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Abstract

:

The loss of farmland to urban use in peri-urban areas is a global phenomenon. Urban sprawl generates a decline in the availability of productive agricultural land around cities, causing versatile conflicts between nature and society and threatening the sustainability of urban agglomerations. This study aimed to uncover the spatial pattern of long-term (80 years) land cover changes in the functional urban area of Budapest, with special attention to the conversion of agricultural land. The paper is based on a unique methodology utilizing various data sources such as military-surveyed topographic maps from the 1950s, the CLC 90 from 1990, and the Urban Atlas from 2012. In addition, the multilayer perceptron (MLP) method was used to model land cover changes through 2040. The research findings showed that land conversion and the shrinkage of productive agricultural land around Budapest significantly intensified after the collapse of communism. The conversion of arable land to artificial surfaces increased, and by now, the traditional metropolitan food supply area around Budapest has nearly disappeared. The extent of forests and grasslands increased in the postsocialist period due to national afforestation programs and the demand of new suburbanites for recreational space. Urban sprawl and the conversion of agricultural land should be an essential issue during the upcoming E.U. Common Agricultural Policy (CAP) reforms.






Keywords:


urban sprawl; suburbanization; land conversion; peri-urban agriculture; artificial surfaces; land use modeling; post-socialism; Budapest












1. Introduction


Urbanization plays a significant role in land use changes around the world. The rapid expansion of artificial surfaces in metropolitan regions has caused versatile conflicts between nature and society and has created challenges for sustainability [1,2,3,4,5,6,7]. Urban fringe areas are especially under the pressure of “urban sprawl”, as substantial areas of agricultural land along city boundaries have been converted into urbanized surfaces [8,9,10,11,12,13,14,15]. Land cover changes in suburban locations are driven by very complex socioeconomic factors and often result in environmental damage, landscape degradation, land fragmentation, and the shrinkage of wildlife habitat and undermine peri-urban agricultural capacity and ecological balance [16,17]. However, experts have argued that suburban intensive farming is needed to supply food for a growing population and sustain quality, transparency, traceability, and security of food production [18,19,20]. In the past, many authors have documented how the growth of built-up areas has led to a rapid decline in agricultural land and other green surfaces around cities, generating negative impacts on biocapacity and sustainability [21,22,23]. Consequently, in the future, planning and managing urban expansion is “critical for ensuring agricultural growth and food security" around cities and for the sustainable development of city regions [24,25].



Urban sprawl and the shrinkage of agricultural land are problems not only around the megacities of Asia, Africa, and the U.S., but also in large urban agglomerations in Europe [26,27,28,29,30]. In European metropolitan regions, an unbalanced mix of urban and rural functions have historically evolved. Heterogeneous, fragmented mosaics of cultural landscapes are predominant, with complex land use patterns that function in combination with the prevailing socioeconomic characteristics around major urban centers [23]. During the postproductivist transition [31,32], when environmental protection received increasing attention, the loss of agricultural land became a central issue in European countries, particularly in the E.U. member states. There are basically two distinct processes behind the shrinkage of food supplying land: urban sprawl and land abandonment [33]. The fastest change takes place between the city and the countryside in the “urban–rural fringe” due to urban sprawl [34,35,36], mostly within 10 km of the boundaries of a compact city (i.e., built-up areas). Studies on Europe have summarized that in metropolitan zones, land conversion is often accompanied by the abandonment of agricultural land, mainly arable land and plantations [27,28,37,38]. As a result, many European cities have lost valuable, productive areas of agriculture, while there is a growing demand for multifunctional agricultural land [14,17,20,39,40]. The relevance of the process was also recognized by the European Environment Agency (EEA) in a comprehensive report published in 2006, entitled “Urban Sprawl in Europe—The Ignored Challenge” [41]. Several studies have focused on the socioeconomic, environmental, and infrastructural challenges caused by suburban growth in postsocialist countries. Assessing these phenomena, these papers have argued that the lack of appropriate policies and governance systems has played a decisive role in postsocialist urban sprawl [42,43,44,45,46].



The spread of urbanized surfaces has also been observed around Hungarian cities, especially in the metropolitan region of Budapest [47,48]. The spontaneity and unregulated nature of the process has created significant tensions and concerns [22]. Suburbanization has generated robust changes in the land use patterns around Budapest, resulting in the shrinkage of green areas and the destruction of natural values, while urbanized surfaces (e.g., commercial, office, and logistics centers) have expanded swiftly. “In 80 municipalities of the officially designated Budapest Agglomeration, the area of housing, economic, and leisure facilities increased from 180 to 411 km2 between 1959 and 2014.” [47]. The peak of shrinkage in agricultural areas around Budapest was in the 1990s, immediately after the political and economic changes. According to some authors, suburbanization at that time was even faster than was Western European suburbanization a few decades earlier, with distinct spatial characteristics [48,49]. The “mass privatization” of the previously state-owned agricultural land as part of postsocialist transition caused the loss of vast farmlands in the outskirts of the Hungarian capital. Thus, the privatization of land significantly contributed to the acceleration of suburbanization processes and also gave way to intense land conversion producing new business developments (office parks, logistics centers, shopping centers), especially along motorways [49].



The main aim of this study was to uncover the spatial patterns (and their intensity) of long-term (80 years) land cover changes in the metropolitan region of Budapest and their underlying factors. We also aim to provide some solutions. This research was partially built on the results of some previous works, such as findings on the general trends of urban sprawl in Budapest’s functional urban area (FUA) [48]; and the national [50] and regional land use change modeling from the National Adaptation Geo-Information System (NAGiS) [51]. The main objectives of these analyses were to explore the state-of-the-art of urban sprawl in the study area and to explore the links between future land use changes and climate change through a modeling approach. These studies have provided a good basis for examining long-term land use changes in the Budapest FUA from the late 1950s to 2040; however, they did not pay attention to the loss of farmland and the restructuring of the agricultural sector. The specific aim of this paper was to explore changes in agricultural land use under the constant pressure from urban sprawl, to shed light on the transformation of the agricultural sector, and to identify general characteristics that may provide a basis for comparison to other postsocialist cities in Central and Eastern Europe. The main research questions here were as follows:




	
What have been the main sources of the growth of built-up areas in the FUA of Budapest in the past and what predictions can be made regarding future land conversion?



	
What have been the main influencing factors?



	
What have been the environmental, economic, and social impacts of sprawl from an agricultural perspective?



	
What types of policy tools can be formulated to combat the loss of farmland around Budapest and other quickly transforming postsocialist cities?








In order to answer these questions, land use changes during the socialist (1959–1989) and the postsocialist era (1990–2012) are analyzed here in detail using different data sources. This is followed by modeling and predictions for the period 2012–2040. In the discussion and conclusion, we formulate policy recommendations.




2. Materials and Methods


2.1. The Study Area


The study area covered the FUA of Budapest, which comprises 6077 km2 with 186 municipalities. It is the home of ca. 3 million people (1.7 million residing in Budapest). The 80 municipalities adjacent to Budapest constitute the inner ring of the metropolitan region, which is in an advanced stage of physical and functional fusion with the city, and hence it is also recognized legally as the Budapest Agglomeration. The rest of the municipalities in this study belong to the outer fringe of the wider metropolitan region (Figure 1).



The study area featured a diverse landscape split into two parts by the Danube River. North (Börzsöny and Cserhát) and northwest (Visegrád Mountains, Pilis Mountains, and Buda Hills) of the river, mountainous, high-relief terrains prevail, while east of the Danube, the northern edge of the Great Hungarian Plain and the gentle slopes of the Gödöllő Hills provide low-lying and agriculturally more intensively used land. The diversity of the landscape and the Danube cutting through the mountain range were essential factors in the early development of the Hungarian capital [52].



Only a few decades after the unification of Buda, Pest, and Óbuda in 1873, the rapidly expanding new city outgrew its original boundaries. In the first half of the twentieth century, the municipalities surrounding the city were well-integrated into its urban texture. The present-day territory of Budapest (called Greater Budapest) was formed in 1950, with the incorporation of 7 towns and 16 villages in the close vicinity of the city. The weight of the city in the Hungarian urban system became disproportionate from that time on [53]. In the first decades of state socialism, the number of inhabitants quickly rose due to Soviet-type industrialization and the collectivization of agricultural land, resulting in a flow of farmers from rural areas to cities. At its peak, the population of Budapest reached over 2 million [54]. However, due to administrative constraints and the rapid industrial development of second-tier cities (county seats) in the country, the growth of Budapest gradually slowed down, and from the 1970s on, the population started to decrease due to demographic aging. At the same time, the population of the inner ring of the metropolitan region grew rapidly, mainly as an outcome of the first wave of suburbanization and the relocation of workplaces from Budapest to the periphery [55].



The diversity of the natural environment facilitated the formation of a spatially differentiated land use pattern around the city. The high-relief areas remained forested, while vineyards and fruit cultivation covered the hillslopes. In the low-lying plain areas, fertile brown forest and chernozem soils were occupied by arable land, while wetlands and salt-affected and sandy soils were traditionally used for extensive animal husbandry. In the 19th century, the introduction of labor-intensive horticulture made high yields even in the sandy areas possible, when Bulgarian farmers established lucrative gardening cooperatives on the riversides and wetlands (e.g., along the Danube) [56]. These changes turned the previously underutilized area into productive agricultural land with orchards and gardening zones, feeding the rapidly growing population of Budapest. Additionally, in the second half of the 19th century, water regulations made the expansion of arable land at the expense of the former wetlands possible. The middle of the 20th century brought about the socialist reorganization of agriculture in the country, which finished around the time our analysis begins. Simultaneously, urban expansion accelerated, and urban use became a competitor to agricultural land use, resulting in the mass conversion of vineyards and garden zones into summer homes and permanent residences [53].




2.2. Methodological Considerations for Analyzing the Changes from 1959 to 1990


In order to unpack long-term land cover changes, various data sources were used, such as military-surveyed topographic maps from 1953 to 1959, the Corine Land Cover (CLC 90) from 1990, and the Urban Atlas from 2012. Since in their original form, these datasets are not compatible with each other, several harmonizing steps had to be taken.



The military survey maps from 1959 provided valuable information about the delimitation of artificial surfaces in this early period. However, agricultural, seminatural, and natural surfaces are displayed in these maps with much less detail. Its original raster form was interpreted and transformed into GIS vector data with onscreen digitizing. Digitization was limited only to artificial surfaces. For the reconstruction of the more detailed land use patterns, supplementary county-level land cover data from the statistical yearbooks were used. In the process, a modified version (see later) of the Corine Land Cover map was used for detecting changes during the state socialist era. We investigated the new artificial surfaces appearing in the CLC 90 map by including all polygons over 15 ha and taking a random sample from the remainder. The examined area covered almost 20% of the artificial surface expansion between 1959 and 1990, and the original land cover categories were determined after individual consideration of the selected polygons.




2.3. Methodological Considerations for Analyzing the Changes from 1990 to 2012


Both the Corine Land Cover and Urban Atlas datasets are assembled by the European Environment Agency. For functional urban areas, the Urban Atlas offers a higher resolution and more elaborate classification of built-up areas [57], while the Corine Land Cover maps are more detailed regarding nonartificial surfaces [58,59]. To harmonize the data from the Urban Atlas, the CLC 90 was enhanced both in terms of resolution and built-up area classification.



For the improvement of resolution, two additional datasets were included: CLC 50, a special Corine map covering only Hungary [60], and the CLC Change 1990–2000. Both contain smaller mapping units and have higher spatial resolution than does the CLC 90 map. Therefore, they could be used for geometric corrections.



In the Urban Atlas, the “Discontinuous Urban Fabric” category is divided into four subcategories based on the percentage of soil sealing. To recreate this classification structure in the CLC 90 database, we used normalized difference vegetation index (NDVI) data derived from Landsat satellite images, a method successfully utilized by previous studies [61,62].



The lower resolution of the CLC could not display the elongated transportation network correctly. To solve this problem, it was replaced with the detailed network of the Urban Atlas, with the exclusion of postsocialist expansions (e.g., motorways, roads around new housing blocks).



We also enhanced the Urban Atlas 2012 database: since in the case of agricultural and natural surfaces, the Corine Land Cover categories are more detailed, the areas described as agricultural or natural surfaces according to the Urban Atlas 2012 were replaced with the classifications taken from the Corine Land Cover 2012 database.



During these steps, we also paid special attention to filtering out false positive transformations, which can occur for the following reasons:




	
Geometric mismatching caused by different resolutions and geometric accuracy;



	
Classification mismatching caused by different classification systems;



	
Interpretation mismatching caused by different interpretations of the same categories; and



	
Detection mismatching caused by earlier (or later) categorization mistakes.









2.4. Future Predictions with the Use of the Land Change Modeler for ArcGIS


We chose the Clark Labs’ Land Change Modeler for ArcGIS as our modeling software, which is a popular and versatile tool (along with its IDRISI counterpart) for calculating land cover change models and forecasts [63,64,65]. To set up a land cover change model of a given area, two raster images with matching resolutions and classifications (depicting an earlier and later stage of land cover) are required. We used our modified CLC 90 and Urban Atlas 2012 maps. To avoid data proliferation, some existing categories were aggregated, and others were excluded (e.g., water bodies, other artificial surfaces). As a result, the number of analyzed categories was reduced to eight (urban fabric, industrial and commercial areas, arable land, vineyards, fruit gardens, heterogeneous agricultural areas, grasslands, and forested areas).



We used the Multilayer Perceptron (MLP) method for modeling, which utilizes an artificial neural network to recognize transition patterns based on a sample of transformed and unchanged raster cells. To ensure a suitable sample size, we only kept the transitions with more than 1000 transitioned cells. From the possible 56 transitions, only 31 were modeled, but the excluded 25 combinations made up only 2% of the total transitioning area.



The MLP requires additional spatial information in order to recognize meaningful transition patterns. The set of indicators can be freely assembled, taking the availability and the focus of research into consideration, which is a significant advantage over the similar SLEUTH model [66]. Our selected explanatory maps fell into four main thematic scopes:




	
Neighborhood relations (e.g., distance from the road, built-up areas);



	
Natural physical conditions (e.g., elevation, slope, soil type and quality);



	
Agricultural indicators (e.g., subsidiaries, potential value from agricultural production, results from the agricultural census); and



	
Socioeconomic indicators (e.g., population dynamics, average income).








The indices displaying spatial distance were calculated using base maps and other spatial datasets, while the rest of the indicators were collected from different data sources, including the following:




	
The European Environment Agency/Copernicus Land Monitoring Service;



	
The Agrotopographic database (AGROTOPO) of the Institute for Soil Sciences and Agricultural Chemistry (TAKI), Hungarian Academy of Sciences;



	
Data from the Research Institute of Agricultural Economics;



	
The Information System of Natural Protection (TIR);



	
The National Adaptation Geo-Information System (NAGiS);



	
The Hungarian Central Statistical Office—Inspire database;



	
The Hungarian Central Statistical Office—T-STAR (municipality-level database);



	
The Hungarian Central Statistical Office—population census;



	
The Hungarian Central Statistical Office—agricultural census;



	
The National Tax and Customs Administration (NAV) (the Hungarian National Spatial Development and Spatial Information System (TeIR)); and



	
The General Transit Feed Specification database of the Centre of Budapest Transport (BKK).








From the provided information, the MLP generated transition potential maps for each category, which displayed the spatial probability of transition. These transition potential maps were used for future predictions. After this point, the prediction results could still be adjusted by declaring spatial constraints and incentives and by modifying the Markov matrix.



The “Constraints and Incentives” panel allowed us to declare areas with increased or decreased transition probability for each transformation of the model and even to rule out certain transitions in designated areas. In this manner, MLP is similar to the exclusion layer of the SLEUTH model [66]. We used this function to introduce some planning regulations (e.g., Natura2000 areas, floodplains, areas designated for afforestation). We also used the “Constraints and Incentive” panel to integrate expectations about future demographic developments into the prediction. The demographic projection data were the output of parallel research focusing on the demographic prospects of Hungary [67]. Areas of population growth led to artificial surface expansion, while in other areas, urban sprawl was hindered.



Projections about climate change were also integrated into the prediction as constraints and incentives. Four different climate models from the Cordex database were used to create different scenarios [68]. In this paper, only the results of the EC45 scenario are presented, which we considered to be the most fitting version for the timescale of our research.



However, climate change not only influences the spatial configuration of some transitions, but can also alter the general rate of transformation. This could be integrated into the model by modifying the Markov matrix.



Without user involvement, the software estimates the number of future conversions based on the provided historical data by means of Markov chains. The calculated Markov transition probabilities are stored in a matrix that can be modified by the user to indicate alterations from historical trends. From the available climate data, the number of frosty days and a drought indicator were used, and their influence on the 31 modeled transitions were estimated individually.



The Land Change Modeler offers two types of forecasts: a soft prediction depicting the spatial variance of the probability of change in the modeled area, and a hard prediction, which gives an exact land cover configuration for a given future date [69]. After setting up all the parameters, we created the predictions for 2040.



To validate our model, we used MLP precision and “Skill Measure” statistics, which were generated by the Land Change Modeler for each transition. The average MLP precision for the 31 submodels was 79.4% (14 were above 80%). The average “Skill Measure” value of the submodels was 0.58. The obtained results are considered good according to the software’s reference manual.



We also compared our results to the recently published Corine Land Cover Change data for 2012–2018. Due to its short timeframe (only covering 6 years of our 28-year-long predictions) and different methodology, the CLC Change dataset could not be used for quantitative and location validation, but it still supported our predictions of artificial surfaces, arable land, and forests.





3. Results


3.1. Land Use Changes during State Socialism (1959–1990)


Between 1959 and 1990, the extent of built-up area increased by 22.3 thousand ha (from 71.8 to 94.1 thousand ha), which means an annual average growth rate of 719 ha. The growth in artificial surfaces was concentrated mainly within Budapest and the inner ring of the metropolitan region. The gradual enlargement of Budapest International Airport and the establishment of an oil refinery in Százhalombatta in the southwest were the two biggest projects, which increased the artificial areas by almost 1000 ha in total (Figure 2).



With the sample selection process described in the methodology section, we determined that the primary source of this increase was the conversion of agricultural land (86%), while the rest was comprised of different (semi-)natural areas (e.g., forests, grasslands, shrubs, and wetlands), former mining areas, and dump sites (Table 1).



A detailed analysis of the data showed that 51% of the artificial land extension was derived from the conversion of arable land and vineyards. However, it is worth noting that the conversion rate of the vineyards was higher in relative terms, indicating the vulnerability of this land use category. The relatively high share (14%) of complex cultivation patterns is in line with this result, since this category also contained a mixture of vineyards and orchards along with some other heterogeneous agricultural areas (e.g., scattered farm areas). Pastures and forests had relatively low rates of land conversion, indicating that these two categories were better-valued (more protected) during state socialism. Pastures were owned mainly by cooperatives and served the needs of dairy production targeting Budapest, whereas forests were managed predominantly by the National Forest Authority. Thus, both land use categories were under strict state control.




3.2. Land Use Changes after the Political Transition (1990–2012)


According to our analysis, the collapse of state socialism did not alter the general direction of land use change; however, it significantly affected the transition rate of some categories. As the data showed, the extent of artificial surfaces increased by 23.2 thousand ha between 1990 and 2012 (from 94.1 to 117.3 thousand ha). This means an average annual growth rate of 1055 ha, which is 46% higher than the rate before the political transition. This indicates the acceleration of the sprawl and concomitant land conversion in the postsocialist era. Another difference compared to the pre-1990 period was that the tempo of land conversion became more rapid in villages farther from Budapest with attractive landscapes (e.g., Zsámbék Basin) or in small towns with good transport network connections (e.g., Dabas). In both cases, residential suburbanization was the main factor. Regarding business functions, the most intensive land conversion took place in the southern fringe of Budapest, along the M0 corridor and near the first section of the M1 motorway leading to Vienna (e.g., Budaörs, Törökbálint).



While the share of agricultural area converted to artificial areas remained the same (86%), some shifts between the different categories could be observed (Table 2). The contribution of arable land increased, whereas the share of vineyards significantly decreased. The ratio of complex cultivation patterns also increased (by 13%), which indicates the rapid transition of the formerly loosely populated outskirts and scattered farm areas. However, the largest loss (of 22,400 ha) was recorded in the arable land category (Figure 3), while the area of complex surfaces shrank by 7700 ha. The share of orchards and pastures also decreased by ca. 5%; nevertheless, the extent of pastures grew by 9500 ha.



The conversion of forests to urbanized surfaces also intensified in the postsocialist period, which could have been associated with the increasing pressure of suburbanization on suitable construction land, especially in attractive hilly landscapes. Despite this trend, the extent of forests in the research area increased by 4400 ha between 1990 and 2012, mainly due to a state-led afforestation program affecting the Gödöllő Hills and the Danube–Tisza Interfluve in the east of Budapest.




3.3. The Results of the Land Cover Change Forecast (2012–2040)


The main directions of the forecasted changes for the 2012–2040 period were in line with the trends of the postsocialist era, which was partially a consequence of the described modeling methodology. Our results indicated a further increase in artificial surfaces by 22.8 thousand ha by 2040. This means an average yearly conversion rate of 814 ha, which falls below the calculated growth rates of the postsocialist periods. These results can be understood as the interplay of further sprawl and the consequences of the “Act on Spatial Planning in the Agglomeration of Budapest (2005)”, which introduced planning constraints to control urban sprawl. According to our projections, the newly developed built-up areas will be located close to the already existing artificial surfaces. The conversion of the currently loosely populated complex agricultural areas (with mixed agricultural, economic, and demographic functions) into densely built-up areas is also predicted. The remaining open arable land in the growth axes of the agglomeration ring will also disappear, and thus an accelerated physical merging (conurbation) of the inner ring of the agglomeration is foreseen (Figure 4). This process has been acknowledged (and thus not hindered administratively) by planning documents such as the recently prepared “Structural Plan of the Budapest Agglomeration” [70].



With only a slight decrease, agricultural land will continue to serve as the main source of urbanized surfaces (84%). Arable land is projected to contribute by 40%, while complex cultivation patterns will account for 23% of converted land, which means that arable land will face a 30 thousand ha loss in overall territory, while the area of complex cultivation patterns will be reduced by a further 5000 ha (Table 3).



On the contrary, pastures may possibly increase their area by 10 thousand ha by 2040, even though this category will contribute 15% to the total land consumed by urban sprawl. The 15% share of forests is about the same as their share from the total land cover of the area (similar to pastures), whereas an increase of 5000 ha in forest land cover is predicted. According to the prediction, future urban sprawl will not pose a threat to the remaining orchards (and an increase of 500 ha is expected), while vineyards will provide 4% of the area lost to artificial surfaces and may lose one-third of their territory (around 1500 hectares) in the near future.





4. Discussion


The results of our research can be summarized as three theorems:




	
Due to urban sprawl, the extent of artificial surfaces in the FUA of Budapest will increase over time, irrespective of the economic and political system;



	
Land conversion will affect different types of agricultural, natural, and seminatural land use cover to varying degrees; and



	
The decline in agricultural, natural, and seminatural areas will not be a general phenomenon and will not cover all categories.








4.1. The Continously Expanding Urban Shadow of Budapest


The most important lesson from our 80-year analysis is that the area of artificial surfaces and their proportion within the land use of Budapest’s FUA have been dynamically increasing since the late 1950s; however, the periods before and after the change in regime (1989-90) had distinct characteristics as far as the intensity and spatiality of land conversion is concerned.



In the state socialist period (1959–1990), the rapid growth of population, both in the core city and the inner agglomeration, was decisive. Population growth in the inner agglomeration was also fostered by legal regulations prohibiting the free movement of people to the territory of Budapest after 1958. The growth in residential areas was the fastest in the eastern and southeastern sectors of the study area. The situation was similar for the economy, because industrial developments were banned in Budapest and 44 surrounding settlements after 1959. Despite this fact, industrial developments led to large-scale conversions that could not be controlled by bureaucratic measures or by favoring and supporting the industrialization of rural areas. Since possible sites of industrial expansion in Budapest were essentially exhausted by the 1960s, industrial development was increasingly taking place in the surrounding suburban settlements [71]. In the 1970s and 1980s, immigration to the urban region from the countryside gradually declined, and the tempo of industrial and economic development slowed down compared to the previous decades, which led to lower levels of land conversion.



After the political and economic transition (1990), due to suburbanization (similarly to other East-Central European metropolitan areas [72]), large numbers of residents moved from Budapest to the suburbs, mainly to the environmentally more attractive western and northwestern sectors. The hilly municipalities of the Buda Hills and the Pilis Mountain became popular destinations for suburbanites. Another important difference compared to the previous period was that the effects of suburbanization appeared not only in the vicinity of Budapest but also in more remote areas [73]. This was also facilitated by the suburbanization of the economy, which expanded to as far as 50–60 km on the main roads leading to Budapest [74]. The construction of motorways (M0) and connecting highways improved Budapest’s accessibility, making a significant contribution to intensifying land use changes in more remote areas, in most cases in the outer agglomeration belt [48], a phenomenon that has been documented also by other case studies [75].



During the privatization and economic restructuring process of the 1990s, the emergence of western investors and transnational companies generated an upswing both in transport infrastructure and real estate development (e.g., offices). At the end of the decade, hypermarkets, shopping centers, and industrial and logistics parks emerged in the outskirts of Budapest as part of the suburbanization of the economy.



It is a common feature of both the state socialist and postsocialist periods that new developments appeared primarily near the existing residential and economic areas and along major roads, thereby strengthening the conurbation of urban fabric surfaces. Thus, accessibility and the availability of public infrastructure played a decisive role in new developments during both periods. However, it is also important to emphasize that although the growth of artificial surfaces showed many similarities in the two investigated periods, there were significant differences in the drivers of land conversion. During state socialism, centrifugal forces (the nationalization of agricultural land, the mass migration of labor, industry-based urbanization) sustained agglomeration tendencies. After the collapse of communism, centripetal forces (the privatization of land, suburbanization, the deconcentration of workplaces) generated a robust decentralization of urban functions and subsequent urban sprawl. Another difference is the acceleration of the rate of land conversion after the change of regime, which meant significant spatial rearrangements in the society and economy liberated from state control.




4.2. The Role of Space and Policy


Our findings also confirmed that urban encroachment into peri-urban zones affected the different agricultural, natural, and seminatural land use categories to varying degrees. The growth of artificial surfaces occurred mainly adjacent to existing residential areas after 1959. They occupied land with good or outstanding agricultural potential, which were part of the traditional food supply zone of Budapest. The original land use was primarily gardens, vineyards, and orchards. However, not only did the growth of built-up areas threaten these land use categories, but they were also converted due to the second wave of cooperative consolidation. As a result of this process, the land was owned by the community, and cooperatives became the producers. These socialist agricultural cooperatives continuously struggled with labor shortages due to competition from the industrial sector. Gardening, vineyards, and fruit plantations were labor-intensive and could not be mechanized: the maintenance of production was, therefore, difficult even in backyard farms, so these areas were more beneficial for local municipalities if they were built up. Later, in the 1970s, with the emergence of industrial agriculture, the emphasis shifted to highly mechanized sectors such as field production even more, so vineyards and fruit plantations that had been converted earlier were not replaced. Although agriculture benefited from significant state subsidies during state socialism, and its exports were important to the national economy (especially for hard currency), it was nevertheless unable to compete with the development needs and land consumption of other sectors (e.g., industry, housing).



Rapid suburbanization after the change of regime meant a lot of pressure for agricultural land and a demand for new areas for development for the FUA of Budapest. At the same time, changes in the agricultural sector also allowed for the intensification of the conversion of agricultural land due to the deepening crisis caused by economic restructuring and privatization in Hungary and due to the loss of COMECON markets. A large proportion of the new landowners had neither the knowledge nor the capital to cultivate their newly acquired land. Even if we ignore the market crisis, these farms would not have been able to survive on production alone due to their small size (usually 1–2 ha) [76]. Between 1990 and 1998, agricultural subsidies were temporarily discontinued, and a new agricultural development program (with area-based payments similar to single area payment scheme (SAPS); in addition, agro-environmental measures after 2003) was launched before the E.U. accession [77].



As a consequence, farmers were left without income-stabilizing incentive programs during the most challenging period of transition, which, according to Alonso’s theory [78] of land rent (1964), facilitated the conversion of agricultural areas into new artificial surfaces. With regard to Freshwater’s [33] (2008) theory on the postproductivist transition period of agriculture, these conversions could have occurred in two places in space: in remote peripheral areas or in the vicinity of big cities, from which the latter was typical in our case study area. This situation did not change significantly even after accession to the E.U. in 2004, as the profitability of agriculture (especially the livestock sector) remained consistently low compared to other sectors [77]. This fact also indicates that even with agricultural subsidies, the income-producing ability of the agricultural sector could not compete with other land use forms. According to Freshwater [33], this problem must be addressed by agricultural policy, so there are tasks to be done during the next reform of E.U.’s Common Agricultural Policy (CAP).



Over the last 30 years, urban sprawl has had a negative impact on vineyards and horticultural producers close to the boundaries of the compact city (in line with von Thünen’s model). The shrinkage in their size shows that the traditional metropolitan food supply area around Budapest has mostly disappeared in the inner agglomeration ring. Landowners and farmers acted according to their economic interests, but this did not coincide with the interests of the agro-business sector and, more importantly, local society. Budapest is the biggest fresh food market and processor of agricultural products in Hungary. Because of sprawl, this demand can no longer be met locally, and more remote areas are now involved, which has resulted in higher food prices, longer supply chains, and a bigger carbon footprint, which is economically and environmentally unsustainable [79].




4.3. Grasslands and Forests: Deviations from a General Trend?


Even though the decline of agricultural, natural, and seminatural areas seems to have been a general trend in the agglomeration of Budapest between 1990 and 2012, there were two exceptions: grasslands and forests, which grew by 9500 ha and 4400 ha, respectively. In the case of grasslands, this could be observed primarily in the northern/northwestern part of the FUA. The reasons are complex, but residential mobility certainly played a role here. The mass arrival of high-status residents in the framework of suburbanization generated a high demand for grasslands for recreational purposes, and many of the new grassland areas were used for free-time activities or recreation (e.g., equestrian tourism). The growth of grasslands may also indicate the mushrooming of plots for investment/real estate developments, which were no longer cultivated by the owners and were only maintained to preserve their good environmental condition (e.g., the clearance of ragweed) until sale. This behavior is exactly in line with Sinclair’s theory [80] (1967), which claims that the intensity of agricultural land use and investment decreases in anticipation of urban land development. Another possible factor is the introduction of European agro-environmental measures (e.g., Natura 2000), which may also have directed land use.



Deforestation and reforestation, especially in the upland (western/northwestern) parts of the metropolitan region, were not typical for any of the investigated periods, and therefore their share in land conversion was negligible. This was also the result of the successful implementation of forest management and nature conservation objectives, a process further strengthened by the preferences of new (mostly high-status) residents arriving in the framework of the suburbanization process. These residents generally tended to appreciate and preserve unbuilt areas, which they deemed valuable for recreational purposes.



According to our modeling, the area of fruit plantations may grow by about 500 ha by 2040. However, the realization of this will depend to a large extent on sectoral (e.g., plantation support measures) and environmental factors (climate change).



The above examples illustrate that changes in land use caused by urban sprawl are not necessarily one-way, i.e., the conversions are not just from agricultural and natural areas to artificial surfaces. Land conversion processes are complicated because of the diverse needs and interests of residents and other stakeholders (e.g., firms, local governments) involved in suburbanization.




4.4. The Aftermarth of Sprawl


According to our land use change model, by 2040, the expansion of artificial surfaces in the metropolitan region of Budapest will strongly influence the sustainability of the FUA and the resilience of its settlements (Figure 5):




	
Sprawl will negatively impact the biological capacity of the agglomeration and reduce carbon sequestration by vegetation and soils;



	
It will also reduce the amount of food that can be produced at a given technological level;



	
Soil sealing will reduce the utilization of rainfall, help the drainage of water (especially in the hilly areas of the northwest and west of the region), increase the possibility of flash floods and other “havaria” events, and altogether worsen the area’s water management capabilities;



	
Open views of landscapes will disappear because of conurbation, and this will also close ecological corridors and cause the fragmentation of habitats and populations;



	
The disappearance and degradation of agro-ecosystems will also adversely affect the state of the seminatural ecosystems still present in the area.








The above-mentioned environmental impacts will also have consequences on the FUA’s society and economy. The growth of artificial surfaces will increase the area and effects of urban heat islands. The conurbation of individual settlements will hinder the ventilation of densely built areas, making it difficult to access water surfaces and forests or to enjoy their benefits. Moreover, this can induce adverse changes not only in the climate but also in other parameters that determine living conditions. As a result, suburban municipalities may lose the very values and benefits (living space of sufficient size, an attractive environment, outdoor recreational opportunities, etc.) that, in principle, are crucial for their attractiveness. Deteriorating living conditions are expected to be accompanied by growing environmental pressures, such as commuting, which increases energy consumption, ecological footprints, and emissions [81,82].




4.5. Concluding Remarks


This paper aimed to shed light on the complex environmental, economic, and social impacts of urban sprawl in the metropolitan region of Budapest over a long period of time. The triggering factors during state socialism and postsocialism were essentially different, as were the planning frameworks; nevertheless, the intensity and the logic of land conversion were quite similar during the two historical periods. According to our projection, urban sprawl will pose increasing challenges for urban planning and management in the future. The conversion of agricultural land is an agricultural policy issue that has not received sufficient attention among European and Hungarian policymakers. In our opinion, urban sprawl and land consumption should be slowed down, which would serve both economic and social interests. The problem of urban sprawl should be an essential issue in the upcoming E.U. Common Agricultural Policy (CAP) reforms because agricultural subsidies and efforts to develop short food chains can play an important role in consolidating or reversing the negative impacts of sprawl—not just in Hungary, but in all of Europe.



Future research in the field should focus on related topics that can provide useful information for urban planners and agricultural policymakers regarding the long-term effects of urban sprawl. Of these topics, urban heat island effects and changes in the output of agricultural production as an outcome of urban sprawl deserve particular attention. In addition, we think our land use change modeling and prediction methodology could easily be used for other postsocialist cities in Central and Eastern Europe, making a comparative analysis possible.
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Figure 1. The functional urban area (FUA) of Budapest. Source: edited by the authors. 
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Figure 2. The expansion of built-up zones between 1959 and 1990. Source: elaboration of the authors. 
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Figure 3. Changes in the area of arable land by municipality, 1990–2012. Source: elaboration of the authors. 
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Figure 4. The land cover of the core area of the Budapest Agglomeration in 2012 and the projected changes by 2040. Source: elaboration of the authors. 
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Figure 5. The impacts of urban sprawl on the functional urban area of Budapest. Source: elaboration of the authors. 
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Table 1. The share of built-up area extensions by former land use category, 1959–1990.
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	Land Use Category
	Share from the New Built-Up Zones (%)





	Arable land
	34.27



	Vineyards
	17.17



	Orchards and berry plantations
	5.77



	Pastures
	14.45



	Complex cultivation patterns
	14.66



	Agriculture subtotal
	86.32



	Forests
	5.10



	Other
	8.58



	Total
	100.00







Source: elaboration of the authors.
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Table 2. The share of built-up area extensions by former land use category, 1990–2012.
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	Land Use Category
	Share from the New Built-Up Zones (%)





	Arable land
	42.67



	Vineyards
	6.07



	Orchards and berry plantations
	1.85



	Pastures
	9.29



	Complex cultivation patterns
	26.65



	Agriculture subtotal
	86.53



	Forests
	11.78



	Other
	1.69



	Total
	100.00







Source: elaboration of the authors.
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Table 3. The projected share of built-up area extensions by former land use category, 2012–2040.






Table 3. The projected share of built-up area extensions by former land use category, 2012–2040.





	Land Use Category
	Share from the New Built-Up Zones (%)





	Arable land
	40.52



	Vineyards
	4.04



	Orchards and berry plantations
	0.12



	Pastures
	15.72



	Complex cultivation patterns
	23.32



	Agriculture subtotal
	83.72



	Forests
	15.52



	Other
	0.75



	Total
	100.00







Source: elaboration of the authors.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
&
0 5

10

20 30

=

=

F——Kilometers

Legend

D Budapest
E Boundary ol inner agglomeralion ring

Boundary of Functional Urban Area

Built-up area change between 1939-1990

I_ No change or decrease
l— 0 - 20% increase
[ 20- 50% increase
- S0 - 100% increase

- More than 100% increasc






nav.xhtml


  sustainability-12-03331


  
    		
      sustainability-12-03331
    


  




  





media/file2.png
0 37575

Kilometers

Legend
"t Liszt Ferenc Int. Airport

Railways

Motor- and expressways

Major roads
Built-up area

E____! Boundary of Budapest
D Boundary of Budapest FUA

: Boundary of inner agglomeration ring

Boundary of settlements






media/file5.jpg





media/file3.jpg





media/file1.jpg
Logond.
Pire—
R
— oo
Butop wen
L ooy ot Bcpet
e L
] ounday o v st
[Er—

prs man






media/file7.jpg
7] i srtscas o 2012
iomctes  rastuc o sl sorocesun 2040






media/file10.png
VIHV NVEdn 1TVNOILONNA
1S34dvaNnNg 40 NOILLVSINYadNaNs

B TMVHdS NVEdN

Dy rej i~ |
il ',"'_'a L)

environmental

impacts

ECOnNOMIC

mpacts

Loss and degradation of soils
Landscape fragmentation

Loss of biocapacity and biodiversity
Water runoff and retention
Micro-climatic changes

Increasing GHG emission

Agricultural land and production loss
Relocation of urban food supply areas
Increased travel and transportation
costs

Costs of environmental degradation
and increased emissions

Conurbation, segregation

Loss of open suburban/rural space
Overcrowded suburban settlements
Increasing urban heat island effect
Air pollution

O
m
<
m
| sy
@,
o
<
m
e,
e

TVNOID3Y FT1GVNIVLSNSNN






media/file9.jpg
+ Losand dogradaton o sl

s gy ndodvesty n
Mo it changs

s sttt

Recatonof b oo oo res .
ot ot arromertt deottion

3 IMVYdS NVE¥n

(R X

+ Caration,sgegaion

B e
s »“

* Ripatnin

2
Z
2
-
2
H
g
2
H
g

153dvang 40 NOLLYSINVEYNENS|
YNOIO3Y T1BVNIVASSNA






media/file0.png





media/file8.png
16

e 12
HH F—— Kilometers

— v

b
8
5N

F// R

¢ Legend

Predicted new artificial surfaces until 2040
A Y -

I:I Artificial surfaces in 2012






media/file6.png
R
0-5

10

Legend

D Budapcst
D Boundary ol inner agglomeralion ring
Boundary of Functional Urban Area
Changes in the arable land between 1990 - 2012
- More Lhan 50% decrease (or arable Tand missing)
- 25 - 50% decrease
|—— 5 - 25% decrease
\; (1 - 5% decrease
- In¢rease

20 30

[

=

F——AKilometers






