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1. Introduction

After the Second World War, the Polish Carpathians experienced
various socio-economic and political changes manifested in
changes of land use and land cover (LUC) structure (Soja 2008).
In fact there were two distinct types of LUC transformation. The
first type, characteristic for the eastern part of the Polish Car-
pathians entailed a rapid collapse of agricultural activity caused
by displacement of the Rusyn population just after 1947 (Wolski
1998). The second type of change, encompassing the western
and central parts of the Polish Carpathians (including Gorce
Mts.) is characterised by a gradual retreat of agriculture, and also
in part animal husbandry, accelerated after 1989 under the pres-
sure of economic and social change (Kozak 2010; Banski 2011).
Before 1989, development of the public sector in agriculture at
the expense of individual farms was a priority for the Polish
communist government. The introduction of compulsory deliver-
ies of given amounts of basic crops, which took place after the
Second World War, was an additional form of taxes imposed on
farmers. Poor efficiency of the economy was also affected by
low officially established food prices and extensive production
methods. Moreover, other factors that prevented the develop-
ment of small agricultural farms in the mountains were limited
possibilities in acquiring machines and artificial fertilisers as
well as more and more pronounced countryside ageing process.
Difficult conditions and the lack of perspectives for improvement
of the financial situation resulted in the fact that fewer and fewer
young people decided to stay in the countryside (Kowalski 1993;
Machatek 2013). The changes in national politics that were more
beneficial for individual farmers were introduced in the 1970s
and resulted from a constantly deteriorating situation associated
with national food supply (Machatek 2013). In 1972, compul-
sory deliveries were lifted. For the first time, farmers and their
families gained access to free medical care. They were also given
the right for pension benefits. These legislative changes could
gradually reduce farmers pressure on cultivation of the highest
and less accessible mountain areas.

The factors affecting drop in the profitability of farming in
mountains after 1989 was the withdrawal of special budget sub-
sidies for farms in mountainous areas, and the promulgating of
a 1988 statute on individual economic entities, which supported
the development of activities other than agriculture (Gérz 2003).
The result of these transformations was a significant increase in
the area of fallow lands in Poland, from 160,000 hectares (1.1%)
in 1990 to 2,300,000 hectares (17.6%) in 2003 (German, Wéjcik
2009). It has also led to an increase in forest areas.

Similar changes in land use occurred after 1989 in coun-
tries which also belonged to the Eastern-European communist
regimes, such as the Czech Republic (Bicik et al. 2001, 2012)
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and Slovak Republic (Olah et al. 2009; Sebo, Novacek 2014).
Although these countries until 1989 were fully oriented towards
the collectivization of agriculture. That was in contrast to Poland
where individual small farms dominated in the ownership sys-
tem.

2. Obijectives

The aim of this article is to present changes in land use in two
catchments of the Jaszcze and Jamne in the Polish Carpathians,
which were a result of socioeconomic transformations that took
place in 1977-2009. This period includes two distinct stages of
economic development: (i) the communist system, up until 1989,
and (ii) the transformation from post-communist to free market
economy.

3. Methodology

The changes in LUC were derived from panchromatic aerial
photos at a scale of 1:16,000 for the year 1977, and color aerial
orthophotomaps at a scale of 1:5,000 for the year 2009. Addi-
tional LUC information was derived from aerial photos at a scale
of 1:9,000 and 1:13,000 for the years 1997 and 2004, respectively.
Geometric corrections were performed to rectify all the maps
and images using the UTM projection system in a GIS ILWIS 3.3
environment (International Institute for Aerospace Survey and
Earth Science 1997). In order to standardize the values of maps
from two different time periods, six consistent LUC categories
were defined: forest, grasslands (meadows and pastures), arable
land, groups of trees and shrubs, tree belts along roads, and
buildings.

A Digital Elevation Model (DEM) was prepared for the
Jaszcze and Jamne catchments by referencing topographic
maps (1:10,000). The DEM served to generate derivative maps
of proportion of LUC in relation to slope inclination, as well as
its changes in the 100m classes of elevation across various time
scales.

4. Study area

Gorce are medium-high mountains (600-1,300 m a.s.l.) in the
Polish Carpathians. Studies were carried out in the Jaszcze and
Jamne catchments (the Ochotnica Dolna commune, the Dunajec
basin) which dissect the southern slopes of Gorce Mountains. The
Jaszcze and Jamne catchments (area of 11.39 km? and 8.95 km?,
respectively) have environmental features representative of the



Tab. 1 - Land use/cover changes (%) in the Jaszcze and Jamne for the period 1977-2009.
warszava Land use/cover 1977 2009
Jaszcze Jamne Jaszcze Jamne
| smow catchment catchment catchment catchment
Forest 66.95 43.32 79.83 60.94
Grassland 26.10 40.25 18.62 35.74
Arable land 6.05 12.62 0.60 1.25
Group of trees and bushes 0.62 2.86 0.62 1.03
Tree belt along road 0.10 0.75 0.02 0.68
C:::_\’ Ochotnica Dolna commute Buildings 0.18 0.20 0.31 0.36
Fig. 1 - Study area.
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Fig. 2 - Land use/cover in the Jaszcze and Jamne catchments in the year 1977. Fig. 3 - Land use/cover in the Jaszcze and Jamne catchments in the year 2009.

Gorc
1,229 ma.s.l.

Jaworzyna
1,250 m a.s.l.

without land use change

B forest
@ grassland
[ |

arable land
ith land use change
arable land — grassland
grassland — forest
forest — grassland

stream e
water divide 0 1 km 610 m a.s.l.

B3

AN

Fig. 4 - Predominant types of land use/cover changes in the Jaszcze and Jamne
catchments between 1977 and 2009.
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Western Flysch Carpathians (Fig. 1). Both catchments are in the
range of the Magura nappe which appear in the form of alternate
sandstone and shale layers. High ridges (1,000-1,250 m a.s.l.)
and deep V-shaped valleys are thus the main relief forms. In the
Jaszcze and Jamne catchments, slopes are often steeper than
15° (over 70% of the area), and are convex or convex-concave in
shape. The Jaszcze and Jamne catchments are located in two ver-
tically-differentiated climatic zones: 1) a temperate cold zone (of a
mean annual temperature of 4-6 °C), and 2) a cold zone (2-4°C),
above 1,100 m a.s.l. (Hess 1965). Mean annual precipitation, in
the years 1958-2008, was 841 mm. On weathered sandstones
brown soils primarily occur, while in valley bottoms - alluvial
soils have formed. Both catchments are overgrown with mixed
forest (oak, spruce, pine) of the lower mountain zone (between
600-700 m a.s.l. and 1,100 m a.s.l.) and Carpathian spruce forest
which occurs at elevations above 1,100 m a.s.l. The upper parts
of the valleys are within the borders of the Gorce National Park
(GNP), established in 1981.

Until the mid-20t century farming and pasturing were critical
income sources in Ochotnica Dolna commune. In 1978, nearly
70% of the population’s livelihood depended on agriculture. By
the end of the 1980s, the percentage dropped to 57.6% (in 1988),
however, farming incomes began to decline as other income
sources became available (from economy sectors - mainly build-
ing construction) and this trend has continued to the present
(2002 - 32.1%). The number of people living on non-earned
sources had also increased. These were mainly people who
acquired either retirement or state pensions based on their work
in agriculture. In 2002 this fraction of this population amounted
to over 30%. In addition, in the 1970s a new source of livelihood -
agritourism - appeared in Ochotnica Dolna commune (Czajka
1987). New holiday homes have been built, with agritourism
becoming very popular and new tourist trails and cycling routes
increasingly being established in this area (Bucata 2014).

5. Results
5.1 Land use/cover changes in the years 1977-2009

From 1977 to 2009, similar LUC changes were observed in both
catchments, although their initial states were notably different.
In 1977 in the Jaszcze catchment, over half of the area was occu-
pied by forest, forming a continuous complex which covered
the middle and higher basin elevations. The continuous forest
complex persisted largely as a result of the steep gradients and
north-facing slopes, the latter also affecting duration of snow
cover. Grassland covered 26.10% of the surface area, arable land
only 6.05%. In the past half century, forested areas increased
by 12.88% of the total surface area of the Jaszcze catchment,
while grasslands areas decreased from 26.10% to 18.62%. Arable
land area decreased by over 90% to 2009, and is currently only
0.60% of the cultivated catchment. In this period bulit-up areas
increased from 0.18% to 0.31%.

In 1977 in the Jamne catchment, farmland (arable land and
grasslands) covered more surface area than forest. Farmland
occupied 52.87% (with arable land at 12.62% and grasslands at
40.25%) of the surface area, forest 43.32%. Forest grew mainly
on the slopes of deeply incised tributary valleys and the upper
parts of the Jamne valley. Only a small area of the catchment
was occupied by groups of trees and bushes, or belts of trees
and shrubs along the roads (3.61%). Buildings (houses and farm
storage buildings) located in the lower part of the valley occu-
pied only 0.20%. As in the case of the Jaszcze catchment, the
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arable land area in the Jamne catchment decreased by 90% from
1977 to 2009. The arable land remained close to houses, at lower
elevations and on gentler slopes. Although grasslands areas
decreased from 40.25% to 35.74%, forested areas increased by
almost 17.62% when compared with the total surface area of the
Jamne catchment in the same period. The buildings increased
from 0.20% to 0.36% (Figs. 2, 3, Table 1).

In order to identify land use change in the Jaszcze and Jamne
catchments, additional maps of land use were devised based on
aerial photos (1997) and ortophoto map (2004). The structure of
LUC, both in the Jaszcze and Jamne catchments, were observed
gradual changes from 1977 to 1997 (the early stage of transfor-
mation from communist system to free market economy) - a rise
in forested area, a decrease in farmland by 7.05% and 8.25%,
respectively in the catchment Jaszcze and Jamne. In shorter time
more rapid LUC changes were noted between 1997 and 2004,
when in this period arable land decreased by almost one half in
both catchments.

Another changes were occurred after access to the European
Union in 2004. The state of land use from the year 2004 com-
pared with 2009. There was an increase of forest area by 3.13%
and 5.48%, respectively in the catchment Jaszcze and Jamne, at
the expense of arable land and grasslands. Such a large increase
in forest area over five years, may be a consequence of accel-
eration of socio-economic changes associated with the Polish
accession to the European Union. Due to this changes the basic
source of income for the inhabitants has become off-farm work.
In Jaszcze and Jamne, 83% and 91% of inhabitants, respectively,
are off-farm employed. Building construction is the leading off-
farm sector (Bucata 2014). The inhabitants of this region work
for construction companies largely in southern Poland (Ochot-
nica Dolna, Nowy Sacz, Krakéw, Katowice, Dabrowa Goérnicza,
Ustron, Wroclaw) and abroad (Germany, Norway).

It must be noted that in the analyzed period, 65% of forests
and over 12% of grasslands was not subject to any change in the
Jaszcze catchment. In contrast, only about 0.5% of arable land
of 1977 is still used. The remaining arable area was converted
to grasslands and forests. Moreover, 13% of grasslands area
became overgrown with forests due to natural succession. The
situation is similar in the Jamne valley where 39% of forests and
21% of grasslands are still used in the same manner. However,
merely 1% of arable land is still cultivated, and approximately
10% was converted to grasslands. At the same time, 17% of grass-
lands area became covered with forests. In both valleys, a small
percentage of grasslands area was intended for built-up areas.
Moreover, there was also an increase in trees and bushes as well
as afforestation area along roads at the expense of grasslands,
which are potential forest areas (Fig. 4).

5.2 Impact of slope inclination and altitude
on land use/cover changes in the years 1977-2009

Analysis reveals a strong correlation between slope gradient
and LUC changes. In both catchments, the same trend towards
abandonment of cultivation on steeper slopes was apparent
between 1977 and 2009. The largest decrease in arable land
(in %) occurred on slopes steeper between 10-15° and was by
about 95% and 88% in each slope gradient class, respectively in
the catchment Jaszcze and Jamne. However in the Jamne catch-
ment decrease in the area of arable land was more gradual and
decrease in arable land by 95% occurred only in the range of
slopes between 20-30°. In both catchments the greater slopes
gradient the greater arable land decrease. In the Jaszcze and
Jamne catchment a significant decrease in the area of arable
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Fig. 5 - Land use/cover changes in slope inclinations in the Jaszcze catchment
for the years 1977 and 2009.
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Fig. 7 - Changes in the proportion of forest cover and arable land with elevation
in every 100 m in the Jaszcze catchment for the period 1977-2009.
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land (above 60% in both catchments) were also observed on
slopes inclined at 0-5°, although, at present, arable land occurs
only on slopes along the flat valley bottoms. Furthermore, in
the Jamne catchment, which is less forested and arable land
covered 12.62% in 1977, slopes of different gradients continue
to be cultivated.

Across all slope gradients, arable land decreased by about
11% in the Jamne catchment and by over 5% in the Jaszcze catch-
ment. In the Jamne catchment, the largest increase in forested
area occurred on slopes inclined at 15-20°, ca. 50%. However,
in the Jaszcze catchment the corresponding increase was great-
est on the lowest gradients and amounted to around 50%. This
resulted from a natural plant succession onto arable land which
predominated on gently inclined slopes in both catchments in
the 1970s, but which were later abandoned. Continuous forest
complexes prevailed on steeper slopes, where there was a lim-
ited increase. Forest succession progresses at the highest rates in
abandoned meadows and intra-forest glades occurring on ridges
or along streams (Figs. 5, 6).

Analysis of forested areas in 100m height intervals shows an
increase in forested areas with elevation. In the Beskids, forested
areas exceed 90% above 900 m a.s.l. (Kozak, 2005; Main-Knorn
et al., 2009). In the Jaszcze catchment the percentage of forested
areas in the highest elevations (1,000-1,100 m a.s.l.) is similar (in
the Jaszcze 93.05%, but in the Jamne this is lower, at 79.09%).
The largest forest area increase at the expense of grasslands
and arable land was observed at 900-1,000 m a.s.l., both in the
Jaszcze (in 1977: 73.62%, in 2009: 87.42) and in the Jamne (in
1977: 53.76%, in 2009: 70.33%). At 800-900 m a.s.l., the largest
percentage increase in forested area was 13.33% for the Jaszcze
valley and 21.44% for the Jamne valley. Grassland and arable
land still predominate in the lower parts of the Jaszcze and Jamne
valleys (600-700 m a.s.l. and 600-800 m a.s.l., respectively) and
amount to over one half of the land used (Figs. 7, 8).

6. Discussion

The LUC changes which occurred in the Jaszcze and Jamne
catchments were accelerated during the Polish economic trans-
formation that begun in 1989. These changes are representative
of the Western Polish Carpathians, and manifest themselves
principally in a reduction in agricultural land (Banski 2011;
Kozak 2003, 2005). The two main factors influencing the eco-
nomic decline of farming in the mountainous areas, following
1989 were: the removal of the state budget subsidy for mountain
farmsteads and the introduction of a law on private economic
entities (G6rz 2002, 2003).

In the analyzed period both catchments were characterized
by a notable decline (by 90%) in the area occupied by arable
land. This coincided with an increase in forest cover. The pro-
portion of forests has increased from 66.95% to 79.83% in the
Jaszcze catchment, and from 43.32% to 60.94% in the Jamne,
since 1977. It may be expected that the tendency shown to date,
i.e., that of the increase in the proportion of forested land, will be
maintained, as this phenomenon is prevalent throughout Europe
(Macdonald et al. 2000; Piussi 2000).

The analyses revealed a considerable dependence of land use
and its changes on slope steepness. The results confirm the exist-
ence of a barrier for agricultural development associated with
relief and climate conditions which also influence soil thickness
and thereby its quality. Arable land on less fertile soils which are
developed on steeper slopes is currently being abandoned. A 95%
decrease in arable land area has been observed on slopes steeper

47

than 10°. Moreover, it is also observed that altitude above sea
level has an influence on the increase in forest area, particularly
on terrains which were used for agricultural purposes in the
past. The upper range of arable land decreased by 100 m. Thus
an abandonment of the cultivated and pasture areas is observed
in the Gorce Mountains, particularly on clearings located on
steeper slopes and hilltops (Wezyk, Pyrkosz 1999; Wezyk 2006).

The increased quantity of off-farm work coincided with the
gradual abandonment of arable land, particularly on the upper
parts of steep slopes with skeletal soils. The dwindling incomes
from agriculture induced the residents to enter employment in
nearby towns and villages in the non-farming sector (Czajka
1987; Soja 2008).

The changes occurring in the Polish Carpathians correspond
with an earlier trend found in other mountainous regions of
Europe, namely the decreasing proportion of cultivated land
and the increasing area of forests (Piussi 2000; Lipsky 2001;
Falcucci et al. 2007). For example, in the French Alps, affores-
tation started as early as the nineteenth century and was the
result of the wish to reduce the flood risk consequent on defor-
estation (Mather et al. 1998; Whited 2000). Later, the increased
forest cover was linked with the outflow of population from
less fertile areas and the intensification of agriculture in the
adjacent lowlands (Macdonald et al. 2000; Didier 2001; Moreira
et al. 2001; Tasser et al. 2007). For many years, the widespread
process of depopulation of less fertile areas has continued in
Sierra Morena, in Spain (Ales 1991). In the Swiss and Austrian
Alps, the diversification of the economy offered work outside
the agricultural sector and led to a farming crisis and the aban-
donment of traditional mountain agriculture and shepherding
(Grotzbach 1988; Lichtenberger 1988).

With respect to erosion and flood control, the conversion
of arable land into grasslands and woodland is in accordance
with the concept of sustainable management devised for the
Carpathians (Starkel 1990; Starkel et al. 2007). The LUC changes
described reduced slope wash and suspended load in the rivers,
which in turn has resulted in the interruption of aggradation on
their floodplains and accelerated channel incision.

7. Conclusion

The gradual changes in land use that are taking place in the
Jaszcze and Jamne catchments in the Gorce Mountains are
typical of the Beskid parts of the Western Polish Carpathians.
The changes in the land use structure result from the socio-
economic changes: from lifting compulsory deliveries to the
economic transformation following the accession of Poland to
the European Union. The economic transformation resulted
in an increase in forest area by nearly 15% at the expense of
agricultural land in both catchments analysed in the period
of 1977-2009. A decrease in initial differences in land use
between the deforested catchment with less steep slopes and
the afforested one with a considerable share of steep slopes,
caused by increased afforestation at the expense of agricultural
land, proves that socio-economic factors prevail in shaping the
land use structure in the Beskid Mountains. The areas that are
particularly predisposed to land use changes are situated in the
least favourable environmental conditions in terms of agricul-
tural development, i.e. (i) areas situated on higher altitudes with
a shorter vegetation period where decreasing of the upper range
of arable land by 100 m was observed; (ii) steep slopes where
decline in arable area on the slopes >10° by 95% was noted.
The changes in land use structure in the past decades, following



the transition from the communist system to the free market
economy and after the accession to the European Union, are
similar to those observed in Western Europe since the half of
the 19* century and are consistent with the recommendations
development in Poland already from the 1970s.

References

ALES, R.F. (1991): Effect of economic development on landscape structure
and function in the Province of Seville (SW Spain) and its consequences
on conservation. In: Baudry, J., Bunce, B. (eds.): Land Abandonment and
Its Role in Conservation, Options Mediterraneennes, serie A, Seminaires
Mediterraneens, 15: 61-69.

BANSKI, J. (2011): Changes in agricultural land ownership in Poland in the
period of the market economy. Agricultural Economics, 57, 2: 93-101.

BICIK, I, JELECEK, L., STEPANEK, V. (2001): Land-use changes and their
social driving forces in Czechia in the 19" and 20 centuries. Land Use
Policy, 18: 65-73.

BICIK, L., KUPKOVA, L., STYCH, P. (2012): Changes of land use structure in
Czechia: from local patterns to a more complex regional organization.
Land Use/Cover Changes in Selected Regions in the World, Volume VII:
5-12.

BUCALA, A. (2014): The impact of human activities on land use and land
cover changes and environmental processes in the Gorce Mountains
(Western Polish Carpathians) in the past 50 years. Journal of Environ-
mental Management 138: 4-14.

CZAJKA, S. (1987): Ochotnica dzieje gorczanskiej wsi 1416-1986. Jelenia
Gora: 367 pp.

DIDIER, L. (2001): Invasion patterns of European larch and Swiss stone pine
in subalpine pastures in the French Alps. Forest Ecology and Manage-
ment, 145, 1-2: 67-77.

FALCUCCI, A., MAIORANO, L., BOITANI, L. (2007): Changes in land-use/
land-cover patterns in Italy and their implications for biodiversity conser-
vation. Landscape Ecology 22: 617-631.

GERMAN, K., WOJCIK, A. (2009): Wplyw denaturalizacji i antropopresji na
krajobraz zachodniej czesci Krakowa i jego strefy podmiejskiej. In: Gérka,
7., Zborowski, A. (eds.): Cztowiek i rolnictwo. IGiGP UJ, Krakéw: 113-119.

GORZ, B. (2002): Wspélczesne przemiany na obszarach wiejskich Podhala.
Przeglad Geograficzny 74, IGiPZ PAN, 3, 451-468. (In Polish with English
summary.)

GORZ, B. (2003): Spoteczenstwo i gospodarka Podhala w okresie transforma-
cji. Akademia Pedagogiczna, Krakow.

GROTZBACH, E. (1988): High mountains as human habitat. In: Allan, N.J.R.,
Knapp, G.W,, Stadel, C. (ed.): Human Impact on Mountains, Rowman and
Littlefield Publishers, Lanham, pp. 24-35.

HESS, M. (1965): Pietra klimatyczne w polskich Karpatach Zachodnich. -
Zeszyty Naukowe UJ, Prace Geograficzne 11: 258 pp.

INTERNATIONAL INSTITUTE FOR AEROSPACE SURVAY AND EARTH
SCIENCES (1997): ILWIS - The Integrated Land Water Information Sys-
tem. Use’s Guide, Enschede, The Netherlands.

KOWALSKI, Z. (1993): Back to market: polish family farming in the 1990s.
Canadian Journal of Agricultural Economics 41: 349-356.

KOZAK, J. (2003): Forest cover change in the Western Carpathians in the
past 180 years, A case study in the Orawa region in Poland. Mountain
Research and Development 23, 4, 369-375.

KOZAK, J. (2005): Zmiany powierzchni lasow w Karpatach Polskich na tle
innych gér swiata. Uniwersytet Jagiellonski, Krakow.

48

KOZAK, J. (2010): Forest cover changes and their drivers in the Polish Car-
pathian Mountains since 1800. In: Nagendra H., Southworth J. (eds.):
Reforesting Landscapes Linking Pattern and Process, Springer, 257-273.

LICHTENBERGER, E. (1988): The succession of an agricultural society to
a leisure society: the high mountains of Europe. In: Man, N.J.R., Knapp,
G.W., Stadel, C. (eds.): Human Impact on Mountains, Rowman and Lit-
tlefield Publishers, Lanham, pp. 218-227.

LIPSKY, Z. (2001): Present land use changes in the Czech cultural landscape:
driving forces and environmental consequences. Moravian Geographical
Reports 9, 2: 2-14.

MACDONALD, D., CRABTREE, J.R., WIESINGER, G., DAX, T., STAMOU, N.,
FLEURY, P., GUTIERREZ LAZPITA, J., GIBON, A. (2000): Agricultural
abandonment in mountain areas of Europe: Environmental consequences
and policy response. Journal of Environmental Management 59: 47-69.

MACHALEK. M. (2013): Przemiany polskiej wsi w latach 1918-1989. Klio.
Czasopismo poswigcone dziejom Polski i powszechnym, t. 26, 3: 55-80.

MAIN-KNORN, M., HOSTERT, P., KOZAK, J., KUEMMERLE, T. (2009): How
pollution legacies and land use histories shape post-communist forest
cover trends in the Western Carpathians. Forest Ecology and Manage-
ment 258: 60-70.

MATHER, A.S., NEEDLE, C.L. (1998): The forest transition: a theoretical
basis. Area 30, 2: 117-124.

MOREIRAL, F., REGOL, F.C., FERREIRA, P. G. (2001): Temporal (1958-1995)
pattern of change in a cultural landscape of northwestern Portugal: impli-
cations for fire occurrence. Landscape Ecology 20, 1: 101-112.

OLAH, B., BOLTIZIRA, M., GALLAY, 1. (2009): Transformation of the Slovak
cultural landscape since the 18t century and its recent trends. Journal of
Landscape Ecology, Vol. 2. No. 2: 41-55.

PIUSSI, P. (2000): Expansion of European mountain forests. In: Price, M.F.,
Butt, N. (eds.): Forests in Sustainable Mountain Development: a State of
Knowledge Report for 2000, IUFRO Research Series, 5, CABI Publishing,
Wallingford - New York: 19-25.

SOJA, M. (2008): Cykle rozwoju ludnosci Karpat polskich w XIX i XX wieku.
IGiGP UJ, Krakow.

STARKEL, L. (1990): Ewolucja srodowiska przyrodniczego Karpat w okresie
dziatalnosci cztowieka. Problemy Zagospodarowania Ziem Goérskich 29:
34-46. (In Polish with English summary.)

STARKEL, L., PIETRZAK, M., LAJCZAK, M. (2007): Wplyw zmian uzytko-
wania ziemi i wzrostu czestotliwosci ekstremalnych opadéw na obieg
wody i erozje oraz ochrone zasobéw przyrodniczych Karpat. - Problemy
Zagospodarowania Ziem Goérskich 54: 19-31. (In Polish with English
summary.)

SEBO, D., NOVACEK J. (2014): Case study areas Pruské, Bohunice, Vrsatské
Podhradie and Krivoklat: Land cover changes 1949-2009. Land Use/
Cover Changes in Selected Regions in the World, Volume IX: 57-62.

TASSER, E., WALDE, J., TAPPEINER, U., TEUTSCH, A., NOGGLER, W.
(2007): Land use changes and natural reforestation in the Eastern Central
Alps. Agriculture, Ecosystems & Environment 118: 115-129.

WEZYK, P. (2006): Z lotu ptaka. In: W. Rézariski (red.): Gorczaniski Park Naro-
dowy, 25 lat ochrony dziedzictwa przyrodniczego i kulturowego Gorcow,
Poreba Wielka: 26-31.

WEZYK, P., PYRKOSZ, R. (1999): Uzytkowanie polan w Gorcach na prze-
strzeni lat 1954-1997 na podstawie fotogrametrycznego opracowania
zdjec lotniczych, Maszynopis pracy magisterskiej, Katedra Ekologii Lasu,
Akademia Rolnicza, Krakéw: 1-59.

WHITED, T. (2000): Extinguishing disaster in alpine France: the fate of refor-
estation as technocratic debacle. GeoJournal 51, 3: 263-270.

WOLSKT, J. (1998): Land use and cover changes in the evacuated rural areas
(the case of Bieszczady Mts.). Miscellanea Geographica, 8: 29-40.



