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Abstract

:

This article focuses on land use changes in the area of interest in the southern part of the Czech Republic (South Bohemia Region). Land use changes have been assessed at several time levels over nearly two centuries. Unlike similar studies, two types of materials were used as source data and compared. Specifically, these are historical maps or aerial photographs and the Corine Land Cover database. The evolution of land use was examined on a representative set of sixty cadastral areas, which evenly cover the territory of three different production areas of the South Bohemia Region. Each production area was then evaluated both as a whole and separately. The paper’s results confirm the trend of decreasing the share of intensively used agricultural land (arable land), especially in worse natural conditions, like in other countries of the Central European region. An essential result of the publication was also the demonstration of the unique development of the post-1948 period when there was a significant difference in land use development between the border forage production areas and the rest of the agriculturally used parts of the region.
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1. Introduction


The change in the structure and use of the landscape in the Czech Republic primarily reflects the individual phases of the historical and socio-economic development of the territory, as well as the political organisation of the state, as in other European countries. Since the middle of the 19th century, these were changes caused by war conflicts, their direct and indirect consequences, changes in the state system, and related political acts.



At first, it is necessary to define two basic terms: land use and land cover. The term land use includes both the natural and socio-economic parts. It is a phenomenon changeable over time, like the term landscape [1]. Land cover is defined internationally as the observed biophysical cover of the earth’s surface [2]. According to [3,4], land cover is the current combination of land use and vegetation covering a given surface. On the other hand, land use is also defined by [5] as a concrete manifestation of human activity in space and time that incorporates historical, economic, social, and cultural potential. It is an intersection between natural conditions of the territory, technical possibilities, and human knowledge.



Land use is closely related to efforts to divide territories based on natural production ability. This effort is included in many attempts to classify parts of the region into individual production areas [6,7,8]. The regionalisation of agricultural production is an effort to maximise the use of production power in agriculture with the help of natural conditions and production quality [9,10]. From the historical point of view, the production ability was divided based on soil quality. This classification was highly dependent on the knowledge of soil properties and the whole complex of other factors [11,12]. The entire Czechoslovak Republic as the area of interest has been divided into four primary production areas since 1918. The delimitation of these areas was based on the known conditions of soil, climatic, production, and economic properties, the composition of cultures, and the spectrum of crops and varieties cultivated [13]. The system included a maize production area (maize-beet-type), a beet area (beet-type), a grain area (grain-feed type), a potato area (potato-grain type,) and a forage area (fodder type with a focus on breeding). The last revision of production areas took place in 2003 when the number of production areas was reduced to four, according to European common production areas, namely a maize area with three sub-areas, a beet area with three sub-areas, a potato area with three sub-areas and a mountain area divided into two sub-areas [3,14].



Changes in land use motivated by production intentions then vary according to the prevailing natural conditions and societal interests at a particular time [15,16,17]. Changes manifest themselves at different intensities and scales [18]. Hand in hand with the actual changes in land use on the ground, changes in the administrative registration of the use of areas in the various registers enacted in the different countries are also to be reflected [19]. These administrative records are then used for various economic activities, such as subsidies for agricultural and non-agricultural activities in the landscape [20], construction and technical plans, nature and landscape conservation, etc. [21,22]. If land use changes are made arbitrarily without the consent of the responsible institutions and a proper administrative record, several irregularities arise, which can lead to further problems such as erosion problems, flood risks, landslides, land inaccessibility, etc. [23,24].



Typically, the most significant part of the land use in the European area has always been agricultural land or, in less favourable areas, especially in mountainous areas, forest cover [25,26]. This has been the status quo without a notable change since the end of the region’s colonisation, which in the case of the Czech Republic was around the 15th century [5,17,19,27,28]. Changes in land use have occurred only sporadically and became more pronounced with the beginning of the Industrial Revolution in the 19th century and with social changes in individual regions [29,30,31]. These changes were associated with the intensification of agricultural production to the detriment of stable areas such as wetlands and forests on the one hand and the increase in built-up areas, particularly for transport infrastructure and industrial buildings, on the other [32,33]. These changes have continued throughout the 20th century, often dealing with the consequences of wars and subsequent geopolitical changes [34,35,36]. By the turn of the 20th and 21st centuries, changes in land use in European countries began to move in two distinct directions [37,38]. In less favoured areas, there has been a significant extensification of agricultural production, with traditional agrarian land use being replaced by more environmentally friendly land uses such as forests, water bodies or grassland [39,40,41], and in the vicinity of larger villages, there has been significant urbanisation [42,43,44,45], i.e., an increase in built-up areas, particularly at the expense of arable land [46,47,48].



Data from various sources are commonly used to figure out changes in land use. The most common data come from cadastral maps and land registry records [49,50,51]. The second group of studies involves land use reconstructions using aerial photographs and orthophotos [5,19,52,53,54]. In contrast to these studies, a group of papers deals with treating changes in land cover at larger spatial scales based on interpreting the Corine Land Cover database [55,56,57]. Each variant of the data used has its specificities. Some studies compare several selected variants’ accuracy and predictive power [58,59], which this publication does not aim to do.



This paper aimed to demonstrate the differences in the development of individual production areas defined in the model area of the South Bohemia Region in the Czech Republic between 1848 and 2019 based on the analysis of long-term land use change as it is captured on maps and aerial images within the model area.



The hypothesis is that land use development has always been determined by the area’s location about the productive capacity of the soils. Based on this hypothesis, we chose one research question for this study:



RQ1: What are the most significant land use changes observed in the different production areas of the area of interest?




2. Materials and Methods


The South Bohemian Region was chosen as an area of interest for analysing land use changes. The reason for the choice of this site is the region’s distribution in three production areas with quite different conditions, ranging from the almost flat north-eastern part with traditional intensive agriculture through the transitional central hilly part to the mountainous southern part of the region with large forest areas. The set of sixty cadastral territories (Figure 1) was selected based on changes in individual production areas defined by [60]. These territories are evenly represented in the whole area of the monitored region, where twenty sites of interest were selected in each of the three production areas–(potato (P), grain (G), and forage (F) production area—in the South Bohemian Region. The characteristics and percentages of individual production areas within the South Bohemia Region are presented in Table 1 below.



2.1. Choice of the Cadastral Territories


The sites were selected according to the criteria of average change for the whole monitored period of 1848–2019. The land use area database determined the value of the change index was determined according to [61]. This way, a set of sixty cadastral territories was chosen and analysed. The selected cadastral areas are comparable in the area and perimeter of the plots. All the regions have an area between 515.94 ha and 865.85 ha, which is the average area of cadastral areas in the Czech Republic. The perimeter of the cadastral areas varies between 6.12 km and 14.73 km. This shows the relative evenness of the cadastral areas’ rims, regardless of their size, due to the administrative division of the units without regard to natural boundaries such as watercourses or land use boundaries.




2.2. Choice of Periods


The availability of data predetermined the choice of periods. Land use records have been carried out for the territory of the current Czech Republic for a long time—practically since the first inventories of all land in the revision of the Theresian Cadastre in 1757. Still, the first relevant, usable land use data comes from establishing the Stable Cadastre in 1817. This inventory of soils was carried out between 1826–1843 in the territory of the present South Bohemian Region. The year 1848 was chosen as the starting point for checking and use development; then, all data sources are available, both in written and graphical form. The year 2019 was selected as the end of the interval, i.e., the current state of use of the area. Due to the length of the monitored interval (almost 200 years since the first registered data of stable cadastre), partial milestones were selected within this framework, which continually defines the territory’s fundamental political, social, and economic changes.



The year 1948 was chosen as the first milestone. The period thus defined (1848–1948) was marked by two war conflicts and land reforms. The year 1990 was the second milestone. This year marks the transition from a socialist concept of society and economy to a free market economy. The period up to 1990 has been marked by changes from small-scale agricultural technologies to large-scale and centrally managed economies. The second land reform, whose consequences became apparent at the beginning of this period, is a significant factor.



The third milestone was the year 2004. This year divides the period before accession to the European Union and when the Czech Republic became a full member of the European Union on 1 May 2004. This milestone was chosen on changes both to access to subsidy titles and demographic and socio-economic changes by allowing the free movement of people, capital, and labour after accession to the European Union.



Despite these periods, the analysis of land use changes was supplemented by an analysis of data from the CORINE Land Cover database (CoORdination of Information on the Environment). Regarding the data and the data collection interval, the years 1972, 1990, 2000, 2006 and 2012 were chosen as partial milestones only for this analysis.



The individual milestones and their justification in terms of historical events within the study area are clearly illustrated in Figure 2.




2.3. Data Sources


Data for processing this article were taken from digital databases and archival materials from the Czech Office for Surveying, Mapping and Cadastre, the Czech Statistical Office, and the State Regional Archive. Land use in the area was evaluated from two different perspectives in several time horizons.



	
Aerial imagery and map data






For the analysis of changes in actual land use, free available series of black and white aerial photographs from 1947–1953 were used as the oldest aerial photographs (chosen for analysis in 1948). The later period was selected for comparison of data after 1990. Pictures in black and white scale with worse resolution were used in 1990–2000. After 2000, the images are in better resolution in colour scale, at a three-year refresh interval. These were used for the analysis years 2004 and 2019. Data from aerial photography are available through the WMS service of the Czech Office for Surveying, Mapping, and Cadastre. The spatial resolution of the aerial photographs was significantly refined during the period under review. The oldest aerial photographs covering the period between 1947 and 1953 are in black and white form, with pixel sizes ranging from 0.7 m to 1 m depending on the exact time the image was taken. For modern orthophoto maps from 1990 until 2008, all images were taken with a pixel size of 0.5 m, regardless of whether the image was taken in colour or black and white. Between 2009 and 2015, all images were taken at a resolution of 0.25 m, and then, after 2015, even at a pixel size of 0.20 m.



Due to the brief period covered by aerial photography data compared to the length of the period recorded in the cadastral registers, one of the historical maps, which faithfully captures the use of the area under investigation, is often used as a comparative historical basis. In this case, the map of the above-mentioned Stable Cadastre from 1826 to 1843 (marked in the analysis for simplification of the year-recorded state of 1848) was used as a comparative source. Just as pixel size is essential for good interpretability of aerial imagery, scale is important for map inputs. For the map sources used in this publication, map scales range from 1:2880 for the Stable Cadastre maps to 1:2000 or 1:1000 for the emerging Land Cadastre maps of the early 20th century. The data it sof the stable cadastre were taken from the web server.archivnimapy.cuzk.cz.



Figure 3 shows an example of each of the map sources used, namely a Stable Cadastral map (A), an aerial photograph from the 1950s (B), an aerial photograph from 1990 (C) and an aerial photograph from 2019 (D).



	
CORINE Land Cover Data






The data of the CORINE Land cover database (CoORdination of Information on the Environment) have been available for the European continent since the 1970s of the 20th century. For this work, data evaluated for 1972, 1990, 2000, 2006, and 2012 with the usual pixel size of 30 × 30 m were used. Because of this small detail, Corine Land Cover data were used only as supplementary information on land use development within the studied territory. All data from the Corine Land Cover database were taken from the Agency for Nature Conservation and Landscape Protection.



A summary of the spatial parameters of the aerial imagery, mapping, and Corine Land Cover imagery is provided in Table 2.




2.4. Data Analysis and Evaluation


First and simultaneously, the essential prerequisite for successful analysis and evaluation of all data is their areal and factual comparability. The spatial comparability assumes that the surveyed territorial units are stable in their area. The system of cadastral division is practically stabilised throughout the period under review, but the boundaries of individual departments may have changed over time. Although the surveyed sample of cadastral territories did not show more significant spatial variability during the period under review, separate map sources and images were standardised to the cadastral area corresponding to the boundaries as of 31 December 2014. The Stable Cadastre maps were the only exception when it was necessary to go ahead with more correction in space. The reason is another administrative territorialisation within the Austro-Hungarian monarchy. If the cadastral area at that time was smaller than the present, neighbouring cadastral areas were also used for analysis so that the entire space was filled with map background. Otherwise, the map was cut off by the border of the current cadastral area. In the case of historical status, data from all sub-parts belonging to the existing territorial unit were added in cadastral areas smaller than at present. Otherwise, the data were corrected according to the preserved written records of the Stable Cadastre and Land Register.



The factual comparability of land-use data lies in the inconsistency of the registered land use categories. The most significant number of land use categories was recorded in maps of a Stable Cadastre from the mid-19th century. More than fifty categories of land use have been found in this type of map document legend. Over time, individual classes were reduced. The main reason was the simplification of cadastral records and the disappearance of some use categories. There is a last reduction in land use categories to the current number of ten types. The legend converter of each map input is given in Table A1 in Appendix A of this article.



The actual analysis of the map data and historical aerial photographs was performed using ESRI ArcGIS 10.6. software. The maps attached through WMS (Web Mapping Services) were later vectorised. The objects of the vectorisation were all the separate parcels, or land blocks, contained within the map frame. An attribute table was created for each shapefile where essential characteristics such as area [m2] were calculated for each polygon, and all necessary land use information was added. The primary advantage of the Corine Land Cover data source is the digital form of the data. For this reason, it was only necessary to unify the characteristics for each map feature within the attribute tables.



The analysis of the resulting image material was carried out manually, where the individual land use types were classified based on standardised methods mentioned, e.g., in [3,8] and based on the authors’ experience with image interpretation. The interpretability of the data varies from period to period depending on the images’ quality, spatial resolution, and the time of year in which the photo was taken. In the case of the oldest map data in stable cadastral maps, interpretability is facilitated by the map key and parcel markings. An analogous situation occurs in interpreting Corine Land Cover data, where the classification is already prepared in the source document. In these cases, only the digitisation of the acquired material is sufficient for land use interpretation. Here, the reconstruction effect is then 100%. In the case of aerial images, identifying forest areas, water areas, and built-up areas are unquestionable for all types of images, regardless of their age. Even in these cases, the reconstruction effect is practically 100%, and no calibration of the acquired data is needed. The only problem is, therefore, the differentiation of arable land, grassland, and pastures, where, especially in older black and white images with lower resolution, it is difficult to identify with 100% certainty the several types of land use. The authors are aware of this fact, and several measures have been taken to reduce the potential error. First, calibration was carried out on several cadastral areas with data records of archives in the digital State Regional Archive, namely chronicles, records of agricultural companies, etc. Subsequently, the individual images were reinterpreted after gaining experience in distinguishing the diverse types of land use. All aerial photographs were classified by the same person, resulting in the same amount of possible variation in all cases. In the case of significant ambiguities, individual cases were re-evaluated using additional supporting material, specifically for the post-1948 period from the Comprehensive Land Survey field records, which contain data on the actual land use of each cadastral area. After this adjustment, the effect can be assessed as extremely high; in line with [33], the impact ranges between 85.00% and 96.00%.





3. Results


3.1. The Changes in the Authentic Representation of Individual Land Use Categories Based on Map Sources and Aerial Photographs


The analysed cadastral territories can still have an agricultural character (Figure 4). The most notable change in the whole monitored period is the gradual decrease in the acreage of categories of agricultural parcels at the expense of forest land and built-up areas, from the original average of 69.14% of farm parcels in 1848 to the current 52.31%. The change was caused by an increase in the built-up area, especially in the vicinity of cities. The increase in built-up areas is also related to expanding roads and railways. The total increase in built-up areas is 2.31%. The rise in afforestation is an even more meaningful change in agricultural land loss, by 13.30%.



Regarding land use development in individual production areas, it is possible to trace two separate groups within the analysed cadastral, which are characterised by a similar development. These two homogeneous groups have cadastral territories with the same land-use development. The first group consists of cadastral areas belonging to the cereal and potato production areas. The second group includes the cadastral areas of the forage production area.



The first group of cadastral areas in potato and cereal production areas is characterised by a remarkably similar distribution of land use categories (Figure 5). The most significant percentage of the site belongs to agricultural land, of which arable land dominates. Its representation during the monitored period ranges between 53.24% and 61.92 % on average. However, it is also possible to trace extremes within the forty cadastral territories that fall within these two production areas. The lowest share of arable land is at 10.54%; the opposite extreme is cadastral territories, with an arable land share of about 87.00%. In these high-production areas, a low percentage of arable land is associated with areas protected for water or ecological purposes. On the other hand, there is no apparent reason for a rare high rate of arable land. These are usually areas where the use of one agricultural entity with a long tradition of crop production prevails.



The category of permanent grassland has long been present (since 1948) in this group of cadastral territories only in a minor part of the area. Moreover, this area is constantly decreasing during the period under review. The average percentage is around 6.51%. A higher proportion of permanent grassland was recorded in these localities only at the beginning of the period between 1848 and 1948 when this higher percentage (17.89% on average) was associated with the presence of municipal pastures. At present, there are also several cadastres where the presence of permanent grassland is zero or a meagre percentage. Interestingly, within these cadastral territories, there is almost no category of water surface, which is incredibly unusual for the cereal production area in the South Bohemian region due to the pond systems found in this production area. The average representation of this type of land use is only 2.25% of the cadastral area in terms of changes; these production areas are characterised by only a tiny variation in the percentage of the different land use categories. A more notable difference is only a slight increase in the arable land at the expense of permanent grassland, especially in the grain industry between 1848–1948. However, this change is only minor, on average, 6.61%. Changes in other categories are in the order of 1.00–3.00%, which corresponds to common changes within the man-used area. These are expected changes in the extension of development, expansion of the network of roads, planting small elements of greenery in the landscape, construction of small water reservoirs, etc.



The reason for this invariability is the high fertility of agricultural land commodities across different periods. The forage area documented a different situation in the third analysed production area (Figure 5). In the cadastral areas of this production area, a gradual decrease of the agricultural regions is typical at the expense of forest areas. Since the beginning of the period under review, these cadastral areas have been characterised by significantly lower agrarian land, especially arable land. As early as 1848, the average percentage of these fields was 28.50%. However, even in these localities, there are significant disproportions in arable land during the monitored period. In several cadastral territories, the percentage of arable land is zero during the analysed period. These are cadastral areas with higher altitudes. In these localities, crop production was only a secondary source of livelihood for the population within the small-area fields. On the contrary, cadastral areas at the very edge of the fodder area reach maximum exposure, i.e., where it passes to the neighbouring potato production area. In the middle of the last century, the representation of arable land reached 73.48%. Instead, these values correspond to more fertile production areas.



In the long term, forest land has the highest percentage of fodder areas. The rate of afforestation is significantly higher than in the earlier potato or cereal area, reaching, on average, 57.67%. As in the previously analysed group, there are almost no water bodies in these cadastral territories. The percentage of water bodies corresponds to an average of 1.32%. The cadastral area of Lipno nad Vltavou occupies a very exceptional position in this respect, where the water area forms 20.40% of the total area of the cadastral area due to the presence of the Lipno dam constructed between 1952 and 1959.



Unlike the other two analysed production areas, the forage production area is characterised by considerable variability during the reporting period. In the first analysed period (in 1848), the distribution of individual production categories of land use was flat-arable land, permanent grassland, and forest land were represented by balanced parts. The reason for the even distribution of the individual types of land use was, in the past, the effort to achieve self-sufficiency of inhabitants in terms of the production of basic food. However, significant changes have shifted the equilibrium arrangement towards non-agricultural land use during the whole period. The root cause can be seen in the localisation of the fodder production area in the border area, where the original population was gradually displaced from the middle of the last century for several reasons. Due to the decline in population and the disappearance of traditional settlements in these localities, a large part of agricultural land was abandoned and underwent later spontaneous or managed afforestation. This change was quantified to a maximum of 34.85%.




3.2. The Changes in the Accurate Representation of Individual Land Use Categories Based on Corine Land Cover


Another way to assess land use in terms of actual land use is the possibility of using Corine Land Cover. The results partially copy the land use distribution in historical maps and aerial photographs. Even though the values of the percentage of individual types of parcels are within the same ranges, several differences arise from the exceedingly small detail of the basic unit, which can be distinguished in the cadastral territory (Figure 6). Significant differences can be seen in the percentage of built-up areas. The reason is often scattered development, especially in less populated areas, where individual objects are below the limit of detection within larger units. These buildings are included in the surrounding agricultural or forest complexes.



The potato and forage production area does not differ significantly from the earlier land use assessment based on the analysis of historical maps and aerial photographs (Figure 7). The difference is exceedingly small, and the distribution of the individual land use categories almost corresponds to the earlier analysis. The only fundamental difference is the representation of the built-up area, as already said in the overall view. The reason for this has been mentioned earlier.



Significant differences arise only in the analysis of cadastral territories in the forage production area (Figure 7). In addition to the reduced detection of built-up areas, the fundamental difference lies in the percentage of arable land, permanent grassland, and forest areas. According to an analysis of the Corine Land Cover database, arable land was only about 20.00% between 1970 and 2000 and up to 4.50% in 2012. In contrast, historical maps and aerial photographs analysis yields 17.00% to 20.00% over the entire 2000–2019 period. A significant difference is the high share of permanent grassland (more than 37.00% after 1990) and forest land (more than 51.00% after 1990). In the last analysis, such a high percentage of permanent crops was never achieved in the forage area. The water surface is the only category that does not differ significantly in any analysis. The reason is the presence of a large area of the Lipno dam, which is stable and unchangeable. Thus, all changes in the category of water bodies in other cadastral areas are insignificant. The difference between historical maps and aerial photography is not found because of the large surface area of the continuous water surface, which is easily detectable from satellite images with a coarse raster.





4. Discussion


4.1. The Comparison of the Land Use Change within the European Context


If we look at the findings from the perspective of the wider Central European region, it is possible to conclude that the development of individual regions is similar. The results are comparable with countries that shared identical social consequences during the period under review as the territory under analysis. The percentage representation of the individual land use categories in the initial period of interest, 1848–1948, is virtually identical in all countries of the Central European region of the former Austro-Hungarian Empire, Germany, and Prussia, respectively. As illustrated by [30,31,62,63,64,65,66], these countries, in line with our results, focused on a balanced representation of all key land types necessary for the self-sustaining life of the local population. Arable land was predominant, with a percentage of 30.00% and 50.00% in all the regions mentioned, depending on altitude. At higher altitudes, the trend towards reducing the rate of arable land, particularly in the more mountainous parts of central Europe, was confirmed, especially at the expense of pastures and woodland [29,63]. In contrast, the sign lowland areas confirm a higher trend towards developing agricultural land, not only in the form of arable land but also, for example, vineyards [30,31]. In the subsequent periods analysed (after 1948), the results of this study correspond, unlike the first time, only with the countries in the so-called Eastern Bloc. The development of previously similarly shaped states such as Austria or the southwestern part of Germany, as described by [54,63], took a different direction under the pressure of market economy, urbanisation and, in many cases, more stress on the protection of landscape areas. Countries such as the Czech Republic, Poland, and Slovakia, for example, shared a development that corresponds with the findings in this article. There has been intense pressure to develop large-scale agricultural technologies, reflected in the pressure force development of arable land and another agrarian land, even in areas entirely unsuitable for agriculture [32,33]. Comparable growth across all Central European countries is only noticeable in the increase of urbanised areas, as confirmed by our results and numerous studies such as [42,44,67,68].



One of the results of the analysis of land use changes in this work was that, in the middle of the 19th century (1848), the most significant part of the area was agricultural land, of which arable land dominated. Its representation during the monitored period ranges between 53.24% and 61.92% on average. These results are also confirmed by [69], who describe arable land in the Czech Republic around 1830 as the dominant part of the territory, covering, as in the sixty cadastral areas surveyed, 50.00% of the area. In addition, the representation of permanent grassland in the analysed areas (17.00% on average) corresponds to the representation of meadows and pastures in the whole territory of the present Czech Republic described by [70]. In addition, Refs. [9,69] quantified the proportion of permanent grassland in 18.00% of the territory. The partial reporting period of 1848–1948 was characterised by relative stability in land use. This is also confirmed by [70,71]. Areas for growing new crops, such as root crops, legumes, or fodder, gradually expanded from 6.00% of the total area in 1830 to 16.00% in 1910.



Significant changes in land use occurred after the Second World War, or between 1948 and 1990. Between 1948 and 1989, agricultural land in the cadastral areas under review decreased by an average of 12.00% (arable land was reduced by 7.00% and grassland by 26.00%), while forest area increased by an average of 10.00%. These changes are also confirmed in their publications by [70] for the territory of today’s Czech Republic and [72], which describes the extent of agricultural land reduction by more than 15.00%. A separate chapter is transforming rural land into significantly developing built-up areas. The change of built-up land affected mainly the agglomerations of cities (increase even in tens of percent). On the contrary, these areas are associated with a decline in built-up areas in connection with the displacement of the traditional German population and establishing of a closed border zone, as will be described below. The increase in built-up areas in the second half of the 20th century is documented practically throughout the European site, as evidenced in his work, for example, [73] for the German Ruhr region (due to expanding industrial zones and new urban development), [62] for Slovakia (expansion of agricultural plants and living areas), [74] for the entire area of the present Czech Republic (construction of industrial and farming areas, development of urban agglomerations), [34] for the Swiss Alps (expansion of residential housing) or [35] in general for the whole European continent (expansion of industrial sites and residential areas).



The period after 1990 to the present (2019) in the group of sixty analysed cadastral areas in terms of changes in land use is characterised by a continuous decline in arable land at the expense of permanent crops, especially permanent grassland. The percentage of intensively used agricultural land decreased from more than 50.00% to the current average of 35%. In the analysed group of cadastral territories, as well as in the rest of the Czech Republic, after 1990, a significant decrease in both arable land and all agricultural land was recorded, as described by [70]. This is due to the collapse of many large food factories in the first years of transformation after the 1989 revolution and increased interest in non-productive landscape functions. Urbanisation was the second most crucial process of agricultural land loss between 1990 and 2016. The overall average increase of built-up areas in the cadastral areas analysed is not compared to the national average described, e.g., [46] or [5]. Still, in some cadastral areas (e.g., Lipno nad Vltavou or Klokoty), it reaches up to 15.00%. The reason for the lower extent of urbanisation and especially suburbanisation in this period, in the monitored group of cadastral territories, is the significant absence of large agglomerations and transport arteries with which authors such as in [70] or [47] combine the most significant expansion of built-up area at the expense of agricultural land. Despite the development expansion of built-up areas, the total percentage of this type of land use in the group of sixty analysed cadastral areas is around 7.50%, which corresponds to the European average. Currently, urbanised regions of the twelve original EU countries cover, on average, approximately 10.00% of the total area, with significant variations between countries and territories, according to [35]. In the Rhine basin, for example, for the Netherlands, the urbanisation rate is 12.50%, while, for France, it is only 6.40%. A study [48] suggests that future growth in European urban areas is expected to be about 0.10% per year. The increase in development at the expense of traditional agricultural sites is not a phenomenon in Europe alone. Many more significant increases occur, especially in emerging economies, as demonstrated by the example of China [7], where growth is quantified between 2000 and 2009 to nearly 30.00% at the expense of traditional rice plantations and agricultural land.




4.2. The Comparison of the Land Use Changes from the Perspective of Production Areas


Significant fluctuations among the land use types are seen across the cadastral areas under review according to their belonging to individual production areas.



The changes in the period 1848–1948 highly reflected the localisation of the area in terms of production areas or altitude and soil properties. In traditional agricultural areas (grain and potato production areas), the share of agricultural land was stable between 1848 and 1948. This fact is also confirmed by [61]. Meadows and pastures in fertile lowlands have been converted to arable land; the ponds were dried to obtain land for growing sugar beet and wheat in lowland conditions, respectively, for growing wheat and potatoes in higher altitudes. More potatoes began to be produced in the Bohemian-Moravian Highlands, meadows were often forested in less fertile mountain regions, and some were harvested [5]. This fact was supported by analyses in twenty cadastral areas being grain production areas. Here, the most significant changes in the categories of agricultural parcels were recorded in this period. However, the increase of arable land in the examined area was proved at the expense of permanent grassland by an average of 12.00%. The higher, less fertile forage area recorded an utterly different development. This area’s high proportion of permanent grasslands used as pastures is essential. In twenty analysed cadastral areas within the fodder production area in 1848, they occupied 38.00% of the size of checked sites on average. Similarly, Refs. [75,76] describe in this period the fundamental development of agro-pastoral systems in the less fertile part of Flanders. However, the significant increase in the afforestation of the forage production area from 1848–1948 is a far more notable change. The growth of forest stands was estimated at 13.00% on average. The reason for such a significant increase was primarily the commercial interest of landowners from the nobility, as confirmed in his study also by the authors of [5], who describe in their work that the afforestation of the mountainous region of South Bohemia, especially Šumava, was managed by landowners, the noble family of the Schwarzenbergs. The reason was a change in business activities to a much more profitable forestry industry. The second reason for the significant increase in forest areas, which was also found in the analysis of twenty cadastral areas in the fodder production area, was the outflow of the population in the period after the First World War connected with leaving the land and leaving it fallow. Subsequently, as described in the Results chapter, these plots were subject to a spontaneous succession. The growth of abandoned land and the conversion of less fertile arable land into meadows and forests in the traditionally relatively densely populated Sudetes is also described by [77]. In addition, Ref. [74] confirms this fact by almost double the index of change in the not yet forested part of Šumava, Krušné hory, Orlické hory and Krkonoše. Like the selected sample of cadastral areas in the forage production area, spontaneous afforestation of mountain landscapes in Europe appears to be part of a worldwide trend, as described, for example, by [78] for the Mediterranean, [79] in the Pyrenees or [80] for the mountain region of central Norway. As confirmed by [73], this regional marginalisation also occurred in the Black Forest region. A notable finding was the exceedingly minor increase in built-up land across the monitored cadastral territories, even though the monitored period 1848–1948 covers the entire period of the industrial revolution. Overall, the increase in development in the cadastral parts of interest was 4.00%. The weak impact of industrialisation and urbanism is also described by [5] for the whole contemporary Czech Republic except for conurbations of cities or [81] for the territory of Liberec and Jablonec regions.



Changes in the distribution of individual land use categories between 1948 and 1990 were recorded to a greater extent in twenty cadastral areas in the forage production area. Here, during the analysis of aerial photographs after 1948, the most significant decrease in the acreage of agricultural land was recorded at the expense of forest areas. This change was estimated at 18.50% on average; in extreme cases, forest areas increased by more than 38.00%. As described by [82], the loss of agricultural land in the border region by 15.00% and the loss of arable land by 9.00 also represent these changes related to the displacement of most of the forage production areas in the period at once after the Second World War. Reducing agricultural land in mountain marginal areas at the expense of spontaneous succession of shrubbery and forest areas have also been described in other European countries, as reported by [83]. This study describes the rapid abandonment of agricultural land in the second half of the 20th century across all European mountain areas. In addition, Ref. [84] confirms these results for Western European countries. The question of marginalisation of areas with less favourable natural conditions, associated with the loss of agricultural land at the expense of shrubs and forests, or at least the transfer of traditional arable land to less intensive permanent grassland, in the second half of the 20th century, is described for the European continent. This is illustrated by a study by [85] for eastern and southeastern France, [86] for the southern and southeastern parts of Sweden, [87] for the south part of Norway, [88] for the submontane regions of Austria, [38] for the mountainous areas of Germany, or [89,90] for the mountainous regions across the European continent. Contrary to these marginal areas, as in the case of the results of the twenty cadastral areas in the forage production area, the extensive transformation of agricultural parcels into forest areas has been described throughout the European period in the [91] study and traditionally rural areas such as the Ruhr region in the [73] study.



The primary process of this change in land use between 1990 and 2000 is reflected in the establishment of large areas of permanent grassland (meadows and pastures), especially in mountain areas. This change affects only a few percentage points in the analysed cadastral territories. Still, this change is much more significant in the fodder production area, and the maximum grassing values are recorded up to 39.00% (e.g., cadastral territory Jenín). The increase of extensive grassland areas in less favourable conditions for traditional crop production has also been documented in other parts of Europe, not only in the countries of the former Eastern Bloc, as described, for example, by [9] or [82], but also in Western European countries, as illustrated by the study [37] for Jutland in Denmark or [92] for the Lahn-Dill highland area in the western part of Hesse, Germany. Interestingly, the decline in visual acuity around 2000 affected not only European countries but also countries in the so-called third world, such as China, where a significant decrease in visual acuity (by 12.00%) was recorded in Kunshan province as described [7]. In connection with the built-up areas, the phenomenon of brownfields is seen in the cadastral territories after 1990. This is particularly the issue of agro brownfields, i.e., sites around agricultural areas, especially buildings for livestock production from 1948–1990. These built-up areas occur in forage production areas, e.g., in the cadastral area Radčice u Malont or Jenín [17]. In addition, Ref. [4] dealt with the issue of agro-brown fields in their work. The last of the described changes in land use is the expansion of forest areas, which continues from the earlier period of 1948–1990. Similarly to the period described above, these changes affect the mountain areas of the forage and grain production area, where afforestation is associated not only with spontaneous succession but also with protective afforestation of newly emerging areas of nature and landscape protection. The increase in forest areas is lower than in the period described above, on the order of one per cent. The rate of afforestation in these areas is 48.00% on average, well above the average of similar regions, e.g., in southern Romania [11], where afforestation currently stands at 38.70% in mountainous locations, in Austria, where afforestation is around 39.00%, in Germany or France, afforestation of mountain areas is around 28.00–29.00%, or even in the United Kingdom with afforestation of only about 10.00% of the total area of higher altitudes. In contrast, quite different results were recorded in the mountainous conditions of neighbouring Slovakia, where the current afforestation of mountain areas is estimated at a significantly higher average than found in the cadastral territories analysed (even considering extreme values) at more than 81.00% [62].





5. Conclusions


Based on the research carried out in the area of interest in the South Bohemian Region in the southern part of the Czech Republic, it was found that over the last nearly two centuries, there have been significant differences in the cultural landscape, which are partly comparable with the surrounding countries in the Central European region. During the period under study, there has been a decline in the area used to produce agricultural commodities, particularly in areas less favourable to agriculture. This trend is also clear to a lesser extent in areas with better natural conditions, but the reasons are hugely different. In forage-growing regions, there has been pressure to convert areas to less intensive use for accessibility, reflected in actual land use. Sites of former arable land were administratively transferred to other areas and then left to spontaneous succession or grassed over and not used further. This phenomenon is unique compared to other countries in the vicinity. The remaining arable land in the forage areas disappeared gradually, especially around 2000, when many areas were converted to grassland under subsidies. They are stable in areas with more intensive agriculture (potato and cereal production areas). However, here too, a steady trend towards reducing the proportion of intensively farmed arable land has still been observed. The decline is due to the increasing urbanisation of the area and the stabilisation of parts of the higher regions in the form of the expansion of forest cover, as well as water areas, for example, to combat drought.
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Table A1. Comparison of individual land use categories over the period under review by type of source files and map legends.






Table A1. Comparison of individual land use categories over the period under review by type of source files and map legends.





	

	
Land

Registry

Since 2000

	
Land

Registry

Until 2000

	
Land

Cadastre

	
Stable

Cadastre

	
Corine

Land

Cover






	
Arable land

	
Arable land

	
Arable land

	
Field

	
Field

Field with fruit trees, vine trees, olive trees

Saffron, tobacco, and rice fields

Fields alternating pasture

Field with firewood

	
Arable land outside irrigated areas

Areas under permanent irrigation

Rice fields




	
Grassland

	
Permanent grassland

	
Meadows

	
Meadows

	
Meadows and wet meadows

Meadows with fruit trees, firewood, vine trees

	
Annual crops added to permanent crops.

Complex systems of cultures and plots

Agricultural areas with natural vegetation

Agro-forestry areas




	
Pastures

	
Pastures

	
Pastures

Pastures with fruit and productive trees

Alpine pastures

	
Natural pastures




	
Gardens

	
Gardens

	
Gardens

	
Gardens

	
Vegetable gardens

Fruit gardens

Ornamental gardens

	




	
Vineyards

	
Vineyards

	
Vineyard

	
Vineyards

	
Vineyards

Vineyards with trees or field crops and meadows

Vineyards paths

	
Vineyards




	
Hopyards

	
Hopyards

	
Hopyards

	
Hopyards

	
Hopyards

	




	
Orchards

	
Fruit orchard

	
Fruit orchard

	

	
Citrus field

Chestnut forest

Orchard or chestnut forest

Olive forest

	
Fruit orchards and shrubs

Olive groves




	
Water

	
Water bodies

	
Water bodies

	
Wetlands, lakes, ponds

	
Ponds and lakes with reeds

Lakes without reeds

Ponds without reeds

Peat bogs and fens

Rivers and streams

	
Inland swamps

Peat bogs

Seaside marshes

Coastal zones

Watercourses

Water areas

Lagoons

Sea and oceans




	
Forest

	
Forest land

	
Forest land

	
Forest

	
Deciduous forest

Coniferous forest

High-tree mixed forest

Low-tree young forest

Woodland Meadows

Shrubs

Park

Woodland and fire plots

	
Deciduous forests

Coniferous forests

Mixed forests

Bogs and heaths, scrubby formations

Transitional stages of forest and scrub




	
Other areas

	
Other areas

	
Other areas

	
Barren land

	
Bare rocks

Snow and ice fields

Glaciers

Deserts

Quarry

Gravel pits, sand pits, clay pits, peat bogs and loam

Manipulation areas

	
Beaches, dunes, sands

Bare rocks

Areas with sparse vegetation

Burnt areas

Glaciers and permanent snow




	
Urban areas

	
Built-up areas and courtyards

	
Built-up areas and courtyards

	
Built-up areas and courtyards

	
Cross, Chapel

Execution site

Hunting lodge

Guest house

Post office, Police station

Wine cellar

Grain mills, Sawmill, Oil mills, Powder mill

Paper mill, Brickworks, Glassworks, Blacksmith

Public building, Spa

Residential building

Farm building

Ruins

	
Urban areas

Industrial or commercial zones

Road and railway

Port zones

Airports

Mining of rocks

Landfills

Construction sites

Urban greenery

Facilities for sports and recreation




	
Other areas

	
Road

Paved road, Rural road

Road with alley

Footpath

Stone embankment

Railway, Horse railway
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Figure 1. Map of selected cadastral territories. 
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Figure 2. Illustration of selected milestones and their historical justification. 
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Figure 3. The example of sources used for the analysis of real land use data ((A)—stable cadastre, (B)—aerial photograph 1950s, (C)—aerial photograph 1990, (D)—aerial photograph 2019). 
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Figure 4. Average percentage values of land use categories representation in all checked cadastral territories for individual years based on analysis of actual land use. 
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Figure 5. Average percentage values of land use categories represented by region of production (P—potato, G—grain, F—forage) for individual years based on an analysis of the actual land use. 
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Figure 6. Average percentage values of land use categories representation in all checked cadastral territories for individual years based on the Corine Land Cover Analysis. 
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Figure 7. Average percentage values of land use categories represented by region of production (P—potato, G—grain, F—forage) for individual years based on an analysis of actual land use according to the Corine Land Cover. 
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Table 1. Characteristics of production areas in the South Bohemian region according to [60].
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	Grain

Production Area

(G)
	Potato

Production Area

(P)
	Forage

Production Area

(F)





	Area [km2]
	4552.32
	3044.29
	2461.39



	Elevation [m n. m.]
	300–600
	400–650
	over 600



	Relief
	slightly wavy to

sloping
	moderately wavy to steeply sloping
	horizontally structured with a high slope



	Average temperature [°C]
	5–8.5
	5–8
	5–6



	Average precipitation [mm]
	550–700
	550–900
	over 700



	Incidence of dry growing seasons [%]
	5–40
	5–30
	0–5



	Average arable land [%]
	over 60
	over 60
	over 50



	Average permanent culture [%]
	4.5–6.5
	2.5–3
	2.5–3



	Average forest land
	low-moderate
	moderate-high
	high–extremely high
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Table 2. The spatial resolution and scales of the used real land use datasets.






Table 2. The spatial resolution and scales of the used real land use datasets.









	
	Map Scale

Pixel Size [m]





	Maps of Stable Cadastre
	1:2880



	Maps of Land Cadastre
	1:1000 (1:2000)



	Aerial photographs 1947–1953
	0.7–1



	Aerial photographs 1990–2008
	0.50



	Aerial photographs 2009–2015
	0.25



	Aerial photographs since 2015
	0.20



	Corine Land Cover
	30.00
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