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Abstract
Land use and land cover changes (LULC) and their impact on potential soil erosion, road density as transfer 
routes of material and water to channels as well as channel level changes were studied in three catchments 
(~20 km2 each) in the central part of the Polish Western Carpathians in 1975-2015. It was hypothesised that 
short-term LULC changes during transition from a centrally planned to a free-market economy are sufficient 
to modify selected elements of the environment and that these changes can be identified in a measurable way. 
The analysis of aerial photographs and socio-economic data indicates that during the investigated period, the 
forest area increased by 20-27%, with a continuous decrease of cultivated land by 89-93% in the three catch-
ments. LULC changes were accompanied by continuous population density growth by 29-50% and a decrease 
of the population dependent only on agriculture to less than 5%. Analyses confirmed the hypothesis that the 
environment was significantly modified due to the LULC changes. Abandonment of cultivated land, forest 
succession and a decrease in used road density, have resulted in lower efficiency of slope wash and sediment 
transport within the 4th-order catchments. This has led to an interruption of aggradation and initiated channel 
deepening by approximately 1 cm∙year-1 after the introduction of a free-market economy in 1989. 
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Introduction 

Over recent decades, many mountain regions 
of Europe have been subjected to land use 
and land cover (LULC) changes associated 

with socio-economic transformation of rural 
areas (MacDonald et al. 2000; Bender et al. 
2005; Rudel et al. 2005; Meyfroidt & Lam-
bin 2011). Several reasons for this phenom-
ena are indicated, such as relatively low 
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agricultural production profitability (Gell-
rich et al. 2007; Müller et al. 2013; Pazúr 
et al. 2014) related to high cultivation cost 
due to small size of individual farms and 
agricultural land fragmentation (Pointereau 
et al. 2008; Keenleyside & Tucker 2010). 
Agricultural land abandonment has become 
a serious socio-economic problem that 
is accelerated by the retirement of the old-
er generation of farmers, who are not able 
to cultivate the fields in a difficult mountain 
environment, as well as the significant migra-
tion of young people to lowlands and urban 
centers (Griffiths et al. 2013; Pašakarnis 
et al. 2013; Munteanu et al. 2014). Low soil 
fertility and unfavourable climatic condi-
tions are also important factors which have 
caused abandonment cultivation on steeper 
slopes and higher elevations (Gellrich et al. 
2007; Pointereau et al. 2008; Baumann et al. 
2011). The European Union tries, to some 
extent, to mitigate land abandonment with 
use of the Common Agricultural Policy (CAP), 
the aim of which is to support environmen-
tally beneficial farming practices and rural 
communities in less productive farming are-
as (Keenleyside & Tucker 2010).

LULC changes associated with agricul-
tural land abandonment also have a variety 
of environmental consequences. Succession 
of vegetation can change landscape frag-
mentation (Bennett & Saunders 2010) and 
reduce soil erosion on slopes (Asselman 
et al. 2003; Zorn & Komac 2009; Latocha 
et al. 2016). Both processes increase forest 
stands as well as biomass and the carbon 
sequestration in soils (Guo & Gifford 2002; 
Lasanta-Martínez et al. 2005; Gellrich 
et al. 2007). Abandonment of agricultural 
fields usually reduces their connection with 
unpaved roads. This limits the potential sed-
iment sources, transfer routes, flow veloci-
ties, storage and consequently flow con-
nectivity and concentration times of water 
and material within catchments (Wemple 
et al. 2001; Tarolli et al. 2013; Latocha 
2014). Complex changes in slope-channel 
transport frequently facilitate conversion 
of braided rivers to incised, single-thread 

channels (Kondolf et al. 2002; Liébault & 
Piégay 2002).

The spatial pattern of LULC changes dif-
fers markedly between mountain regions and 
within administrative units as a consequence 
of diverse historic, geographic, political and 
socio-economic factors (Pointereau et al. 
2008). After the collapse of the communist 
system in Central and Eastern Europe, coun-
tries carried out land reforms to restructure 
the farming sector, individualise land use and 
privatise farmland (Kuemmerle et al. 2009; 
Baumann et al. 2011; Griffiths et al. 2013). 
Such transition from the centrally planned 
to a free-market economy after 1989 caused 
the decreased profitability of agriculture 
(Kozak 2010; Munteanu et al. 2014; Bucała-
Hrabia 2017a, b) and led to the bankruptcy 
of many agricultural enterprises (Banski 2011; 
Müller et al. 2013). In effect, dense vegeta-
tion succession on abandoned agricultural 
land was observed in Czechia (Bičík et al. 
2001; Kupková & Bičík 2016), Slovakia (Bezak 
& Mitchley 2014; Šebo & Nováček 2014), 
Romania (Munteanu et al. 2014) and East 
Germany (Baessler & Klotz 2006). 

In contrast to other Central and Eastern 
European countries, land fragmentation and 
individual farming still dominated in the own-
ership system following World War II (WW II) 
in the Polish Western Carpathians (Kuem-
merle et al. 2008; Soja 2008; Munteanu et al. 
2014; Bański 2017). Most of this area also 
experienced a gradual decline in agricultural 
land use during that time which accelerated 
after the collapse of the centrally planned 
economy in 1989 (Kuemmerle et al. 2008; 
Ostafin 2009; Kozak 2010; Bucała-Hrabia 
2017a). Such LULC dynamics can be charac-
terised as a period of relative stability followed 
by rapid changes with potentially long-lasting 
effects in the society and environment (Dear-
ing et al. 2010; Lambin & Meyfroidt 2010; 
Hostert et al. 2011; Price et al. 2017). Several 
studies have shown spatio-temporal variabili-
ty of this phenomenon during the transforma-
tion period at scales of the entire Polish Car-
pathians (Kozak 2005, 2010; Ciołkosz et al. 
2011; Kolecka et al. 2017), their subregions 
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(Kozak 2003; Kaim 2009; Ostafin 2009) and 
administrative units (Dec et al. 2009; Kolecka 
et al. 2015, 2016). However, environmental 
consequences of recent LULC changes are 
still not sufficiently understood, particularly 
at the catchment scale (Bucała 2014; Bucała-
-Hrabia 2017a, b).

The objective of this study was an analy-
sis of LULC changes and their environmental 
effects at the catchment scale in the central 
part of the Polish Western Carpathians dur-
ing transformation from a centrally planned 
to a free-market economy between 1975 and 
2015. More specifically, the study aimed 
to understand trends and dynamics of LULC 
and their impact on potential soil erosion, 
material and water transfer to channels 
as well as channel bed changes. The inves-
tigated period covers three broad stages 
of socio-economic development: (1) 1975(77)-
1986(87) – a period of centrally planned 
economics in the late phase of the commu-
nist system; (2) 1986(87)-2003(04) – an early 
phase of transformation to free-market eco-
nomics; and (3) 2003(04)-2015 – a late phase 
of free-market economics and European 

Union membership. It was hypothesised that 
short-term LULC changes after 1989 are suf-
ficient to modify selected elements of the 
environment and that these changes can 
be identified in a measurable way.

Study area

The Polish Western Carpathians (16,700 km2) 
cover, besides the small region of the high 
Tatra Mountains, areas of mid- and low-
mountains (the Beskid Mountains), as well 
as foothills and valley bottoms (Starkel 1972; 
Fig. 1). The foothills are traditionally the culti-
vation areas, with a small proportion of forest 
(20-30%) and 10-30% of steep slopes above 
15°. The structure of cropland is dominated 
by cereals and root crops, such as potatoes 
and beetroots. The Beskid Mountains region 
with cultivation and animal husbandry pri-
marily comprise forest (30-70%) and 50-80% 
steep slopes above 15° (Starkel 1990). 

Detailed investigations were performed 
in three catchments of the central part 
of the Polish Western Carpathians: the upper 
Uszwica (22.7 km2) in the Wiśnickie Foothills 

Figure 1. Study area on the background of the Polish Carpathians

Source: Authors’ elaboration based on Starkel 1972.
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as well as in the Homerka (19.3 km2) and the 
Jaszcze-Jamne (20.3 km2) located in the mid-
mountains region of the Beskid Sądecki and 
the Gorce Mountains, respectively. The Jasz-
cze-Jamne comprises two subcatchments 
and forms one catchment with a similar total 
area to the remaining Uszwica and Homerka 
catchments. The catchments are representa-
tive in terms of geology, relief, soils, land use 
structure and history of human occupation 
for the central part of foothill and mid-moun-
tain areas of the Polish Western Carpathians 
(Gerlach & Niemirowski 1968; Starkel 1972; 
Niedziałkowska 1981; Skiba et al. 1998; Soja 
2002; Łajczak et al. 2014). The studied area 
has not experienced population displacement 
and then rapid LULC changes after WW II, 
in contrast to areas located east of the 
Homerka catchment (Affek 2016; Wolski 
2016). 

Catchments are underlined by flysch sedi-
ments (alternate sandstone and shale layers) 
of Silesia nappe in foothills and Magura 
nappe in the mid-mountains (Starkel 1972). 
The Uszwica catchment is characterised 
by wide hills rising to 300-500 m a.s.l. and 
relatively wide valleys dissected up to 100-
300 m (Fig. 2). Gentle relief with domination 
of convex-concave slopes is reflected in an 
only 21% contribution of the steep slopes 
above 15°. Slopes are covered by thick weath-
ered mantles and loess-like deposits in plac-
es. Rounded ridges (1000-1250 m a.s.l.) 
built of resistant sandstone, deep and nar-
row V-shaped valleys dissected up to 300-
600 m are the main relief forms of the 
mid-mountain area in the Homerka and 
Jaszcze-Jamne catchments (Gerlach & Niemi-
rowski 1968; Niedziałkowska 1981). Only the 
lower part of the Homerka catchment, with 
ridges up to 600 m a.s.l. consisting of marls, 
calcareous sandstones, and variegated 
shales with a minor contribution of resist-
ant sandstones geomorphologically belongs 
to the foothills. Slopes are straight or convex. 
About 71% of the slopes have an inclination 
of more than 15° in these catchments. 

The entire Uszwica catchment is located 
in a temperate warm zone with a mean 

annual temperature from 8 to 6°C up to 600-
650 m a.s.l. (Hess 1965). The mean annual 
precipitation reaches about 751 mm (Gnojnik 
Institute of Meteorology and Water Man-
agement station – Instytut Meteorologii 
i Gospodarki Wodnej – IMGW at 310 m a.s.l. 
approximately 10 km east of the Uszwica 
catchment). The Homerka catchment covers 
a temperate warm zone as well as a temper-
ate cool zone (4 to 6°C) above 650 m a.s.l. 
The catchment receives about 950 mm of 
precipitation annually (Frycowa Institute 
of Geography and Spatial Organization Polish 
Academy of Sciences station at 415 m a.s.l. 
in 1971-2010). The lower and middle part 
of the Jaszcze-Jamne catchment is located 
in a temperate cool zone between 650 and 
1100 m a.s.l., while the upper part occupies 
a cool zone (2 to 4ºC). Mean annual precipi-
tation observed in the catchment reaches 
837 mm (Ochotnica Górna IMGW station 
at 610 m a.s.l. in 1971-2010).

All three catchments are drained by 4th-
order streams with similar annual discharge 
of about 0.3 m3∙s-1 (Strahler 1952; Niemirow-
ski 1974; Bucała et al. 2015; Authors’ meas-
urements). High precipitation, considerable 
slope inclinations and the dense dissection 
combined with low permeability of flysch bed-
rock limits infiltration and favours high runoff. 
These factors facilitate irregularities of water 
discharge, with two flood seasons related 
to spring snowmelt and heavy summer 
rainfalls (Dynowska 1971; Ziemońska 1973).

The silt loess-like formation supports the 
formation of Luvisols in the lower part of the 
Uszwica catchment. These soils are deep 
(up to 280 cm) and mainly silt loam (Skiba 
et al. 1998; IUSS Working Group WRB 2014; 
Szymański et al. 2017). In the upper part of the 
Uszwica catchment, shallower Cambisols 
are developed. In the Homerka and Jaszcze-
Jamne catchments, Cambisols are dominant 
(Adamczyk & Komornicki 1969; Adamczyk & 
Słupik 1981; IUSS Working Group WRB 2014). 
They are deep (up to 170 cm), mainly silt clay 
loam with rock fragments of approximately 
40-60% in the Foothill part but shallower 
(up to 120 cm), mainly sandy clay loam with 
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higher rock fragments of about 70-80% in the 
Beskid part. Only within the highest ridges 
built of sandstones, have sandy loam Podzols 
developed in the Jaszcze-Jamne catchment 
(Bucała et al. 2015). The valley bottoms of all 
catchments are covered by alluvial sandy clay 
soils. They are waterlogged in places in the 
foothill catchment.

Vertical zonation of climate is reflected in 
natural vegetation changes with the increase 
of elevation. The foothill zone is occupied 
mainly by deciduous forests with hornbeams, 

oak, lime and beech. The lower mountain 
zone is represented by mixed forests, such 
as beech, fir and spruce (Staszkiewicz 1981; 
Grodzińska & Szarek-Łukaszewska 1997). 
Coniferous forest with spruce occurs at ele-
vations above 1100 m a.s.l. only in the high-
est part of the Jaszcze-Jamne catchment 
(Medwecka-Kornaś & Kornaś 1968). Long 
term, the irregular course of human activ-
ity transformed the natural vegetation that 
occupies mainly areas not suitable for agricul-
tural use or settlement (Łajczak et al. 2014). 

Figure 2. Study area: (A) hypsometric curves of the three catchments on the background 
of geomorphological units and climate-vegetation zones, (B) contributions of slope inclinations, (C) 
elevations in the Uszwica, Homerka and Jaszcze-Jamne catchments

Source: Authors’ elaboration based on Hess (1965), Starkel (1972).
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Catchments differ in terms of population 
and transport accessibility to the nearest 
urban areas. The Uszwica catchment was 
inhabited by 2,649 people living in the villag-
es of Rajbrot and Lipnica Górna in 2015 (Cen-
tral Statistical Office of Poland (Główny Urząd 
Statystyczny – GUS 1978-2015)). The catch-
ment is well connected by roads to the near-
by district town of Brzesko with a population 
of 17,026 in 2015, and Bochnia with a popu-
lation of 30,107 in 2015, both at a distance 
of 25 km. The Homerka catchment is inhabit-
ed by 1,549 people living in four villages: Fry-
cowa, Homrzyska, Bącza-Kunina and Złotne, 
while the Jaszcze-Jamne catchment, inhabit-
ed by 484 people in 2015 comprises hamlets 
of the Ochotnica Górna village. At a distance 
of 10 km from the Homerka catchment, Nowy 
Sącz city had a population of 83,903 in 2015. 
This is the main industrial, service and cul-
tural centre of the Beskid Sądecki region. The 
Jaszcze-Jamne catchment is more isolated 
from urban centers at a distance of approxi-
mately 40 km from Nowy Sącz.

Material and methods

The changes in LULC in the three catchments 
were derived from panchromatic aerial pho-
tographs at scales of 1:8,000-16,000 for the 
years 1975-1977, at a scale of 1:25,000 for 
the years 1986-1987 and at scales of 9,000-
25,000 for the years 1996-1997, as well 
as orthophotomaps at a scale of 1:13,000 
for the years 2003-2004 and natural colour 
orthophotomaps at a scale of 1:5,000 for 
the years 2009 and 2015 from the Main 
Centre of Geodetic and Cartographic Docu-
mentation in Poland (Centralny Ośrodek 
Dokumentacji Geodezyjnej i Kartograficznej 
– CODGiK). Geometric corrections were per-
formed to rectify aerial photographs using 
the Transverse Mercator projection system 
in a GIS ILWIS 3.3 environment (International 
Institute for Aerospace Survey and Earth Sci-
ence 1997). Manual vectorisation was con-
ducted in detailed zoom to scale at ~1:2,000. 
The vector data were converted to raster with 
1 m spatial resolution. 

In order to standardise the values of the 
maps from different time periods, six consist-
ent LULC categories were defined: forests, 
grasslands (meadows and pastures), culti-
vated lands (cereals and root crops), groups 
of trees and shrubs, tree belts along roads 
and buildings. The analysis was supported 
by the Authors’ field surveys in all three catch-
ments between 2013 and 2016. A Digital Ele-
vation Model (DEM) at 1 m spatial resolution 
(CODGiK), served to generate hypsometric 
curves, derivative maps of a proportion of the 
LULC in relation to slope inclination, as well 
as its changes in the 100 m classes of eleva-
tion across different time periods. 

Socio-economic information such as popu-
lation data for 1978, 1988, 1997, 2003, 2009, 
2015 and sources of inhabitants’ income 
(dependent only on agriculture – understood 
as a person whose income is directly depend-
ent on agriculture, off-farm activities, pub-
lic transfers (pensions) and unemployment) 
for 1978, 1988, 2002 in the three studied 
catchments were collected from the Central 
Statistical Office of Poland (1978-2015). All 
data were collected at village level except for 
2002, for which data were collected at com-
mune level. The information was supplement-
ed by Authors’ questionnaire surveys related 
to inhabitants’ income conducted in 2013-
2016. The survey covered 60% of the popula-
tion in the Uszwica and Homerka catchments 
and 80% of the population in the Jaszcze-
-Jamne catchment. 

Due to the scarcity of field measurements 
of soil loss in the studied catchments, poten-
tial soil erosion was calculated on the basis 
of measurements conducted on experimental 
slopes (plots) in the Polish Western Carpathi-
ans. The average of three years of soil erosion 
measurements under the natural forest cover-
ing a wide range of slope inclinations (0-28°) 
in the Jaszcze catchment (Gerlach 1976) was 
used for calculation of soil loss under forest 
in the three studied catchments. The average 
of thirty years of soil erosion measurements 
under grassland as well as cultivated land 
with cereals and potatoes in the Research 
Station of the Institute of Geography & Spatial 
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Organization Polish Academy of Sciences 
(IG&SO PAS) in Szymbark (Gil 2009) was 
applied to calculation of soil loss under grass-
land and cultivated land in the Jaszcze-Jamne 
and Homerka catchments. These catchments 
have the same soil type (Cambisol), similar 
annual rainfall (~850 mm), dominant slope 
inclination under cultivation (11-12°) and agri-
cultural terrace length (10-30 m) as in the 
case of the experimental slope (plots) in the 
IG&SO PAS Research Station in Szymbark 
(Beskid Mts). The average of two years of soil 
erosion measurements under grassland 
as well as cultivated land with cereals and 
potatoes in the Research Station of the Insti-
tute of Geography & Spatial Management 
Jagiellonian University (IG&SM JU) in Łazy 
(Święchowicz 2012a, b) was applied to soil 
loss under grassland and cultivated land 
in the Uszwica catchment. This catchment 
has the same dominant soil type (Luvisol), 
similar annual rainfall (~750 mm), dominant 
slope inclination under cultivation (8°) and 
agricultural terrace length (up to 22 m) as in 
the case of the experimental slope (plots) 
in the Research Station IG&SM JU in Łazy 
(Carpathian Foothills) located 10 km north 
of the Uszwica catchment. Soil erosion rates 
under forest and grassland were used direct-
ly in the three studied catchments, while soil 
erosion under cultivated land was calculated 
as an average of soil erosion under cereals 
and potatoes. This reflects the typical crop 
rotation system in the Polish Western Car-
pathians (Gerlach 1976; Gil 2009). 

The road network complements the river 
network in transport of eroded material and 
water during rainfall (Reid & Dunne 1984; Froe-
hlich & Walling 1997; Latocha 2014; Kroczak 
et al. 2016). Therefore, road network density 
is an important indicator of possible transfer 
routes downslope, to channels and outside 
the catchment. A permanent river network 
and road network were digitized from aerial 
photographs for 1975(1977). Data were sup-
ported in the case of forest areas and type 
of pavement by interpretation of topographic 
maps at a scale of 1:10,000 for 1980(81) (Soja 
& Prokop 1996). Changes in road network 

in terms of used, unused (abandoned), con-
nected to streams (crossing streams and/or 
ending close to the channel) as well as paved 
and unpaved were calculated using ortopho-
tomaps for 2015 and verified in the three 
catchments during a field survey in 2016. 

The impact of both LULC and road net-
work changes on channel bed position was 
assessed by analysis of daily absolute mini-
mum and maximum water levels in the Usz-
wica river in 2009-2017 (http://lsop.imgw.
pl/brzesko/). The method was successfully 
applied in the Polish Carpathians (Soja 1977; 
Klimek 1987; Wiejaczka & Kijowska-Strugała 
2015; Kijowska-Strugała & Bucała-Hrabia 
2019). The use of water levels for estimation 
of river bed changes is less accurate than geo-
detic measurements; however, it provides reli-
able information on the direction of change 
(bed incision or raising) and its intensity (Wie-
jaczka & Kijowska-Strugała 2015). Regular 
water level records are rare in the 4th-order 
rivers, and therefore changes of river bed 
position were additionally measured in rela-
tion to the bridgeheads and concrete struc-
tures (gabions). The dates of their construc-
tion were collected from the Regional Water 
Management Authority (Regionalny Zarząd 
Gospodarki Wodnej – RZGW) and Poviat 
Road Management in Nowy Sącz (Powiatowy 
Zarząd Dróg w Nowym Sączu – PZD) for all 
catchments. Selected measurement places 
were not affected by river regulation or grav-
el mining in recent decades. 

Results and Discussion
LULC changes during transition 
from centrally planned to free-market 
economics
Centrally planned economics 
in the late phase of the communist 
system in 1975(77)-1986(87) 

Between 1975 and 1987, in the late phase 
of the communist centrally planned economy, 
the apparently prominent feature was the 
highest contribution of cultivated land in the 
LULC structure (Fig. 3; Tab. 1). It was accom-
panied by the high location of cultivated 
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Figure 3. LULC, population density and population dependent only on agriculture changes in the three 
catchments for 1975(77)-2015

Source: Authors’ elaboration based on data from Table 1.
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land, covering the entire Uszwica catchment 
and reaching 800-900 m a.s.l. and 1000-
1100 m a.s.l. in the Homerka and Jaszcze-
-Jamne catchments, respectively (Fig. 4). Cul-
tivated land occurred even on the steepest 
slopes > 15° (Fig. 5). The forest dominated 

(contribution > 50%) above 500 m a.s.l. in the 
upper part of the Uszwica catchment, as well 
as above 600 m a.s.l. and 800 m a.s.l. in the 
middle and upper parts of the Homerka and 
Jaszcze-Jamne catchments, respectively. 
Slopes > 15° in the Uszwica and Homerka 

Table 1. LULC changes (%), population density (people km-2) and population dependent only on agricul-
ture (%) in the Uszwica, Homerka and Jaszcze-Jamne catchments for 1975(77)–2015

Uszwica 1975 1987 1997 2003 2009 2015

Forest 33.90 34.88 38.22 40.08 41.27 42.52

Cultivated land 35.01 31.30 16.30 9.90 5.31 4.04

Grassland 28.97 31.76 42.97 47.16 50.42 50.07

Building 0.59 0.61 0.85 0.93 0.95 0.99

Group of trees and bushes 1.20 1.12 1.16 1.34 1.49 1.75

Tree belt along road 0.33 0.33 0.50 0.59 0.56 0.63

Population density * 90 101 113 115 115 116

Population dependent only on agriculture ** 51.60 39.10 - 18.60 - 4.20

Homerka 1977 1987 1996 2003 2009 2015

Forest 57.56 61.43 64.71 66.83 68.00 69.23

Cultivated land 14.40 10.22 5.19 3.57 2.50 1.10

Grassland 26.10 26.92 28.31 27.55 27.54 27.75

Building 0.21 0.24 0.35 0.37 0.38 0.42

Group of trees and bushes 1.29 0.97 0.92 1.11 0.97 0.88

Tree belt along road 0.44 0.22 0.52 0.57 0.61 0.62

Population density * 62 66 71 75 79 80

Population dependent only on agriculture ** 35.1 34.0 - 11.2 - 4.9

Jaszcze-jamne 1977 1986 1997 2004 2009 2015

Forest 56.58 58.66 64.06 67.35 71.52 72.03

Cultivated land 8.94 7.71 4.08 2.32 0.87 0.64

Grassland 32.71 31.97 30.53 28.96 26.16 25.83

Building 0.19 0.21 0.25 0.28 0.33 0.34

Group of trees and bushes 1.20 1.07 0.72 0.66 0.81 0.85

Tree belt along road 0.38 0.38 0.37 0.43 0.31 0.31

Population density * 16 16 18 20 23 24

Population dependent only on agriculture ** 73.0 64.3 - 26.1 - 3.2

* - data for 1978, 1988, 1997, 2003, 2009, 2015 (Central Statistical Office)
** - data for 1978, 1988, 2002 (Central Statistical Office), 2013-2016 (Authors’ questionnaire surveys)

Source: Authors’ elaboration based on Central Statistical Office and questionnaire surveys.
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catchments, and > 10° in the Jaszcze-Jamne 
catchment, were mostly covered with forest 
(contribution > 50%). 

The population density was smallest with 
simultaneously the highest contribution 
of people depending only on agriculture, 
which exceeded 50% of the total population 
in the Uszwica and Jaszcze-Jamne (Fig. 3; 
Tab. 1). The exception was the Homerka 
catchment, where most of the inhabitants 
worked outside the agricultural sector, mainly 
in Nowy Sącz (Bucała-Hrabia 2017a; Authors’ 
questionnaire surveys 2013-2016).

Until 1987, the LULC structure was not 
changed substantially. However, there 
became apparent trends of a gradual 
increase in forest area by 2.9-6.7% and 
a decrease in the cultivated land area by 10.6-
29.0% in the three catchments (Tab. 1). At the 
same time, the upper boundary of cultivated 
land was lowered by 100 m in the Homerka 
catchment (Fig. 4). Increasing population den-
sity was accompanied by significant changes 
in income sources. The number of people 
dependent only on agriculture has decreased 
(Fig. 3; Tab. 1), while public transfers have sig-
nificantly increased from 13.2 to 19.3% in the 
Uszwica catchment, from 13.1 to 17.4% 

in the Homerka catchment and from 3.2 
to 12.2% in the Jaszcze-Jamne catchment 
(Central Statistical Office 1978-2015).

The gradual cessation of cultivation and 
the decreased number of people dependent 
only on agriculture resulted from develop-
ment of income sources outside of the agri-
cultural sector (industry, building construc-
tion) and from the change in policy of the 
communist government in relation to the 
farmers (Bucała-Hrabia 2017a, b). In 1972, 
compulsory deliveries were abolished. For 
the first time, farmers and their families were 
provided with free health care and they were 
also granted the right to a pension (Bański 
2010; Machałek 2013).

An early phase of transformation 
to free-market economics 
in 1986(87)-2003(04)

The highest dynamic of LULC change was 
observed in this period, particularly up to 
1997. The increase in forest cover ranged from 
8.8-14.9%, while the decrease in cultivated 
land area reached 65.1-69.9% (Fig. 3; Tab. 1). 
The increase in forest area was the largest 
on the steepest slopes > 15°. The fastest 

Figure 4. Changes in the proportion of forest cover and cultivated land with elevation of each 
100 m altitude class in the three catchments for 1975(77)-2015
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decline in cultivated land area occurred in the 
lower parts of the catchments and on the 
steepest slopes > 15°. The upper bound-
ary of cultivated land was lowered by 100 m, 
to below 1000 m a.s.l. in the Jaszcze-Jamne 
catchment (Fig. 4).

A faster decline in cultivation land com-
pared to forest expansion results from the 
different succession rate of secondary vege-
tation. An abandoned cultivated field is over-
grown with dense grass usually within two 
years in the mid-mountains (Kostuch 2003). 
The transformation of grassland into forest 
is slower and usually takes up to 15 years for 
tree germination, and conversion of shrubs 
into high trees (Tasser et al. 2007).

Changes in LULC were accompanied 
by a rapid population density increase 
by 14% in Uszwica and Homerka catchments 
and by 25% in the Jaszcze-Jamne catchment 
in 1986(87)-2003(04). This was the largest 
increase in the entire investigated period 
(1975-2015) (Tab. 1). At the same time, the 
number of people dependent only on agricul-
ture has decreased to below 20-30% in all 
catchments (Fig. 3; Tab. 1). For the first time 
in history since WW II, a group of unem-
ployed who are able to work has appeared, 
constituting 13-23% of the population (Cen-
tral Statistical Office 1978-2015).

Rapid cultivated land abandonment was 
related to a fast decline in the profitability 

Figure 5. LULC changes in slope inclinations in the three catchments in 1975(77)-2015
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of agricultural production after the collapse 
of the centrally planned economy. It was 
a result of depriving the farmers of special 
budgetary subsidies for farms in the moun-
tains and the promulgating of a 1988 statute 
on individual economic entities, which sup-
ported the development of activities other 
than agriculture (Górz 2002, 2003).

A late phase of free-market economics 
and European Union membership 
2003(04)-2015

The period is characterised by slower 
changes of LULC with forest expansion 
by 3.6-6.9% and reduction of cultivated 
land by 59.2-72.4% (Fig. 3; Tab. 1). The upper 
boundary of cultivated land was again 
lowered by 100 m to below 900 m a.s.l. 
in the Jaszcze-Jamne catchment. The for-
est dominated (contribution > 50%) in the 
upper part of the Uszwica catchment, above 
400 m a.s.l. as well as in the middle and 
upper parts of the Homerka and Jaszcze-
-Jamne catchments over 500 m a.s.l. and 
700 m a.s.l., respectively. It is on average 
lower by 100 m compared to the period 
before the economic transformation. The cul-
tivated land disappeared from steep slopes 
> 20° in all catchments. Only single culti-
vated fields remained on the slopes > 15°. 
Forest succession and cultivated land aban-
donment caused the gradual shift of the 
forest-agriculture boundary close to its natu-
ral location 600-800 m a.s.l., that is limited 
by climatic parameters (i.e. +6°C annual 
average isotherm (Adamczyk et al. 1980; 
Starkel & Obrębska-Starklowa 2005)) and 
are in accordance with the concept of ration-
al land use in various types of Polish Car-
pathian reliefs (Starkel 1975; Starkel et al. 
2007). The position of the forest-agriculture 
boundary may differ locally from given eleva-
tions as a result of soil fertility and related 
agricultural land use pattern. In such cases, 
the course of the boundary is less dependent 
on annual temperature, but its position does 
not fall below the course of the +6°C annual 
average isotherm.

The increase in population density slowed 
to 1-20%. The contribution of population 
depending only on agriculture fell to less 
than 5% (Tab. 1). The main sources of income 
for inhabitants were off-farm activities 
(e.g. construction, services, agrotourism (Bu-
cała-Hrabia 2017a, b)). About 52% of the 
Homerka catchment inhabitants worked 
in Nowy Sącz, while about 29% of the Uszwi-
ca catchment inhabitants were employed 
in the neighbouring Bochnia and Brzesko 
towns. The peripheral location of the Jasz-
cze-Jamne catchment meant that its inhab-
itants found work outside of urban centers, 
mainly in the Ochotnica Dolna community. 
In addition, a further increase of public trans-
fers was observed to 21-24% in the Uszwica 
and Homerka catchments and to 38% in the 
Jaszcze-Jamne catchment (Authors’ question-
naire surveys 2013-2016).

Between 2004 and 2015, reduced area 
of LULC change resulted mainly from already 
abandonment of most of the cultivated 
land and the rising role of forest succession 
(Kolecka et al. 2017). CAP as a new form 
of agricultural support also facilitated stabili-
zation of LULC. The subsidies for mowing the 
grasslands were used by twice as many peo-
ple in the mid-mountain catchments (12%) 
in comparison with the foothill catchment 
(6%) in 2016 (Authors’ questionnaire surveys 
2013-2016). However, the scale and effects 
of CAP are not as significant compared to the 
Polish part of the Sudety Mountains, aban-
doned long ago and currently undergoing 
recovery (Latocha 2016).

General trends in LULC change 
1975(77)-2015

The conducted analysis revealed continuous 
increase of forest area by 20-27%, continu-
ous decrease of cultivated land by 89-93% 
in 1975(77)-2015 (Fig. 3; Tab. 1). Grasslands 
area underwent complex changes associ-
ated with a decrease due to forest succes-
sion or increase in effect of cultivated land 
abandonment. These three LULC types cov-
ered approximately 98% of each catchment. 
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A small contribution of trees and bush-
es as well as tree belts along roads was 
observed in all catchments in each of the 
studied periods. Building area showed a con-
tinuous increase, although the surface did not 
exceed 1% in each catchment. LULC changes 
were accompanied by continuous popula-
tion density growth by 29% in the Uszwica 
and Homerka catchments and by 50% in the 
Jaszcze-Jamne catchment between 1975 and 
2015. In contrast, the population depend-
ent only on agriculture decreased from 52% 
in the Uszwica catchment, 35% in the Homer-
ka catchment and 73% in the Jaszcze-Jamne 
catchment to less than 5% in all catchments 
in the same period. General LULC changes, 
with highest dynamics in 1986(87)-2003(04), 
confirm trends observed during transition 
from a centrally planned to a free-market 
economy at scales of the entire Polish Car-
pathians (Kozak 2010; Ciołkosz et al. 2011; 
Kolecka et al. 2017), geographical subregions 
(Kozak 2003; Ostafin 2009), administrative 
units (Kolecka et al. 2015, 2016) and catch-
ments (Kijowska-Strugała 2015; Bucała 2014; 
Bucała-Hrabia 2017ab). 

LULC stability in 1975(77)-2015

The majority area of the three catchments 
was not subject to any LULC change dur-
ing the 1975(77)-2015 period (Fig. 6; Tab. 2). 
The stable land use area mainly comprises 
a large complex of forest at highest eleva-
tions and less accessible steepest slopes, 
and core areas of large grasslands located 
along valley bottoms. Cultivated lands were 
the least stable form of land use throughout 
the considered period. Therefore, catchments 
with highest contribution of forest and lowest 
contribution of cultivated land shows highest 
LULC stability (i.e. 59.4%, 69.5% and 70.7% 
in the Uszwica, Homerka and Jaszcze-Jamne 
catchments, respectively).

In each of the periods after the early phase 
of the introduction of a free-market economy 
(after 1996), there was a gradual increase 
of the stable land use in the three catch-
ments. This was an effect of the cultivated 

land abandonment (conversion cultivated 
land to grassland) and forest succession 
on agricultural land (grassland and cultivated 
land). The increase of the stability of land use 
was also correlated with a decrease of the 
population dependent only on agriculture. 
This was noted despite the population growth 
in the each of the studied catchments. 

Results of analyses indicate that spatio-
temporal changes of LULC revealed a simi-
lar pattern in the three catchments during 
the socio-economic transformation period. 
The upper part of the catchments is domi-
nated by stable forest. The valley bottoms, 
wider in the foothills and narrower in the 
mid-mountains, are dominated by stable 
grasslands. Between these two areas with 
relatively stable land use, changes associat-
ed with the abandonment of cultivated land 
and forest succession prevail. Their charac-
teristic features are non-linear changes with 
dominance of cultivated land abandonment 
in the lower parts of the valleys and on their 
gentler slopes as well as dominance of forest 
succession in the upper parts of the valleys 
and steeper slopes (Fig. 7). A similar pattern 
of LULC changes has been observed in the 
Alpine region (Netting 1972; Netting 1981; 
Taillefumier & Piégay 2003) and Polish Car-
pathians (Kozak 2003, 2010). 

Environmental consequences 
of LULC change in 1975(77)-2015
Potential soil erosion

Studies on experimental plots have dem-
onstrated that the slope wash increases 
from 0.0068 t∙ha-1∙year-1 under the natural 
forest in the Jaszcze catchment (Gerlach 
1976) to 0.048 t∙ha-1∙year-1 under grass-
lands, 0.396 t∙ha-1∙year-1 under cereals and 
25.666 t∙ha-1∙year-1 under potato cultiva-
tion in the Beskid Mts. (Gil 2009). Similar 
results were obtained for the Łazy IG&SM 
JU Research Station in the Carpathian 
Foothills (i.e. 0.259 t∙ha-1∙year-1 under grass-
lands, 0.609 t∙ha-1∙year-1 under cereals and 
21.953 t∙ha-1∙year-1 under potato cultiva-
tion (Święchowicz 2012a, b)). Based on the 
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Figure 6. Map of stable land with predominant types of LULC changes in the three catchments in 1975(77)-2015 
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mentioned field measurements under differ-
ent land use types and land use structure 
in each of the studied catchments, the aver-
age potential soil erosion was calculated at 
4.03 t∙ha-1∙year-1 in the Uszwica catchment, 
1.90 t∙ha-1∙year-1 in the Homerka catchment 
and 1.19 t∙ha-1∙year-1 in the Jaszcze-Jamne 
catchment for 1975(77). The highest soil 
erosion intensity in the Uszwica catchment 
is related to greater susceptibility to erosion 
of soils developed on loess-like deposits and 
highest agricultural land contribution. Results 
correspond to an average soil loss esti-
mated at 1.48 t∙ha-1∙year-1 (denudation rate 
0.072 mm) for foothills and mid-mountains 
of the Polish Carpathians in 1969-2000 (Gil 
2009). Calculated potential soil erosion rates 
for 2015 were lower by 85%, 93% and 92% 
in the Uszwica, Homerka and Jaszcze-Jamne 
catchments, respectively. 

Confirmed lack of statistically signifi-
cant changes in precipitation trends, as well 

as small impact of land management prac-
tices on soil erosion in the Polish Carpathi-
ans in the 19th and 20th centuries (Wypych 
& Ustrnul 2016; Kijowska-Strugała et al. 
2018), indicate that changes of soil erosion 
are closely related to changes of LULC struc-
ture in the catchments. This is clearly visible 
in the case of cultivated land area that was 
reduced from 89% in the Uszwica catchment 
to 92% in the Homerka and 93% Jaszcze-
Jamne catchments between 1975(77) and 
2015. A predominant role of LULC structure 
on soil erosion is confirmed also by long-term 
analysis using the Revised Universal Soil Loss 
Equation (RUSLE) model for the Homerka 
catchment (Kijowska-Strugała et al. 2018). 
The estimated soil erosion was reduced 
by 77% from 18.13 t∙ha-1∙year-1 in 1846 when 
cultivated land contribution reached 30.3% 
to 4.11 t∙ha-1∙year-1 in 2009 when contribu-
tion of cultivated land decreased to only 
2.5% of the catchment. The most significant 

Table 2. Stable land with predominant types of LULC changes (%) in the Uszwica, Homerka, Jaszcze-
-Jamne catchments for 1975(77)-2015

Uszwica catchment 1975-1987 1987-1997 1997-2003 2003-2009 2009-2015 1975-2015

Without changes 90.55 73.17 82.03 87.35 87.67 59.35

Forest to grassland 0.17 0.29 0.15 0.05 0.21 0.26

Grassland to forest 0.84 2.31 1.70 1.13 1.35 4.85

Cultivated land to forest 0.24 1.05 0.17 0.03 0.01 3.52

Cultivated land to grassland 4.68 16.94 9.55 6.43 4.21 27.28

Homerka catchment 1977-1987 1987-1996 1996-2003 2003-2009 2009-2015 1977-2015

Without changes 76.06 79.14 90.02 92.40 92.52 69.45

Forest to grassland 3.21 2.87 0.35 0.59 0.55 1.85

Grassland to forest 6.08 5.44 2.41 1.60 1.67 10.68

Cultivated land to forest 0.93 0.55 0.04 0.03 0.03 2.15

Cultivated land to grassland 6.93 6.87 3.27 1.99 2.13 11.20

Jaszcze-jamne catchment 1977-1986 1986-1997 1997-2004 2004-2009 2009-2015 1977-2015

Without changes 80.95 75.76 87.17 90.29 97.55 70.67

Forest to grassland 4.35 4.51 2.26 0.95 0.00 2.32

Grassland to forest 6.12 9.25 5.19 4.68 0.48 15.60

Cultivated land to forest 0.46 0.83 0.22 0.07 0.32 1.23

Cultivated land to grassland 2.97 4.75 2.29 1.58 0.00 6.94
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decrease in soil erosion occurred on slopes 
where former cultivated land was aban-
doned and turned into grasslands and forests 
(Kijowska-Strugała et al. 2018). 

However, the comparison of soil erosion 
rates calculated using the RUSLE model with 
the slope wash measurements in the same 
Bystrzanka catchment (experimental slope 
in Szymbark IG&SO PAS Research Station) 
indicates that the RUSLE model overestimates 
soil losses by 2.9 times (Gil 2009; Demczuk 
& Gil 2009). Application of a 2.9 reduction 
factor to results obtained using RUSLE in the 
Homerka catchment caused reduction soil 
erosion rates to only 1.40 t∙ha-1∙year-1 in 2009 
(Kijowska-Strugała et al. 2018). This value 
is closer to soil erosion rates (0.13 t∙ha-1∙year-1 
when cultivated land decreased to 1.10%) 
calculated on the basis of land use structure 
method for the Homerka catchment for 2015 
in this paper. 

Roads network

Rising population and hungry for land in the 
Polish Western Carpathians caused agricul-
tural land fragmentation and connection 
of small parcels with a dense road network 
(Bucała et al. 2014; Kroczak et al. 2016). While 
permanent river network density varies from 
2.2 in the Uszwica catchment to 3.0 in the 
Homerka and 3.7 km∙km-2 in the Jaszcze-
Jamne catchments, the road network varied 
from 13.0 to 10.9 and 7.0 km∙km-2 in the same 
catchments respectively in 1975(77) (Fig. 8). 
Therefore, in the foothills, the lowest density 

of the river network was compensated by the 
highest density of roads. 

Analysis of aerial photographs showed 
that all cart roads connected cultivated fields 
and grasslands (meadows and pastures) 
at the end of the 1970s. Therefore, it was 
assumed that almost all roads were used 
at that time. Topographic maps indicated 
that over 95% of them were unpaved in all 
investigated catchments at the end of the 
1970s. Unpaved roads crossing streams 
and/or ending close to the channel are 
a source and transfer route of eroded mate-
rial and water from cultivated fields to rivers. 
According to Froehlich (1982) and Froehlich 
and Słupik (1986), used and unpaved roads 
in the Homerka catchment contribute up to 
90% of the suspended material transported 
by rivers and during flood events, and the 
road network delivers 60% of rainfall water 
to channels. The suspended sediment load 
concentration measured on the unpaved 
roads was also several times higher than 
in the Homerka stream. This relationship 
was confirmed in the Bystrzanka catchment 
(13.0 km2) located in the Beskid Mts. dur-
ing heavy rainfall events (Kijowska-Strugała 
2015). In particular, the roads that have 
a connection with streams are an important 
source of suspended sediment transported 
from slopes to rivers (Froehlich 1982; Reid 
& Dunne 1984; Froehlich & Walling 1997). 
This type of road accounted for 30% of total 
roads in the Uszwica catchment, 50% in the 
Homerka catchment and 61% of the Jaszcze-
-Jamne catchment in the 1970s. 

Figure 7. Model of LULC changes for the 4th-order catchments in the central part of the Polish Western 
Carpathians during transformation from centrally planned to free market economics in 1975(77)-2015
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Between 1975(77) and 2015, LULC and 
population changes caused significant modi-
fication of the spatial pattern of the roads 
network and its surface. Abandonment of the 
agricultural land started cessation of the 
access roads to the fields, mainly on culti-
vated slopes but also in forest. Simultaneous 
increase of the population and settlement 
development led to construction of the new 
roads and their pavements, mainly in the 
valley bottoms. Such processes initiated 
a change of the LULC structure of roads, and 
thus their role in the transfer of water and 
sediment within the catchment. The density 
of roads slightly increased by 8%, 4% and 1% 
in the Uszwica, Homerka and Jaszcze-Jamne 
catchments, respectively. However, the densi-
ty of used roads decreased by 27%, 28% and 
33% in the same catchments. Significant was 
also the decrease of the roads used density 
that have a connection with streams by 8% 
in the Uszwica catchment and almost by 37% 
in the Homerka and Jaszcze-Jamne catch-
ments (Fig. 8). 

During heavily rainfalls, the transfer 
of water is additionally intensified by pave-
ment roads and buildings. Those imperme-
able surfaces increased their contribution 

by about 100% (assuming a 5 m width of the 
main pavement road) in all three catchments 
in 1975(77)-2015. They usually cover bottoms 
of valleys and slopes with a smaller inclina-
tion (i.e. areas more valuable for rainwater 
infiltration and retention). Paved roads facili-
tate water transfer because their runoff coef-
ficient (0.95) is higher than any other LULC 
type (Radwan-Dębski 1995). In contrast, 
paved roads are an insignificant source 
of sediment that produce less than 1% of sed-
iment in comparison to unpaved roads (Reid 
& Dunne 1984). 

Present-day roads’ density in the stud-
ied catchments, however, remains still 
much higher than the density of the per-
manent river network or density of roads 
in most mountains of the world, estimated 
at 2 km∙km-2 (Wemple et al. 2001; Takken 
et al. 2008). The unused roads overgrown 
with dense vegetation are well visible in the 
landscape of the three catchments. Accord-
ing to Reid and Dunne (1984), abandoned 
roads produce 130 times less sediment than 
intensively used roads. Observations in catch-
ments confirmed that during heavy rainfalls, 
unused roads produce and transport less 
sediment, but they still play an important 

Figure 8. Permanent rivers and road density in the three catchments during 1975(77)-2015
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role in water transfer downslope. Such differ-
ent roles of abandoned unpaved and used 
unpaved roads in material and water trans-
fer were visible several times during heavily 
rainfall in the Homerka and Jaszcze-Jamne 
catchments (Fig. 9).

River bed level changes

Measurements indicate that the 4th-order 
channel incision dominates in each of the 
three investigated catchments in recent dec-
ades. In the Uszwica river, the decreasing dai-
ly absolute minimum water levels recorded 
at Lipnica Murowana reveal about 1 cm∙year-1 
downcutting in 2009-2017 (Fig. 10). Results 
correspond with the estimated river bed 
incision rate at approximately 0.9 cm∙year 
in 1989-2016 near suspended bridgeheads  

located 5 km upstream of the gauging station 
(Fig. 9). A similar rate of the Homerka chan-
nel downcutting was observed, 4 km above 
its outlet to Kamienica Nawojowska river, 
along suspended gabions (i.e. 1.2 cm∙year-1 in 
1999-2016). Measurements near suspended 

bridgeheads in the Jamne channel also indi-
cated a bed incision of 1 cm∙year-1 in the 
period 1969-2008 (Bucała 2014; Bucała 
et al. 2015). Repeated measurements con-
firmed further the Jamne channel downcut-
ting with the same rate in 2008-2014. The 
incision trend of the Jamne stream also cor-
responds with changes of the Ochotnica 
channel at Tylmanowa (Kijowska-Strugała 
& Bucała-Hrabia 2019). This 5th-order river 
drains the area of 107.6 km2 of the Gorce 
Mountains, including the Jaszcze-Jamne 

Figure 9. (A) Suspended sediment on the roads during heavy rainfalls: A1 – unused unpaved 
road, used unpaved road, paved road in the Jaszcze-Jamne catchment during continuous rainfall 
of 82 mm 24 h-1 in 15.05.2014, A2 – unpaved used road in the Homerka catchment during local 
downpour of 30 mm 2 h-1 in 28.07.2016, (B) River beds’ position in relation to suspended bridgeheads 
and concrete structures: B1 – suspended bridgehead in the Uszwica stream, B2 – suspended gabion 
in the Homerka stream
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catchment. Analysis of daily absolute mini-
mum water levels indicates that the Ochotni-
ca channel had an aggradation with an aver-
age rate of 3.9 cm∙year-1 in 1972-1996 (the 
period with high contribution of the culti-
vated land), while incision with an average 
rate of 3.2 cm∙year-1 in 1997-2011 (the period 
of rapid decrease of cultivated land). Simulta-
neously, the same study revealed no statisti-
cally significant changes of flood frequency 
between 1972 and 2011.

Observations at subcatchment scale, 
however, indicate that despite the rapid cul-
tivated land and road abandonment after 
1989, the past land use structure still has 
a noticeable impact on contemporary sus-
pended sediment concentration in streams. 
This was clearly visible during the two floods 
registered on 11.7.2013 (local downpour 
of 21.2 mm 4 h-1) and 15.5.2014 (continu-
ous rainfall of 82 mm 24 h-1) in the Jaszc-
ze-Jamne catchment (Fig. 6 and Fig. 9). 
Jamne stream draining subcatchment with 
high contribution of cultivated land in the 
past compared to Jaszcze stream, had 
both higher concentration of suspended 
sediment by 130% and higher fine particles 

contribution eroded from cultivated land 
in the past.

The presented impact of LULC change 
on downcutting of upper courses of the 
rivers complement observations from the 
middle and lower courses of the Polish 
Carpathian rivers that incision was mainly 
related to channel regulation and gravel 
mining in the second half of the 20th cen-
tury (Wyżga 2001; Wyżga et al. 2016). How-
ever, the impact of LULC change on flood 
regime is more complex than in the case 
of eroded material transport at catchment 
scale. Increase of forest cover can reduce 
flood peaks, while expansion of imperme-
able surfaces (houses, roads) can increase 
flood peaks at the same time (Rogger et al. 
2017). Therefore, the expected reduction 
in the frequency of floods due to channel inci-
sion is not always observed (Łajczak 2007; 
Kijowska-Strugała & Bucała-Hrabia 2019), 
because probably culmination water levels 
tend to increase in effect of higher concen-
tration and greater velocity of flood-waves 
(Łajczak 2007; Wiejaczka & Kijowska-Struga-
ła 2015; Kijowska-Strugała & Bucała-Hrabia 
2019).

Figure 10. Daily absolute minimum and maximum water stage in the Uszwica river for 2009-2017

Source: Authors’ elaboration based on data from http://lsop.imgw.pl/brzesko/.
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Conclusions

LULC structure in the three catchments 
reflected diversity of environmental con-
ditions with overlapped effects of human 
activity in different socio-economic systems. 
A common feature of catchments was a low-
er contribution of forests and a higher contri-
bution of agricultural land as well as a higher 
population density in the foothill catchment 
compared to both catchments in the mid-
mountains. Despite the different environmen-
tal (climate, relief, soil), and socio-economic 
(population density, sources of income, dis-
tance to urban centers) conditions of the 
catchments and their inhabitants, the general 
spatio-temporal trends of LULC change over 
time were similar. 

In a centrally planned economy, anthro-
pogenic pressure on the environment limits 
the role of environmental factors, which was 
reflected in the increase of the forest-agricul-
ture boundary above its climate-conditioned 
(locally modified by land use pattern) eleva-
tion and the cultivation of marginal land with 
steep slopes. The largest decrease of cultivat-
ed land and increase of forest occurred just 
after the collapse of communism in 1989 but 
before Poland’s accession to the European 
Union in 2004. At the same time, it was the 
period with the largest increase of population 
density and the largest decrease of popula-
tion dependent only on agriculture. The most 
significant land use changes occurred on the 
slopes between the valley bottoms occupied 

by stable grasslands and the upper parts 
of the catchment overgrown by stable forest. 
Forest succession and cultivated land aban-
donment caused the gradual decrease of the 
forest-agriculture boundary close to its natu-
ral, climatically conditioned location as well 
as the modification of the LULC structure that 
is closer to the concept of sustainable devel-
opment of the mountain areas. Therefore, 
the free-market economy has increased the 
impact of environmental factors on the shap-
ing of the LULC structure as well as its stability.

Conducted analyses confirmed the hypoth-
esis that the environment was significantly 
modified by LULC changes. Alterations in cul-
tivated land area most quickly and clearly 
reflected the transformation of the socio-
economic system. This type of land use can 
be used as an indicator of short-term (decadal) 
changes in anthropogenic pressure. Abandon-
ment of cultivated land, forest succession and 
a decrease in used road density, have result-
ed in lower efficiency of slope wash and sedi-
ment transport within 4th-order catchments. 
This has led to an interruption of aggradation 
and initiated channel deepening by approxi-
mately 1 cm∙year-1 during the socio-economic 
transformation after 1989. The water transfer 
in the slope-channel system is complex and 
does not always lead to reduction in the fre-
quency of floods due to channel incision.

Editors‘ note:
Unless otherwise stated, the sources of tables and 
figures are the authors‘, on the basis of their own 
research.
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