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ABSTRACT: The paper focuses on determining the degree of correlation between land-use changes and
demographic development in Slovenia. The authors conclude that there is still insufficient evidence in the
literature for a correlation between these two processes, because quantitative studies addressing these links
are very rare and mostly cover small and specific areas. In the case of Slovenia, Spearman’s correlation coef-
ficients are quite low, which confirms that land-use change processes are complex and not dependent solely
on individual demographic and socioeconomic factors. Despite the low correlation coeftficients, our find-
ings indicate that changes in land use are significantly influenced by changes in age structure and population
growth. In areas with population growth the share of arable land is shrinking, whereas in areas with depop-
ulation and a rising aging index the share of partially overgrown land is growing. In the following analysis,
the authors focus their analysis on a case study of the Mura and Central Slovenia statistical regions, which
lie on opposite poles with regard to development, and thus show differing trends in land-use changes.
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Povezanost med demografskim razvojem in spremembami rabe zemljiS¢ v Sloveniji

POVZETEK: Avtorja se osredotocata na ugotavljanje stopnje povezanosti sprememb v rabi zemlji$¢ in
demografskim razvojem v Sloveniji. Ugotavljata, da v literaturi ni dovolj dokazov o povezavi med obema
procesoma, saj so kvantitativne Studije, ki obravnavajo te povezave, zelo redke in ve¢inoma vezane na
proucevanje prostorsko majhnih in specifi¢nih obmodij. Tudi na primeru Slovenije so Spearmanovi koe-
ficienti korelacije precej nizki, kar potrjuje da so procesi spreminjanja rabe zemljis¢ kompleksni in niso
odvisni le od posameznih demografskih in socio-ekonomskih dejavnikov. Kljub nizkim korelacijskim koe-
ficientom pa rezultati nakazujejo, da na procese spreminjanja rabe zemljis¢ pomembno vplivajo spremembe
v starostni sestavi prebivalstva in rast prebivalstva. V obmo¢jih z rastjo prebivalstva se obseg obdelovanih
povrsin zmanj$uje, v obmocjih depopulacije in vi$anja indeksa staranja pa narasca delez zemlji$¢ v zara$¢anju.
V nadaljevanju analize se avtorja osredotocita na analizo primera v Pomurski in Osrednjeslovenski statisti¢ni
regiji, ki glede na stopnjo razvitosti lezita na nasprotnih polih, in kaZeta razli¢ne trende v spremembah
rabe zemljis¢.
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1 Introduction

Land use is an element that most distinctly characterizes a specific landscape. It refers to land exploitation
through human activity and is a good indicator of landscape structures and processes (Kladnik 1999). It
reflects the mutual effects between natural, historical, and socioeconomic factors (Gabrovec and Kladnik 1997).
Land use and its changes also reflect changing social values, as well as the impact of various decisions on the
transformation of farm production and land use in the past (Bi¢ik, Gabrovec and Kupkova 2019). From
the very beginning, one of the most important land-use functions has been land cultivation and food pro-
duction, which ensures the survival of individuals and the human race as a whole.

Harmony between life satisfaction, health, lifelong learning opportunities, feeling of safety, and an appro-
priate environment is required to ensure appropriate prosperity within a given society (Vrabi¢ and Kek 2012;
Tiran 2017). Providing high-quality and healthy food in adequate quantities is an important quality-of-life
indicator. One of the most important causes of food shortages is also land-use changes, especially shrinking
areas of arable land either due to construction, grass overgrowth, or afforestation (Gabrovec and Kladnik
1997; Gabrovec and Kumer 2019). These processes reduce food security in underdeveloped countries, but
in altered economic conditions they may also threaten developed countries (Cuff and Goudie 2009).

Compared to other EU countries, land-use changes in Slovenia show unfavorable self-sufficiency trends.
EU land-use data are collected by Eurostat, which in 2009 began issuing annual statistical reports as part
of the LUCAS project (Internet 1). The first report covered only twenty-three EU member states, leaving
out Bulgaria, Romania, Cyprus, and Malta (Gallego, Palmieri and Ramos 2015). This method differs slight-
ly from the one the Slovenian Ministry of Agriculture uses for its regular online reports on agricultural
land use, with the Slovenian method being significantly more detailed (Interpretacijski klju¢ ... 2013), but
it nonetheless provides sufficiently good insight into the current state of land use in the EU.
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Figure 1: Breakdown of land use in the EU-28in 2015 (% of total area).
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According to the 2015 Eurostat data, woodland predominated among the land-use types in the EU-28
(44.9%), followed by cropland (22.2%), grassland (20.7%), water areas and wetlands (8%), and built-up
and other anthropogenically modified land (4.2%; Figure 1). Scandinavia had the largest share of wood-
land and Slovenia was in third place (63.7% wooded). As a rule, the share of cropland (Figure 2) is inversely
proportional to the share of woodland. Less than 6% of cropland was typical of Sweden, Ireland, and Finland,
followed by Slovenia (9.5%). Denmark and Hungary had by far the highest shares (50.6% and 43.7%, respec-
tively). The average share of cropland in the EU-28 was 22.2%.

Compared to other EU member states, Slovenia has an above-average share of woodland and a below-
average share of cropland. A high share of woodland can be an advantage because forests function as carbon
sinks and, in terms of energy industry and economics, wood is an important renewable resource and a raw
material whose added value should be increased by the wood industry. However, the high share of wood-
land in Slovenia also results in a decrease in cropland. According to Plut (2012), a wood cover of approximately
50% would suffice for a stable balance between food production, ecosystem, and wood in Slovenia.

The area of cropland per capita is an even better self-sufficiency indicator (Figure 3). It is estimated
that in the EU climate zone, c. 0.3 hectares of cropland per capita would be required to ensure food inde-
pendence (Perpar and Kovaci¢ 2006). Conditions in the EU member states are not favorable in this respect.
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Figure 2: Breakdown of cropland in the EU-28 in 2015 (% of total area).
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Only twelve countries fulfilled this condition in 2015. Compared to other countries, Slovenia is practically
in last place, having only 0.0355 hectares per capita (the EU average being 0.1903 hectares). The problem
of food security is thus shared by most EU countries, in which the situation in Slovenia is one of the worst.
Monitoring the changes in Slovenia’s cropland and maintaining a minimum that still guarantees food secu-
rity are key factors of future development. It is alarming that in Slovenia cropland is shrinking in the areas
with the highest production potential (Ziberna 2018).

Land use and its changes have been relatively well covered in literature. Focusing on Slovenia alone,
land-use changes have been examined by many authors, such as Gabrovec and Kladnik (1997), Petek (2002),
Petek and Urbanc (2004), Pausi¢ and Carni (2012), Lisec, Pi$ek and Drobne (2013), Ribeiro, Ellis Burnet
and Torkar (2013), Gabrovec and Kumer (2018), Ziberna (2018), and Ribeiro and Smid Hribar (2019).

At the same time, the impact of demographic change on land-use change has been relatively poorly
covered in quantitative studies. Studies dealing with these correlations are very rare and mostly cover small
and specific areas. Rajan and Shibasaki (2000) examined the correlations between population and economic
power on the one hand and land-use changes on the other in Thailand. They highlighted the correlations
between rural-urban migration and the decline in arable land resulting from an increase in built areas.
Shi et al. (2010) analyzed the impact of population dynamics on land-use changes in the Tarim Basin and
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Figure 3: Cropland per capita in the EU-28in 2015 (in hectares).
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established that population growth drives increases in farmland, primarily to provide the required quan-
tity of food. Gould, Martinuzzi and Parés-Ramos (2012) analyzed the impact of urban population growth
on the decrease in arable land in Puerto Rico, whereby they also examined changes in ecosystem services.
Hansen et al. (2002) studied the western part of the US to establish that it is not completely clear why the
population growth rate, economic conditions, and land-use patterns change faster in some areas than oth-
ers. Certain areas with similar land use are growing quickly, whereas others in the same region are losing
its population. Something similar was also determined by Kroll and Haase (2010), who report that recent
demographic change, characterized by a decreasing and aging population, is a main factor influencing future
land-use change in Europe. They found a correlation between land use, natural population dynamics, and
net migration in most of the growing regions in western Germany, whereas in the eastern German regions
with a shrinking population, economic variables are a more important factor influencing land-use change.
Their cluster analysis further showed that areas of growth and depopulation in Germany are connected
with both urbanization and demographic change, and that neither a decreasing nor an aging population
imply reduced land consumption for housing and transportation.

Also relevant to Slovenia is the study by Ferreira and Petek (2005), who defined changes in land use
and the socioeconomic structure of the population in northwest Upper Carniola. Their analysis showed
that the extensive social changes after the Second World War (i.e., demographic growth, depopulation,
abandonment of farming, and intense economic development) caused extensive grass overgrowth and
afforestation, which continue today. Ribeiro (2017) also partly examined land use and demographic char-
acteristics at the local level.

This article analyzes the degree of correlation between land-use indicators and selected demograph-
ic indicators in Slovenia or, in other words, it uses a quantitative analysis to determine the correlation between
land-use change and selected demographic indicators.

2 Methods

The 2000 and 2018 land-use data were taken from reports by the Slovenian Ministry of Agriculture, Forestry,
and Food, which annually posts land-use data online in .shp format (Internet 2). The vector data for each
land-use category was converted into raster data with 5 x 5m cell size. The method for land-use data cap-
ture changed between 2000 and 2018, and so the land-use types for 2000 are divided into twenty-one
categories and for 2018 into twenty-six. Merging these categories into clusters for analysis yields the fol-
lowing eleven land-use categories: tilled fields and gardens, vineyards, orchards, other perennial plantings,
meadows, partially overgrown land, mixed land use, built-up and similar areas, forest, other, and water
areas. Following this, land-use structure (in %) was determined by individual Slovenian municipalities for
2000 and 2018, and the indices of changes in the area of various land-use types between the two years.

After this, the relevant demographic and socioeconomic data were added at the municipal level for
2000 and 2018 (or 2017 if the 2018 data were not yet available at the time of the analysis) from the SiStat
SURS database (Internet 3). The focus was on the following indicators: the population change index between
2000 and 2018, average population age, population aging index, old-age dependency ratio, share of pop-
ulation by large age groups, general birth rate, rate of natural increase, net migration rate, and share of
population with tertiary education. An additional synthetic indicator was included in the end: the munic-
ipal development ratio calculated by the Slovenian Statistical Office (SURS), which also includes certain
demographic indicators; the average municipal development ratio is 1.00 (Internet 4).

A table with all the data collected was used as the basis for calculating Spearman’s correlation coeffi-
cients. The final analysis focused on correlation coefficients with p <0.0001.

3 Demographic development and land-use changes in Slovenia over
the past two decades

Abandonment of farming, industrialization, and urbanization had a key impact on Slovenia’s demographic
development and settlement network after the Second World War. Klemenci¢ (1996) reports that three types
of areas formed in terms of settlement characteristics and population development: areas of greater pop-
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ulation density with ongoing population growth, depopulation areas with ongoing declines in population,
and intermediate areas. Ravbar (1997) adds that like most other European countries during the 1970s Slovenia
gradually stepped into a post-industrial industrialization phase characterized by stagnation or decline in
the urban population growth, with a simultaneous population growth in the wider peri-urban area.

By 1991, the average annual urban population growth fell to 1.4%, which was lower than the total Slovenian
growth rate. To a smaller degree, suburbanization was already present during the 1970s, when it was main-
ly typical of the settlements closest to Ljubljana; it heavily intensified during the 1980s, and even more during
the 1990s. The urban population in Slovenia began to move to increasingly more remote peri-urban set-
tlements, which was related to the spatial transformation of peri-urban areas and urban depopulation (Rebernik
1999; Rebernik 2008).

Suburbanization was influenced by several factors, especially the shortage of appropriate housing in
cities, lower land prices in peri-urban settlements, good transport connections between cities and their
surroundings, a higher vehicle-ownership rate, development of modern telecommunication devices, more
urban pollution, relocation of production and service companies from cities to the surrounding areas, bank-
ruptcy of large industrial businesses, and the consequent higher urban unemployment rates. From 1991
to 2002, the population of Ljubljana decreased by 3%, of Celje by 7.1%, Kranj by 2.4%, Koper by 4%, and
Maribor by 9.7% (Horvat 2006). The 2009-2018 data show a slightly different situation. The population
in Ljubljana has increased (by 4.7%) due to the growing centralization of all activities in the country. In
Maribor, the population has decreased (by 1.8%), although recently the population has been decreasing
more rapidly especially in peripheral medium-sized cities, such as Murska Sobota (4.9%), Velenje (3.8%),
Slovenj Gradec (3.7%), and Ptuj (2.9%; Horvat 2019).

Over the past two decades there have also been certain changes in rural population development. After
along period of decline, after 1991 rural settlements recorded slight growth. According to Ravbar (2007),
the rural population decreased by approximately 15% from 1961 to 1991 and increased by 1.7% from 1991
to 2002. This trend has continued since then. However, it should be highlighted that demographic growth
has only been recorded in rural areas with relatively good access to larger regional centers. Klemenc¢ic¢ (2005)
thus distinguishes between two types of rural areas: urbanized and stable rural areas with a high share of
non-farming population, and rural areas in risk of dying out or extensive areas of depopulation, rapid shrink-
ing of farmland, and disintegration of cultural landscape. Here, only farmland in the village or close to
the village is being cultivated, whereas meadows and pastures outside the villages are partly or fully over-
grown with forest.

Data on changes in the population by municipality between 2000 and 2018 (Figure 4) confirm the process-
es described above. On the one hand, they show areas of greater population density and population growth,
which typically occur in suburbanized areas near large cities, and on the other hand areas of depopulation
typical mostly of Slovenia’s hilly, peripheral, and border areas. Population has only increased in four urban
municipalities: Novo Mesto, Ljubljana, Kranj, and Koper. Municipalities in the Central Slovenia Statistical
Region stand out with the highest growth indices (120-173), with as many as fourteen municipalities out
of the twenty-one in Slovenia where the population has grown by over 20%. Municipalities in the Drava
and Upper Carniola statistical regions also stand out in this regard, with each having three municipalities
of this type. A population growth of over 30% has been recorded in the municipalities of Brezovica, Grosuplje,
Ig, Komenda, Dol pri Ljubljani, and Skofljica (all part of the Central Slovenia Statistical Region). In turn,
the highest depopulation index (75-90) has been recorded in municipalities in the northeast (especially
the Mura Valley), west (the So¢a Valley), and south and north (along the border with Croatia and Austria).
The twenty-five municipalities with the greatest population decrease include nine in the Mura Statistical
Region, five in the Gorizia Statistical Region, and four in the Carinthia Statistical Region. In the munici-
palities of Salovci, Grad, Cankova, Gornji Petrovci (all in the Mura Statistical Region), Podvelka, and Kanal,
the population increased by over 15%.

Slovenia has an older population. Ever since 1961, the share of young people (0-14 years old) has been
rapidly decreasing and it nearly halved by 2018 (i.e., it decreased from 27.3% to 15.0%), whereas the share
of the elderly (age 65 or more) has been rapidly increasing and it nearly doubled from 2000 to 2018 (i.e., it
increased from 7.8% to 19.4%). The average age of the population is also increasing: it rose from 39.5 years
in 2002 to 43.2 years in 2018. This is largely the result of longer life expectancy and low birth rates (Slovenia

Figure 4: Population change index by municipality from 2000 to 2018 (Index,q, = 100). » p.40
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is among the countries with a very low birth rate). The share of younger population is higher in areas with
arelatively high birth rate and a positive net migration rate, which are primarily areas of pronounced sub-
urbanization. Population aging has recently also been evident in urban centers: in large cities the share of
elderly population has increased significantly, exceeding the values in the surrounding area (Horvat 2019).
Pelc (2015) also reported that in 2011 the share of young people was higher in non-urban settlements and
the share of the elderly was higher in large cities.

In 2018, among the twenty-three municipalities with an aging index higher than 170, ten belonged to
the Mura Statistical Region and three to the Gorizia Statistical Region (Figure 5). All urban municipalities
had an index higher than 100, with the municipalities of Maribor and Murska Sobota recording the high-
est values (i.e., 178). On the other side of the spectrum there are municipalities with aging indices lower
than 95. There are nineteen of these; eleven of them belonged to the Central Slovenia Statistical Region,
followed by four in the Southeast Slovenia Statistical Region and three in the Drava Statistical Region.

Slovenia’s landscape diversity also causes significant land-use differences. Forests predominate in the
Alpine and Dinaric landscapes of western Slovenia, grassland predominates in the hills of eastern Slovenia,
intensive farmland is typical of Pannonian lowlands, and built-up areas predominate on the coast and in
the Alpine basins (Gabrovec et al. 2020).

In Slovenia, the area covered by arable land (tilled fields, gardens, vineyards, orchards, and other peren-
nial plantings) decreased by 29,847.4 hectares (or 1.5 percentage points) from 2000 to 2018, which amounts
to a decrease of 30.21 hectares per week. During the same period, the increase in the area covered by forest
was nearly the same (i.e., 27,581.3 hectares or 1.4 percentage points) or 27.92 hectares per week (Table 1). In 2018,
the share of arable land was unevenly distributed among municipalities (Figure 6). The highest shares were
recorded in lowland municipalities in northeast Slovenia (the Drava, Ptuj, Apace, and Mura basins), of which
some even had over 50% of arable land (between 60 and 70% in the municipalities of Odranci, Turni$¢e, Tisina,
Beltinci, and Kidri¢evo). A high share was also typical of municipalities in the Littoral (Izola), Ljubljana Basin
(Senéur, Menges, and Komenda), the Gorizia Hills, and the Krsko-Brezice Basin (BrezZice).

In his analysis of trends in land-use change, Ziberna (2013) reports that from 2000 to 2012 Slovenia
acquired 87,614.1 hectares in the process of intensification, but it also lost twice as much (167,610.0 hectares)
due to extensification. Only 73.2% of tilled fields and gardens were preserved during this period. The remain-
ing fourth turned into meadows (45,470.9 hectares or 21.0%), built-up and similar areas, partially overgrown
land, forests, and other land-use types. According to Ziberna (2018), abandonment of arable land is char-
acterized bybifurcation: high-quality arable land is either turning into built-up areas (this is primarily evident
in the suburbs), or into meadows, partially overgrown land or forest (in marginal areas with often unfa-
vorable demographic conditions). Indices of changes in partially overgrown land are the highest in areas
with the greatest shares of arable land - that is, northeast Slovenia (Figure 7).

In central and western Slovenia, indices of changes in the size of built-up land (Figure 8) are higher than
in northeast Slovenia. The built-up areas around cities spread primarily due to suburbanization (Gabrovec

Table 1: Land-use types in Slovenia by area and percentage, 2000 and 2018.

Land-use type/Year Area (hectares),  Area (hectares),  Change in area 9% 2000 9% 2018 Index,
2000 2018 (hectares), 2000-2018
2000-2018
Tilled fields and gardens 216,471.9 183,983.0 —32,4889 10.7 9.1 85.0
Vineyards 25,292.7 18,668.2 —6,624.5 1.2 09 738
Orchards 24,8917 32,5180 +7,626.3 12 16 130.6
Other perennial plantings 1,182.8 28222 +1,639.4 0.1 0.1 2386
Forests 1,202,285.5 1,229,866.8 +27,581.3 593 60.7 102.3
Meadows 350,570.1 354,766.5 +4,19.4 173 17,5 101.2
Built-up areas 108,156.9 112,285.0 +4,128.1 53 55 103.8

Figure 5: 2018 population aging index by municipality. » p. 42

Figure 6: Share of arable land by municipality in 2018 (%). » p. 43

Figure 7: Index of changes in partially overgrown land by municipality, 20002018 (2000 = 100). » p. 44
Figure 8: Index of changes in built-up areas by municipality, 2000-2018 (2000=100). » p.45
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and Kumer 2018). During the period studied, high positive indices were observed in municipalities in the
Ljubljana Basin (Komenda: 154.4, Cerklje na Gorenjskem: 152.6, Lukovica: 135.6, and Naklo: 132.1), south-
west Slovenia (Piran: 209.7, Ankaran: 152.9, Vipava: 140.4, Hrpelje-Kozina: 137.5, and Sezana: 128.8), and
individual municipalities in Lower Carniola (Mirna Pe¢: 156.8, Novo Mesto: 133.4, and Miren-Kostanjevica:
128.0) and northeast Slovenia (Turni$ce: 149.8, Hodos: 144.8, Starse: 136.1, and Kidricevo: 126.0).

As anticipated, the analysis of Spearman’s correlation coefficients for selected indicators by munici-
pality showed high coefficients between various interconnected demographic indicators that define the
population’ age structure (mostly over £0.80). The coefficients of correlation with other demographic indi-
cators are lower and do not exceed +£0.80. Hence, the correlation coefficient between the population change
index and the share of young people (younger than fourteen) is 0.63, and the coefficient between the pop-
ulation change index and the population aging index is —0.61. The general birth rate and the population
aging index have a negative correlation coefficient (i.e., —0.73). It is interesting that the share of popula-
tion with tertiary education does not show a high correlation with most indicators (it is below +0.50); the
only exceptions are the population change index (0.55) and the municipal development ratio (0.62), which
shows a trend of highly educated population moving to areas with high population density.

Spearman’s correlations coefficients are also somewhat higher between indicators defining various land-
use types and changes. There is an exceptionally high negative correlation between the share of forest and
the shares of tilled land (—0.89) land built-up areas (—-0.72). Among the indicators demonstrating changes
in land use between 2000 and 2018, the highest positive correlations are typical of the index of changes
in partially overgrown land, showing that this land is increasing in areas with a higher share of arable land
(0.52) and tilled fields (0.50), and the highest negative correlation is in areas with a higher share of forest
(=0.50). There is also high correlation between the index of changes in forest and the index of changes in
partially overgrown land (0.68), indicating that afforestation is still ongoing.

Spearman’s correlation coefficients are significantly lower between the demographic and land-use indi-
cators (Table 2), which confirms the initial premise that the land-use change processes are complex and
not dependent solely on individual demographic and socioeconomic factors. The 2018 share of tilled fields
and gardens is negatively correlated with the share of people eighty years old or more (-0.30). The share
of partially overgrown land has a weak positive correlation with the aging index (0.25) and the average
age of the population (0.24), and consequently a negative correlation with the share of people in the 0-14
age group (-0.36). The share of built-up areas is positively correlated with the changes in the population
over the 2000-2018 period (0.33) and negatively correlated with the share of people eighty years old or
more (—0.25). Differences in the share of arable land between 2000 and 2018 are negatively correlated with
the population change index during the same period (-0.35). The index of changes in arable land is nega-
tively correlated with the share of people in the 0-14 age group (-0.26). Despite low correlation coefficients,
the results indicate that the processes of land-use change largely depend on changes in the age structure of
the Slovenian population and changes in the population, considering that in areas where the population is
growing the amount of arable land is decreasing (the correlation coefficient between the two is —0.46).

4 Case study: Central Slovenia and Mura statistical regions

The data above refer to Slovenia as a whole but, as mentioned above, there are significant differences between
individual areas due to Slovenia’s pronounced geographical diversity. To further elucidate these differences,
the focus hereafter is on the analysis at the level of statistical regions, which proved to be sufficiently large
territorial units. The analysis is limited to the Mura and Central Slovenia statistical regions, where the bifur-
cation of land-use change mentioned above is the most pronounced. These two statistical regions are complete
opposites in terms of their municipal development ratios (Figure 9) and most demographic indicators.
A comparison between the population change index from 2000 to 2018 and the municipal development
ratio in the two statistical regions (Figure 10) shows two typical clusters: during the study period, in near-
ly all municipalities in the Mura region the population change index was lower than 100, and the municipal
development ratio was also at the lower end. The municipalities of Hodo$ (0.4) and Salovci (0.5) had the
lowest municipal development ratios in Slovenia. In the Central Slovenia region, the population change
index was above 100 in all municipalities, with the highest ones recorded in the municipalities of Skoflji-
ca (172.5), Dol pri Ljubljani (144.3), and Komenda (142.2). All top eleven municipalities with the highest
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Figure 9: Municipal development coefficient by statistical region in 2018.
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population change index can be found in the Central Slovenia region, whereas the municipalities of Salov-
ci (75.5) and Grad (80.9) can be found at the very bottom (both from the Mura region).

A contrast between the two statistical regions can also be identified by comparing the population change
index between 2000 and 2018 and the index of arable land change (Figure 11). In addition to population
change indices lower than 100, the municipalities in the Mura region are characterized by arable land change
indices between 90 and 100. In the Central Slovenia region, the population change indices are above 100
and the indices of arable land change are below 90, which shows that, in parallel with suburbanization,
population growth in this region causes significant shrinking of arable land.

In the Mura region, the shrinking of arable land due to grass overgrowth is more pronounced than in
other parts of Slovenia. Half of the ten municipalities with the highest index of change in partially over-
grown land between 2000 and 2018 (Figure 12) can be found in this region, which reconfirms the thesis
that unfavorable processes of arable land extensification are present in areas with the highest production
potential. In Central Slovenia region this shrinking is significantly less common. Even though the aver-
age age of Slovenia’s population is increasing, the intensity of this process is not evenly distributed across
regions. The share of partially overgrown land increases with the increase in the aging index (Figure 13),
in which this correlation is more pronounced in the Mura region. The reasons for arable land being over-
grown thus can be sought not only in depopulation, but also pronounced population aging.

Spearman’s correlation coefficients for all of Slovenia showed a relatively weak correlation between the
selected indicators. Through further analysis, the correlation coefficients were also calculated at the level
of selected statistical regions (Tables 3 and 4). Due to smaller scales, less landscape diversity, and lower impacts
of various other factors, Spearman’s correlation coefficients by statistical region showed significantly high-
er correlations, which in some cases can even be over +0.80. The Mura region shows clear positive correlations
(0.30-0.60) between indicators revealing population growth, a younger age structure, and a higher share
of population with tertiary education, and indicators revealing a higher share of built-up areas. On the other
hand, a positive correlation (0.30-0.60) is also shown between indicators revealing population aging and
depopulation, and indicators revealing a higher share of partially overgrown land and forest.
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Figure 11: Population change index and index of arable land change in municipalities of the Mura and Central Slovenia statistical regions, 2000—-2018.
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It is interesting that the population change and arable land change indices show a high correlation (0.53),
being negative in most all the municipalities. As a rule, the scale of arable land in the Mura region is shrink-
ing less in municipalities with a lower rate of depopulation. In the Central Slovenia region, the correlation
coefficients between certain indicators are even higher (ranging from +0.60 to 0.80). Standing out the most
is the positive correlation between the share of population with tertiary education and indicators reveal-
ing a higher share of arable land, tilled fields, and gardens, whereas the population aging and depopulation
indices are correlated with a higher share of forests and areas that are becoming increasingly overgrown
with forest.

Attention should also be drawn to the fact that the correlation coefficients are higher with indicators
showing the shares of individual land-use types, whereas correlations between land-use change process-
es and demographic indicators are relatively weak. Thus, only a positive correlation between demographic
growth and an increase in the arable land can be highlighted in the Mura region and a positive correla-
tion between an increase in forests and indicators revealing population aging and a higher unemployment
rate in the Central Slovenia region.

5 Conclusion

Demographic changes in Europe, characterized by a decreasing and aging population, are a key factor influ-
encing land-use changes. However, there is still insufficient evidence of the correlation between demographic
changes and land-use changes, because quantitative studies dealing with such correlations are very rare and
mostly cover small and specific areas. This study used land-use data and demographic and socioeconomic
data at the level of Slovenian municipalities to calculate Spearman’s correlation coefficients.

The coefficients for the whole of Slovenia are fairly low, confirming that land-use change processes
are complex and not dependent solely on individual demographic and socioeconomic factors. Despite the
low correlation coefficients, the results indicate that land-use change processes are significantly influenced
by changes in the population’s age structure and population growth. In areas where population is grow-
ing, the scale of arable land is decreasing, and in areas characterized by depopulation and an increasing
aging index the scale of partially overgrown land is increasing. The highest positive correlation (0.48) was
established between the share of population with tertiary education and an increase in the share of built-
up areas, and the highest negative correlation (-0.46) was determined between population growth and
a decrease in arable land.

Because Slovenia has very heterogenous landscapes, the analysis then focused on a case study of the
Mura and Central Slovenia statistical regions, which lie on opposite poles in terms of the municipal devel-
opment ratio. In this case, correlation coefficients were significantly higher and sometimes even reached
+0.50-0.60; in terms of the municipal development ratio they even exceeded +0.80. The Mura region shows
fairly clear positive correlations (0.30-0.60) between indicators revealing population growth, a younger
age structure, and a higher share of population with tertiary education, and indicators revealing a higher
share of built-up areas. On the other hand, there are also positive correlations (0.30-0.60) between indi-
cators revealing population aging and depopulation, and indicators revealing a higher share of partially
overgrown land and forest. In the Central Slovenia region, the correlation coefficients between certain indi-
cators are even higher (ranging from +0.60 to 0.80). Standing out the most is the positive correlation between
the share of population with tertiary education and indicators revealing a higher share of arable land, tilled
fields, and gardens, whereas the population aging and depopulation indices are correlated with a higher
share of forests and areas that are becoming increasingly overgrown with forest.

Despite a weaker correlation than anticipated at the beginning of the study, the results show that demo-
graphic conditions should also be taken into account in addressing the abandonment of arable land, grass
overgrowth, and afforestation. Similar future studies should also focus on other parts of Slovenia and expand
the selection of relevant indicators. In this sense, it would be interesting to analyze the impact of migration
on land-use change.
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