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Abstract

:

This study compares different nationwide multi-temporal spatial data sources and analyzes the cropland area, cropland abandonment rates and transformation of cropland to other land cover/land use categories in Slovakia. Four multi-temporal land cover/land use data sources were used: The Historic Land Dynamics Assessment (HILDA), the Carpathian Historical Land Use Dataset (CHLUD), CORINE Land Cover (CLC) data and Landsat images classification. We hypothesized that because of the different spatial, temporal and thematic resolution of the datasets, there would be differences in the resulting cropland abandonment rates. We validated the datasets, compared the differences, interpreted the results and combined the information from the different datasets to form an overall picture of long-term cropland abandonment in Slovakia. The cropland area increased until the Second World War, but then decreased after transition to the communist regime and sharply declined following the 1989 transition to an open market economy. A total of 49% of cropland area has been transformed to grassland, 34% to forest and 15% to urban areas. The Historical Carpathian dataset is the more reliable long-term dataset, and it records 19.65 km2/year average cropland abandonment for 1836–1937, 154.44 km2/year for 1938–1955 and 140.21 km2/year for 1956–2012. In comparison, the Landsat, as a recent data source, records 142.02 km2/year abandonment for 1985–2000 and 89.42 km2/year for 2000–2010. These rates, however, would be higher if the dataset contained urbanisation data and more precise information on afforestation. The CORINE Land Cover reflects changes larger than 5 ha, and therefore the reported cropland abandonment rates are lower.
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1. Introduction


Agricultural land abandonment is a widespread process [1,2,3,4,5,6] that shapes the cultural landscape [7,8,9,10] and has both negative and positive effects. On one hand, abandonment is associated with regional economic and population decline [11], loss of traditional agricultural landscapes [12,13,14,15] and loss of species associated with management practices [16,17]. However, it also has the positive effects of reduced land use intensification, carbon sequestration and increased wilderness biodiversity [18,19,20,21]. Agricultural land abandonment in Eastern European countries has been most distinct since 1989 and is associated with changes in nations’ political, economic and social situations [22,23,24,25,26]. However, the recultivation of agriculture in last two decades has been reported as an effect of EU common agriculture policy (CAP) support [27,28] or as an effect of improved agricultural profitability in fertile areas outside the EU [29,30].



The main milestones of agricultural development in Slovakia are collectivisation of agriculture in the second half of the 20th century, change to a market-oriented economy after 1989 and EU accession in 2004 [31,32,33]. Agricultural collectivisation was politically driven, and this minimised private property and consolidated agricultural land in large-scale fields suitable for industrial agriculture. The small-scale agricultural mosaics were ploughed and transformed into large-scale fields; they survived in less than 1% of Slovakia [34,35].



The change to a market-oriented economy was accompanied by a general decline in agriculture, and this resulted in agricultural land abandonment [36,37,38]. However, EU accession and implementation of the Common Agriculture Policy triggered the restoration of agriculture in some areas [28,39,40,41,42]. The agricultural land abandonment in Slovakia mostly occurred in the mountains, and it was strongly related to distance from the national capital (Bratislava), annual mean temperatures, proximity to forest edges and slope steepness [43]. Abandonment primarily affected small-scale traditional agricultural landscapes [34], and it caused adverse impacts on biodiversity and cultural heritage [44,45,46].



The extent and consequences of agricultural land abandonment influenced many authors to focus on mapping [27,47,48] and then on analysing the abandonment at different spatial levels [49,50,51]. Local studies brought deep knowledge, limited to specific study areas [28,52]. The literature reviews mostly focused on specific questions [53], like the application of remote sensing methods to detect agricultural land abandonment [22] or assessment of the driving forces [24,54]. European studies, in particular, provide only a rough picture of abandonment determinants [55] or the impact of past and future land change [10]. Nationwide approaches are more appropriate to understanding and mitigating agricultural land abandonment. The nationwide studies in Slovakia have concentrated on CORINE Land Cover as their source of land-cover data [38,41,56], despite CORINE Land Cover’s low sensitivity to land change detection [23,38].



Our aim is to compare the different land cover/land use data sources and analyse the cropland abandonment rates in Slovakia. Herein, we combined the information from historic and recent nation-wide multi-temporal land cover/land use data sources and analysed the changes in cropland extent, magnitude of cropland abandonment, and transformation of cropland to other land cover/land use categories.




2. Materials and Methods


Figure 1 highlights the four data sources we employed to analyse land changes. The long-term changes were analysed from data derived from the HILDA model [57,58] and from the Historical Carpathian dataset [59], and short-term changes were analysed from CORINE Land Cover layers 1990, 2000, 2006, 2012 and 2018 [60] and Landsat satellite images [48].



The Carpathian Historical Land Use Dataset (CHLUD) was produced for the Carpathian Ecoregion, the Hungarian part of the Pannonian plains and the historic Moravia region [59]. The land use in Slovakia was mapped on a regular 2 × 2 km point grid for the following periods: (1) maps of the second Habsburg military survey from 1819–1858 at 1:28,800 scale were used for the Habsburg period; (2) national topographic maps from 1923–1941 at 1:20,000 to 1:100,000 covered the Second World War period; (3) 1954–1958 national topographic maps at 1:25,000 to 1:50,000 were employed for the Socialist period; (4) 2007–2014 aerial images mapped the recent period. The dataset contained seven main land use categories (Urban/Built-up, Agriculture, Grassland and Shrubs, Forest, Wetlands, Bare Land) and 24 subcategories. The investigated cropland areas included both seasonal and perennial agricultural classes, like orchards or vineyards [59]. Because the data are represented on a point grid of 2 × 2 km, one point represented 4 km2 in cropland area.



The Historic Land Dynamics Assessment (HILDA) model projects land cover changes for 1900–2010 at 10-year intervals from the aggregated CORINE 2000 dataset. The HILDA dataset contains five land cover classes: Settlements (including green urban areas), Cropland (including orchards and agro-forestry), Grassland (including natural grassland, wetlands, pasture and Mediterranean shrub vegetation), Forest (including transitional shrubs and woodlands, tree nurseries and reforested areas for forestry purposes), and Other Land (including glaciers, sparsely vegetated areas, beaches and water bodies) [57]. The land cover classes were allocated by down-scaling sub-national statistics to 1 km grid cells on probability maps. These were derived from historic maps for forest areas, and they empirically quantified location factors for the other land cover types [57]. The resulting land cover/land use maps provided the net changes, featuring direct changes from one class to another, while the gross changes covered non-directional changes and summarised all area gains and losses for the different land-cover types. Our analyses employed back-dated gross changes reconstructed for 1900–2010, and the examined cropland areas included orchards and agro-forestry areas [57].



The CORINE Land Cover [60] was mapped for 1990, 2000, 2006, 2012 and 2018, and land cover was identified by computer-aided visual interpretation of satellite images [56,61]. The minimal mapping unit was 25 ha for polygon delineation and 5 ha for land cover change detection, and analyses employed the land-cover change maps available on the Copernicus website (https://land.copernicus.eu/pan-european/CORINE-land-cover accessed on 24 March 2021). The dataset contains five main land-cover categories in nomenclature class 1 (Artificial Surfaces, Agricultural Areas, Forest and Semi-natural Areas, Wetlands, and Water Bodies), 15 land-cover categories in nomenclature class 2, and 44 land-cover categories in nomenclature class 3 [61]. For our analysis the cropland area included arable land, permanent crops and heterogeneous agricultural areas (pastures were not included).



The second source of recent changes was the Landsat dataset. Land cover maps, produced in 30 m resolution for 1985, 2000 and 2010, were generated by classifying the multi-seasonal Landsat image composites for the Carpathian Ecoregion, including all of Slovakia [48]. The Landsat images with cover cloud less than 70% were downloaded from the the United States Geological Survey Landsat archive, and the image composites that approximated spring, summer and fall seasonal states for the reference years were produced. The resulting composite contained 56 spectral bands (18 for each reference period) and an additional 27 bands of statistical metrics, capturing the spectral-temporal variability of a given pixel for each season. Five land cover/land use classes were classified using the Random forest classifier: Cropland, Built-up Areas, Forest, Grassland and Water. The cropland area ranged from large-scale cropland and intensively managed orchards, vineyards and hop fields to substance agriculture and kitchen gardens. The validation of the maps showed 90% overall accuracy [48].



For the validation of the investigated datasets, we used the cropland map from the Land Parcel Identification System (http://www.podnemapy.sk/lpis_verejnost/viewer.htm accessed on 24 March 2021). This system is a geo-database of agricultural parcels precisely mapped from aerial images, implemented for the allocation of agricultural subsidies [62]. We chose the LPIS data from 2010 because it was comparable with the analysed datasets recording the land cover/land use from 2010 or 2012. As a cropland we considered as classes arable land, hop gardens, vineyards, orchards, other agricultural land, and agricultural land.



Although permanent meadows and pastures are included in the definition of agricultural land [63], our study focused solely on cropland (Table 1). Here, we chose cropland because the analysed data sources do not distinguish between grasslands used agriculturally and natural grasslands not used for agriculture (for example, alpine meadows). Because of the low thematic resolution of the LANDSAT and HILDA datasets, we were not able to separate specific cropland categories (arable land, permanent crops, agricultural mosaics, vineyards and orchards) for a more detailed analyses. While different definitions of agricultural land abandonment depend on study context and content, the basic criterion for abandonment estimation is land cover/land use change. Agricultural land is generally considered abandoned when it no longer performs farming functions [22]. We consider all cropland types abandoned when they are changed to a different land cover/land use category (Table 1, Supplementary Figures S1–S4). These cropland types include arable land, permanent crops, agricultural mosaics, vineyards and orchards.




3. Results


3.1. Data Validation


The most suitable records for the data validation and comparison were the records from 2010 and 2012 because cropland area was recorded in those years by all four investigated data sources (Figure 2). The largest 20,675 km2 area was reported by CORINE Land Cover (CLC), followed by Landsat with 16,199 km2, HILDA with 14,024 km2 and CHLUD with 13,536 km2. According to reference data from the Land Parcel Identification System (LPIS), the area of cropland covered 14,184 km2. Even the HILDA model estimated almost the same cropland area as LPIS; the lowest overlay was with the LPIS (69.6%) and high commission (22.67%) and omission rates (23.33%). The 1 km HILDA pixels could not identify the cropland in sufficient detail, and large areas were incorrectly included or excluded from cropland. The cropland area estimates of the CHLUD dataset were close to LPIS, with an overlay rate of (75.9%) and a commission rate of (16.30%). The omission rate was not calculated due to the point representation of the CHLUD dataset. CORINE Land Cover strongly overestimated the total cropland area; therefore, the commission rate was high (32.57%) and the omission rate was low (2.48%). The Landsat estimates were closer to the reference dataset, and the commission and omission rates were relatively low (11.62% and 11.98%, respectively). The validation showed that the most precise was the CHLUD dataset; therefore, it was more suitable for the long-term analyses. Both short-term datasets overestimated the cropland area; however, the Landsat data showed better accuracies (Table 2).




3.2. Cropland Area


The considerably larger area reported by CLC may be explained by its higher thematic resolution, recognising agricultural mosaics as a specific land cover class entitled “Heterogeneous agricultural areas”, which covers 4203 km2 and is still an important part of Slovak agriculture [64]. The remaining analysed land cover/land use datasets included agricultural mosaics in grassland, cropland, agricultural land or other categories. A further reason for higher CLC cropland area values could be the low CLC sensitivity to land cover change with consequent lower reflection of the agricultural land abandonment that occurred in Slovakia after 1990. The relatively higher values were also mapped by Landsat. The high spatial resolution images (30 m) recognized even small cropland fields, but there is possible inaccuracy in the remote sensing approach.



Both the CHLUD and HILDA long-term land cover datasets showed an increase in cropland area at the beginning of the study period. While the CHLUD dataset highlighted a decrease after 1938, the HILDA model depicted the decrease after 1990. The long-term statistical data showed a continual decrease in arable land after 1960 [36], and this was better reflected in the CHLUD dataset. All analysed datasets showed a decrease in cropland after 1990 due to transformation to a market-oriented economy [23,41]. Abandonment was more intensive in the first years of this transformation, and this was reflected in both CLC and Landsat datasets. The CHLUD dataset, however did not directly reflect the regime transformation because it lacked land cover data for the beginning of this period.




3.3. Abandonment Rates


The HILDA model recorded the relatively stable 15–17 km2/year abandonment level until 1990. There was then a very sharp increase, ranging from 49.9 to 290.8 km2/year, following the change to a market-oriented economy (Figure 3). The Carpathian dataset for 1836–1937 had slightly higher values than HILDA’s 19.64 km2/year. There was then an increased abandonment of 154.44 km2/year during the Second World War, and a lower abandonment of 140.21 km2/year during communism and the market-oriented economy period.



The CLC reported the highest abandonment of 21.73 km2/year after 1990 and then a decrease and stabilisation after EU accession. The Landsat data recorded the same trend, though it had much higher values at 142.02 km2/year for 1985–1999 and 89.42 km2/year for 2000–2010.




3.4. Changes in Land Cover/Land Use


Prevailing conversions of cropland to grasslands were reported by all datasets, except the CLC, which reported prevailing conversion to grasslands only for 1990–2000 (Figure 4). The average percentage of cropland converted to grassland was 47.91% for the HILDA model (83.12% for 2000–2010), 49.40% for the CHLUD dataset (54.34% for 2000–2010), 28.02% for CLC (22.86% for 2000–2010) and 99.35% for the Landsat dataset (99.88% for 2000–2010). This prevailing conversion to grassland was expected because overgrowth by grasslands and shrubs is the natural consequence of cropland abandonment.



The second most important change was the conversion to forest: this was 8.29% for the HILDA model (12.48% for 2000–2010), 34.35% for the CHLUD dataset (24.95% for 2000–2010), 5.32% for CLC (0.57% for 2000–2010) and 0.65% for the Landsat data (0.12% for 2000–2010). The third most pronounced change was conversion to urban areas: this was 43.80% for the HILDA model (4.4% for 2000–2010), 14.56% for the CHLUD dataset (18.67% for 2000–2010) and 53.49% for CLC (71.97 for 2000–2010). The Landsat data did not map conversion to urban areas.



The CLC layers had a lower proportion of conversion to grasslands and a higher proportion of conversion to cropland. Part of the abandoned cropland was also recognized as “Scrub and/or herbaceous vegetation associations”, while other datasets included shrubs under grasslands or the forest category. The high proportion of urbanised area may be explained by lower sensitivity to small land cover changes. Abandonment often occurred on small areas under CLC resolution, but urbanisation occurred on large blocks recognized by CLC. In contrast, the Landsat dataset showed only minor parts of areas converted to forest, and it did not reflect urbanisation. Therefore, Landsat was less suitable for analysis of cropland conversion areas, and we consider that the total abandonment rates reported by Landsat would be higher if the dataset included urbanisation and provided more precise information on afforestation.





4. Discussion


Herein, we analysed cropland abandonment in Slovakia from four different datasets: The Historic Land Dynamics Assessment, the Carpathian Historical Land Use Dataset, the CORINE Land Cover dataset and the Landsat images classification. These datasets have different origins, cover different time periods and have different spatial, temporal and thematic resolution; these differences must therefore be considered in interpreting our analytic results. The historic Carpathian dataset is unique because it describes existing land use from the Austro-Hungarian monarchy era. However, this first 1836–1937 period covers 100 years, and it provides no information on land changes within this time period. The collapse of the Austro-Hungarian monarchy, the First World War and the altered land-management regime from the “Innovations and Rights to Intensification” at the end of 19th century [65] certainly influenced land change trajectories [66]. Land change intensity was generally lower in the past [67,68], and this was confirmed by our results. The second period of the historic Carpathian dataset then covers the effect of the Second World War. Armed conflicts can lead to both more intensive and less intensive land use [69]; the historical Carpathian dataset highlights increased cropland abandonment at this time.



The HILDA model is advantageous here because it records historic land cover/land use in 10-year intervals from 1900. Its data, however, are based on modelling [57,58]; this can initiate uncertainties, errors and inconsistencies, as was seen in comparison with the Land Parcel Identification System data. For example, the HILDA model reported an increase of the abandonment rates in 1990–2000 (49.9 km2/year) and an extreme peak in the period 2000–2010 (290.8 km2/year). Increased abandonment after transition to a market-oriented economy in the period 1990–2000, followed by a decrease due to EU accession support in the period 2000–2010, was reported for Slovakia [36,41,43] and for other post-socialistic countries [24,70,71]. Because of the uncertainties related to historical land cover modelling and because of the validation results, we consider that the CHLUD dataset is a more reliable long-term data source. Visual interpretation of historic maps and aerial images employed in CHLUD mapping [59] is considered as a reliable method for historical land cover/land use mapping [1,72,73]. Although we consider HILDA model as a useful data source, especially for analyses at the European level [72,74], we prefer the historic Carpathian dataset for overall interpretation of long-term land changes.



The CORINE Land Cover dataset [26,75,76] and the Landsat images [2,77,78] were used for analysing the land use changes in various countries. The advantage of the CLC is its detailed temporal and thematic resolution, but it has the disadvantage of low spatial resolution and low sensitivity to land cover change [41,79], especially for arable land and permanent grasslands [80]. Therefore, the CLC is suitable for describing the trends, locality and relative magnitude of change, while the Landsat data based on the images with 30 m spatial resolution is more appropriate for estimation of the actual magnitude of change. This is clearly noticeable in our comparison, where the magnitudes of land changes mapped from the Landsat were sometimes more than 10 times higher than those analysed from CLC. The comparison of both datasets with the data from the Land Parcel Identification system showed that the Landsat data were more precise. However, the low thematic resolution still remains a disadvantage of the analysed Landsat dataset, and the definitions of land change processes are less complex than those in CLC.



The results of land change analyses depend on spatial resolution (more detailed data bring more changes, as was noticed from a comparison of CLC with the Landsat data), temporal resolution (if the time periods are too long, some areas could survive more changes) and thematic resolutions of the data sources. The definitions of the analysed land change processes need to be considered as well. The definition of agricultural land abandonment is vague and dependent on approach and on context for different studies [22]. Some studies [8,73] use exclusive definitions of the process, where one type of land cover/land use change could be the subject of one process (for example, change of arable land to an urban area is exclusively defined as urbanisation, while it could be also defined as agricultural land abandonment). This must be considered when interpreting the analytic results of landscape changes.



For our analysis, we used data from historical maps and historical land-cover models as well as the data derived from optical remote sensing products. The use of additional data sources like historical cadastral data [70,81] or pollen data [82] could reveal more information about the historical development of agriculture. The recent agricultural land abandonment could be also analysed from available global land cover products like MODIS Land Cover [83] or from LiDAR data [27,84].




5. Conclusions


In this study we compared different nationwide multi-temporal spatial data sources and analysed the cropland area, cropland abandonment rates and transformation of cropland to other land cover/land use categories in Slovakia. We combined the information from different datasets to obtain an overall picture of long-term cropland abandonment in Slovakia.



The comparison of investigated datasets with the detailed cropland data from the Land Parcel Identification System showed that most accurate dataset is the Historic Carpathian Land Use dataset. The CORINE Land Cover dataset and data derived from Landsat images overestimates the cropland area, but the Landsat data are more accurate.



The Historic Carpathian Land Use dataset (CHLUD) is most reliable for long-term land change analyses. This provides an average of 19.65 km2/year cropland abandonment in 1836–1937 and 154.44 km2/year in 1938–1955. The average abandonment rate for 1956–2012 is 140.21 km2/year, but this average includes the increased abandonment following transition to the market economy after 1989. Here, the Landsat data records 142.02 km2/year for 1985–2000 and 89.42 km2/year for 2000–2010, but it does not include urbanisation and maps only a minor part of afforestation. Therefore the total abandonment rates for 1985–2010 are most likely 20–40% higher than CHLUD records. In contrast, the 290.8 km2/year abandonment for 2000–2010 recorded by the HILDA model appears overestimated and the 49.9 km2/year for 1990–2000 is under-estimated when abandonment associated with the 1989 market economy is considered. The CORINE Land Cover data show substantially lower values due the low sensitivity to land cover changes and are not suitable for quantification of the land cover changes. The advantage of CORINE Land Cover is the high thematic and temporal resolution; therefore, it is suitable for mapping the spatial distribution of land cover changes and the relative magnitudes of changes.



Total cropland area increased during the 19th century and the first half of the 20th century, but then decreased after the Second World War and the transition to communism. This was followed by a greater decrease after the 1989 transition to the market economy. The different datasets vary in their estimates of cropland area as follows: the HILDA model has 14,024 km2 for 2010; the Carpathian Historic dataset records 13,536 km2 for 2012; the Landsat has 16,199 km2 for 2010; the CORINE Land Cover has 20,675 km2 for 2012. In addition, the Land Parcel Identification System, which is a precise database based on interpreting aerial images for the allocation of agricultural subsidies, registered 14,506 km2 of cropland area in 2011. Different investigated data sources record varying percentages of land cover/land use transformation in different periods, but the recorded transformations are mostly from cropland to grassland. The Carpathian Historical Database allocates transformation to different categories, with 49% conversion to grassland, 34% to forest and 15% to urban areas. The CORINE Land Cover data show increased urbanisation in last years; however, the 61–88% urbanisation seems to be overestimated.



The long term land cover/land use data based on vectorization of historical digital sources has proven more reliable than the data based on modelling. The historical sources are limited by their availability in certain time steps. The potential for improvement is the digitalization of other existing data sources (for example, in Slovakia, the aerial photos from half of 1960s and the end of 1980s are not digitized). However, there will be still gaps for certain, especially older, time periods; this provides an opportunity for the modelling techniques. The recent data based on classification of satellite images are detailed and precise, but limited in their thematic resolution. With the advances in remote sensing sensors and techniques, the quality of remote sensing products continues to improve, and feature datasets will be more applicable for detailed land change analyses.
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Figure 1. Selected area of the map of cropland abandonment rates visualised from four different data sources: (A) Carpathian Historical Land Use Dataset (CHLUD), (B) Historic Land Dynamics Assessment (HILDA), (C) CORINE Land Cover, and (D) Landsat dataset. Bottom maps: Area of Slovakia and selected region. Maps covering all of Slovakia are contained in Supplementary Figures S1–S4. 
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Figure 2. Cropland area reported by analysed land use/land cover data sources. 
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Figure 3. Cropland abandonment rates analysed from the land use/land cover data sources. 
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Figure 4. Changes in cropland area analysed from the land use/land cover data sources. Bottom axis: year, left axis: magnitude of cropland change to other land cover/land use category (km2/year). 
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Table 1. Land cover/land use class changes considered as cropland abandonment.






Table 1. Land cover/land use class changes considered as cropland abandonment.





	
Data Source

	
Land Cover/land Use Classes Included in Cropland Area

	
Change in Land Cover/Land Use Class Mapped as Cropland Abandonment






	
HILDA

	
Cropland

	
Settlement




	
Forest




	
Other Land




	
Water




	
CHLUD

	
Agriculture

	
Urban/Built-up




	
Grassland and Shrubs




	
Forest




	
Wetlands




	
Water




	
Bare Land




	
CORINE Land Cover

	
Arable land,

Permanent crops,

Heterogeneous agricultural areas

	
Artificial Surfaces




	
Pastures




	
Forest and Semi-natural Areas




	
Wetlands




	
Water Bodies




	
Landsat

	
Cropland

	
Grassland




	
Forest
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Table 2. Comparison of cropland area derived from the analysed datasets with the reference data from Land Paracel Identification System.






Table 2. Comparison of cropland area derived from the analysed datasets with the reference data from Land Paracel Identification System.












	
	HILDA
	CHLUD
	CORINE
	Landsat





	Overlay
	9867 km2
	2693 points
	13,823 km2
	12,251 km2



	Commission
	4157 km2
	691 points
	6852 km2
	1865 km2



	Omission
	4318 km2
	
	361 km2
	1931 km2
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 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
)
LN

25,000

EINEAOQIS JO %

o o o o
< o N —i

=@ andsat

=@ CLC

—=o—H|LDA
—=o-—CHLUD

20,000

A

5000

o
S
<
LN
i

10,000

-Wy|) eale puejdou)

o

SG10¢
0T0C¢
S00¢
000¢
G661
0661
G861
0861
SL61
061
G961
0961
G961
0s61
Sv6l
ov6l
Geol
0t6l
61
061
G161
OT6l
G061
0061
G681
0681
G881
0881
GL8T
0481
G981
0981
G981
0681
SY81
Ov81
GESBI





nav.xhtml


  land-10-00334


  
    		
      land-10-00334
    


  




  





media/file2.png
S ] ]
@ @
@ & &
| cropland in 1900
I Abandonment in periods]
I 1900 - 1910
- I 1910 - 1920
| 1920 - 1930
@
] 1930 - 1940
1940 — 1950
@ ® ® @
1950 - 1960
® ® ° 1960 — 1970
1970 - 1980
cropland in 1836
Abandonment in periods 1980 - 1990
1836 — 1937
* 1937 - 1956 i
® 1956 — 2012 2000 - 2010
i | g !
7. |P 4
J &~ - | &
Nl R R
L] pe X - A =
- ~ v ‘.
Y ’, -
¥ s
- : v -
A ~ ¥ j g »
¥ L 2 . 3
> a
N = -
‘ s L > a
£) S
. S
cropland in 1990 7 :
bandonment in periods: s DT ) || cropland in 1985
1990 - 2000 Abandonment in periods
2000 - 2006 > 5% 4
) 1985 - 20
2006 - 2012 s = o
2012 - 2018 Kl i ‘ I 2000 - 2010
[ il 0 2.5 5 Fa 10 Km
{ ; | | | | |






media/file5.jpg
eNfenols 4o °%
~Nouwema oo

Lo% o8t
333y 1
Y1y SS8T.
P

ov8T

gggs°
/;uny) eaie pauopueqy

\m‘





media/file3.jpg
25,000

enpenols o5

——CHLUD
—e—Landsat

——clc

—e—HILDA

15,000
10,000
5000

(cwn) ease pueidos

o

stoz
o0
00z
0002
661
0661
861
0861
61
oz61
5961
0961
5561
ose1
Sv6T
ovet
se61
og61
sz61
o6t
ST61
otet
061
o061
681
0681
88T
0881
SI8T
ozst
5981
0981
5581
o881
V8T
ovsT
SesT





media/file1.jpg





media/file7.jpg
0 HILDA

30
50

R isivy

ac

o O——
ot waers

B EELEELER R ELE R
B e Landsat
®

ey
2008





media/file0.png





media/file8.png
350
300
250
200
150
100

50

150

100

50

20

10

150

100

50

B Forest
Grassland
M Settlement
LN LN LN LN LN N wun wun wmLwmuwLwLwLwLwLwLwmLwm wn
N <t 1N O N0 OO O 1 &N N < 1N O INOO O O -
O O O O O O O O OO OO OO OO OO OO OO OO0 oo O O
™ =~ = o A A A A A A A A A A A = — N
m Water
Wetlands
B Forest
Grassland and shrubs
B Urban/Built-up
LN N N wn wmn wmLwLwLwLwLwLwLwLwLwmLwmuwmwuwmwn
N <t 1N O N00 OO O 1 &N N < 1N O INOO O O -
O O O O O 0 0O O OO O OO OO0 O OO0 OO O OO0 ©O O
™ = o = A A A A A A A A A A A A = N
M Urban Fabric
B Industrial, Commercial and transport units
Mines, dumps and construction sites
Artificial non-agricultural vegetated areas
Pastures
B Forest
W Scrub and/or herbaceous veget. associations
B Continental waters
LN LN N LN N wmn wmwLwLwLwLwLwLuwLwLwLwLuwmLwn wn
N < 1N O N0 OO O 14 AN NN <t 1N O N0 O O -
O GO O OO O O O O OO OO OO OO OO O OO OO0 OO O O
™ o o = o =~ A == A A A A A A A A = N N
Landsat
M Forest
Grassland
LN N N N L wmwwmwmLwmLwLwLwLwLwLwmLwLwmLwmwn
N < 1N O N0 OO O 1 N NN < 1N O INOO O O -
O GO O OO O O O OO OO OO OO OO OO OO OO OO o0 O O
™ o =~ = = A =—H A A A A A A A A = = N N





media/file6.png
350
300

EINBAOIS 4O °%
N O 1D S M N+ O

=@==| andsat

== (CLC

—=@=—=H|LDA
== CHLUD

)
LN
N

(1eahA/,w

o
o
N

y) e

o
LN
—

oJ

ST10¢
010¢
S00¢
000¢
G661
0661
G861
0861
Gl61
061
G961
0961
Gs6l
0561
Svel
ov6l
Ggeol
0€e6l
Géoel
0cel
G161l
Ote6l
G061
0061
G681
0681
G381
0881
G/L81
0/81
G981
0981
GG81
0581
S8l
Ov81
GEST

o O O
05
1

e pauopueqy





