasslands in the same time period decreased from 9.0 to 5.0% (Table 1).



The share of forest areas and tree cover slightly decreased from the beginning of the intensive industrialization of these areas (1827-1883-1934) due to the use of wood in industry and an increase in the proportion of built-up areas, industrial areas, heaps, and other categories of land use. Forests and trees covered almost 29.0% of Bytom’s area at the beginning of the 19th century. By the beginning of the 20th century, this proportion has decreased to almost 24.0%. However, the tendency was reversed in the 20th century. Between 1934–2019, there was an increase in the share of forested areas, which can be associated with the planned reclamation of some post-industrial areas, dumps, post-agricultural wasteland, or spontaneous succession (secondary succession) of unused areas. At the beginning of the 21st century, forests and trees covered over 31.0% of the city’s area, which is more than before the period of intense industrialization and urbanization.



The result of centuries of industrial activity within the city is a specific type of landscape, with a dominant accent of irregularly located industrial plants with densely crowded workers’ housing estates. An inseparable element of this landscape is the surface pits of ore and coal, clay pits, sandpits, gravel pits, solid rock quarries, waste rock dumps, and broadly understood post-excavation wastelands, created at various times of industrial development. Although this area has been subject to mining and anthropogenic pressures for almost 900 years, the most dynamic developments in many types of industries took place in the last two centuries. Even at the beginning of the 19th century, the area occupied by industrial areas was only 25.0 ha (0.4% of the research area). At that time, it consisted of: ore pits and post-excavation wasteland (7.4 ha—0.1%), heaps of waste material (0.6 ha—0.01%) as well as ore mines located in Szarlej, the northern part of Miechowice and between Miechowice, Karb and Bobrek, the total area of which was approximately 17.0 ha (0.2%) (Figure 2).



From the mid-nineteenth century, the industry was booming. In addition to ore mines, which exploit iron, zinc, and lead on an increasing scale, coal mines appeared. Coal has become an indispensable energy resource for metallurgy, railroads, and many other types of activity. The industrial plants and industrial-related areas amounted to 349.1 ha at the end of the 19th century, which was then slightly more than 5.0% of the contemporary city area. This land-use category structure was dominated by ore and post-excavation wastelands, covering 198.3 ha (2.8%). During this period, the percentage of industrial land and heaps also increased significantly. However, clay pits, quarries, sandpits, and gravel pits were a new landscape element. The raw materials they extracted were mainly used for the production of building materials (e.g., sand, gravel, clay, and limestone) and in metallurgical processes (e.g., dolomite) (Figure 3). The most dynamic development of industry and industrial areas occurred in the 20th century (see Figure 4 and Figure 5). The industrial area increased from 765.8 ha (11.0%) at the beginning of the century to 853.2 ha (12.2%) at the end of the century.



At the beginning of the 20th century, ore and post-excavation wastelands covered a large percentage of the area (2.4%). However, in the post-war years, this type of exploitation was discontinued. A similar situation occurred in sandpits, clay pits, and quarries, which at the beginning of the century covered 76.5 ha, which constituted 1.0% of the research area. At the end of the 20th century, extraction of the above-mentioned raw materials ceased. Due to the dynamic development of the mining industry in the 20th century, the percentage of the area occupied by heaps of waste material increased significantly. At the beginning of the 20th century, the area they occupied was 79.8 ha (1.1%). By the end of that century, it increased to 155.3 ha (2.2%). At the end of the 20th century, a significant percentage of the research area was a wasteland, as their area amounted to 790.7 ha (i.e., less than 11.3% of the area studied) (Table 1). In the 1990s, due to systemic transformation, industrial plants began to decline gradually. At the turn of the 20th and 21st centuries, hard coal mining was being stopped by most local mines. Five out of seven mining plants were closed, and two ironworks operating in the city (Huta Bobrek and Huta Zygmunt) were closed. As a result, the industrial area decreased to 458.9 ha (6.5%), of which 145.7 ha (2.0%) were waste rock dumps (Figure 6, Table 1). At the turn of the 20th/21st century, there was also a significant decrease in the area of wastelands (from 11.3% to 6.0%). Large-scale commercial facilities became a new category of land use at the beginning of the 21st century (Figure 6). In 2019, they occupied almost 1.5% of the area of Bytom. These facilities were built in post-industrial or wasteland areas. The decrease in the percentage of land occupied by wasteland at the turn of the 20th and 21st centuries was also because tree vegetation began to enter part of this area (Figure 6).



The development of industry entailed the development of railways. The length of the railway lines increased until the end of the 20th century, when they reached the length of 321.6 km. However, at the beginning of the 21st century, it decreased by as much as 50.0% (Table 1). The reason for this was the liquidation of many industrial plants in the city.



The settlement network of the research area was fully developed already in the Middle Ages, but the spatial development of built-up areas over the centuries showed relatively little dynamism [67]. The situation changed only in the nineteenth century, when the dynamically developing industry resulted in an influx of large numbers of people and, consequently, the spatial development of built-up areas. Even at the beginning of the century, the area occupied by buildings was only 201.0 ha, which was only 2.9% of the total area of the study area (Table 1). At that time, the largest share in the built-up area was that of buildings in Bytom. However, it slightly exceeded the area of the medieval city walls. The city’s development progressed mainly along the roads leading towards Szarlej, Tarnowskie Góry, and Szombierki (Figure 2). Miechowice also had a relatively large share among the built-up areas. From the second half of the nineteenth century, due to the influx of people to the local industrial plants, the settlement network developed dynamically. At that time, workers’ housing estates in Miechowice, Szombierki, Karb, and Bobrek were established. Along with the progress of industrialization, the pace of expansion of Bytom also increased. In the 1870s, the buildings in the city center were densely packed, and in the place of old, primarily two-story houses, new multi-story ones were built [69].



There was also a further expansion of built-up areas beyond the medieval city area. The buildings initially developing along the roads leading from the city center were limited in this period due to their intersection with railway lines from the west, east, and south. This forced the northern direction of the spatial development of Bytom. During this period, the expansion of the city progressed in the area of today’s streets: Piekarska, Wolności, Żeromskiego, Witczaka, Brzezińska, Katowicka, Karol Miarka, Sądowa and Powstańców Warszawskich [73]. The lively construction movement resulted in an increase in built-up areas to 277.8 ha, which constituted 4.0% of the area of the study area (Figure 3). The period between the end of the nineteenth and the beginning of the twentieth century saw the development of the factory buildings characteristic of this area—the so-called family houses (Familienhaus). Along with the increase in people working in the nearby mines and steel mills, workers’ colonies and patronage estates developed. The largest of them were built in Bobrek. These were: the Huty Bobrek (Nowa Kolonia Robotnicza) workers’ housing estate built in 1907–1922 and the Graffin Johanna mine estate built in 1912–1920 (Figure 7). There was also further territorial development of Bytom towards the north, which was mainly caused by the mining activities of the Heintz mines (located to the south and east of the city), Hohenzollern (located south of the city), and Karsten-Centrum (located west of the city). At that time, the following estates were built in Bytom: Grossfeld (1930), Bergmannshoft (1934), Eisenbahnersieldung (1913), and the North Housing Estate (1930). A colony, Gemander, was built in Szombierki (1906–1908) [74].



Miechowice, Karb, and the villages located in the northern part of the research area developed to a lesser extent. At the same time, the primary problem was in reconciling the construction development of Bytom and the neighboring towns with the dynamically developing mining industry. Hard coal mines owned a large percentage of the area in the city and its vicinity. The development of mining was in contradiction with the development of new housing estates. In the 1930s, the mining authorities took the initiative to transfer Bytom and the neighboring communes of Bobrek, Szombierki, Karb, and Miechowice to new housing estates, which were to be built near Pyskowice. The main goal of this project was to enable full exploitation of the rich hard coal deposits and metal ores lying near the city and neighboring villages. However, this plan was never implemented [75]. Thus, in the mid-1930s, the built-up area increased to 604.2 ha, which accounted for about 8.7% of the research area (Table 1). The period between the beginning and the end of the 20th century was the most dynamic (see Figure 4 and Figure 5).



The population inflow connected with employment in industry made it necessary to build large housing estates. During the Polish People’s Republic, housing estates of the so-called big plate were built. Housing estates were built, among others, in: Miechowice (the area including the streets: Stolarzowicka, Nickla, Felińskiego, Daleka, Nowa and Francuska), Szombierki (the area including the streets: gen. Grota-Roweckiego, Orzegowska, Modrzewskiego), Rozbark (the area including the streets: Chorzowska, Reymonta), in Karb (the area including: Technicznej, Konstytucji, ks. Popiełuszki streets), in Rokitnica (the area of Krakowska street) and in Bytom itself (the area of Wrocławska, Olimpijska streets) (Figure 7). In the 1950s, as part of the country’s administrative reform, Miechowice, Bobrek, Karb, Łagiewniki and Szombierki were incorporated into Bytom. In the 1970s, the city also included Górniki, Stolarzowice and Radzionków, which on January 1 1998 again became an independent commune. At the end of the 20th century, the area occupied by built-up areas increased to 1222.6 ha, which constituted less than 17.2% of the studied area. Between 1994 and 2019, there was a further increase in the share of built-up areas (by 125.5 ha). This was the result of the emergence of new small housing estates (e.g., in Miechowice, Szombierki) and single-family housing in the following districts: Górniki, Stolarzowice and Miechowice (Figure 7). The spatial development of built-up and industrial areas resulted in an increase in road areas. Their share in the analyzed period increased from 1.7% at the beginning of the 19th century to 7.3% at the beginning of the 21st century. Until the first half of the 20th century, unpaved roads dominated the city. In the 20th and early 21st centuries, Bytom saw a gradual increase in the length of paved roads and a slight decrease in the length of dirt roads (Table 1). During the period under study, the share of landscaped green areas in the city increased, including cemeteries, parks, squares, lawns, allotment gardens as well as sports facilities and grounds. At the beginning of the 21st century, these areas covered a total of 562.9 ha (i.e., 8.0% of the city area). The development of industry resulted in the creation of many water reservoirs, the total area of which increased until the end of the 20th century, and then slightly decreased at the beginning of the 21st century (Table 1). Water reservoirs were created in clay, sand and gravel excavations, solid rock quarries and in numerous subsidence basins [76].




4.2.2. The Degree of Land Use in Bytom in Terms of the SAPT Indicator


In order to synthetically determine the degree of anthropogenic land transformation (SAPT) of the city, the indicator proposed by A. Macias [59] was used. The indicator was calculated for five stages: the beginning and the end of the 19th century, the beginning and the end of the 20th century, and the 21st century. For this purpose, land use categories with a specific degree of anthropogenic transformation were distinguished (Table 2).



At the beginning of the 19th century, the average value of SAPT in the whole region was 40.8%, and the range was 31.0% to 50%, which corresponds to landscapes that are moderately transformed by humans. The largest share in the city’s area was then held by agricultural areas, which according to A. Macias [59], are classified as areas with 50% anthropogenic transformation, and commercial forests, classified as semi-natural areas, with a transformation degree of 20%. The forests, which are the area’s natural vegetation, have been gradually decommissioned since the Neolithic Revolution. At the expense of forest areas, arable fields, meadows, and pastures, which are the primary source of food in the era of agri-livestock farming, were expanded. The process of deforestation in these areas intensified in the Middle Ages and the modern era. According to research by A. Nyrek [77], by the middle of the 17th century, the forest cover of Upper Silesia was already decreased to only slightly over 40%, with the most deforested areas being those with fertile soils and those favorable to settlement. At that time, the areas between Bytom, Tarnowskie Góry, Siewierz, and Będzin were heavily deforested, which can be attributed primarily to the relatively high population density in this region [77]. Within the research area, vast amounts of wood were also used for the needs of zinc and lead mining, for adits and drainage galleries [78]. Until the mid-nineteenth century, wood was the primary building material and a commonly used fuel [77].



The third largest proportion of land in the area of the city was pseudo-natural areas (30% transformation), which included meadows, pastures, and other grasslands. Sub-anthropogenic (70% transformation) and semi-anthropogenic (80% transformation) areas covered only 4.6% of Bytom’s area, most of which were built-up areas and road areas (primarily unpaved). At that time, highly urbanized and industrialized areas, characterized by 100% anthropogenic transformation, occupied only 0.4% of the city’s area. This category was dominated by industrial areas; mainly mines and workings of zinc and lead ores (Table 2).



The calculations made based on maps published at the end of the 19th century show that, at that time, the SAPT index increased to 47.4% (i.e., it was still within the range of 30–50%), corresponding to the anthropogenically transformed landscapes. During this period, the area of agricultural land, forests, and grasslands slightly decreased. In these areas, new pads of zinc and lead ores and hard coal were opened, and the areas of extraction of ores and other raw materials were expanded. The areas occupied by buildings and road areas also expanded, and railway areas were a new element of the city’s landscape. As a result, these areas replaced areas that were poorly and moderately transformed by humans (from 20.0 to 50.0%) with the highest degree of anthropogenization (from 90.0 to 100.0%) (Table 2).



The 20th century brought further dynamic developments in the mining industry and related industrial plants located in the city. Until the 1990s, the SAPT index increased by over 10.0%, reaching its maximum value in the entire period under study: 64.3%. This value still corresponds to the areas that have heavily anthropogenically transformed. Nevertheless, areas with a conversion of over 80% covered almost half of the city area (49.0%). Although the share of forested areas slightly increased, at the same time, the areas of agricultural land (arable land, meadows, and pastures) decreased significantly. The 20th century, especially after World War II, brought a very high demand for raw materials. In the economic system of the Polish People’s Republic, hard coal mining played a particular role, and coal was the most crucial export raw material throughout its duration [70]. At that time, Bytom became one of the leading industrial centers of the Upper Silesian Coal Basin. The dynamic development of industry caused an influx of people, which resulted in the creation of new housing estates (large slabs). The share of land devoted to road areas also increased. At the end of the 20th century, wastelands became an essential element of the city space (Table 2).



The turn of the 1980s and 1990s was a time of systemic transformation in Poland. Following this period was the transition from a centrally controlled socialist economy to a capitalist economy. The consequence of these changes was the collapse of many industrial plants in Upper Silesia, including Bytom. As a result, the share of industrial areas decreased significantly, and their place was taken by post-industrial areas and post-industrial wastelands, which were partially overgrown or planted with trees during the reclamation process. Thus, at the beginning of the 21st century, the area covered by forests and trees increased. During this period, there was a further decline in agricultural land, railway land, and waste heaps (road construction material). On the other hand, the share of built-up areas (resulting from suburbanization) and road areas increased. As a consequence of the collapse of many industrial sectors and changes in land use, the SAPT index calculated for 2019 was slightly less than for 1994—61.0%, and the area occupied by areas above 80% of anthropogenic transformation decreased to 46.1% of the city’s area.






5. Discussion


A city that loses its previous functions in a short time is exposed to advanced deurbanization. However, this has a different character in terms of the scale of the loss recorded in individual spheres (demographic, economic, infrastructural, and financial). It should also be noted that urban shrinkage activates (self) defense mechanisms at the same time. These are visible in urban policy, in initiatives like rebuilding the local economic base, revitalization and gentrification in residential districts, redevelopment of brownfields, pro-demographic and pro-social projects [79,80,81,82,83,84]. In the long run (e.g., 20–30 years), their results may eliminate regressive tendencies.



Over the last two centuries, Bytom has undergone very significant changes in spatial development. Until the mid-nineteenth century, these were towns surrounded by forests and agricultural areas with a network of neighboring, still poorly-industrialized villages. From the mid-nineteenth century until the end of the twentieth century, there was a rapid development of the city outside and intense urbanization of agricultural villages. This trend is visible in the overall and percentage increases in the amount of land invested. In the second half of the 20th century, due to housing, industrial and communal buildings, the investment zones covering most of the city’s districts were also integrated. In terms of the development of built-up zones and the development of demographic structures, Bytom was similar to Hoyt’s concentric model [34].



Undoubtedly, the turning point in the spatial and functional development of the city occurred in 1990. The de-industrialization of the city also brought about its deurbanization. This is evident in the demographic dimension. In 1990–2020, the city’s population dropped from almost 240,000 to 165.2 K inhabitants [13]. In 1998, the former district of Radzionków, which became a separate town, separated from the city [79]. The processes of deurbanization were also visible in the spatial structure of the city. There was an increase in the share of post-industrial areas, a decrease in the area and share of industrial areas, the liquidation of part of the municipal and transport infrastructure. Another aspect of deurbanization and shrinking of the city, not studied here, was the most significant number of deserted dwellings in the voivodship [80]. All of these indicators undoubtedly indicate the problem of the city’s demographic and economic decline. On the other hand, there was an increase in green areas, including forests and built-up areas. Regardless of the large number of vacant flats, new buildings and housing estates were also built (including Szombierki, Miechowice, Górniki, and Stolarzowice).



In post-industrial cities with the urban shrinkage syndrome, regardless of the need for their broadly understood revitalization, there is a need to find functional changes; this applies both to the mentioned workplaces and spatial zoning. This research indicates that, for some post-industrial and post-mining cities, the natural direction of changes in spatial development is partial “renaturalization” of the city and a focus on residential and service functions. This direction is also visible in Bytom [84]. Interestingly, regardless of the provisions of strategic and planning documents, this process took place in reality. The areas whose share increased after 1990 are forests and residential areas. Tree plantings entered both the former wastelands and some post-industrial and post-mining areas. The process of natural vegetation succession in post-mining areas of different historical origins in the studied urban region was recently presented by Rahmonov et al. [85] and Abramowicz et al. [86].



The dual nature of changes in the spatial structure of Bytom can also be seen in the typology of Macias [59]. The area and share of land close to the natural category have been increasing in recent decades. On the other hand, there has been a noticeable upward trend in anthropogenic urbanized areas, which mostly overlap with residential buildings.



In light of this, from the perspective of post-industrial studies of shrinking cities, can the proposed typology of Macias [59] be a helpful tool? Taking Bytom as an example—a larger Polish city considered to have experienced significant urban shrinkage—it should be approached positively. Shifting the center of gravity to the scale of changes determined, on the one hand, by natural areas and, on the other hand, by extremely anthropogenic transformations, allows for a direct reference to the issue of, for example, the diversified development of cities. Furthermore, suppose we assume that sustainable development is where a balance is sought between the environment and human well-being. In that case, the proposed typology is a good reference point for determining the scale of sustainable development in the examined city.



A weakness, and indeed a research challenge, is aggregating individual types of development into specific typological ranges determined by A. Macias [59]. To be more specific, the problem may be the different nature of data in different countries, concerning the nomenclature or defining the types of development. For example, even though they are visually wooded, some forests and green areas have different statuses in municipal documents—forest, park, wasteland, post-industrial area, recreation area, and others. Significant discrepancies in this respect may cause imperfection in determining the degree of sustainability and the balance between anthropogenization and naturalization of urban space. Moreover, if such problems occur in one city, in one country, it is likely that this method may encounter barriers when comparing cities from different countries.




6. Conclusions


Changes in the use of urban space are a natural element of urban development. However, in shrinking cities, post-industrial cities, and those that Rodríguez-Pose [2] has termed cities which “do not matter,” the issue takes on an additional dimension. It is not just the direction these changes should pursue that is of relevance, but how such cities are supposed to look and function. The scale of problems in such cities is usually large, so it seems that the decision-making perspective should be shorter (at least theoretically). The sustainable development of cities in the 21st century essentially directs these expectations towards development, which reconciles the environment and well-being. In researching the idea of a sustainable city, there is a need to improve the tools and methods of cognition. In this context, the article presents Bytom—one of the most problematic large cities in the European Union. Assuming that an element of understanding the degree of sustainability may be the proportions between “natural” structures and “anthropogenic” structures, the author’s used the method of A. Macias [59], in which each type of spatial development corresponds to the percentage share of each of the attributes mentioned above. Despite some imperfections of this method regarding the possibility of data aggregation (even in the same country or city), it should be stated that this method provides an interesting impulse for further research on the naturalization and sustainability of cities, not only research that focuses on those aspects that are problematic. This study also confirms the observations resulting from the analysis of temporal changes in individual types of spatial development.
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Figure 1. Location of the studied city (Sourced by authors). Explanations: 1—Silesian province boundary; 2—county and commune boundaries; 3—Katowice conurbation boundaries; 4—area of the Silesian province outside the Katowice conurbation; 5—area of the Katowice conurbation; 6—city of Bytom discussed in the paper. 
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Figure 2. The land use of the area of Bytom in 1827 (Sourced by authors on the basis of: Preussische Reussische Ur-messtischblatter, 1827, 1: 25,000, sheet: 3309 Beuthen; 3308 Hindenburg; 3257 Broslawitz; 3258 Tarnowitz; Berlin). Explanations: 1—current city border, 2—dirt and hardened roads, 3—water courses, 4—water reservoirs, 5—meadows, 6—compact development, 7—dispersed development, cemeteries, 8—ore and zinc extractions and post-extractions wastelands, 9—industrial areas, 10—arable fields, fallow lands, 11—forests and trees, 12—road areas, 13—topographic names. 
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Figure 3. The land use of the area of Bytom in 1883 (Sourced by authors on the basis of Herausgegeben von der Preussischen Landesaufnahme 1883. Reichsamt für Landesaufnahme., 1: 25,000, sheet: 3309 Beuthen; 3308 Hindenburg; 3257 Broslawitz; 3258 Tarnowitz; Berlin). Explanations: 1—current city border; 2—dirt roads; 3—paved roads; 4—railway lines; 5—water courses; 6—water reservoirs; 7—meadows; 8—dense development; 9—dispersed development, cemeteries, railway areas; 10—ore and zinc extractions and post-extractions wastelands; 11—industrial areas; 12—arable fields, fallow lands; 13—forests and trees; 14—road areas; 15—parks, squares, and lawns; 16—quarries; 17—gravel pits, clay pits and sand pits; 18—dumps; 19—topographic names. 
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Figure 4. The land use of the area of Bytom in 1934 (Sourced by authors on the basis of Herausgegeben von der Preussischen Landesaufnahme 1934. Reichsamt für Landesaufnahme., 1: 25 000, sheet: 3309 Beuthen; 3308 Hindenburg; 3257 Broslawitz; 3258 Tarnowitz; Berlin). Explanations: 1—current city border; 2—dirt roads; 3—paved roads; 4—railway lines; 5—tram lines; 6—water courses; 7—water reservoirs; 8—meadows; 9—dense buildings; 10—dispersed buildings, cemeteries, railway areas; 11—ore and zinc extractions and post-extractions wastelands; 12—industrial areas; 13—arable fields, fallow lands; 14—forests and trees; 15—road areas; 16—parks, squares, and lawns; 17—hard coal workings; 18—quarries, clay pits; 19—dumps; 20—sand pits; 21—topographic names. 
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Figure 5. The land use of the area of Bytom in 1994 (Sourced by authors on the basis of Topographic map of Poland 1994, 1: 10,000, sheet: M-34-50-D-C-1 Wieszowa; M-34-50-D-C-2 Bytom–Stolarzowice; M-34-50-D-C-3 Zabrze–Mikulczyce; M-34-50-D-C-4 Bytom–Miechowice; M-34-50-D-D-1 Bytom–Radzionków; M-34-50-D-D-3 Bytom–Centrum; M-34-50-D-D-4 Piekary Śląskie–Brzozowice Kamień; M-34-62-B-A-2 Ruda Śląska–Ruda; M-34-62-B-B-1 Świętochłowice; M-34-62-B-B-2 Chorzów). Explanations: 1—current city border; 2—dirt roads; 3—paved roads; 4—railway lines; 5—tram lines; 6—water courses; 7—water reservoirs; 8—meadows; 9—dense buildings; 10—dispersed buildings, railway areas; 11—sports facilities; 12—industrial areas; 13—arable fields, fallow lands; 14—forests and trees; 15—road areas; 16—cemeteries; 17—landfills; 18—allotment gardens; 19—dumps; 20—wastelands; 21—parks, squares, and lawns; 22—topographic names. 
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Figure 6. The land use of the area of Bytom in 2019 (Sourced by authors on the basis of https://mapy.orsip.pl/imap/?gpmap=gp1-2) (accessed on 1 November 2020). Explanations: 1—current city border; 2—dirt roads; 3—paved roads; 4—railway lines; 5—tram lines; 6—water courses; 7—water reservoirs; 8—meadows; 9—dense buildings; 10—dispersed buildings, railway areas; 11—sports facilities; 12—industrial areas; 13—arable fields, fallow lands; 14—forests and trees; 15—road areas; 16—cemeteries; 17—postindustrial areas; 18—allotment gardens; 19—dumps; 20—wastelands, landfills; 21—parks, squares, and lawns; 22—malls; 23—topographic names. 
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Figure 7. Selected landscapes of Bytom in 2021 (Sourced by authors). Explanations: (A)—Reclaimed areas of the former the Szombierki Coal Mine; (B)—Single-family housing in the agricultural district of the Stolarzowice; (C)—Housing estate in the Miechowice district; (D)—The workers’ housing estate from the beginning of the 20th century (Nowa Kolonia Robotnicza) and a coking plant in the Bobrek district. 
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Table 1. Changes in land use in Bytom in the period 1827–2019.
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Linear Attributes [km]

	
Year

	
Year

	
Year

	
Year

	
Year




	
1827

	
1883

	
1934

	
1994

	
2019






	
Railway lines

Tramlines

Paved roads

Unpaved roads

	
–

	
69.2

	
133.6

	
321.6

	
159.3




	
–

	
–

	
37.8

	
29.7

	
27.5




	
190.4 1

	
104.9

	
108.4

	
348.6

	
389.4




	
210.9

	
279.0

	
206.3

	
211.2




	
Watercourses

	
58.0

	
47.7

	
41.8

	
92.0

	
92.0




	
Areal attributes [ha]

	
Year

	
Year

	
Year

	
Year

	
Year




	
1827

	
1883

	
1934

	
1994

	
2019




	
Fields, fallow lands, fallow wastelands

	
3980.0

	
3659.0

	
2930.0

	
827.4

	
557.0




	
Forests and trees

	
1997.0

	
1855.0

	
1649.0

	
1793.0

	
2175.0




	
Meadows, pastures, grasslands

	
636.7

	
400.8

	
354.7

	
285.4

	
350.7




	
Built-up areas

	
201.0

	
277.8

	
604.2

	
1222.6

	
1348.1




	
Road areas

	
115.6

	
194.2

	
257.4

	
396.0

	
509.7




	
Water bodies

	
18.3

	
22.2

	
57.8

	
120.8

	
110.9




	
Extraction workings and post-extraction wastelands

	
7.4

	
198.3

	
169.8

	
–

	
–




	
Industrial areas

	
17.0

	
93.0

	
439.7

	
697.9

	
313.2




	
Post-industrial areas

	
–

	
–

	
–

	
–

	
253.3




	
Dumps

	
0.6

	
19.5

	
79.8

	
155.3

	
145.7




	
Cemeteries

	
1.4

	
5.7

	
22.5

	
37.7

	
40.9




	
Railway areas

	
–

	
176.2

	
230.2

	
147.4

	
122.7




	
Wastelands

	
–

	
–

	
–

	
790.7

	
419.1




	
Parks, squares, lawns

	
–

	
35.0

	
80.8

	
107.0

	
104.2




	
Hard coal workings

	
–

	
–

	
23.8

	
–

	
–




	
Claypits

	
–

	
23.4

	
38.4

	
–

	
–




	
Gravel pits

	
–

	
1.6

	
–

	
–

	
–




	
Sandpits

	
–

	
1.4

	
9.1

	
–

	
–




	
Quarries

	
–

	
11.9

	
5.2

	
–

	
–




	
Landfills

	
–

	
–

	
–

	
5.6

	
5.6




	
Allotment gardens

	
–

	
–

	
–

	
318.0

	
315.9




	
Sports facilities/grounds

	
–

	
–

	
22.6

	
70.2

	
101.9




	
Malls

	
–

	
–

	
–

	
–

	
102.3








(Source: by authors) 1 for 1827 the overall length of the roads was given.
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Table 2. Changes in the Degree of Anthropogenic Transformation of the Bytom Area in 1827–2019.
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Degree of Anthropogenic Transformation of the SAPT Area

	

	
Area [ha]




	
Land Use Type

	
Year

	
Year

	
Year

	
Year

	
Year




	
1827

	
1883

	
1934

	
1994

	
2019






	
Natural—0% transformations

	
-

	
-

	
-

	
-

	
-

	
-




	
Subnatural—10% transformations

	
-

	
-

	
-

	
-

	
-

	
-




	
Seminatural—20% transformations

	
Economic forests

	
1997.0

	
1855.0

	
1649.0

	
1793.0

	
2175.0




	
Pseudonatural—30% transformations

	
Meadows and pastures, post-agricultural wastelands

	
636.7

	
400.8

	
354.7

	
285.4

	
350.7




	
Anthropogenic (close to natural)—40% transformations

	
Water bodies, parks

	
18.3

	
57.2

	
138.6

	
227.8

	
215.1




	
Agricultural—50% transformations

	
Arable land

	
3980.0

	
3659.0

	
2930.0

	
827.4

	
557.0




	
Very intensive cultivation—60% transformations

	
Allotments

	
-

	
-

	
-

	
318.0

	
315.9




	
Sub-anthropogenic—70% transformations

	
Cemeteries, sports grounds, wooden buildings

	
202.4

	
5.7

	
45.1

	
107.9

	
142.8




	
Semi-anthropogenic—80% transformations

	
Rural buildings, unpaved roads

	
115.6

	
58.0

	
76.8

	
112.2

	
153.0




	
Anthropogenic-urbanized—90% transformations

	
Build-up areas

	
-

	
277.8

	
604.2

	
1222.6

	
1348.1




	
Anthropogenic—highly urbanized and industrialized—100% transformations

	
Ore workings, dumps, quarries, gravel pits, sandpits, clay pits, industrial areas, polluted water bodies, landfills, large housing estates, communication areas, post-industrial areas, post-industrial wastelands

	
25.0

	
660.6

	
1176.6

	
2080.7

	
1717.4








(Source: by authors).
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