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ABSTRACT

Shrub encroachment and agricultural intensification have been a widespread
occurrence in the former communist and socialist countries of Central and Eastern Europe.
Such changes have strongly affected grassland areas which are seen as hotspots of
biodiversity in Europe. In this study we have investigated the changes in grassland cover as
well as the causal mechanism of those changes in a selected region in Northern Croatia during
the post-socialist transition. By using the mixed methods approach we combined remote
sensing, statistical modelling and a household-based questionnaire (n=285) to map the
changes in the grassland cover and to assess the socio-economic and bio-physical contributing
factors of the documented changes. The results demonstrate that areas seeing general
depopulation trends and population ageing, along with increases in the amount of educated
people are characterized by shrub encroachment and farmland abandonment, while flatlands
and lowland areas are seeing higher rates of grassland to farmland conversion. The results
also show that the partial de-agrarization characteristic for the socialist period has become a
full de-agrarization in the post-socialist period, with the main impetus being education, rather
than employment, as was the case during socialism.
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e We analysed the drivers of grassland change in the post-socialist period
e Socio-economic changes during economic transition have affected livelihood strategies
e Grasslands have lost their function due to disappearance of pasturing practices

eTraditional values still play an important role in preserving landscape characteristics



1. INTRODUCTION

Agricultural landscapes have been changing rapidly in Europe in the last 50 years as a
consequence of different environmental, demographic, economic and political trends. The two
most common processes of change in agricultural land use are the abandonment of
traditionally managed farmland and the acquisition of a modern regime of agricultural
management (Gerard et al. 2010; Osawa et al. 2013; Regos et al. 2015, Caravelli 2000;
MacDonald et al. 2000). The consequence of both has been the dramatic reduction of
grassland areas in many parts of Europe. Grassland areas have either been transformed into
arable fields due to intensification, or, as part of the process of abandoning grazing and
mowing, they are increasingly being encroached upon by shrubs and forests (Hellessen and
Levin 2014; Meshinev et al. 2000; Vassilev et al. 2011, Tasser et al., 2007). Evidence of this
has been documented in parts of the Iberian Peninsula, the Alps, and along the Mediterranean,
as well as some areas of Northern, Central and Eastern Europe (Diogo and Koomen 2012;
Maestre et al. 2009; Komac et al. 2013; Biro et al. 2013; Rutherford et al. 2007; Zimmerman

et al. 2010; Vigl et al. 2016).

A positive impact from such changes in land use and land cover can be seen in relation
to forest succession — declines in fragmentation of habitats and increases in undisturbed
habitats (Pazur et al. 2014; Kuemmerle et al. 2010), reduced erosion (Renwick et al. 2013) or
mitigating climate change through increased carbon sequestration (Silver et al. 2000).
However, the preservation of grassland areas is crucial to biodiversity in agricultural
landscapes. An estimated 50% of all species in Europe depend on extensively managed
habitats such as grasslands (Helessen and Levin 2014). Moreover, the increased rates of shrub
encroachment which are a direct result of agricultural abandonment, lead to an increased risk

of fire (Pavlek et al. in press; Nunes et al., 2005; Martinez et al., 2009) as well as changes in



the landscape and potential loss of its cultural-historic values (Barankova et al. 2011,

Shucksmit and Rgnningen, 2011).

The rates of land use change observed in the former socialist countries of Eastern and
Central Europe have been especially high (Pazur et al. 2014; Muller et al. 2013; Cvitanovi¢ et
al. 2016, Lieskovsky et al. 2015; Véclavik and Rogan 2009; Taff et al. 2009; Baumann et al.
2011; Skokanova et al. 2016). The rapid political changes which took place in these countries
have completely transformed their economic policies and markets. The process of restitution
of nationalised properties was started, and a number of obsolete industries collapsed, resulting
in increased unemployment. The restitution of properties along with the reduction of state
interference and input into agriculture left its mark on both the structure and size of
agricultural properties which in turn influenced land use outcomes, resulting in large tracts of

land being abandoned in a relatively short period of time (Mller et al. 2013; Lerman 2001).

Political driving forces had an important role in those processes, i.e. the afore-
mentioned withdrawal of the state from the agricultural sector and the individualisation of
land use. There are, however, notable exceptions to this process. After the end of the Second
World War the communist government of Yugoslavia had several attempts at collectivization,
but the practice of collectivism was abandoned by the end of the 1950s and between 81% and
89% of agricultural land ended up back in private hands (Bi¢ani¢ 2010; Orazem, 1989). Thus,
since 1950s the organization of Yugoslav agriculture has been bimodal, consisting of a
socialist sector and private farming sector. Socialised agricultural enterprises encompassed
less than 20% of land but had access to agro-technical services and agricultural subsidies,
used nearly 40% of the total amount of mineral fertilizer and significantly contributed to
production of wheat, rye, barley, corn and oats for the Yugoslavian market. On the other
hand, private subsistence farms were mostly focused on household needs rather than to the

market. They also received subsidies, but only under special circumstances and on a much
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lower level (Orazem 1989). Furthermore, farmers with farms close to agricultural maximum
in size (10 ha) were precluded by law from purchasing or leasing smaller holdings which

could make the use of modern technology more economical (Orazem 1989).

Such policies resulted in the decay of the Yugoslavian agricultural sector. Rapid
industrialization was favoured over agricultural development, which resulted in massive
emigration from rural to urban areas, causing a sharp decrease in agricultural employment
(Allcock 2000; Luki¢ 2012). This trend of rapid decrease of agricultural population continued
in the following decades. The land itself, however, was not abandoned to a large extent.
Persisting difficulties in providing adequate urban housing made it impossible for the people
working their new urban jobs to completely abandon their rural residences. These so-called
“peasant-workers” undertook commutes from rural areas to urban centres (Allcock 2000;
Vresk 1972). This provided the foundation for sustaining the small land-owner structure and a
traditional agricultural landscape created through the reforms after the Second World War. An
important role in maintaining the relative stability patterns of land holding over the entire
socialist period was played by the development of tourism which took off in the 1970s,
especially in Croatia, one of the six constituent republics of Yugoslavia. The impact of
emigrant remittances is not to be discounted either. The 1980s saw more than a million
privately owned estates smaller than 2 hectares with an additional 1.3 million in the 2-10
hectare category. The mixed pattern of private agricultural management is also apparent from
the fact that in 1981 only around 25% of Croatian households made a living solely from their
agricultural income, and only 25% made their living solely from their non-agricultural income
(Allcock 2000). However, although limited, research dealing with agricultural abandonment
in Croatia during socialism has shown an increase in grassland areas in latter periods of
socialism, mostly due to previously mentioned processes of de-agrarization, de-ruralization

and subsequent migration to cities (Crkvenci¢ 1981; Vresk 1972). Abandoned land (i.e.



grasslands) was often termed ‘“social fallow” (Hartke 1953) signifying the importance of

social changes in land use and land cover changes.

After the break-up of Yugoslavia in 1991, the management of agricultural lands,
including grassland areas, was not faced with problems of restitution, but still it went through
the process of adapting to the new economic circumstances. Managed grasslands as a base for
livestock had to deal with numerous unfavourable characteristics inherited from the socialist
era — land holdings were mostly too small to sustain any form of commercial agriculture and
had, on average, a very small number of cattle (< 2) per agricultural household which were
kept in inadequate facilities. The lack of agricultural subsidies in the newly liberalized market
had a further impact on changes in the traditional forms of agriculture, but to a lesser extent

(Todorovi¢ and Drobnjakovi¢ 2010; Feldhofer and Denes 1997).

This raises an important question about how the economic and demographic changes
as well as bio-physical characteristics have influenced grasslands and grassland management
in the post-socialist era. The data from the Croatian Environmental Agency (CEA) based on
the Corine Land Cover gives us some information on changes in the land cover in Croatia
during the studied period. According to CEA (Voca 2014), the areas consisting of grasslands
have been slowly but constantly increasing in Croatia during the 1990 — 2012 period and
amount to around 21% of the surface area today. However, the grassland areas which
remained unchanged in the studied periods have since reduced in size; so the overall increase
comes from the changes in other types of land cover (usually forests and/or arable land) which
are being converted to grasslands. Those changes are often temporary transitions from one
land cover type to another, for example, agricultural land being permanently abandoned
which eventually leads to shrub encroachment and forest succession, while permanent
grasslands are endangered (Hellesen and Levin 2014; Plieninger 2006). Additionally, such

data is only gathered on a national level and doesn’t include local or regional characteristics.
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Furthermore, to the best of our knowledge, there are no analyses in Croatia or any other
country of former Yugoslavia which deal with characteristics of the changes in grassland
cover after the collapse of socialism. This paper aims to fill that gap by examining the
changes in grassland cover and providing evidence of the factors contributing to those
changes. By using an appropriate study site in Northern Croatia this research addressed the

following specific objectives:

a) To map changes in grassland and agricultural land cover using repeated remotely-sensed
images to assess the magnitude and distribution of such changes during the post-socialist

period;

b) To investigate the relationships between changes in land use/cover and physical geographic

and socio-economic factors at the local and regional scale;

c) To analyse the causal mechanism of land use/cover change by exploring the decision-
making processes related to grassland management and livelihood strategies at the

local/household scale.

2. THE STUDY AREA

The study was carried out in the Krapina-Zagorje County in Northern Croatia (Fig 1).
Bordering Slovenia to the east, Zagreb to the south and Varazdin County to the north and east,
it is a typical rural area of Croatia characterised with small dispersed settlements and
traditional subsistence agriculture. With a population of 133,000 and a surface area of 1224
km? it is the 4™ most densely populated region in the country. The average settlement size is

less than 400 people and only 24% of the total population live in urban areas.
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Fig 1. Study area of the Krapina-Zagorje County, Croatia

The area is characterized with a heterogeneous topography ranging from the alluvial
plains of the Krapina river (around 150 m asl) to the peaks of Mt. Medvednica and Mt.
Ivanscica reaching altitudes over 1000 m. Most of the larger settlements are located in the
lowlands, around major rivers and their hilly surroundings, and most of the mountain slopes
are covered with dense forests (Cvitanovi¢ 2014). Krapina-Zagorje County is characterised by
a humid continental climate with warm summers. The entire area receives between 850 and
1200 mm of precipitation per year, with peak precipitation occurring in the summer months
(Filip¢i¢ 2001). Summers are warm with monthly average temperatures in July and August

above 20°C, and monthly averages in January are above -3 °C (CMHS 2014).

Phytogeographically, the entire area of Croatia belongs to the climate zone of

temperate forests and if it hadn’t been for a long lasting human impact on the environment,



the majority of the surface of the country would be covered with forests. All types of shrubs,
pastures, meadows, clearances etc. are a result of anthropogenic influence on the primary
forest cover (Alegro 2000). In the lower areas of the county, the typical central-European
meadow community of Arrhenatheretum elatioris is commonly found, in particular in areas
out of reach of flood waters. Surfaces covered by this community are very frequently
transformed into arable land, having as a consequence the reduction in habitat diversity and
thus also the reduction in biological diversity (Durbesi¢ et al. 2006). In higher altitudes, the
community of Brono-Plantaginetum mediae occurs most often (Jelaska et al. 2005). They are
used mostly as meadows, mowed annually, or, rarely as pastures. These grassland
communities are especially endangered due to disappearance of traditional pasturing
(Durbesi¢ et al. 2006; Topic¢ et al. 2006). Thus, parts of the Krapina-Zagorje County are
protected as Natura 2000 areas where the main reason stated for their protection is the
existence of endangered grassland species and semi-natural dry grasslands. Their protection
and conservation is seen as important for the entire continental biogeographical area of

Europe (Topi¢ et al. 2006).

According to the 2003 Agricultural Census, (Croatian Bureau of Statistics, 2015)
around 22 % of the Krapina-Zagorje County is covered with grasslands, the same level as the
Croatian average. It is the highest percentage of grassland cover in the continental part of
Croatia. Additionally, over 90% of the population practices traditional forms of agriculture
and 98% of the agricultural land is privately owned, which is the highest percentage in all of
Croatia (Croatian Bureau of Statistics 2011); therefore this region is seen as optimal for the

study of agricultural land use change in traditional landscapes during post-socialism.



3. DATA AND METHODS

This research is based on a mixed-method approach and combines remote sensing,
quantitative data modelling, and a questionnaire survey. The detection of bio-physical
changes in land use and land cover is based on the supervised classification of SPOT 2,
Landsat TM and Landsat ETM+ satellite imagery for 1991, 2000 and 2011, respectively.
Subsequently links between changes in land use and cover and potential environmental and
socio-economic drivers of those changes are examined by multiple regression analysis. Such
simple statistical models can help us in tracing the causal factors of the observed land change,
but not the precise pathway of causal mechanism through which this causal factor is linked to
the outcome (Meyfrodit 2000). Therefore, the nature of these established links is further
examined through a detailed questionnaire survey conducted on a structured random sample
of 285 households in the County. The survey represents an important aspect of the research
also because omission of human decision making in an analysis of this type severely limits the
potential application of its results (Rounsevell et al. 2012; Karali et al. 2014). Apart from
analysing the links between the contributing factors and the land change to establish causality,
the questionnaire survey also helped in gathering data which is not available from other

sources and in assessing the results of the remote sensing and the regression modelling.

3.1. Remote sensing analysis

The changes in the surface of grassland areas in the county were analysed by remote
sensing using SPOT 2 dataset from September 2" 1991, and Landsat ETM+ datasets from
September 10™ 2000 and June 29" 2011. The satellite imagery was already georeferenced,
terrain corrected, projected and preselected for low cloud cover. The images had relatively
similar seasonal conditions to avoid phenological changes, and summer months were selected

because the difference in vegetation of grassland areas and agricultural areas is the largest



during that time. The vast majority of crops grown in the County are corn and wheat, which
have much less chlorophyll in late summer. It made the classification of grasslands and arable
fields into separate categories relatively easy.

The analysis was conducted using ESRI Arc Map 10.0 and eCognition 9.0 software.
The multispectral images were segmented into three levels (scale parameters 40, 10 and 3)
using mean values of all available bands except thermal band, with 0.1 weight for the shape
criterion and 0.5 weight for the compactness criterion. Subsequently, an iterative process of
supervised classification was conducted on all three levels with georeferenced ortho-photos
used as auxiliary information during the sample selection. The resulting classes were
categorized as “grasslands”, “forest”, “arable land” and “other”.

The accuracy of the classification was measured through a confusion matrix where
classified data was compared to the reference data representing the actual land use and land
cover. For each map, 500 randomly generated points were created in ArcMap 10.0 software
proportionally distributed within the land use/cover category, and compared to reference data.
For 2011, Google Earth data was used as reference data and for 1991 and 2000 a combination
of a topographic map of Croatia and a number of georeferenced photos whose availability for
the selected region and year was limited. The overall classification accuracy achieved was
around 90% for each studied year, with the kappa coefficient ranging from 0.75 (for 1991) to
0.79 (for 2011). Before the final comparison, the maps were visually analysed and with the
help of orto-photos and several fieldworks, a part of the misclassified objects was manually

corrected so the final accuracy is slightly higher.

The final maps were created by post-classification overlay. It contained information on
both the spatial distribution of grassland at the beginning and the end of the studied periods,
as well as quantitative spatially explicit data on land use/cover changes for these periods. The

detected processes included the transition between grasslands and forests on one side, and the
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transition between grassland and arable land on other. The transition between grasslands and
the category “other” (built-up, water, barren land etc.) comprises 3% of the observed change

and was not a part of the analysis.

3.2. Regression analysis

After the remote sensing analysis, a statistical analysis of contributing factors
(variables) of land use/cover change was undertaken. A regression analysis was used in order
to examine the relationship between the variables we hypothesised to influence spatial
patterns of land cover change, but also to determine which of the hypothesised variables will
be statistically significant predictors of the studied change.

Due to the fact that the socio-economic data gathered from Censuses and quantitative
research cannot be assigned to pixels demonstrating changes in land use/cover, both remote
sensing and socio-economic data were aggregated into larger spatial units (municipalities). In
this way socio-economic data which influences the changes in grassland cover is aggregated
into larger areas where its environmental impact is more visible and more manageable in
subsequent modelling, although a certain data loss undoubtedly occurs (Wood and Skole
1998; Lambin et al. 2003; Overmars and Verburg 2005).

Explanatory variables of changes in grassland cover to be incorporated in the analysis
were based on literature and expert knowledge of the area. Previous research has
demonstrated the importance of bio-physical characteristics such as slope gradient, soil
characteristics, or altitude as drivers of changes in grassland areas (Flinn et al. 2005; Benayas
et al. 2007). However, changes in grassland areas are also heavily influenced by human
activities, with variables such as population ageing, agricultural extensification or changes in
employment often being utilized in statistical modelling (Kristensen et al. 2001; Kamwi et al.

2015; Monteiro et al. 2012).
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After the selection of all variables available from the 2011, 2001 and 1991 Censuses
and other databases, a Pearson correlation was run between the variables to exclude one
variable per pair if the relationship between them is higher than r=0.8. The variables were
aggregated to a municipality level which was chosen as a unit of analysis because it represents
the most detailed level on which most of our socio-economic and demographic variables were
available. The municipalities are widely different in absolute scale, and therefore the variables
used in regression modelling were standardized (Tab. 1). Regarding geo-physical variables,
they were calculated via ArcGis 10.0 and based on digital elevation data from the Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER GDEM). The altitude
variable was divided into altitude categories representing the main landscape features of the
region. The same landscape-based categorisation used for altitude was applied here. Above
400 m and on slopes > 24° land cover is very homogeneous, rendering a more detailed

categorisation of higher altitudes and slopes unnecessary.

Tab 1. Variables entered into the regression analysis

Variable Description Method of calculation

or standardization

Population density Ratio of population to surface area
) ) Ratio of people aged >65 to those )
Population ageing Difference between
aged <19

anniversary years for

] ] Proportion of people with higher L
Higher education structure o ) each municipality
education in population aged >15

Proportion of employed people in
Employment )
population aged >15 for

) River valleys with major urbanized
Up to 200 m altitude )
settlements % of total territory for

Hilly, densely populated traditional each municipalit
200 — 300 m altitude y y pop pality
rural areas
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300-400 m altitude

Mountain slopes in contact zones

with human activities

> 400 m altitude

Densely forested mountain zones

Slopes 0°-2°

Slopes 2°-5°

River valleys with major urbanized

settlements

Slopes 5°-12°

Mostly hilly, densely populated

traditional rural areas

Slopes 12°-24°

Mostly mountain slopes in contact

zones with human activities

Slopes > 24°

Densely forested mountain zones

Tab 2. Descriptive statistics of the variables entered into the regression analysis

Variable N Min | Max Mean St
deviation
Population density 32 0.74 1.11 0.88 0.08
Population ageing 32 |-76.60 | 1.80 -31.80 18.20
Higher education structure 32 2.10 9.20 4.60 1.66
Employment 32 -23.87 | 1.04 -7.08 6.05
Altitudes up to 200 m 32 0.00 90.82 39.43 27.25
Altitudes 200 m to 300 m 32 9.17 | 76.44 38.99 13.89
Altitudes 300 m to 400 m 32 0.00 52.23 12.79 15.51
Altitudes higher than 400 m 32 0.00 46.41 8.76 12.33
Slopes <2° 32 3.50 11.04 6.94 1.44
Slopes 2° —5° 32 9.43 28.98 16.15 4.14
Slopes 5° — 12° 32 20.32 | 39.73 28.93 4.58
Slopes 12° — 24° 32 18.89 | 38.33 32.44 4.20
Slopes > 24° 32 2.25 30.30 15.51 6.15

Before the analysis, the variables were plotted to a scatter diagram to check for

linearity. Normality of the distribution was checked by Kolmogorov-Smirnov test. It indicated

that none of the variables show a statistically significant departure from normal distribution.
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Subsequently the residuals were tested for homoskedasticity and all of the variables were
entered into the regression model. Three models were created, for 1991-2000, 2000-2011 and
1991-2011.

The evaluation of the variables for each model was achieved through backward
stepwise regression. Initially all 13 variables were included in the modelling, and using the
stepwise procedure, variables whose exclusion does not statistically significantly decrease the
explanatory power of the model were eliminated. In the end, six variables explaining the
grassland-arable land transitions and nine variables explaining the grassland-forest transition
remained in the model for 1991-2011. In the case of 2000-2011, only the variable of slope
was statistically significant for grassland-arable land transition (slopes 0°-2°), and in the
1991-2000 there were no statistically significant variables remaining in the model. Therefore

the 1991-2011 model was used in this analysis.

3. 3. Questionnaire survey

The final part of the research consisted of a questionnaire survey conducted on a
systematic random sample of 285 households in four randomly selected municipalities in the
County during 2013. One person per household, identified as a person making the decisions in
relation to agriculture and household livelihood strategies, was surveyed. There were 46
questions where the respondents were asked about their socio-economic status, grassland
management, pasturing practices, and other livelihood strategies. To account for the studied
time period (1991-2011), the respondents were asked about any changes in their management
practices or number of cattle in the last 20 years as well as plans for the future. The
questionnaire was designed on the bases of the regression modelling results — data from the
survey was not integrated into regression analysis but was used to complement the results

from the modelling.
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4. RESULTS

4.1. Remote sensing

The object-based supervised classification of the multispectral imagery shows that the
grasslands cover 21.5% of the County, which is generally in accordance with the existing
data. In general, grasslands are the main land cover type at lower altitudes and flatlands —
largely alluvial plains of the major rivers in the county. In the areas lower than 200 m they are
actually the dominant type of land cover (44.5% of total surface area), and in altitudes higher

than 400 m they take up less than 5% of the total land cover (Fig 2).

Distribution of grasslands
in 2011

- Grasslands
Altitude categories
|:] up to 200 m
[J200mto300m
[[] 300mtod00m
[ over40om

20

Fig 2. Distribution of grasslands in the Krapina-Zagorje County in 2011.

The results also show an overall 3% loss in grassland areas in the 1991-2011 period
which amounts to around 8.3 km? (Fig 2). The rates of grassland loss have been lower in the
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first period (0.8%), compared to the second period where they amounted to 2.2%. This is in
contrast to general trends in Croatia where grasslands areas have slightly increased in the
studied period (Voca, 2014). However, only around 60% of grasslands in our study region did
not undergo any transitions while the remaining 40% are linked to different types of land use
and land cover transitions during that time. The biggest loss in grassland areas was recorded
due to expansion of arable land in certain areas (62 km?) and the biggest gain due to
abandoning arable land in other areas (50 km?). An overall grassland cover gain has been

recorded at higher altitudes (> 300 m) and on steeper slopes (>12°) while at all other altitudes

and slopes an overall loss has been recorded (Fig 3).

Changes in grassland cover
from 1991 to 2011

- Loss

B c:in

Altitude categories
[Jupto200m

[ 200mto300m

[] 300 mto 400 m

[ over 400 m

20

Fig 3. Changes in grassland cover in Krapina-Zagorje County in the 1991-2011 period
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4.2. Regression Analysis

The backward multiple regression analysis reduced the initial 13 variables that were
entered in the first step to six variables explaining statistically significant amount of
variability of the transition between grasslands and arable land (Tab. 3) and nine explaining
the amount of variability of the transition between grasslands and forests in the 1991-2011

period (Tab. 4).

a) Regarding grasslands to arable land conversion, only physical-geographical variables
remained in the model. The increase in rates of conversion to arable land is consistent with
slopes < 2° and the decrease in conversion to arable land is consistent with altitudes between

300 m and 400 m; the model accounted for 29.3% of the variance (adjusted R?).

b) In case of the opposite process of abandonment of arable land, the variables remaining in
the model were population density, higher education structure, altitudes higher than 400 m,
and slopes between 12° and 24°; these variables accounted for 73.3% of the total variance. An
increase in grassland to arable land transition showed a negative correlation with population
density suggesting that areas characterized with more pronounced depopulation processes
demonstrate higher rates of agricultural abandonment. The same process was observed in
areas where the percentage of higher-educated people is on the rise. A negative correlation
was established between abandonment of arable land and slopes between 12° do 24° and
altitudes higher than 400 m.

The results regarding physical-geographical variables are in accordance with the
remote sensing results, confirming that grasslands are being converted to arable land in
flatlands, while the processes in other parts of the region are more complex and their

trajectories depend on the combination of several variables.
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Tab 3. Multiple regression coefficients for grassland — arable land changes

Independent variables for B Beta R R%-ad].
grassland to arable land change

Altitudes 300 to 400 m -0.066 0.036~ 0.338 0.293

Slope 0° do 2° 0.785 0.390

Independent variables for
arable land to grassland change

Population density -17.986 -0.316° | 0.876 0.733
Higher education structure 0. 892 0.327

Altitudes higher than 400 m -0.128 -0.347"

Slopes 12°-24° -0.713 -0.659"

* correlation is significant at the 0.05 level
** correlation is significant at the 0.01 level

c) In case of grassland to forest transition, the remaining variables were slopes 0°-2° (+),
slopes 12°-24° (+), altitudes 300 do 400 m (-), employment (+) and population density (-) in

which have accounted for 69.6% of the total variance.

d) In the case of the opposite process (of forest-to-grassland transition), the remaining
variables were altitudes 200 to 300 (+), 300 to 400 m (+), slopes 5° to 12° (-), slopes higher
than 24° (-), population ageing (-), employment (+) and higher education structure (-), which

have accounted for 66.2 of the total variance.
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Tab 4.Multiple regression coefficients for grassland — forest changes

Independent variables for B Beta R R%-adj.
grassland to forest change

Population density -9.735 -0.500" 0.863 0.696
Employment 0.072 0.337

Slope 0° do 2° 0.444 0.497

Slope 12° to 24° 0.202 0,073

Altitudes from 300 to 400 m -0.047 05717

Independent variables for

forest to grassland change

Population ageing -0.064 -0.505 0.859 0.662
Higher education structure -0.603 -0.432°

Employment 0.098 0.255

Altitudes 200 to 300 m 0.071 0.425

Altitudes 300 to 400 0.126 0.843"

Slopes 5°- 12° -0.390 -0.770°

Slopes 24° and higher -0.414 -1.096"

* correlation is significant at the 0.05 level
** correlation is significant at the 0.01 level

These results confirm that the process of forest clearing in altitudes between 300-400
m and slopes 12° to 24° (and to lesser extent in the altitudes between 200 to 300 m) is
connected to the conversion of forests to grasslands in those areas, be they temporary or
otherwise. They are mostly forested mountain slopes in contact zones with human activities.
On the other hand, slopes 5°- 12° and slopes >24° are negatively connected to conversion of
forest to grasslands.

Regarding socio-economic and demographic factors, the process of forest clearance
and its conversion to grasslands is consistent with areas where population ageing is not as
rapid and areas with comparatively smaller increases in the amount of people with higher

education. The opposite process of forest succession on grassland is consistent with areas with
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decreasing population density. Change in employment rates was significant predictor for both
forest to grassland and grassland to forest change, probably due to different pattern of

correlations with other variables in the model.

4.3. Questionnaire survey

The analysis of the questionnaire survey gave us additional insight into the causes of
the observed changes in grassland areas and in part helped in assessing the results acquired in
other parts of this research. The average age of the respondents was 43 years and 41% were
male. The average household size of was 3.9 members; the household statistics in this survey
generally corresponded to the 2011 census data.

According to the results, 89% of the surveyed households own arable land and practice
some form of agriculture. The median size for a land holding of arable land is 3 hectares
distributed into three plots. Every second surveyed household has grasslands with a median
size of 2.9 hectares distributed on 2.5 land plots; only 10% of the surveyed households have
land holdings larger than 15 hectares. Grasslands are or were reportedly used as pastures for
cattle or as fodder during wintertime, and also as land which hasn’t been “put to use” — as
much as 22% of arable land is reported as temporarily uncultivated and left to overgrow. The
reasons most often mentioned for lack of cultivation of agricultural land is advanced age or

illness (31%), economic reasons (25%), and lack of time (19%).

In regards to pasturing, it was found that as many as 93% of the surveyed households
don't own livestock. In the studied period 1991 — 2011, 61% of households significantly
reduced the number of livestock (mostly cattle) or completely stopped pasturing with only
25% of the respondents having never practiced pasturing in the first place. The main reasons

stated for abandoning such practices were lack of profit (35%), advancing age or illness
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(26%), and lack of time (21%). A statistically significant difference between the reasons for
abandoning pasturing and the age of respondents was established (y°= 61,706, df=16, p<0.01).
The highest number of respondents who have never practiced pasturing is found in the
youngest category of respondents (up to 39 years of age, 34%), and the highest number of
people who have practiced it in the studied period is found in the oldest category of

respondents (> 59 years of age, 17%).

Despite the trends moving away from pasturing and livestock production, as much as
87% of the respondents reportedly try to maintain most or all of the grasslands in their
possession, mostly by mowing. The reasons most often stated for abandoning grassland

management are distance (33%), lack of profit (33%) and advancing age or illness (13%).

5. DISCUSSION

Agricultural areas in the Krapina-Zagorje County have recorded strong rates of
conversion of arable land to grasslands and vice versa in the post-socialist period. Areas
seeing general depopulation trends and population ageing, but also increases in the amount of
educated people are characterized by shrub encroachment and farmland abandonment. On the
other hand, flatlands and lowland areas in the County are seeing higher rates of grassland to
arable land conversion, demonstrating that both socio-economic and bio-physical variables
are influencing land cover change in the region.

The results gathered from the remote sensing and the regression analysis show that the
bio-physical variables of slope and altitude had the greatest influence on the dependent
variable of grassland change. In all four of our models it was the most important variable. It
was further confirmed by our questionnaire survey where the question of accessibility was
often reported as one of the main determining factors for land abandonment. Similar studies

conducted in Romania, Czech Republic and Slovakia have found that intensive land use is
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associated with a lower slope grade and elevation, while the highest abandonment rates are to
be found on steeper slopes and at higher elevations (Kuemmerle et al. 2009; Druga and Faltan
2014; Lieskovsky et al. 2015).The profitability of farming decreased the most in these areas
due to issues of mechanization and accessibility. Access to infrastructural facilities and
proximity to local markets strongly affects the profitability of crop cultivation due to higher
transportation costs for inputs and outputs (Kuemmerle et al. 2009; Pazur et al. 2014). The
socialist legacies of expansive land production are influenced by new market forces in
favourable areas, while economically and environmentally marginal agricultural areas are left
uncultivated (Griffiths et al. 2013; Prishchepov et al. 2013).

At the same time, areas with unfavourable environmental characteristics in our study
(higher altitudes and steeper slopes) are characterised with unfavourable socio-economic
trends as well, such as population ageing, depopulation, and lower education levels. All of
these factors are found to strongly benefit agricultural abandonment. Similar socioeconomic
factors were emphasized as determinants of agricultural land abandonment in other countries
as well, e.g. studies conducted in Albania (Mdller and Sikor 2006) and Slovakia (Pazur et al.
2014).

The area of agriculture witnessing the biggest changes in Croatia is pasturing. In
general, all business and services connected to pasturing and livestock production have
recorded a sharp decline in the last two decades. An annual loss in number of livestock in
Croatia has been reported at 5-10% in 2012-2014 (Croatian Bureau of Statistics 2011; Grgic¢
and Zraki¢ 2015). According to the official data of the Krapina-Zagorje County, in the 1999-
2009 period the number of cattle in the county decreased by 41% (Croatian Ministry of
Agriculture 2013). Similar results have been recorded by this research — as many as 61% of
surveyed households have significantly reduced the number of livestock or completely

stopped pasturing during the studied period. The main reasons stated for abandoning such
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practices were lack of profit, advancing age or illness, and lack of time. The category of age
was proven to be a statistically significant variable in the abandonment of pasturing practices
in our questionnaire.

The results also show that despite the strong changes in agricultural (pasturing)
practices in the studied region, as many as 87% of the respondents still try to maintain most or
all of the grasslands in their possession, either by mowing, burning or grazing. This can
partially be explained by traditional values typical for rural population. The research dealing
with the values and beliefs of respondents towards agriculture and living in rural areas in the
same region (Cvitanovi¢ et al. 2016) shows that the older population is less educated, and
tends to hold on to traditional values of agriculture and the necessity of preserving land
management traditions. The idea of abandoning the land is seen as a disgrace, and the land
should be cultivated at any cost. However, the highest portion of respondents who have
drastically decreased their agricultural activities belong to the oldest age category. As many as
1/3 of the older respondents say that they completely abandoned farming during the studied
period, and old age and illness were the main reasons in over 50% of cases. In regards to
pasturing, again it is the oldest category of respondents that has mostly abandoned it as a
livelihood strategy.

Agricultural subsidies are not seen as having an important role in encouraging the
aforementioned agricultural practices in our research. Based on data gathered from the
questionnaire, only 21% of the respondents not receiving any agricultural subsidies would
take on agriculture or expand their current practices in agriculture with subsidies, while 65%
of respondents who receive subsidies wouldn’t abandon their agricultural practices without
subsidies. In comparison, the withdrawal of subsidies has played an important role in post-
socialist grassland conversion in the area of the Carpathians and Albania, where agricultural

production was possible even in marginal areas thanks to state subsidies during socialism, but
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the issue of accessibility has become increasingly important under free market conditions
(Kuemmerle et al. 2008; Muller et al. 2013). On the other hand, agricultural subsidies in
Croatia during socialism were predominantly aimed at socialized enterprises, and traditional
farms were mostly excluded from such practices. More or less the same policies were
continued under open market circumstances, where large producers could more easily benefit
from agricultural subsidies. These findings were confirmed by our questionnaire, where only
around 10% of respondents in traditional agricultural households received subsidies.
Furthermore, the analysis by Frani¢ et al. (2011) shows that mostly due to frequent changes in
legislature and criteria for receiving subsidies from 1998 to 2008, the subsidies actually had
little effect in increasing any kind of agricultural production in Croatia, despite their financial
increase of 4% per year during the studied period.

The results from the regression modelling also point to the importance of employment
changes as a statistically significant predictor of changes in grassland cover. During market
reforms in 1990’ a number of obsolete industries in the former Yugoslavia collapsed, often in
less developed regions and in traditional agricultural areas with labour intensive industry
(Vodopivec, 1994). The collapse of predominantly textile industry in the Krapina-Zagorje
County during the same period created high levels of unemployment and a decrease in
household income which, in turn, resulted in potentially new livelihood strategies. Almost a
third of the respondents from the questionnaire reportedly practice agriculture as an important,
if not only source of food for the household. Further 10% describe agriculture as an important
source of additional income generated by selling produce to friends and neighbours. On the
other hand, younger, more educated people tend commute outside the region in search of
employment. Such migration to more distant, large urban centres contributed to a decrease of
the “peasant-workers” practices which had maintained the smallholder agriculture for almost

50 years. It is further confirmed by the research conducted by Cvitanovi¢ et al. (2016)
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showing that longer commute and longer working hours are preventing people from
practicing more agriculture. Therefore, changes in employment could have caused both
decrease and increase in agricultural practices with concomitant correlations to other
contributing factors.

All of these social and economic changes have left their mark on the landscape. The
processes of ageing and depopulation as well as socio-economic restructuring have resulted in
decreases or total abandonment of traditional agricultural activities, rather than shifting to
another (agricultural) activity which is less labour intensive (Panti¢ and Miljkovi¢ 2010). The
circumstances of increased education levels and the migration of the younger, educated
workforce from rural areas to urban centres outside the county resulted in rural areas being
abandoned and left to overgrow (Spevec 2009). Abandoned fields left to overgrowth first
become grasslands, and then through secondary succession they become forests. Higher-
educated respondents are younger on a statistically significant level, with higher income and
lower agricultural employment. The largest number of respondents who haven’t practiced any
form of agriculture in the studied period belongs to the youngest category.

Decreasing interest in traditional farming practices have been noted in other parts of
the world as well (Lieskovsky et al. 2015; MacDonald et al. 2000; Snyder 1996). The lost
interest in farming mainly in the younger generation, the lack of successors in agriculture,
health related issues and age for older farmers are found to be factors that have driven the
abandonment of agriculture in Slovakia (Lieskovsky et al. 2015). Such results show that the
partial de-agrarization characteristic for the socialist period has become a full de-agrarization
in the post-socialist period, with the main impetus being education, rather than employment,
as was the case during socialism (Vresk 1972). Registered changes are in  part
consequences of households’ adjustment to the new realities of ageing members, lower prices

of agricultural produce, and increase in education levels. Such adaptations include geographic
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factors as well, such as distance from populated centres and accessibility of the land, altitude
and soil quality.

In contrast to declines recorded in some places, certain areas have recorded an increase
in agricultural activities. Besides growing organic food, commercial agricultural systems such
as flower and pine-tree production were mentioned in the questionnaire, as well as
agricultural practices connected to rural tourism. Such new trends have resulted in the
expansion of arable at the expense of grasslands, and can be attributed to new values and
lifestyle trends which have emerged in the last decade or so. Around 26% of the respondents
say that the reason for practicing agriculture is acquiring healthy, fresh, organic food, and a
number of times agriculture was described as a hobby or a favourite pastime. Considering the
fact that the increase in farmland areas has occurred in flatlands and lower areas, it can also be
seen as an adjustment of household strategy regarding accessibility. Arable land on higher
elevations and steeper slopes far from urban centres, from one’s place of living or major roads
is being increasingly abandoned, while grassland areas closer to households are being
increasingly converted to new arable land, partly for commercial use or for use by life-style
farmers. Such shifts from an agricultural orientation production to a preference for natural and
cultural amenities have been well documented in a number of post-industrial countries in
Western Europe, Australia and the USA. Agricultural land in this case is used for recreation,
enjoyment of its aesthetic qualities, and to experience the rural life-style (Sorice et al. 2014;
Johnson 2008).

All of the previously described processes have resulted in changes in grassland areas
which are seen as one of the key areas for preserving biodiversity in Europe. Although
Croatia in general is characterised by an overall net gain in the grassland areas (0.5% in the
1990 — 2012 period) and the overall net loss of grassland areas in the studied region in the

1991 — 2011 period is very small (3%), the percentage of permanent grasslands is decreasing
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both nationally and regionally with only 60% of grassland areas in the Krapina-Zagorje

County remaining unchanged during the studied period.

6. CONCLUSION

The traditional agricultural system based on small landholding and pasturing, typical
for rural areas throughout Yugoslavia, has survived 50 years of socialist experiments which
favoured industrial development over agriculture. After the demise of socialism, changes such
as the liberalization of the market, collapse of obsolete industries and a lack of agricultural
subsidies have had a major impact on traditional agricultural practices. The so-called
“peasant-workers” have aged and are slowly abandoning agriculture, while new generations,
brought up in different social and economic circumstances are increasingly without any
agricultural experience. Traditional forms of pasturing are suffering from greatest changes
with the number of cattle per household being halved in the period of one decade. It is in part
a consequence of the de-ruralization and de-agrarization processes that began in the socialist
period.

After 20 years of post-socialist management, such changes are becoming visible in the
landscape, with probably the greatest impact on managed grassland areas. Grasslands are no
longer used as pasture or winter fodder for cattle (which are no longer being kept), nor in new,
modern, types of agriculture based on higher yields or life-style choices, but are still managed
in part due to cultural and traditional reasons, predominantly by older population. New market
forces seem to have exacerbated the differences between socially and geographically
favourable areas and those in decline, resulting in general decrease in permanent grasslands.
With the continual of the aforementioned trends of population ageing, increase in education

levels in younger population and migration from rural areas to cities, in order to preserve
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these valuable hotspots of biodiversity, it is becoming increasingly necessary to introduce a

system which would find a new function for grasslands.
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