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Abstract: The social, political and economical driving forces behind land use change in Central and Eastern
European countries, such as land privatisation and EU-membership are well documented. However, there are
few studies that examine the possible role of environmental characteristics such as soil quality in land use
change, and most of these studies keep a marginal importance of the environmental factors on the land use
change. The objective of this study is to investigate the regional scale relationship between soil quality and
land use change before (1981-1990), during (1990-2000), and after (2000-2006) the land privatisation in
Hungary. The Lake Balaton catchment was selected as a study area for such analysis because of its rapidly
changing historic landscapes which are well-documented in terms of data availability. Historic land use data
were obtained from military topographic maps (1981), CORINE land cover maps (1990, 2000) and satellite
images (2006) at 1:100,000 scale. The National Soil Quality Evaluation System (NSES) is used for
representing soil quality by ‘soil quality scores’ that lump various soil parameters such as organic matter
content, soil texture and erosion level, derived from regional soil mapping. GIS methods were used to
analyse, verify and evaluate soil quality and it is connection with the agricultural land use change. Results of
this study show that soil quality has a relevant role in shaping rural landscape patterns in Hungary. It is
demonstrated that the soil quality acts as a location factor in the case of arable land use change between 1981-
1990. In this period, arable lands have been moved to areas where the best soils were found. Models that are
used to predict future land use changes should therefore take into account the change patterns (arable land
migration) described in this paper. Results also show that spatial land use change can be linked to the pattern
of the complex NSES soil quality scoring systems.
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rural landscape

1 INTRODUCTION

The social, political and economical background
of land use change in Central and Eastern European
countries, such as the transition to market economy,
land privatisation and EU- membership are well
documented (Bicik et al., 2001; Krausmann et. al.,
2003; Lipsky, 1995). Recent studies showed that
agricultural land use change patterns have similar
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trends in most of the Central and Eastern European
countries (Feranec et al., 2000). After the
collectivisation period, the intensive, productivist
agriculture has been introduced, with high level use of
fertilisers and artificial manure. An increased
competition in an open agricultural market resulted in
an extensification of agricultural practices (Van Dessel
et al., 2008) or even land abandonment in peripherical
regions with poor farming conditions after the socio-



economic transition. The agricultural core regions of
Central and Eastern Europe are, however,
characterised by a further intensification of the
agricultural practices.

It is at present not clear that the spatial pattern of
the recent, intensified agricultural land use changes
can be connected or not with the soil quality. Bakker
et al. (2005) Podmaniczky et al. (2009), and Lambin &
Geist (2006) reported that soil degradation, especially
soil erosion, would be a limiting factor of the
agricultural land use, but the investigated study area is
a Greek island, where the level of soil erosion is very
high, and this process dramatically reshaped the
frontiers of the agricultural land use.

In Central and Eastern Europe very few studies
investigated the role of environmental factors such as
soil quality, on the rural land use change patterns in
regional scale.

Hietel et al. (2004, 2005) in the German
marginal rural area at the local scale found that, in
times of major land use changes, the physical
attributes (soil texture, elevation, available water
capacity) are correlated with land cover. Results of
Hersperger & Birgi (2008) showed that the natural
factors are not important for agricultural
intensification. Lowicki (2008) concluded that the
environmental factors were of marginal, insignificant
role on the spatial configuration of the landscapes
under the Polish land privatisation.

An insight in the mechanisms of land use
change in Central and Eastern Europe is, however,
essential to understand the regional-scale soil-land use
interactions of the past and to develop appropriate
tools for integration into the EU agricultural and land
management policies.

Bakker et al. (2005) showed that land use
change patterns in the semi-arid Mediterranean areas
are to a large extent controlled by the level of soil
erosion. In Central and Eastern Europe very few
studies investigated the role of soil quality that could
control land use change patterns (Bakker et al., 2005).

In order to evaluate the significance of the soil
quality factor in land use change processes, recent
land use changes are analysed in a typical rural,
agricultural landscape in Eastern Europe in the Lake
Balaton catchment in Hungary.

Lake Balaton, the largest lake in Eastern
Europe, is a recreational area of international
significance (Szilassi, 2002) which puts the protection
and management of its environment high on the
agenda of regional, national and European policy

makers. Lake Balaton is considered to be one of the
most environmentally sensitive areas in Hungary
(Huszar et al., 1999; Jordan et al., 2005; Kertesz, et
al.,, 1997). Soil degradation due to intensive
agriculture in the catchment results in an increasing
sediment yield into the lake (Jordan et al., 2005; Van
Dessel et al., 2008) The objective of the long-term
environmental management in the Balaton catchment
is to develop an optimal land use pattern that
minimises erosion and soil degradation (Szilassi et al.,
2006) in order to protect lake water and ecological
quality.

In this study the relationship between soil
quality expressed by National Soil Quality Evaluation
System (NSES) soil quality scores and land use
changes before (1981-1990), during (1990-2000) and
after (2000-2006) the political-economic transitions in
the Lake Balaton is investigated.
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Figure 1. A. Topography of the Lake Balaton catchment
study area, also showing relief by a shaded relief model in
the background. Inset: location of the study area in
Hungary. B. Land use map in 2006 of the Lake Balaton
catchment.



2 STUDY AREA
2.1 Physiography

Lake Balaton is located in the Transdanubian
region of western Hungary (Fig. 1). The total
catchment area (including the lake itself) is 5,775 km?
with elevations ranging from 104m to 599m a.s.l. The
northern part of the catchment is a hilly area
characterised by Permian red sandstone, Pliocene
basaltic volcanic masses and Triassic carbonate
sediment series.
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Figure 2. A. The soil map of the Lake Balaton
catchment (MTA TAKI 1990). B. The Soil Quality Score
Map of the study area (MTA TAKI 1990). Note the higher

soil quality scores in case of the loess areas with
Chernosiem soils in the southern catchment and in the
alluvial basins

Tertiary clastic sediments, primarily sandstone,
are the main rock types in the southern part of the
catchment. Quaternary deposits consist of wetland
sediments in the majority of the contributing sub-
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catchments, while slope-foot scree, alluvial sediments
and Pleistocene loess in valleys are characteristic in
the whole catchment (Budai, & Csillag, 1999; Jordan,
2003; Jordan et al., 2003).

Due to variable geological, morphological and
hydrological conditions, soil types and soil quality
show a great variety and spatial diversity (Fuleky &
Major, 1993). The most productive soils are associated
with fluvisols covering the alluvial fans, and also in
valley bottoms in the southern part of the catchment
(Figs 1b 2a, b). Loess areas with chernosiem soils also
have high soil productivities. On the hill tops and
slopes of the hilly northern part of the catchment a
lower soil quality is found, especially on strongly
eroded cambisols. Low soil quality is also typical for
the lithosols associated with Triassic carbonate rocks
(rendzina) and Pliocene basaltic rocks (ranker) in the
north (Fig. 2a).

The climate has a typical temperate wet
continental character with long-term (50 years) annual
mean temperature of 9.5-9.7 °C, an annual mean
precipitation of 650-680mm, and with an annual 1960-
1980 hours of sunshine (Marosi & Somogyi, 1990).

2.2 Agricultural soil quality of the study area

The soil characteristics of Hungary were
mapped between 1978 and 1980 at a scale of
1:100,000 scale (MTA TAKI, 1990). Soil parameters
are represented by classes defined by numerical
intervals or descriptive notes according to the National
Soil Mapping Standards. The soil factors determining
the agro-ecological potential, and the land suitability
for agroecology is also represented in the map by so
called ‘soil quality scores’ (Varallyai, 1985, 2005).
‘Soil quality scores’ were derived according to the
National Soil Evaluation System (NSES). This method
ranks soil quality on a scale of 100. The theoretical
maximum score is 100. The quality score of a soil type
is assessed by subtracting values from this maximum
score depending on 17 measured parameters such as
the observed humus content, soil pH, carbonate
content, salt content, thickness of soil, the observed
soil degradation status in the field, etc. (Varallyai,
1985, 2005). In this way, soil parameters are
transformed into terms of “soil quality” which can be
interpreted as “agricultural soil fertility’ (Fuleky &
Major 1993). The final map shows soil quality scores
in 10 equal classes (Fig. 2b). The scoring of the
National Soil Quality Evaluation System was used
successfully  countrywide contributing to the



development of one of the most productive
agricultural systems in Europe (Domsodi, 2007).

The Lake Balaton catchment study area is
dominated by middle (40-50) and the (20-30) soil
quality scores (Tab. 1). The highest quality scores (70-
80) are found on fluvisols which cover the alluvial
fans of the main River Zala, and also on the bottoms
of the southern valley in the south (Fig. 3). Loess areas
with chernosiem soils are represented also by
relatively high quality scores (60-70). On the tops and
on the slopes of the hilly northern sub-catchments
lower quality scores (20-30) are found associated with
strongly eroded cambisols. Also, low quality scores
(<20-30) are typical in case the lithosol (rendzina and
ranker) soils found over carbonate and basaltic rocks
in the north, respectively (Fig. 2a).

3 MATERIALS AND METHODS

3.1 Quantifying the main trends of land use
changes connected to the socio-economic changes

Statistical census items of land use are available
for of the (386) settlements administrative border in
the Balaton catchment, and from the total area of
Hungary from 1895, 1913, 1935, 1962, 1971 and 1984
years (Nemeth, 1988). All of the main land use types
(arable land, and forest) data of settlements have been
summarised for the total cathment area, and the
percentage of the land use categories has been
calculated. The 1990, 2000, and 2006 land use data of
the Balaton catchment are based on the CORINE land
cover maps.

The percentage land use change of the total area
of Hungary has been calculated based on the yearly
statistical data of Hungarian Central Statistical Office
for 1895, 1913, 1935, 1962, 1971, 1984 1990, 2000,
and 2006 years.

The obtained data has been compared with the
main economic changes of Hungary such as land
collectivisation (1949-1962), land privatisation (1990-
1997), and EU membership (2004).

3.2 Land use mapping

For the analysis of land use pattern in the
communist period (before 1990) the 1:100,000 scale
National Military Topographic Map made in 1981 was
digitized (ArcView, 2002). Land use patterns in the
transitional period (1990-1996) and in the market
economy period (1996-2004) were derived from the
CORINE CLC 100 digital land cover data from 1990
and 2000 (FOMI 2005). The CORINE land cover
classification (Heymann et al., 1994; Perdigao &
Annoni, 1997), was converted to the less detailed land
cover categories in order to be compatible with the
military topographic map from 1981 (Table 1).

Finally, a land use map for 2006 depicting the
situation after the EU-accession of Hungary in 2004
was generated based on the LANDSAT 5 TM satellite
images (FOMI, 2007). Although all the above data
sources refer to land cover, the “arable land cover”
category, the very subject of the present study, is a
well-defined land use type (Vuorela, 2002). Therefore,
the use of land cover data for the present agricultural
land use analysis is justified.

Table 1. Generalization of the CORINE CLC 100 land cover classes into land use categories used in this study. For
descriptions of CORINE CLC 100 codes and classes see (Heymann et al. 1994. Perdigao and Annoni 1997)

Land Use Classes on the Military Map (1981) CORINE CLC 100 Code (1990, 2000)
Settlements 111,112,121, 122,124, 141
Mining area 131, 132,133

Recreation area 142
Arable land 211,243
Vineyard 221,242
Orchard 222
Meadow, Pasture 231, 321
Forest 311, 312, 313, 324
Swamp, Wetland 411, 412
Lake 512
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3.3. Spatial analysis

In order to calculate the proportion of arable
lands for various soil qualities, the soil quality score
map (Fig. 2b) was overlaid by the land use maps (Fig.
1b), and the area of arable lands, and its
transformations into other land use types was
aggregated for each soil quality score class (10
classes; see Fig. 2b). In this way the total area of the
arable lands for each of the ten soil quality score class
could be calculated. The procedure was carried out for
the four available land use maps (1981, 1990, 2000,
2006). Next, the change of the area of arable lands
within each soil quality score class was calculated in
order to evaluate whether certain soil qualities control
the spatial pattern of land use change. In order to
standardize the observed changes, the total area of the
arable lands in 1990 was divided by the total area of
the arable lands in 1981 within each soil quality score
category. So each percentage of change refers to the
total area of the arable lands in the initial 1981 year
within a specific soil quality score class. This
procedure was repeated for all the successive land use
maps (1981-1990, 1990-2000, 2000-2006) reflecting
changes from the communist period to the transitional
period and from the transitional period to the market
economy period.

A final indicator for the arable land use changes
between successive time periods within each soil
quality category (see Figs 4a, 4b and 4c), was
calculated using the following formula:

TAL —-TAL
) Y
Lue, = —=—L} x 100
I "2 TALt
I
SPSIO

where:

LUC (land use change): the total change of the
area of arable land within each soil quality categories
between two successive periods t; and ty,

TAL (total arable land): the total area of
arable lands within each soil quality score category in
the t;, and t, succesive periods (1981, 1990, 2000 and
2006),

-20,....90-100

SPS: the ten soil quality categories (10-20, 20-
30,..., 90-100).

For verification purposes, the percent change
of some land use transformations (see Figs 5a,b,c and
6a,b,c) was calculated according to the following
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formula;

TRL, ,
- L2 Bx100
L — ] — ! =
UCi. ¢ TAL
: SPS

where:

TRL (transformed land area): the area that was
transformed from arable land to forest, pasture,
meadow and vica versa, or from arable land to
industry, roads, and built up area.

10-20.....90-100

4. RESULTS AND DISCUSSION

4.1 General trends of the main land use
changes, and socio-economic background

Agricultural activities have been ongoing in the
Lake Balaton catchment since the Roman times
(Szilassi, 2000). The dominant land uses have been
arable land, vineyards, orchards, pasture and forest
(Jordan et al., 2005). Just like in the rest of the
country, the area of cultivated lands (mainly arable
lands) was increasing from 1854 (first census data
available) to the 1930s in the catchment (Szilassi,
2003) (Fig. 3).
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Figure 3. The trends of the main land use changes in
Hungary and in the Lake Balaton cathment in the 20th
century based on statistical data (Nemeth 1988), and on the
CORINE Land Cover maps (FOMI 2005). 100% is the total
area of the country and of the Lake Balaton cathment,
respectively. See text for details.

In the 1930s, spatial pattern of orchards changed
dramatically as the lake became an important touristic
resort triggering a three-fold increase of orchard area



(from 0,4 % to 1,3 %) in the lakeside zone (Szilassi,
2007). At the same time, increase of the number and
decrease of the size of the arable land parcels were the
main processes (Szilassi et al., 2006). Due to the
introduction of a centrally directed economy and the
modernisation of agrotechnology, lands were
collectivised and large-scale agricultural technologies
were introduced in the 1960s. As a result, large
homogeneous parcels were developed and the spatial
landscape variability was dramatically reduced
(Fuleky & Major, 1993). The high level use of
fertilisers and chemical manure also has been
introduced. During this period the main land use
changes were the decrease of the total area of arable
land and the increase of forested areas as a result of
the reforestation of former arable lands. These trends
were in perfect harmony with changes in the rest of
Hungary (Fig. 3). Due to the land privatisation since
the transition to market economy in the 1990s, there
has been an increase of uncultivated areas, particularly
in areas of labour-intensive vineyards. Parallel with
this process, the use of fertilisers and chemical
manures strongly decreased. However, the decrease of
arable lands has become slower than prior to
privatisation (Fig. 3). Because of the lack of a
harmonised land management, the land use pattern
became heterogeneous and spatially fragmented
(Csorba, 2000; Jordan et al., 2005; Kovacs, 1999;
Loczy, 2000; Mezosi et al., 1996; Szeles, 2005), (Fig
1b). New landowners are often temporary residents for
touristic purposes, mainly at the shoreline settlements
of Lake Balaton.

4.2 Spatial analysis of agricultural land use
changes

In the period between 1981 and 1990, the total
area of arable lands was stagnant changing from 35 %
to 34 % in the Lake Balaton catchment study area
(Fig. 3). More interesting is, however, that in this
period the total area of the arable lands decreased for
each soil quality category (Fig. 4a), but there is a great
diversity in the magnitude of the changes. The highest
level of decrease (49%, 190 ha) was detected for the
lowest soil quality score category (scores 0-10), while
decrease was the lowest (8%, 43 ha) for the best soils
(scores 80-90) (Fig. 4a). In fact, there is a
consequently decreasing trend from the poorest to the
best soils across the ten soil quality score classes (Fig.
4a). This indicates a very systematic land use change
mechanism which avoids the use of poor soils for
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arable lands while keeping areas with the best soils for
this land use type.
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Figure 4. Total change of arable lands (%) in each soil
quality score class between 1981-1990 (A), 1990-2000 (B),
and 2000-2006 (C).



This fact, together with the above findings,
points out that the spatial distribution of arable lands
in this period became more concentrated to areas with
soil conditions that are the most suitable for arable
land cultivation. In this high period of centrally
planned and directed economy arrangement of
agricultural lands were defined by the scientifically
based agricultural suitability of cultivated areas and by
national interest, irrespective of private interest and
free market needs.

In the period 1990-2000, there was no
significant change of the arable lands in the lake
Balaton catchment. The total arable lands in Hungary
also remained stagnant with a slight decrease from 51
% to 48% (Fig. 3). It is interesting to see the pattern of
change of arable lands among the various soil quality
areas. In case of the lower quality score classes (scores
10-20 and score 30-40) there was a total 4.7% (567
ha) decrease of arable lands (2.5% (370 ha) and 2.2%
(197 ha), respectively). At the same time, for the
higher quality score classes (scores 60-70) the
aggregated area of arable lands increased by 5.2% (50
ha) (Fig. 4b). It is well documented that the
agricultural suitability of the cultivated area was an
important factor for the new landowners during the
privatisation period (Szilassi et al., 2006), however,
not to the extent of the previous centrally planned and
directed economy period.

After land privatization, between 2000 and
2006, as the economy had been stabilised and
agricultural lands had been privatised, agricultural
activities were revitalised and food production on
arable lands recovered to levels close to the period
1981-1990 (Szilassi, 2007). The total area of the
arable lands did not change in the catchment this time
(Fig. 3). The observed very small 1-2% changes are
insignificant in all soil quality categories (Fig. 4c).

Land ownership, agricultural land use, subsidies
and market conditions had stabilized in this most
recent time of EU membership.

4.3 Verification of the results

In order to verify that soil quality really acted as
a land use change in the study area int he period 1981-
1990, land use transformations that do not depend on
soil properties were considered. Areas which
transformed from arable land into paved roads, built-
up, industrial or mining areas were selected. If no
significant relation were found between this type of
‘soil-independent’ land use changes and soil properties
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the findings described above could be strengthened.
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Figure 5. Verification of soil quality control on arable land
use changes. The percentage change of the arable lands
transformed into paved roads, built-up, industrial and
mining areas in each soil quality score class between 1981-
1990 (A), 1990-2000 (B), and 2000-2006 (C).

The Fig. 5a, b and c) suggest that there is no
relation between soil quality and the selected land use



change types: arable land use changes for all soil
quality categories remain low (<2% but mostly <1%)
for all time periods and for each soil quality category
(Fig. 5.a, b, c).

Between 1981 and 1990, the highest soil quality
score class (scores 50-60) witnessed the highest
(1.5%, 811 ha) and the lowest soil quality score class
(scores 0-10) witnessed the lowest (0.5%, 1.6 ha)
reduction of arable lands. The small change can be
explained by the expansion of roads, built-up and
industrial areas, as documented by socio-economic
studies of the Lake Balaton region (Szilassi, 2007).

Between 1990 and 2000 the percentage of the
transformed areas are similar and all very low (~-
0.1%, 15-85 ha) in every soil quality score classes
(Fig. 5b). Between 2000 and 2006 the percentage of
the transformed areas are also very low (<2.4%, 10 ha)
(Fig. 5c). These all show that this type of land use
transformation is not related to soil quality at all and
they occurred randomly in contrast to the land use
changes shown in the preceeding discussion.

5. CONCLUSIONS

A spatial analysis of past land use changes and
soil characteristics indicated that spatial pattern of soil
quality in the study area has played an important role
in land use changes in 1981-1990. A relationship was
found between soil quality and changes in the spatial
pattern of the main characteristic land use type, arable
lands. The impact of soil quality on land abandonment
and land cultivation was observable between 1981 ad
1990 because under the collectivization period the
main trend was the decline of the arable lands on poor
soils under a very well-planned and systematic land
use management. During the land privatization in the
period 1990-2000, the new landowners also based
their decisions on soil properties (Van Dessel et al.,
2008). However, fast changing and diverse
landownership,  financial capabilities of the
landowners and market interests overprinted this
tendency in the transitional period. After the
privatization period and EU membership between
2000 and 2006, the spatial patterns of arable lands
stabilized and little changes occurred.

Based on the results it can also be concluded
that the complex soil evaluation methods, the soil
guality scores, are good indicators of agrarian
suitability of soils when they were systematically used
in land use planning in 1981-1990.
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