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Abstract The Carpathian region represents an ideal showcase of several land change
theories and their implications for conservation because this region shares the long
geo-political and socio-economic history of Eastern Europe while also being a bio-
diversity hotspot. With a long history of abrupt socio-economic and institutional
shifts, the Carpathians exemplify how ecosystems may or may not be pushed into an
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alternative stable state following shocks such as the collapse of empires, worldwars or
the collapse of socialism. Furthermore, ecosystem changesmay ormay not experience
time-lags in response to shocks, and over long time periods, historic land-use practices
may produce land-use legacies that persist on the landscapes for decades or centuries.
Here, we analyze the long-term drivers of land change and their land-use outcomes in
the Carpathian region, with a particular focus on forests, agriculture and grasslands,
and provide examples of how ecosystems respond to shocks using examples of
alternative stable states, time-lags and land-use legacies. Understanding how andwhy
land change patterns vary over time and space is important for balancing land-use
decisions, especially in biodiverse regions with a high conservation value.

1 Introduction

The Carpathian region (here defined as the Carpathian Mountains and the sur-
rounding lowlands of the Pannonian plains) has experienced several episodes of
drastic land-use change over the past two centuries and is therefore an interesting
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‘natural experiment’ (Gehlbach and Malesky 2014) for the study of overarching
issues at the frontier of land change science: land change following socioeconomic
and institutional shocks, the importance of drivers of land change, the time-lag and
legacy effects of past changes and the uncertain futures of land cover. Moreover, as
the “green backbone of Europe” and a biodiversity hotspot (UNEP 2007;
Björnsen-Gurung et al. 2009; Hazeu et al. 2010), the Carpathian region harbors
some of the largest old-growth forests on the European continent (Veen et al. 2010),
as well as high nature-value grasslands (Akeroyd and Page 2011; Fischer et al.
2012), and provides habitat for a large range of species (Nabuurs et al. 2008; Schulp
et al. 2008; Halada et al. 2010; Bálint et al. 2011).

Due to the geo-political context of Eastern Europe and the multiple abrupt shifts
in institutions, politics and economics, the ecosystems across the Carpathians are at
risk. The underlying driving forces and proximate causes (Lambin et al. 2001;
Lambin and Meyfroidt 2010), of which institutional and socio-economic forces are
the most important in the Carpathians (Kozak et al. 2013b; Griffiths et al. 2014;
Munteanu et al. 2014), heavily affect natural ecosystems. Over the past two cen-
turies, various shocks, such as the fall of empires, the collapse of socialism, and the
accession of the EU, have caused several shifts in land management and have
drastically affected the type and magnitude of land changes (Munteanu et al. 2015).
Economic and institutional drivers have caused land-use intensification, while other
socio-demographic and policy changes have resulted in land abandonment. As a
consequence, a broad range of patterns of land change have occurred, allowing for a
comparison of the effects of the underlying driving forces of change over a rela-
tively short time period and across a small region. The effects of the interplay
between drivers reverberate throughout the ecosystem, affecting biodiversity, car-
bon sequestration, ecosystem services, and rural livelihoods (DeFries et al. 2004;
Foley et al. 2005; Ellis et al. 2013).

The drivers of land change and their interactions may cause immediate or
delayed responses in ecosystems. Land change can occur immediately following a
shift in policy or in economic conditions, or it may take as long as several decades
for the effects to become quantifiable. For example, forest harvesting provided a
source of immediate income in the period of economic depression following the
collapse of the Soviet Union (Griffiths et al. 2012, 2014; Knorn et al. 2012a), and
the effects of the loss of tree cover were observed only few years after 1989.
However, delays in the legislative framework and the restitution process caused
intensified logging to occur only after a time-lag in some regions of the Carpathians
(Knorn et al. 2012a; Griffiths et al. 2014). In response to conservation practices and
land cover changes in the post-Soviet era, large mammal populations rebounded
only after a time lag of approximately 10 years following the collapse of the Soviet
Union (Bragina et al. 2015; Rozylowicz et al. 2010; Moura et al. 2013).

Land-use futures are associated with high uncertainty because land changes may
or may not persist over long time period: the land system may revert to previous
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land-use patterns following a shock event, or it may be pushed into an alternative
stable state. The volatile history of Eastern Europe makes the region a valuable case
study for examining alternative stable states. The regions attractiveness for devel-
opment restricts future land-use possibilities because built up areas are unlikely to
be reverted to a previous use in the future. Conversely, abandoned fields encroa-
ched upon by shrubs may or may not revert to agricultural use (Gerard et al. 2010;
Griffiths et al. 2013). Due to their agricultural suitability and fertile soils, the
lowlands of the Carpathian region have the potential for agricultural intensification
and increased food production (Foley et al. 2011), but once an area has undergone
forest succession, the cost of reverting it to agricultural use is high, and the system
can stabilize in a state of forest cover. Integration into the EU’s common market
may entail both agricultural intensification and the abandonment of traditionally
farmed areas in this region (Elbakidze and Angelstam 2007), and such changes may
be permanent or temporary, depending on future economic or policy incentives,
such as those provided by the EU Common Agricultural Policy.

The magnitude of recent land changes is modulated—alongside economic,
institutional, and demographic drivers—by centuries of human impact on natural
ecosystems. The legacies of past land-use patterns shape recent changes and affect
ecosystem structure and function, as well as the type, magnitude and timing of more
recent land change processes. Multiple, repeated shifts in land management over a
relatively short time span (the collapse of the Habsburg Monarchy and the
Austro-Hungarian Empire, two world wars, the effects of socialism, and the tran-
sition to market economies and EU accession) have caused repeated changes in land
management that have affected land-use practices and have generated several
land-use legacies (Munteanu et al. 2015). The rates and magnitude of change are
generally higher in areas with shorter land-use histories (e.g., post-Soviet agricul-
tural abandonment is more likely in areas cleared for agriculture during the Soviet
era than in areas cleared for agriculture during the Habsburg Empire). The legacies
of Soviet industrial pollution affect the recent health of forests (Main-Knorn et al.
2009), and natural disturbances are rooted in past forest management decisions
(Falťan et al. 2009).

Overall, the land-use dynamics in the Carpathian Region represent an excellent
case study for investigating aspects of land change related to drivers of change,
shocks, land-use legacies, and time-lags. In the following we outline the environ-
mental and socio-political background of the Carpathian region and review the past
two centuries of land change across the eight countries in the region, with a par-
ticular focus on the time period around the collapse of socialist regimes in Eastern
Europe. We show that institutional shocks can severely affect land change, but that
the magnitude of change differs among regions and that the response to abrupt
policy changes can sometimes occur with a substantial time-lag. We show that
land-use legacies can persist for decades or even centuries, affecting the current
landscape composition, pattern and potential for change. Understanding land
change patterns and the potential land-use conflicts arising from these changes are
essential for land management in the region.
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2 The Carpathian Region

2.1 The Environmental Setting

The Carpathians, often referred to as the ecological backbone of Central and
Eastern Europe (Hazeu et al. 2010), are the largest and the most geographically,
culturally, and ecologically diverse mountain range in the region. They span
1400 km and cover an area of over 160,000 km2 (Kozak et al. 2013a). Extending
between latitudes 43 and 50°N, the Carpathians are a young mountain range,
formed during the Alpine orogenesis, and are composed of five subunits, each with
unique geological and environmental characteristics: the Northwestern Carpathians
(including the Tatra Mountains); the Northeastern Carpathians (between the Tisza
and Cheremosh rivers); the Eastern Romanian Carpathians; the crystalline Southern
Carpathians (the Transylvanian Alps); and the lower elevation Southwestern
Carpathians (UNEP 2007) (Fig. 1). The mean elevation is 850 m, but the highest
peaks reach over 2500 m above sea level in the northwest and south (Kozak et al.
2013a). Elevations of approximately 400 m are common in valleys. The temperate
climate is characterized by precipitation levels between 400 mm in the southeast

Fig. 1 The Carpathian region: Graphic: D. Kaim
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and over 2000 mm in the high mountains. Mean annual temperatures range
between −2 and 2 °C (UNEP 2007) in high mountains and between 4 and 6 °C at
lower elevations. The geological and climatic diversity of the region results in a
high level of environmental and biological diversity.

The Carpathians harbor some of the largest areas of continuous forests in Europe,
with high conservation value and high biomass production (UNEP 2007; Keeton
et al. 2013). Of these, approximately 200,000 ha are old-growth forests found only
in Romania (Knorn et al. 2012b). Forests are important for carbon sequestration
(Holeksa et al. 2009; Keeton et al. 2010), the provision of habitat and sustaining
biodiversity (Knorn et al. 2012a), as well as for aesthetics and providing recreational
amenities. Common landscape features consist of a highly diverse mosaic of forests
and grasslands intermixed with wetlands along major river valleys. The Carpathian
foothills are covered by mixed deciduous forests dominated by oak (Quercus sp.)
and hornbeam (Carpinus betulus). At higher elevations, beech forests (Fagus syl-
vatica) mixed with silver fir (Abies alba) and Norway spruce (Picea abies) are
common. Historically, some broadleaved forests have been replaced by Norway
spruce (Picea abies) that has been introduced outside of its natural range for timber
production since the early 20th century (Munteanu et al. 2008, 2016). However, at
elevations over approximately 1100 m (with small regional differences), coniferous
forests occur naturally, composed mostly of Abies alba, Larix decidua and Pinus
cembra. Above the timber line (1400–1900 m), dwarf pine (Pinus mugo), and
juniper (Juniperus communis) shrubs make up the transitional zone leading to alpine
landscapes dominated by alpine meadows with high species diversity (Grodzińska
et al. 2004). The relatively low elevation of the mountains does not allow glaciers to
persist, even at the highest locations (Kozak et al. 2013b).

Semi-natural grasslands with high biodiversity (Bezák and Halada 2010;
Akeroyd and Page 2011) and high mountain grasslands (in Ukraine, Poland and
Slovakia, also called ‘poloniny’) are distinctive and typical landscapes of the
Carpathians, and they harbor a high number of species that are threatened or
endangered due to the overgrazing and shrub encroachment that has occurred over
the past 60 years (Baur et al. 2007). Additional grassland communities of the
Carpathians include dry and wet meadows, semi-natural mesophilic meadows, and
extensively used pastures and fens, all of which have a high diversity and are rich in
endemic plant and insect species (Bezák and Halada 2010; Kricsfalusy 2013). The
regions forests and grasslands provide habitat for a significant portion of Europe’s
biodiversity. Large mammals, such as the brown bear (Ursus arctos) (Rozylowicz
et al. 2010), European bison (Bison bonasus) (Perzanowski and Olech 2007;
Kuemmerle et al. 2010), lynx (Lynx lynx), and wolf (Canis lupus), are abundant in
this region, unlike in most parts of Western Europe (Kozak et al. 2013b).

Human activity has modified the natural landscapes of the region for over
2000 years. Characteristic cultural landscapes in the mountains consist of relatively
small fields, scattered settlements, and large tracts of forests. In the lowlands,
agriculture is practiced at a larger scale. Mining became an intensive activity in the
medieval period and remains an important driver of land change, especially in
central Slovakia (Bugár et al. 2010) and in the Western Romanian Carpathians
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(Munteanu et al. 2014). Changes in forest structure and composition have resulted
from intense natural resource use, especially for timber and pulpwood production.
The intensive use of grasslands followed by their recent abandonment has altered
their species diversity and composition (Halada et al. 2008, 2010; Kricsfalusy
2013). Urban cover has expanded, especially around larger historic cities. The past
and recent land-use dynamics affect more recent aspects of landscape structure,
composition, ecosystem functioning, and species diversity (Turnock 2002), posing
great challenges to land management in this region.

2.2 Geo-political and Socio-economic Context

The current geo-political setting of Eastern Europe is relatively young. The study
region includes a small part of Austria and the Czech Republic, most of Slovakia,
southern Poland, Hungary, western Ukraine, most of Romania and a small part of
northern Serbia. Administrative boundaries in the area have shifted multiple times
during the past two centuries, causing repeated landscape changes. Most of the
major land changes in the Carpathians were marked by changes in institutional
systems and administrative boundaries (Bideleux and Jeffries 1998). Throughout
the 19th century and up to the beginning of the 20th century, most of the Carpathian
provinces were under the control of the Habsburg Empire and the
Austro-Hungarian Monarchy (Munteanu et al. 2014), with the main mountain ridge
in Romania constituting the border with the Ottoman Empire. After World War I,
the multi-national Austro-Hungarian Empire broke up, and several national states
emerged (Seton-Watson 1945). However, the boundaries of interwar Eastern
Europe differed significantly from the present boundaries. Poland and
Czechoslovakia included the current Ukrainian Carpathians, while the southern part
of the Carpathians was part of the Kingdom of Yugoslavia. The regions of
Bukovina, Bessarabia, Moravia, Galicia, and Transylvania were annexed to dif-
ferent states (Seton-Watson 1945; Bideleux and Jeffries 1998) (Fig. 2). With the
redefinition of state boundaries, the core-periphery relationships changed, breaking
old links between settlements and transportation systems and establishing new ones
(Kozak et al. 2013b). The legacies of these repeated political changes still manifest
themselves in the current land cover and patterns of land cover change in the region.

Following World War II, most of the Carpathian countries (except Austria and
Yugoslavia) fell under the influence of the Soviet Union and established socialist
regimes. During this socialist period, land use policies and management became
relatively homogenous across the Eastern Block—with exception of Poland and
Serbia, where the collectivization of agriculture was not broadly applied. The
Carpathian countries became part of the Council for Mutual Economic Assistance
(COMECON), and joint enterprises with Soviet partners targeted the exploitation of
natural resources (Banu 2004; Kligman and Verdery 2011). Land nationalization
and the collectivization of agriculture led to some intensification of land use and in
a few instances its expansion, along with logging, in Romania, Hungary, Ukraine,

Land Change in the Carpathian Region … 63



Slovakia, and the Czech Republic. In the mountainous regions of Eastern Poland,
forest expansion was the dominant trend after World War II (Kozak 2010). Changes
in Ukraine were particularly drastic because the country was part of the Soviet
Union, and it became a main source of timber and agricultural products during
Soviet times (Brain 2011).

The transition to market economies started between 1989 and 1991 in the
Carpathian countries, when the Iron Curtain lifted and the Soviet Union collapsed.
This political shift had major implications for the economies, demographics, and
institutions of these countries and ultimately affected land change and conservation.
Land reforms occurred in the form of restitution or redistribution of land (Lerman
et al. 2004; Hartvigsen 2014), and markets opened up for trade with the Western
World. The timing and speed of the transition to market economies varied among
the countries, a process partly reflected in the timing of each country’s accession

Fig. 2 Historic geo-political boundaries in the Carpathian Region during the Habsburg Empire
(1800) Austro-Hungarian Monarchy (1900), interwar period (1930) and post-WWII (2000).
Graphic: D. Kaim, Data source: euratlas.com (1800, 1900)
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into the European Union. The Czech Republic, Slovakia, Hungary and Poland
joined the EU in 2004, while Romania joined three years later, and Serbia and
Ukraine remain non-members. However, the Carpathian countries cooperate in
regard to nature conservation and sustainable development under the umbrella of
the Carpathian Convention, which was established in 2003.

The EU accession of most of the Carpathian countries represents the most recent
shift in economics and institutions that have affected land change in this region. EU
accession impacted both resource management and nature conservation.
Regulations such as the Common Agricultural Policy (CAP) aim to build common
markets for agricultural products, remove tariffs, and support environment-friendly
agricultural land management. However, the implementation of the CAP and the
levels of subsidies differ substantially among countries, affecting in turn the recent
rates and extent of change (Young et al. 2007; Knowles 2011). Furthermore, several
other EU policies, such as the Water Framework Directive and the Natura 2000
Network, affect the future of land change in the region by encouraging or restricting
specific uses, such as wetland restoration and habitat conservation (Kallis 2001;
Donald et al. 2002; Maes et al. 2012).

2.3 Demographic Changes

Along with institutional and economic forces, socio-demographic processes are
important underlying drivers of land change in Eastern Europe (Haase et al. 2007).
Across the eight countries, the region was home to approximately 17 million people
at the turn of the 21st century (CERI 2001), who mostly lived in rural settlements.
A few large cities at the fringe of the Carpathian Mountains experienced substantial
population increases during the socialist period, and urban sprawl has increased
since 1990. The highest population densities occur in the Czech Republic and the
Polish Carpathians (>175 inhabitants/km2), while the Romanian Carpathians are
the least populated (<100 inhabitants/km2). Supporting and encouraging population
growth was one explicit goal during the communist regime, for example, in
Romania (Schreiber 2003). The post-war trend of rural depopulation and the
marginalization of rural areas led to increases in the populations of urban centers at
the edges of the Carpathians. Population aging and a growing inequality between
rural and urban areas has become a major concern in the post-Soviet Carpathians
(UNEP 2007). The population growth rate since the collapse of the Soviet Union
has oscillated between −1 and +0.5 %, with the highest rates since 2005 recorded
for the Slovak Republic. In absolute numbers, the population of all Carpathian
countries has declined slowly since 1990, except for those of Austria, Poland, and
the Slovak Republic (Fig. 3). Due to the opening of borders after 1990, migration to
Western Europe and to large cities outside the Carpathians increased substantially.
Shifts in employment from the agricultural sector to the service sector continue to
foster agricultural abandonment (Schreiber 2003; Kozak 2003). However, the
region has recently become more attractive for recreation and tourism. The
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Fig. 3 Population dynamics and changes in the percent of the population in urban areas in the
Carpathian countries since 1945. Country codes CZ Czech Republic, HU Hungary, PL Poland, RO
Romania, SK Slovakia, UA Ukraine. CZ and UA Carpathian district level data (CZ Jihomoravský,
Moravskoslezský, Olomoucký, Zlínský; UA Zakarpatska, Lvivs’ka, Ivano-Frankivska,
Chernivets’ka oblasts). HU, PL, SK, RO country level data. Data source http://pop-stat.mashke.
org/; http://ukrcensus.gov.ua; http://demoscope.ru/; UN demographic yearbooks. Graphic:
O. Shandra
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development of second homes in natural settings (Mika 2013) and employment in
the service sector (Süli-Zakar 1998) are recent processes that lead to population
increases in both rural and urban areas.

2.4 Land Cover and Land-Use Changes

Both the rates and extent of land change in the Carpathians have increased sub-
stantially over the past three decades. Most of these changes are due to
socio-economic and political shocks related to the Soviet Union’s collapse
(Kuemmerle et al. 2008, 2011; Baumann et al. 2011). However, many changes are
rooted in the regions long land-use history (Kozak 2010), and those land-use
legacies may persist for centuries into the future (Bellemare et al. 2002; Foster et al.
2003; Munteanu et al. 2015). Over long time periods, several patterns have emerged
for the Carpathians. Forest cover has increased over the past century, with a forest
transition—the shift from decreasing to increasing forest area—occurring during the
interwar period (Kozak et al. 2004; Kuemmerle et al. 2011; Munteanu et al. 2014).
Agricultural land has experienced the opposite process, i.e., agriculture generally
expanded up to the early 20th century, followed by the abandonment of marginal
areas starting during the socialist period and accompanied by the intensification of
existing cropland (Munteanu et al. 2014). Agricultural land abandonment and forest
succession accelerated after the collapse of the Soviet Union in most of the
Carpathians (Griffiths et al. 2013, 2014). During Soviet times, natural grasslands
were converted to arable land (Feranec et al. 2000), especially in lowland and
moderately hilly areas. Grazing pressure generally increased in the high mountain
grasslands up to the 1990s, but declined thereafter (Sitko and Troll 2008; Shandra
et al. 2013). After 1990, many grasslands were abandoned and reforested. However,
following EU accession and the nature conservation efforts that accompanied it,
extensively managed grasslands (pastures and hayfields) are re-appearing in
Carpathian landscapes. Other prominent land changes in the Carpathians include a
substantial loss of wetlands and an increase in urban sprawl (Ronnås 1982;
Konkoly-Gyuró et al. 2011; Huzui et al. 2012). Wetland drainage peaked during the
socialist period, but restoration efforts are being made thanks to EU regulations and
incentives (Günther-Diringer 2000; Horváth et al. 2012). Increasing urban sprawl
was common for many decades but accelerated substantially after 1990 (Ronnås
1982; Huzui et al. 2012). The regions attractiveness for tourism and second-home
development led to the abandonment of fields in the proximity of urban settlements,
which have been permanently taken out of agricultural production (Mika 2013).

While the overall trends in land change are strong, local and temporal variation
occurs across the Carpathians (Munteanu et al. 2014). For example, in Habsburg
times, forest cover decreased in the Romanian, Ukrainian, and Slovakian
Carpathians, while it increased in the Polish Carpathians and was stable in the
Czech Republic (Munteanu et al. 2014). Following the collapse of socialism, most
countries experienced elevated rates of forest disturbance; however, while
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disturbances peaked right after 1990 in Ukraine, in Romania, the highest distur-
bance rates occurred only after 1995 (Griffiths et al. 2012, 2014). Low but positive
annual rates of agricultural expansion occurred in Romania and southeast of
Hungary during the socialist period, while in Poland, agricultural land decreased by
up to 5 % per year (Woś 2005). Overall, the hotspots of land change (i.e., areas that
experienced the most change in land cover) occur at the interface of land covers so
that the same land change driver is mirrored in multiple processes (e.g., agricultural
abandonment/grassland conversion is related to forest cover increase, wetland loss
is related to agricultural expansion).

In the following section, we focus on the most important types of land cover in
the Carpathians, highlighting their specific characteristics, and discuss land-use
history, prominent land cover changes prior to and after the collapse of the Soviet
Union, and the drivers of change. The same change processes often affect multiple
land cover types, and therefore, they are discussed in the respective sections. While
the main focus is on post-socialist land change, the broader historical context is
important because past land changes modulate the extent and magnitude of
post-Soviet processes. Using these examples, we demonstrate how land change
processes exhibit legacies, time lags, alternative stable states, and we highlight
some of their effects on biodiversity.

2.5 Forests

Forests represent the dominant land cover type of the Carpathians, making up
approximately a quarter of the land cover of the region, with higher values for the
mountainous areas (Kozak et al. 2013b; Griffiths et al. 2014), and less forest cover
in adjacent lowlands, and they have a long history of human management. As a
dynamic system over the past century, forests in this region have experienced
multiple changes in terms of total area (Fig. 4), heavy logging related to shifts in
composition, natural disturbances and succession over abandoned agricultural
areas. The substantial changes in forest cover were driven by socio-economic and
institutional shocks, of which the collapse of the Soviet Union was the most
complex in terms of interactions between drivers and in terms of the magnitude of
the effects on forest management and thus on forest structure and composition
(Griffiths et al. 2014; Munteanu et al. 2015).

Over the last 200 years, the overall long-term trend has been an increase of
forested areas. On average, forest cover has increased over the entire Carpathian
region since the Soviet Union’s collapse, with a net increase of 153,000–
157,000 km2 (Griffiths et al. 2014). Romania has experienced an increase of up to
7 % in forest cover since the mid-1980s, largely due to successional encroachment
of deciduous species onto abandoned land, while mixed and coniferous forests
substantially declined between 1985 and 2010, as was the case in most other
countries in the Carpathians (Griffiths et al. 2014). Forest cover has become more
continuous, but the habitat structure and the ecosystem services have also changed
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substantially. The smallest increases in forest cover have occurred in the Czech
Republic and Austria, where despite similar trends in compositional shifts, forest
cover has only increased by approximately 1 % over the past 25 years (Fig. 5). The
increase in forest cover began much earlier however, with forest transitions
occurring in the interwar period across the Carpathian region (Kozak et al. 2004;
Kuemmerle et al. 2011; Munteanu et al. 2014).

A large proportion of the recent increase in forest cover in the Carpathians is due
to agricultural abandonment, both in marginal lands (Müller et al. 2009) and on
large agricultural fields that were previously owned by state farms (Kozak 2010;
Baumann et al. 2011). Additionally, some reforestation of previously degraded
forests has contributed to the overall increase in forest cover. During the 20th
century, with the decline of transhumance, considerable forest cover increases
occurred at the timberline, which was mostly composed of coniferous forest
(Shandra et al. 2013). In Soviet times, despite heavy logging, forest cover losses
were somewhat compensated for by the planting of trees outside of forest ranges,
for example in Hungary (Munteanu et al. 2014). Afforestation also played an
important role in marginal areas, such as the border area of Poland, Slovakia and
Ukraine (Kozak 2010). Furthermore, local conditions, such as the special case of
forced depopulation following WWII in the Biesczady Mountains of Eastern
Poland, also generated a regional hotspot of forest increase in Poland, leading to
extensive forest succession on abandoned land across an area including over 50 %
of the total landscape (Wolski 2001; Warcholik 2005; Woś 2005).

Fig. 4 Conceptual reconstruction of the long term forest and agricultural land cover dynamics in the
Carpathians. Mean annual rates of land change based on case studies from Munteanu et al. (2014)
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Forest disturbance

1985-2000 

2000-2010 

Fig. 5 Annual forest disturbance rates for the periods 1985–2000 and 2000–2010. Disturbance
rates consider all stand-replacing disturbances at a 30 m pixel level. Country boundaries are shown
in dashed grey lines. Disturbance rates are provided at the level of administrative units (district
level for Czech Republic, Poland, Slovakia and Ukraine, and county level for Austria, Hungary
and Romania). Scale of the maps is 1:8,750,000. Modified from Griffiths et al. (2013)
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Despite an overall increase in forest cover, forest management and logging
activities affect the structure and health of the Carpathian forests. Forestry as an
economic activity developed mostly during the times of the Habsburg Empire and
Austro-Hungarian Monarchy due to the high timber demands in the Empire.
Mining, a prominent activity since the 13th century, intensified during this period,
further raising timber demands and increasing the extent of deforestation (Turnock
2002). Coal and metal mining caused especially widespread deforestation in the
Ostrava region of Moravia, the Romanian Banat, Apuseni, and in northern Hungary
(Turnock 2002; UNEP 2007). Forest clearing for agriculture and for pastures,
especially above the timberline, transformed the Carpathian landscapes in the
Middle Ages and up to the 19th century.

Forest management for sawtimber and pulp production increased dramatically
during Soviet times (Banu 2004). Large areas were clear-cut and restocked with
monocultures. Such intense forest management caused forests to progressively
become younger and less dense (Turnock 2002). Stand-replacement disturbances
affected forest structure and composition, and were widespread across the
Carpathians (Griffiths et al. 2014). In some areas (e.g., Ukraine) forest harvesting
increased at surprising rates, especially after the collapse of the Soviet Union. In
most cases, disturbances occurred in the decade between 1985 and 1995.
Thereafter, disturbance rates dropped but then picked up again after 2005, mostly
in Poland, the Czech Republic (due to a combination of natural processes
(Main-Knorn et al. 2009)), Slovakia and Romania (mostly driven by changes in
institutions and ownership (Griffiths et al. 2012)). However, in Romania and
Ukraine, disturbances only peaked 10 years after the institutional shift. This time
lag effect may be related to the speed of the restitution process and the speed at
which countries transitioned to market economies (Bideleux and Jeffries 1998;
Hartvigsen 2014). After the collapse of the Soviet Union and land restitution or
redistribution, forest became an immediate source of revenue in many countries
(Irimie and Essmann 2009; Mantescu and Vasile 2009), leading to both legal and
illegal logging (Kuemmerle et al. 2009; Knorn et al. 2012a). The opening of
timber markets, increased exports, shifts in forest ownership and poor regulatory
frameworks became the main drivers of forest harvesting for timber production
(Ioras and Abrudan 2006; Irimie and Essmann 2009). In Romania and Ukraine, the
transition to market economies was slower, and drivers started having effects later
than in the Western Carpathian countries. Overall, across the region, the intense
use of forests caused forest loss within those areas and resulted in an overall shift
to younger forests with shorter rotation cycles (Nijnik and van Kooten 2000;
Griffiths et al. 2014).

Intensive and sometimes poorly regulated forest management was, over time,
accompanied by substantial shifts in forest composition and patterns. During
Habsburg and Soviet times, a shift in forest composition occurred towards a higher
proportion of coniferous species (Kozak et al. 2007; Wiezik et al. 2007; Munteanu
et al. 2016) due to timber demands and the need to restock with fast-growing
species. Since 1985, the trend has reversed, with deciduous forests increasing by
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9.0 % in the Carpathians, while mixed forest have decreased by 2.3 % and the
coniferous forests by 7.0 % (Fig. 5).

The increase of monocultures for timber and pulp production from the 19th and
20th century had a cascading effect, increasing the occurrence natural disturbances,
such as insect attacks or wind throws. Due to the vulnerability of spruce plantations to
snow, wind throws, and pest outbreaks, the occurrence and extent of disturbances
have increased over the past decades (Main-Knorn et al. 2009). In 2004 in the High
Tatra Mountains, approximately 12,000 ha of forest were disturbed by a strong
windfall (Falťan et al. 2009). In 1994, 9000 ha of mostly spruce monoculture was
disturbed by wind in South Eastern Transylvania (Turnock 2002). Such events have
led to increased forest management awareness. Forest management is currently
shifting away from managing monocultures for pulpwood and timber production
(Keeton and Crow 2009) and toward mixed forest management. Forest restoration
and forest protection plans are being implemented in many areas (Turnock 2002;
Keeton et al. 2013;Macicuca and Diaconescu 2013). As a result, forest recovery from
disturbance has been more substantial in areas that were disturbed after 1990 than in
those harvested prior to 1990. However, the effectiveness of protective and restorative
endeavors remains questionable in many Carpathian countries (Knorn et al. 2012a).

Forest changes in the early 19th century were mostly driven by proximate
causes, such as infrastructural development and timber harvesting. As the Soviet
Union expanded its sphere of influence into Eastern Europe, centralized policies
and economies became the most important underlying drivers of forest change
(Munteanu et al. 2014). Infrastructure and tourism development were proximate
causes of deforestation in Romania (Huzui et al. 2012) and the Tatra Mountains
(Gerard et al. 2010). Population displacement, on the other hand, drove reforesta-
tion in the Polish-Slovakian-Ukrainian border region (Woś 2005; Kozak 2010).
With the collapse of the Soviet Union, a multitude of proximate and underlying
drivers interacted at various levels across the Carpathian countries. As countries
developed their own policies, redefined property rights, and accessed new markets,
a complex suite of underlying drivers become increasingly important for deter-
mining patterns of forest change. For example, loopholes in laws related to the use
of forests and illegal harvesting caused severe disturbance patterns in Romania and
Ukraine (Irland and Kremenetska 2009; Kuemmerle et al. 2009; Knorn et al.
2012a), affecting valuable ecosystems such as old-growth forest (Knorn et al.
2012b). Increasing migration to western Europe reduced the pressure on the land
and allowed for forest succession to occur on abandoned grasslands and agricultural
areas (Kozak 2003; Munteanu et al. 2008; Smaliychuk 2012). The extent and
timing of disturbance patterns differed among countries depending on the time that
drivers became active, causing time lags of up to 10 years following the institu-
tional shift to occur in Romania (Griffiths et al. 2012, 2014). Overall, Carpathian
forest cover was severely affected by the socio-economic shock caused by the
collapse of the Soviet Union. The general trend was a slight overall increase in
forest cover accompanied by substantial shifts in forest composition and structure
(Shandra et al. 2013; Griffiths et al. 2014). Recent human-induced disturbances are
currently affecting ecosystem health, mostly due to selective logging and shorter
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rotation cycles (Nijnik and van Kooten 2000). Natural disturbances can be exac-
erbated by past forest management practices for wood production (e.g., spruce
monocultures), but their environmental effects sometimes only became clear dec-
ades later (Main-Knorn et al. 2009). All of the changes discussed here were driven
by a complex web of proximate causes and underlying forces, whose intensity after
the collapse of the Soviet Union increased substantially but at different rates in the
various Carpathian countries (Fig. 5).

2.6 Agriculture

Following forestry, agriculture is the second important economic sector influencing
the land cover of the Carpathian region and the one that experienced most change
over the past three decades. Agricultural land covers approximately a third of the
Carpathian Region (Ruffini 2008) with land use patterns ranging from large-scale,
intensively used fields in lowlands to small-scale subsistence farming, predomi-
nantly in marginal mountain areas. Agricultural land uses include arable land,
managed meadows and pastures but our focus here is mostly on arable use,
although the reviewed change processes may include land dynamics at the interface
of arable land and managed meadows and pastures.

Farm size varies with location and time-period: small-scale subsistence farms in
the mountainous areas are typically 1–5 ha in size, while large-scale intensive farms
established following collectivization reached over 1000 ha in size, mostly in the
lowlands (Jepsen et al. 2013). The main crops in the region are cereals (wheat, corn,
barley, rye, and oats) and legumes (potatoes, sugar beets, and peas). In recent years,
bioenergy crops such as rapeseed have gained in importance (Griffiths et al. 2013).
Fruit orchards, hop fields, and vineyards constitute the majority of the perennial
crops, and they are particularly common in the Carpathian foothills and in Slovakia
(Špulerová et al. 2011). The dynamics of field size, type of crops, expansion into
other land cover types and abandonment have changed over the past two centuries.
The overall trends in agricultural land change since the 18th century consist of
expansion up to WWI, intensification during Soviet times, widespread abandon-
ment after the collapse of the Soviet Union and recultivation in the past decade.

Traditional agricultural practices, prior to industrialization, included small-scale
agriculture based on two-field rotation cropping (Irland and Kremenetska 2009) and
livestock farming, including transhumant sheep farming, especially in Romania
(Turnock 2002). During the Habsburg and Austro-Hungarian Empires, arable land
was expanded into grasslands and wetlands at a rate of approximately 0.1 %
annually (Munteanu et al. 2014). In the 19th century and the beginning of the 20th
century, Ukrainian smallholders cleared forest patches for agricultural use (Vepryk
2001). Forest clearing for agriculture was also common in Hungary
(Konkoly-Gyuró et al. 2011). Agricultural expansion in the Carpathians continued
throughout the interwar period, but following the World War II and extensive land
reforms, the process gave way to intensification and land abandonment.

Land Change in the Carpathian Region … 73



The intensification of agriculture was a typical process from the 1950s to the
1970s for the whole of Europe (Young et al. 2007), partly due to efforts to bolster
food security after the food shortages caused by WWII. The establishment of
socialist regimes after WWII across most of the Carpathian countries represented a
major shock for cropland dynamics in the Carpathians. Agricultural land was
nationalized in Ukraine and collectivized in the countries outside of the Soviet
Union. Agricultural production became highly subsidized, and policies supported
the emergence of large collective, state-owned farms at the expense of small family
farms (Turnock 1996). The change in field size was particularly striking: the former
mosaic of small and narrow patches of land was replaced by large areas of arable
land intermixed with intensive grasslands. Large, homogenous, uniformly utilized
patches drastically changed the formerly diverse sub-montane landscape (Halada
et al. 2008). Agricultural mechanization and the use of mineral fertilizers increased
rapidly. Political goals included an increase in agricultural production and caused
the expansion of arable land in the Czech Republic (Demek et al. 2008; Skokanová
et al. 2009) and Romania (Schreiber 2003). Environmental constrains (e.g., to-
pography and wetlands) were not regarded as a limitation to agricultural use during
Soviet times, which often made the allocation of production factors in socialist
agricultural systems inefficient (Müller et al. 2013).

Despite the high level of intensification of land use, agricultural abandonment
occurred in the Carpathian Mountains soon after WWII (Munteanu et al. 2014).
Rural populations increasingly found employment in the industrial sector (Schreiber
2003; Munteanu et al. 2014), abandoning small-scale mountain agriculture.
Marginal areas were abandoned in Slovakia (Gerard et al. 2010), while in Poland,
private farms persisted during communism, leading to a higher persistence of
mosaic landscapes that included small agricultural fields, forest and some
tourist-related development (Turnock 2002). The peak of agricultural land aban-
donment in the Carpathians was reached only after the collapse of the Soviet Union,
a trend which is consistent with other post-socialist European countries (Müller and
Munroe 2008; Prishchepov et al. 2013).

Most Eastern European countries enacted comprehensive land reforms after the
collapse of the socialism, and agricultural markets were liberalized. However, the
implementation of the land reforms and agricultural policies and the availability of
subsidies varied substantially across countries, which contributed to different pat-
terns of abandonment in the different post-socialist countries (Lerman et al. 2004;
Rozelle and Swinnen 2004; Müller et al. 2013). In the Carpathians, approximately
40,000 km2 of cropland had been abandoned by 2000, and an additional 7100 km2

by 2010 (Griffiths et al. 2013)—mostly due to cropland-to-grassland conversion
(Fig. 6). The highest abandonment rates occurred in Romania and Ukraine, pre-
dominantly in marginal areas (45.8 and 58.9 %, respectively, abandoned by 2000).
Regional differences depended on the countries’ post-Soviet political, institutional
and economic situation, as well as on the individual restitution methods (Hartvigsen
2014), resulting in, for example, Slovakia experiencing less abandonment (13.1 %)
than Ukraine (58.9 %) (Fig. 6). The highest abandonment rates were associated
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Agricultural abandonment

1985-2000 

2000-2010 

Fig. 6 Agricultural land abandonment for the periods 1985–2000 and 2000–2010. Abandonment
is calculated relative to the 1985 and 2000 cropland area per unit. Country boundaries are shown in
dashed grey lines. Abandonment is calculated on the level of administrative units (district level for
Czech Republic, Poland, Slovakia and Ukraine, county level for Austria, Hungary and Romania).
Scale of the maps is 1:8,750,000. Modified from Griffiths et al. (2013)
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with areas of intermediate and low agricultural suitability (Müller et al. 2013;
Griffiths et al. 2013).

Abandonment rates decreased around 2000, and the recultivation of formerly
abandoned cropland occurred in agriculturally suitable areas. Of the land that had
been abandoned by 2000, 18 % was brought back into production by 2010
(Griffiths et al. 2013). Most of the recultivation occurred in Romania and Hungary,
while abandonment and forest succession persisted in Ukraine, parts of Poland and
Hungary. With the opening of agricultural markets and access to land, abandoned
agricultural land in post-socialist countries represents an attractive target for foreign
investors (Deininger 2011; Visser and Spoor 2011). Additionally, the EU CAP
includes income subsidies, supporting farmers to increase production efficiency in
order to be competitive on the world market (Zanten et al. 2013) and to help
manage land in an environmentally friendly way. Although access to subsidies for
agricultural production may lead to increased cropping and the re-establishment of
large-scale agricultural operations in the lowlands, the access of local, small
landowners to CAP subsidies, especially in mountainous areas, remains limited
(Bezák and Mitchley 2014). However, the effectiveness of such programs is
questionable due to different rates at which farmers apply for subsidies, differences
in farmers` attitudes, and a lack of landscape-scale coordination (Zanten et al. 2013)
potentially causing issues for the conservation of biodiversity and for the mainte-
nance of traditional agricultural practices (Špulerová 2013).

The reform of institutions, land ownership and agricultural policies following the
collapse of the Soviet Union, combined with socio-demographic processes caused
by the opening of borders, were major drivers for agricultural land change. The
strength of the institutions and the timing of reforms significantly modulated the
intensity of agricultural change (Turnock 1996; Hartvigsen 2014) and affected the
rates of post-Soviet land abandonment and recultivation. During the Soviet era,
institutional and economic factors such as the forced industrialization and intensi-
fied production of food supported by state subsidies caused an expansion of agri-
cultural land in the lowlands (Turnock 1996). Following the collapse of the system,
the lack of agricultural subsidies, decreased profitability, and the bankruptcy of
large agricultural enterprises caused widespread abandonment (Turnock 1996;
Lieskovský et al. 2013; Hartvigsen 2014). Providers of agricultural services, such
as machinery owners, shifted their activities to the more productive lowlands,
further contributing to the abandonment of the marginal mountainous areas (Müller
et al. 2013). The underlying drivers of abandonment were related to the land
restitution process, which did not take into account the landowners’ agricultural
activities (Kuemmerle et al. 2008). Migration to Western Europe caused a decrease
in employment in agriculture the Carpathian region (Hartvigsen 2014). As the
remaining rural population aged, less land was used for agricultural production.
Following the bankruptcy of large industrial operations, urban populations moved
back to the countryside, but few returned to farming. Many agricultural parcels
were taken out of production to the benefit of urban sprawl.

Land abandonment was a short-term process in many areas, which did not
necessarily push the land system into a new stable state. For example, areas in
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western Romania were abandoned following the collapse of the Soviet Union due
to the convoluted restitution process, only to be brought back into production a
decade later (Fig. 6). While the land-use future of some abandoned areas is still
uncertain, recultivation in others is likely in the future due to the fertility of their
soils and their suitability for intensified food production (Foley et al. 2011).
However, marginal lands with low agricultural suitability may transition to an
alternative state of continuous forest cover, such as the Bieszczady mountains in
Eastern Poland (Wolski 2001; Woś 2005). The length of time that areas were used
for agriculture before abandonment may influence the speed of abandonment and
cause forests to be established faster. The implications of these changes are man-
ifold in terms of habitat provision for key species. Many large mammals, such as
European bison (Bison bonasus), benefit from increasing forest cover (Perzanowski
and Olech 2007), while forest edge species or generalist species, such as brown
bears (Ursus arctos) (Gula et al. 1995), generalist birds (Angelstam 1992), and
insect species (Magura 2002), may prefer a more fragmented landscape pattern. The
future of small-scale farms, extensive agricultural practices and land management
for agro-biodiversity is still uncertain in this highly diverse area, and a uniform
spatiotemporal land-use future (Aldwaik and Pontius 2012) for the entire
Carpathian region seems unlikely.

2.7 Grasslands, Pastures and Hayfields

The grasslands of the Carpathians represent one of the most vulnerable components
of the overall land system due to their biological diversity—and the one where
changes in species richness and diversity have varied substantially over time. About
one third of the Carpathian region is made up of semi-natural habitats, most of
which are grasslands (Turnock 2002) whose dynamics are closely related to the
other land cover types. In the lowlands, steppe-like grasslands occur predominantly
in Hungary, Transylvania, and Western Romania, which are largely remnants of
primary steppes or forest steppes (Biró et al. 2012). These grasslands have a high
diversity of plants and invertebrates, many of which are endemic, and provide
refuge for numerous threatened open-land species (Cremene et al. 2005). Such
lowland grasslands were mostly altered due to the intensification of agriculture after
the WWII, post-Soviet conversion to urban and agricultural landscapes (Biró et al.
2012), and decreased grazing (Cremene et al. 2005) leading to abandonment and
shrub encroachment. In hilly and mountainous areas, meadows of woodland origin,
also called ‘poloniny’ (from the old Slavic ‘polonina’), were established in the
Middle Ages through deforestation and development for pasture use (Pietrzak 1998;
Turnock 2002). Mountain meadows have a remarkably high species richness and
contain many endemic species and medicinal plants (Halada et al. 2010). However,
the intensified use of these grasslands, with increased human pressure, overgrazing
and abandonment, simplified the local agro-biodiversity of their flora and fauna
(UNEP 2007). Mountain meadows and grasslands experienced extensive
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abandonment due to decreasing livestock numbers (Bezák and Petrovic 2006), but
in some regions of the Carpathians, such as Poland, grasslands have been brought
back under management following agro-environmental EU policies. Alpine grass-
lands occur above the timber line, and despite their high species diversity and
richness and the amount of endemism, these grasslands experienced conversion to
woodlands as the elevation of timberlines tends to increase following a decrease in
grazing and mowing.

Grasslands in the Carpathians have a very dynamic history, with a succession of
multiple uses over time. They went through periods of intensification, expansion
and conversion, all impacting the species diversity and richness of the ecosystem. In
mountainous areas, deforestation for pasture and hayfields was common starting in
the 14th century and up to the first half of the 20th century when grasslands were
used for hay-making and the grazing of domestic animals (Rabbinge and van
Diepen 2000). Transhumant sheep grazing is still practiced today as a traditional
use of mountain pastures, especially in Romania. Following WWII, not all land was
nationalized, and subsistence livestock farming was still practiced in mountainous
regions (Turnock 2002). The increased demand for meat and dairy products
together with Soviet policies of land-use intensification in the fertile lowlands led to
increasing pressures on natural mountain grasslands due to the shift in grazing of
privately owned livestock to the higher elevations. Natural pastures were affected
by intensive grazing in northern Romania (Munteanu et al. 2008) and in the
Southern Romanian Carpathians even after 1990, degrading local biodiversity
(Baur et al. 2007). During the socialist period, grasslands in the lowlands were
either hayed several times in a year or grazed by large herds of cattle and sheep. As
a result of nationalization and collectivization, intensive livestock farming units
were developed in the Carpathian lowlands, increasing the pressure on the
semi-natural grasslands (Turnock 2002). Overall, grasslands suffered the most
degradation through overgrazing under the Communist regimes (Turnock 2002).

Since the collapse of the Soviet Union, grasslands have expanded (Fig. 7), but
the nature and composition of these grasslands is different from that of historic
grasslands, mostly due to the nature of the underlying land change processes.
Post-Soviet grassland expansion is mostly the result of cropland abandonment.
Approximately 24 % of the cropland of 1985 had been abandoned by 2010 and
subsequently transitioned to grasslands, but the rate increase in grassland cover on
abandoned agricultural fields dropped to 9 % by 2010 (Fig. 6). The change from
cropland to grassland was most prominent in Romania and Ukraine. However, due
to their agricultural history, several decades after abandonment, these fields in the
process of converting to grasslands have a different species composition than the
historic semi-natural grasslands (Ruprecht 2006). Depending on the length of
agricultural use, such agricultural legacies can persist for centuries on the landscape
(Foster et al. 2003).

Grassland expansion is only a recent process that is counter-acting the past
extensive grassland loss to other land covers. In the lowlands, conversion to arable
land and intense grazing affected grasslands before and during the socialist period.
Large areas of grasslands were brought into agricultural production by means of
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Grassland conversion

1985-2000 

2000-2010 

Fig. 7 Grassland conversion for the periods 1985–2000 and 2000–2010. Grassland conversion is
calculated relative to the 1985 and 2000 grassland area per administrative unit. Country boundaries
are shown in dashed grey lines. Grassland conversion is calculated on the level of administrative
units (district level for Czech Republic, Poland, Slovakia and Ukraine, county level for Austria,
Hungary and Romania). Scale of the maps is 1:8,750,000. Modified from Griffiths et al. (2013)
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terrain adjustment, drainage, ploughing, sowing of more productive varieties of
grasses and clovers, intensive fertilization, drainage, and the destruction of springs
(Biró et al. 2012). Grasslands along river valleys were converted to arable land due
to their high soil quality (Halada et al. 2008), leading to an overall substantial
reduction of grassland cover: in Romania, steppe grasslands were reduced signifi-
cantly to expand arable land by 39.2 % (Ioras 2003), and in Slovakia, more than
50 % of extensively used semi-natural grasslands were lost to arable land or to
intensive meadows (Halada et al. 2010). In Hungary, wetlands were drained and
converted to agricultural lands (Munteanu et al. 2014), although the grassland areas
remained unchanged during Soviet times according to Hungarian statistics (Biró
et al. 2012). After 1990, the afforestation of grasslands was a common process
throughout the region (Griffiths et al. 2013) (Fig. 6).

Since the collapse of the Soviet Union, one of the largest threats to natural and
semi-natural grasslands is related to land abandonment, followed by forest suc-
cession, which reduces the diversity and area of pastures and meadows (Kricsfalusy
2013). As livestock numbers declined in most Carpathian countries, so did the
intensity of grazing and pasturing, allowing for forest succession on mountain
pastures. The lack of management led to a loss of biodiversity (Cremene et al.
2005). In many cases, the abandonment of mountain meadows lead to a decline in
species richness of up to 50 %, with unique grassland communities disappearing
entirely (Bezák and Halada 2010). Lowland grasslands were also affected by
abandonment: in Hungary, between 1988 and 1999, the annual grassland loss
reached 1.3 %, in contrast to relatively static conditions during prior decades (Biró
et al. 2012). Grasslands were mostly lost to urban development and forest cover in
Hungary (Konkoly-Gyuró et al. 2011; Biró et al. 2012). In Western Ukraine and
Western Romania, the rate of grassland loss to other covers has increased since
2000, largely due to agricultural recultivation (28 and 19 % of previously aban-
doned land in Romania and Ukraine, respectively).

With EU accession and an increased awareness of the importance of conser-
vation, the environmental value of grasslands was recognized, and
agro-environmental programs (part of the CAP) now support extensive uses and the
conservation of biodiversity. In the Carpathian Mountains, traditional sheep herding
is increasingly encouraged for tourism purposes, while maintaining the traditional
extensive use of meadows and pastures, and supporting local food production
(UNEP 2007). In Romania, subsidies for the management of high nature value
grasslands aim to combat the effects of land abandonment and to support traditional
agricultural practices (Akeroyd and Page 2011), despite the questionable suitability
of the preservation approach of the currently available subsidy systems of the CAP
(Fischer et al. 2012).

The underlying drivers of grassland change are closely interwoven with proxi-
mate environmental factors such as suitability for agriculture, elevation, and patch
size (Biró et al. 2012). While the loss of grasslands in the socialist period was the
result of centralized policies, recent grassland loss is mostly the result of the
socio-demographic adaptations of individual farmers and land owners to the
changing institutional and economic post-Soviet environment. In marginal
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mountainous areas, migration and the aging of the population, combined with a
decrease in livestock farming, has caused a decrease in grassland management and
resulted in conversion to forests (Munteanu et al. 2008, 2014). In Hungary, recul-
tivation and afforestation both caused a decrease in grassland cover, and areas close
to settlements and roads were more likely to be converted to other uses (Biró et al.
2012). Increasing foreign investment (Jordan 2013), EU CAP incentives for the
recultivation of areas suitable for production, and increased commodity prices are
expected to lead to further grassland loss in the Carpathian region (Fig. 6). Recent
policy payments increased attention to conservation and support environmental
grassland management in the Carpathians (Akeroyd and Page 2011). Management
practices that are beneficial for supporting species richness and diversity, such as
mowing and the removal of biomass (Galvánek and Lepš 2011) or extensive grazing
(Cremene et al. 2005), are encouraged through agro-environmental schemes, a now
commonly used instrument for landscape management. These schemes are based on
contracts between land managers and public authorities, which provide payments for
extensive management of land (especially grasslands and hedgerows). Recent
grassland dynamics in the Carpathians indicate that the abandonment trend will not
persist and current grassland cover may revert to agriculture or managed meadows
and pastures (Griffiths et al. 2013).

2.8 Other Land Cover Dynamics

Two other land cover types in the Carpathians experienced drastic change over the
course of history: wetlands and urban areas. Although entirely different, these two
land cover types present a common characteristic: their trajectory of change over
long periods of time has followed the same direction but with increasing intensity.
Urban cover in the Carpathians has increased considerably over the past 250 years.
Large urban centers developed in the lowlands and continued to rapidly sprawl after
the collapse of the Soviet Union. In mountainous areas, tourism development and
the building of second houses (Mika 2013) are the main causes of recent increase in
built-up areas. In turn, wetland areas have experienced a continual decline since the
middle of the 19th century. Many wetlands were drained and embanked for agri-
cultural development and, in many cases, to support later urban development. The
process was most prominent in the lowlands of Hungary.

Urban areas represent approximately 13 % of the Carpathians and are increasing
in extent (UNEP 2007; Gerard et al. 2010). The conversion of land to built-up
surfaces, including infrastructure development, industries and housing, is one of the
six main land cover changes affecting the Carpathians (Gerard et al. 2010).
Colonization during the 19th century increased the population of the Carpathians
and subsequently caused an increase in built-up areas. The urbanization policies
enacted during socialist rule led to the rapid conversion of farmland and grasslands
to grow settlements, and increase industrial and infrastructure development.
Industrial development pressures correlated with a heavy exploitation of natural
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resources that led to urban and industrial development at the edges of the
Carpathians, such as Resita and Hunedoara in Romania, Upper Silesia and Krakow
in Poland and Kosice in Slovakia. Since the collapse of socialism, many industrial
operations have been abandoned, but the land did not revert to past land covers.
Furthermore, urban sprawl and suburbanization have increased in magnitude
(UNEP 2007). Loopholes in regulations led to unplanned development on recently
privatized land (Munteanu et al. 2008). The development of tourism infrastructure,
especially in the Tatra Mountains and the Southern Romanian Carpathians, led to
additional increases in built-up areas. The Ukrainian Carpathians lag behind in
tourism compared to the bordering Maramures (Romania), potentially due to their
limited connectivity both by rail and road (Jordan 2013).

Wetland areas are the land cover type that have been changed to largest extent.
The mosaic of wetlands and grasslands along the Danube and Tisza rivers have
been altered continuously since the middle of the 19th century (UNEP 2007; Biró
et al. 2012). River flow control regulations and embankments to extend agricultural
production caused dramatic reductions in wetlands, down to less than half of their
historic area along the Danube River (Ioras 2003). Most of the embanked areas
were converted to agricultural production in Hungary and Romania (Ioras 2003;
Konkoly-Gyuró et al. 2011). The straightening and shortening of streams, the
construction of dikes and drainage canals, and wetland drainage became common
socialist policies from the 1950s to the 1970s, aimed at supporting agricultural
production and self-sufficiency (Kligman and Verdery 2011). In many cases in the
Hungarian lowlands, the loss of wetlands was nearly total. For example, in
Northern Hungary, wetlands made up approximately 17.7 % of the landscape in the
18th century but were reduced to 5.4 % by 1998 (Konkoly-Gyuró et al. 2011). With
the adoption of EU regulations, such as the Water Framework Directive, and
adherence to international agreements, such as the Ramsar Convention on
Wetlands, wetland protection and restoration are becoming more important in
conservation practices, yet the efforts required to restore such wetlands have kept
the scale of wetland restoration low.

The changes in urban and wetland cover in the Carpathians provide good
examples of permanent land cover changes. Once areas have transitioned to an
urban landscape or away from wetlands, it is very unlikely that its future use will
revert to its historical state. In this context, a sustainable, consistent management of
these land covers over time is essential. However, in the Carpathians, most regions
have experienced very little or no continuity in land management systems due to the
multiple shifts that have occurred in political, economic and socio-demographic
conditions. Poor regulations, missing cadastral planning and loopholes in devel-
opment regulations, as well as shifts in property size and ownership, have all caused
chaotic urban sprawl (Björnsen-Gurung et al. 2009; Suditu et al. 2010). Increasing
food demands and forced industrialization historically led to massive wetland loss,
and although this trend has slowed down in the past years, the effects of past
wetland loss on ecosystem diversity are still reverberating. Because the loss of
wetlands and urban expansion are mostly permanent changes, adequate planning
that considers land as a limited resource is essential for managing these cover types.
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3 Conclusions

The Carpathian Mountains, with their long land-use history, are a great showcase of
how changes in institutions and land management regimes are reflected in the land
cover. The region is suitable for the conceptual study of land-use legacies, alter-
native stable states and time lags related to the effects of shocks on land change.
The truly diverse socio-economic and institutional history and conditions of the
Carpathian countries provide a great natural experiment and exemplify how
(1) following a shock, land systems may or may not be pushed into an alternative
stable state (e.g., agricultural land abandoned following the collapse of the Soviet
Union being reverted to agricultural use after EU accession versus agricultural
abandonment following World War II resulting in conversion to stable forest
cover); (2) effects of institutional changes may or may not experience time-lags
(e.g., different rates of forest disturbance following the collapse of the Soviet
Union); and (3) land-use legacies may persist for centuries (e.g., past land cover
affecting the rate and magnitude of recent land changes).

The establishment and the collapse of the Soviet Union were major events, with
long lasting effects on the different types of land cover. Some of the highest rates of
land change in the Carpathians occurred after the collapse of the Soviet Union, but
often, these changes were rooted in the prior land management history of the area.
Forest transitions occurred in the interwar period, mirrored by agricultural aban-
donment and intensification since the establishment of the Soviet Union. However,
many abandoned lands are being brought back into agricultural production fol-
lowing accession to the EU. In the past decade, grassland cover mostly decreased in
the Carpathians, and wetland loss and urban expansion have been active processes
since the 18th century. In summary, the Carpathians experienced extensive land
changes and, thus, offer a wealth of land change lessons related to the effects of
shocks, land change trajectories, time-lags and land-use legacies. Land-use trends
and patterns in the Carpathians are broadly relevant to land change science as a
whole and are applicable to multiple regions that have experienced abrupt transi-
tions due to the collapse of the Soviet Union or to other political and
socio-economic events. Land change science is tackling the implications that
economic development, globalization, land-use policies, land grabbing, land-use
displacement, and resource scarcity may have for future land change trajectories.
We show that alongside these factors, socio-economic and political shocks, such as
wars or abrupt changes in political regimes, severely affect the magnitude of
change. Understanding the diversity of the spatiotemporal patterns of land change is
important in balancing land-use decisions regarding intensified production versus
extensive use for nature conservation—an issue that is relevant not only for the
Carpathians but also for all of the worlds’ biodiverse areas.
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