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Abstract: The paper presents potential soil erosion risk of the upper Parsęta catchment (Drawskie Lake 
District, NW Poland). The model considers following conditions affecting the size of soil erosion: slope 
gradient, LS factor, lithology, land use and land cover. Thematic maps have been reclassified into a 4-degree 
division. Potential soil erosion risk map was prepared on the basis of thematic maps. Areas with small and 
moderate susceptibility to soil erosion occupy 71.5% of the catchment area. The 4th class of erosiveness is 
represented by the river valley slopes, steep slopes of kame and moraine hills, covering 28.5% of the upper 
Parsęta catchment.
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Introduction

Soil erosion by water belongs to contemporary mor-
phogenetic processes that greatly participate in 
shaping the relief of the terrain (Gerlach 1966, Gil 
1976). In particular, this applies to areas used for ag-
riculture in the temperate climate zone (Kostrzewski 
2001, Smolska 2002, Szpikowski 2003). The problem 
of soil erosion by water is studied as a geomorpholog-
ical factor that influences the relief (denudation) and 
as a process that degrades the soil cover. The need to 
protect soils has influenced not only the development 
of knowledge of soil erosion mechanisms, but it has 
also led to the development of numerous activities 
limiting its size – especially on the cultivated slopes 
(Kosturkiewicz et al. 1994, Koćmit 1998).

The greatest amount of reliable data on the size 
and conditions of soil erosion comes from station-
ary, long-term research on specially prepared test-
ing plots. Field and laboratory experiment methods 
are also used. These are costly and labour-intensive 
methods. They cannot cover a larger area of research 
therefore the obtained results can only be considered 
representative of a specific region. For numerous 
and very variable conditions of soil erosion by water 
in the geographical space, approximation of results 
from point studies can lead to large errors.

Numerous studies have been undertaken in which 
the distribution and intensity of the soil erosion risk 
in space is predicted based on specific features of 
the geographical environment. For this purpose, soil 
erosion risk maps are prepared. They can be divided 
into qualitative and quantitative studies. Qualitative 
ones present soil erosion risk classes (Józefaciuk et al. 
1985, Józefaciuk, Józefaciuk 1992, 1994, Mularz 1995, 
Le Bissonnais et al. 2002, Šúri et al. 2002, Vrieling et 
al. 2002, Drzewiecki et al. 2014). Quantitative studies 
forecast soil erosion values from a given area (Vold et 
al. 1985, Erhard et al. 2003, Kirkby et al. 2004, Lu 
et al. 2004, Mularz, Drzewiecki 2007, Milevski 2008, 
Bosco et al. 2009, Martín-Fernándes, Martínez-Núňez 
2011, Wężyk et al. 2012, Farhan et al. 2013, Perović et 
al. 2013, Prasuhn et al. 2013), based on erosion models 
such as: USLE – Universal Soil Loss Equation (Wis-
chmeier, Smith 1978), WEPP – Water Erosion Pre-
diction Model (Laflen et al. 1991), RUSLE – Revised 
Universal Soil Loss Equation (Renard et al. 1997), 
EUROSEM – European Soil Erosion Model (Morgan 
et al. 1998), PESERA – Pan-European Soil Erosion 
Risk Assessment (Kirkby et al. 2004), G2 (Panagos et 
al. 2015). The use of empirical models to determine 
the risk of soil erosion requires a large amount of de-
tailed data which is often unavailable for larger areas 
or data estimated based on other premises only. Ero-
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sion models are usually prepared for specific regions, 
which make it difficult to apply them to other areas 
with different geographic features (Favis-Mortlock et 
al. 1996, Vrieling et al. 2002). Due to these difficulties, 
the use of valorisation of particular factors affecting 
erosion and the preparation of a qualitative map may 
have a wider application in the risk assessment of soil 
erosion. To make such maps, there are often used con-
ditions of erosion processes from empirical models.

Maps presenting soil erosion present it as poten-
tial erosion and actual erosion. Potential soil erosion 
depends on natural factors: climate, relief, soil type. 
A more dynamic indicator is the actual soil erosion 
that apart from natural factors also includes econom-
ic elements: land use and land cover, applied agro-
technics and anti-erosion activities (Koreleski 1992, 
Józefaciuk, Józefaciuk 1999, Šúri et al. 2002, Vrieling 
et al. 2002, Erhard et al. 2003).

In studies on spatial diversity of actual soil erosion, 
the classification method of the main erosive factors 
is commonly used: precipitation, soil susceptibility to 
erosion, slope gradient (Józefaciuk, Józefaciuk 1992, 
Tricart, Kiewiet de Jonge 1992, Šúri et al. 2002, Drze-
wiecki et al. 2014), land use and land cover, as well as 
agrotechnical procedures (Le Bissonnais et al. 2002, 
Wawer, Nowocień 2006, 2007). Attention is drawn 
to the great importance of indicators related to relief: 
slope, LS (sediment transport capacity index), planar 

and vertical curvature, SPI (Stream Power Index) and 
TWI (topographic wetness index) (Milevski 2008).

For the upper Parsęta catchment located in the 
Drawskie Lake District, no maps of actual soil ero-
sion have been made so far. Existing studies for this 
area come from maps covering the whole of Poland 
(Reniger 1950, Józefaciuk, Józefaciuk 1992, 1994, 
Wawer, Nowocień 2006, 2007, Wawer et al. 2008), 
the region of Przymorze (Józefaciuk et al. 1999) or 
administrative units in the scale of the voivodeship 
(Józefaciuk et al. 2001a, 2001b).

The main objectives of the research undertaken 
as part of this study are:
–– indication of the conditions of soil erosion such 

as: morphology, lithology, land cover and land use,
–– development of a homogeneous risk classification 

with potential soil erosion based on the indicated 
conditions,

–– implementation of a numerical map of potential 
soil erosion in the upper Parsęta catchment using 
bonitation method.

Study area

The upper Parsęta catchment is located in north-west-
ern Poland, within the Central Pomerania region, in 

Fig. 1. Localisation of research area
1 – the Parsęta catchment, 2 – the upper Parsęta catchment, 3 – Drawskie Lake District. DEM from ASTER-GDEM
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the mesoregion of the Drawskie Lake District (Fig. 
1). It represents the young glacial, lowland geoeco-
system of lowland Poland. The current relief and li-
thology were shaped during deglaciation of the Po-
meranian phase of the Vistula glaciation (Karczewski 
1989) and in the Holocene (Kostrzewski et al. 2008). 
Characteristic elements of the Pleistocene landforms 
are undulating plains of the ground moraine, end 
moraine hills, crevasse forms, outwash plains, melt-
ing depressions of variable sizes and ice-dammed 
lakes. Holocene elements of the landforms include: 
river valleys, detrital fans, dry valleys, gullies and 
peat plains. Human activity is marked in the relief 
of terrain through various anthropogenic forms such 
as embankments and excavations, mining areas, field 
balks and agricultural terraces (Szpikowski 2012). 
The upper Parsęta catchment covers an area of 74 
km2, and the length of its watershed is 58.3 km. The 
average density of the river network is 2.24 km km–2, 
and the average catchment gradient is 8.4‰. The 
highest elevation is Polska Góra, with an altitude of 
202.8 m a.s.l. The main watercourse draining the 
basin is the Parsęta River that is sourced in a min-
eral-organic accumulation marginal lake at an alti-
tude of approximately 137.5 m a.s.l., near the village 
of Parsęcko. The basin area of the upper course of 
Parsęta ends in Storkowo, near a former mill, and 
now the Geoecological Station of the Adam Mickie-
wicz University in Poznań. The cross-section closing 
the upper river course is located at an altitude of 83.4 
m a.s.l. therefore the denivelation of the research 
area is almost 120 m. The length of the Parsęta River 
to the section closing the upper Parsęta catchment is 
13.3 km long.

Research methods

The main source of data required for the prepara-
tion of a map of potential soil erosion in the upper 
Parsęta catchment was cartographic materials. The 
digital elevation model (DEM) for the basin was 
prepared on the basis of vectorised contour lines on 
the 1:10 000 scale topographical maps in the PUW 
1965 system (sheets: 333.134 Przeradź, 333.143 
Nowe Gonne, 333.311 Barwice, 333.312 Radomyśl, 
333.313 Ostropole, 333.314 Radacz, 333.321 Dalęci-
no, 333.323 Szczecinek-Zachód) (Head Office of 
Land Surveying and Cartography in Warsaw). Data 
on lithology of the research area was obtained from 
two sheets (159 Barwice and 160 Szczecinek) of the 
Detailed Geological Map of Poland in the scale of 
1:50  000 (PIG 2004). The information on spatial 
distribution of land use types and land cover was 
obtained from Corine Land Cover 2012 vector data 
(European Environmental Agency in Copenhagen). 

The map design also uses other vector data of the ba-
sin such as: watershed, watercourses and larger wa-
ter reservoirs (designated on the basis of maps on a 
scale of 1:10 000 and verified in the field). All spatial 
data was transposed into the Polish CS92 coordinate 
system (EPSG 2180). In this system, thematic maps 
of conditions and final maps of potential soil erosion 
were also prepared.

The file with vectorised contour lines in *.dat for-
mat has been processed into the DEM in the Surfer 
10.05 software. The estimation using the ordinary 
kriging method was used for this purpose (Urbański 
2008). The mesh size of the model was assumed to 
be 5 × 5 m. Using the DEM in the SAGA GIS soft-
ware, a slope map was made. The DEM and the slope 
map were used to create a secondary topographic 
attribute, which is the LS transportability index. It 
is based on the slope gradient and the catchment 
area, i.e. the surface area feeding a given cell divid-
ed by the cell side (Urbański 2008). The LS factor 
was calculated using the SAGA GIS software. In the 
pre-processing process, depressions were filled in 
the DEM, and then the outflow directions from the 
depressions were determined (module Sink Drain-
age Route Detection in SAGA GUI 2.1.2). This al-
lowed creating the right local basin area. The Digital 
Elevation Model Network (DEMON) method was 
used to determine the direction of downflow from 
a single cell. This method determines the flow path 
through the highest probability selection algorithm 
(Costa-Cabral, Burges 1994). The final stage was to 
connect the appropriate local basin area with a map 
of slopes and determine the LS factor.

Individual thematic maps of soil erosion were 
made for the following conditions: slope gradient, 
LS factor, lithology, land use and land cover. Based 
on literature data for each thematic map, 4 classes of 
erosion risk were distinguished: from class 1 – weak 
erosion, to class 4 – strong erosion. In the case of 
the LS factor map, for which there is currently no 
classification that would concern its impact on soil 
erosion, the division was made according to Jenks’ 
natural breaks. It is an algorithm aiming at the small-
est differentiation of observations within intervals, 
while maximizing the distance between them (Jenks 
1967). Vector maps (lithology, land use and land cov-
er) have been transformed into a raster map. In the 
final stage, all thematic maps were merged into a fi-
nal map of potential soil erosion. For this purpose, 
a raster calculator was used and classified maps of 
slopes, LS factor, lithology, land use and land cov-
er were added to each other. The result map formed 
was again classified according to four-class compart-
ments. All classified thematic maps were made in 
the SAGA GIS software. Previously, a table contain-
ing the risk class was assigned to each layer in the 
database.
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Conditions for soil erosion by water in 
the upper Parsęta catchment – thematic 
maps

Hypsometry and slopes

The DEM analysis indicates that the smallest absolute 
altitudes within the basin are located along the Parsę-
ta Valley and do not exceed 140 m a.s.l. (Fig. 2). The 
river flows through the central basin area from the 
south-east towards the north-west, and its valley is 
clearly marked in the relief. Low absolute values char-
acterize the Kłuda valley, which flows almost parallel 
to Parsęta, and the lower section of Skalneński Potok 
in the central part of the basin, east of Parsęta. Kettle 
holes areas clearly appear in the relief, including two 
largest peat bogs: Chwalimskie Bagno (Chwalimsk-
ie Swamp) and the spring area of Parsęta River. The 
highest located parts of the research area are the up-
per part of the Żegnica basin and the north-eastern 
border of the upper Parsęta catchment together with 
the Polska Góra moraine hill.

Based on the DEM, slopes in the upper Parsęta 
catchment were determined (Fig. 3). They range from 
0 up to 20°. Slopes above 10° occur in the whole ba-
sin, mainly along the edges of river valleys (Parsęta, 
Kłuda) and the kettle holes and on the slopes of larg-

er kame hills (in the middle part of the upper Parsęta 
catchment and surrounded by the Polska Góra).

In terms of susceptibility to soil erosion, the 
Józefaciuk, Józefaciuk (1999) determine 5 classes 
of slopes: 0–3° – very low susceptibility, 3–6° – low 
susceptibility, 6–10° – average susceptibility, 10–15° 
– high susceptibility, >15° – very high susceptibility. 
Taking into account the lowland location of the up-
per Parsęta catchment, and hence the smaller denive-
lations and slope gradient, a four-level division into 
erosion susceptibility classes according to slopes was 
introduced (Table 1).

The image obtained after reclassification of the 
slope map (Fig. 4) indicates that slopes are most fa-
vourable for soil erosion (class 4) occur rarely on the 
edges of river valleys and deeper kettles and on the 
slopes of the highest kames.

LS factor

The calculated values of the LS factor for the upper 
Parsęta catchment are in the range from 0 to 8 (Fig. 5). 
Similarly to the slope map, the highest values of the 

Fig. 2. DEM of the upper Parsęta catchment

Table 1. Classes of susceptibility to erosion by slopes in the 
upper Parsęta catchment

Slope inclination [°] 0–2 2–5 5–10 >10
Class of susceptibility to erosion 1 2 3 4
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Fig. 3. Slope inclination in the upper Parsęta catchment

Fig. 4. Reclassified slope inclination in the upper Parsęta catchment
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Fig. 5. LS factor in the upper Parsęta catchment

Fig. 6. Reclassified LS factor in the upper Parsęta catchment
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LS factor occur on the edges of river valleys and on the 
slopes of the highest kame hills. The relief of the upper 
Parsęta catchment, where short slopes predominate, 
usually a few to several dozen meters long – makes LS 
factor values not that high. Classes of susceptibility to 
erosion according to the LS factor, determined using 
Jenks’ natural breaks, are presented in Table 2.

The map for the indicated four classes of the LS 
factor shows a similar spatial differentiation as for 
the reclassified slope map (Fig. 6). The largest part 
of the catchment is occupied by areas with class 1. 
These are primarily the bottoms of kettle holes, flat 
parts of moraine uplands and local outwash plains. 
Class 4 areas are located on the slopes of kame hills 
and in the edge zones of river valleys.

Lithology and soils

Another important factor affecting the size of soil 
erosion by water is lithology and soil type. These fac-
tors are interrelated. Physicochemical characteristics 
of soil greatly affect its susceptibility to erosion. Soil 
resistance due to firmness is determined by the ratio 
of fine fraction (0.1–0.02 mm) to colloidal fraction 
(<0.002 mm). The higher it is, the lower the soil re-
sistance (Józefaciuk, Józefaciuk 1996). Smaller parts 
and parts of low permeability are usually more at risk 
of erosion (Dobrzański et al. 1953). The exceptions are 
illitic soils, which, despite low permeability and a high 
content of small particles, are poorly susceptible to 
erosion. Sandy soils with high permeability are more 
at risk. In some models, the properties of soils that 
change dynamically over time are also more difficult 
to measure. An example is the resistance of soil to 
periodic changes in water properties caused by splash 
or excessive and long-term moisture. Under its influ-
ence, the soil composition with favourable water-air 
ratios can change into a poorly permeable sticky mass 
with no air. Features that affect resistance include: 
thickness of humus and transitional layers, depth and 
properties of underlying rock, and chemical and phys-
ical properties of soil that affect the growth of plants 
(Ziemnicki 1978). The division of soils due to the de-
gree of susceptibility to soil erosion has not been uni-
fied in Poland. According to the Józefaciuk, Józefaciuk 
classification (1996, 1999), five classes of susceptibili-
ty to soil erosion can be distinguished, taking into ac-
count the properties of the underlying layer:
–– the strongest susceptible – loess and silt soils,
–– strongly susceptible – sandy soils on loose sands 

and soils on Cretaceous and Jurassic limestone 

soils,
–– moderately susceptible – soils on poorly-clayey 

and clayey sands, on gravels and calcareous lime-
stone soils,

–– poorly susceptible – soils on sandy loams and sands 
overlying loam and medium soils formed from sed-
imentary rocks with a carbonate, non-lime bond,

–– very poorly susceptible – illitic soils, soils con-
taining large amounts of skeletal parts and peats.
The soils of the upper Parsęta catchment are char-

acterized by a high degree of diversity due to variable 
lithology and water conditions. According to the De-
tailed Geological Map of Poland (2004), the largest 
catchment area is covered by direct glacier accumu-
lation represented by sands with gravels (29% of the 
catchment area) and gravely sand with admixture of 
silt (21%). What is more, till (25%) occupies a large 
share in Pleistocene formations. The main Holocene 
formations include peat (10%), river sands (3%) and 
deluvial sands with gravels (2%). Less frequent are 
gyttjas, peaty silts, humic sands and aeolian sands. 
The distribution of individual lithological formations 
in the upper Parsęta catchment is characterized by 
great mosaicism (Fig. 7).

In the absence of homogeneous data on the spatial 
structure of the upper Parsęta catchment, the classifi-
cation of the rate of susceptibility to soil erosion was 
based on the lithology of surface formations accord-
ing to the Detailed Geological Map of Poland (2004). 
The proposed sections refer to the Józefaciuk, Józe-
faciuk classification (1999). The introduced modifica-
tion results mainly from the lack of soils on loess and 
silt formations in the upper Parsęta catchment. Due 
to the deposition of peats, peaty silts and gyttja on flat 
areas, the degree of susceptibility to erosion for those 
formations was assumed to be the smallest (class 1). 
The adopted division is presented in Table 3.

Table 3. Classes of susceptibility to erosion by lithology in 
the upper Parsęta catchment according to the modified 
Józefaciuk, Józefaciuk classification (1999)

Lithology Class of suscep-
tibility to erosion

gyttjas 1
peaty muds 1
peats 1
tills 2
tills of push moraines 2
deluvial sands and tills 3
glacial sands and gravels 3
glaciofluvial sands with gravels 3
glacial gravely and dusty sands 3
sands, gravels and tills of kames 3
sands, gravels and tills of end moraines 3
aeolian sands 4
melt-out dusty sands 4
fluvial sands of flood plain terraces 4
humic sands 4

Table 2. Classes of susceptibility to erosion by LS factor in 
the upper Parsęta catchment

LS factor 0–0.3 0.3–1.1 1.1–2.7 >2.7
Class of susceptibility 
to erosion 1 2 3 4
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Fig. 8. Reclassified lithology in the upper Parsęta catchment

Fig. 7. Lithology of the upper Parsęta catchment according to the Detailed Geological Map of Poland (2004)
1 – tills, 2 – tills of push moraines, 3 – gravels and tills of end moraines, 4 – sands, gravels and tills of kames, 5 – deluvial sands and tills, 
6 – melt-out silty sands, 7 – glacial sands and gravels, 8 – glacial gravely and silty sands, 9 – glaciofluvial sands with gravels, 10 – aeolian 
sands , 11 – humic sands , 12 – fluvial sands of flood plain terraces, 13 – gyttjas, 14 – peaty muds, 15 – peats
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The map obtained after the reclassification indi-
cates that areas located in river valleys and in the 
fields of aeolian sands are characterized by the great-
est erosive susceptibility (Fig. 8). Rusty and alluvial 
soils predominate there. Large, compact surfaces are 
occupied by the second class area, where rustic soils, 
podzolic soils, and even luvisols prevail.

Land use and land cover

The structure of land use and land cover of the upper 
Parsęta catchment is characterized by considerable 
diversity (Fig. 9). The mosaic of lands refers to re-
lief, lithology, soils and water conditions. The largest 
catchment area is occupied by forests (41%), arable 
land (31%) and grassland (12%). For this reason, 
the upper Parsęta catchment can be classified as an 
agro-forest type. A relatively large area is occupied by 
peat bogs (2%) and post-mining excavations (1%). A 
small area is occupied by built-up areas (2% of the 
catchment area) and communication areas (1%).

Due to the rate of susceptibility to soil erosion, 
the starting point for the classification of land use 
and land cover was the division of Wawer and Nowo-
cień (2006), the so-called 6-degree reduction indica-
tor. According to this proposal, soil erosion is mostly 
limited by such areas as forests, swamps, built-up 
residential and industrial areas, communication ar-
eas. Whereas areas under agricultural lands, mine 
dumping grounds or burnt vegetation are the most 
conducive to erosion. The division has been modified. 
Based on some studies and field research (Klimczak 
1993, Robichaud et al. 2010), it can be concluded that 
erosive processes are also observed in forests, as ex-
emplified by rills and gullies. Moreover, it has been 
found that erosion is poor in meadow areas. In earlier 
studies on the upper Parsęta catchment, areas occu-
pied by agriculture with a high degree of natural veg-
etation were classified as meadow areas (Kostrzew-
ski et al. 1994). In the classification by Wawer and 

Nowocień (2006), these grounds are considered to be 
highly endangered by soil erosion to a degree more 
similar to arable land than to meadows and pastures. 
In the correction to the division, an intermediate op-
tion was used for these areas. Areas exploited by the 
opencast method were classified in the same class as 
arable lands, because the uncovered soil and the lack 
of vegetation qualifies these areas with high risk of 
degradation. After the correction for individual land 
use and types of soil coverage, 4 classes of erosive 
susceptibility were identified (Table 4).

After the reclassification of the land use and 
land cover map, an image of spatial distribution 
for 4 classes of erosion susceptibility was obtained 
(Fig. 10).

Potential soil erosion in the upper 
Parsęta catchment

The final map of the potential soil erosion in the 
upper Parsęta catchment was obtained on the basis 
of thematic maps of erosion classes resulting from 
slopes, LS factor, lithology and land use and land 
cover types. After overlapping, thematic maps with 
4-degree classifications formed a composite map 
with classes ranging from 4 up to 15 (Fig. 11). Due 
to the number of classes, the resulting image of po-
tential erosion is opaque. First of all, the areas with 
the lowest erosion risk (class 1) are visible, located 
mainly in the bottoms of kettle hole areas.

A numerical map of potential soil erosion in the 
upper Parsęta catchment was reclassified into a 4-de-
gree division, referring to a 4-degree division of the-
matic maps (Fig. 12). This way, the least susceptible 
to water erosion is class 1 that includes sections 4–6 
of the initial result map, class 2 includes sections 
7–9, class 3 includes sections 10–12 and the most 
susceptible class 4 includes sections 13–15.

Table 4. Classes of susceptibility to erosion by land-use and land-cover (Corine Land Cover) in the upper Parsęta catchment 
according to the modified Wawer and Nowocień classification (2006)

CLC 
code Label Level3 Class of susceptibility to 

erosion
112 discontinuous urban fabric 2
131 mineral extraction sites 4
211 non-irrigated arable land 4
231 pastures 2
242 complex cultivation patterns 3
243 land principally occupied by agriculture, with significant areas of natural vegetation 3
311 broad-leaved forest 2
312 coniferous forest 2
313 mixed forest 2
411 inland marshes 1
412 peatbogs 1
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Fig. 9. Land use and land cover in the upper Parsęta catchment
121 – discontinuous urban fabric, 131 – mineral extraction sites, 211 – non-irrigation arable land, 231 – pastures, 242 – complex culti-
vation patterns, 243 – land principally occupied by agriculture, with significant areas of natural vegetation, 311 – broad-leaved forest, 
312 – coniferous forest, 313 – mixed forest, 411 – inland marshes, 412 – peatbogs

Fig. 10. Reclassified land use and land cover in the upper Parsęta catchment
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Fig. 11. Potential soil erosion in the upper Parsęta catchment

Fig. 12. Reclassified potential soil erosion in the upper Parsęta catchment
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The final map of potential soil erosion in the up-
per Parsęta catchment (Fig. 12) indicates that are-
as that are most vulnerable to soil erosion (class 1) 
are bottoms of depressions, including Chwalimskie 
Bagno, spring area of Parsęta River, spring area of 
Skalneński Potok and other, much smaller flat areas 
scattered all over the catchment (Table 5). Areas that 
are more susceptible to erosion (class 2) occupy as 
much as 60.5% of the catchment area and they are 
grouped on flat or undulated moraine uplands and 
outwash plains, often covered with forests. Areas 
with increased erosiveness (class 3) occupy steeper 
slopes of kame and moraine hills. Greater concentra-
tions of such areas occur around the Polska Góra, on 
kame hills in the central part of the catchment and 
area between the kame-kettle zone and the levels of 
ground moraine to the north and west of Radomyśl. 
Among areas with the highest susceptibility to soil 
erosion (class 4), the most visible ones are the edg-
es of the Parsęta Valley in its crucial sections, kame 
areas between Parsęta and Chwalimskie Bagno, the 
fragment between the Kłuda Valley and the Parsęta 
Valley in the central part of the upper Parsęta catch-
ment and areas of moraine uplands at their northern 
and north-eastern edges.

Discussion and conclusions

The synthetic map of potential soil erosion indicates 
that areas particularly susceptible to soil erosion are 
rare in the upper Parsęta catchment. The 4th class of 
erosiveness is represented by the edges of the Parsę-
ta Valley and the Kłuda Valley, fragments of the 
morphological step north and west of Radomyśl, the 
kame hill between Parsęta and Chwalimskie Bagno 
and the moraine uplands around the Polska Góra. 
The main reason for this is morphology, i.e. slope 
gradient and length of slopes (LS factor). The type 
of surface formations and the method of covering 
and using the terrain eliminate the erosive influ-
ence of the relief to a large extent. An example is the 
north-eastern part of the upper Parsęta catchment. 
This area is within the range of highlands with 
great local denivelations. However, the presence of 
till formations and afforestation limits the erosive 
factors associated with these conditions. In turn, 
the adjacent part of the catchment, on which there 
is a slightly loamy sands substrate with a high rate 
of susceptibility to soil erosion (Szpikowski et al. 
2008), combined with a significant degree of inclina-

tion of slopes, make the erosive potential of this area 
high. The kame hill between Parsęta and Chwalim-
skie Bagno is characterized by slopes with a large 
degree of inclination (10–20°). This area consists of 
a substrate made of sands, gravels and loamy sands 
with an average resistance to soil erosion. However, 
the erosive potential of the relief is limited by the 
coniferous forest covering the northern part of the 
kame. The foot of the south-east part of the kame 
hills covers arable land, which makes this area very 
susceptible to denudation.

The areas in the southern part of the Żegnica 
catchment are less susceptible to soil erosion. There 
is a diversified relief with medium slope inclinations. 
This area is occupied mainly by arable land and 
grassland with a great amount of natural vegetation. 
In some places there is deciduous forest. The soils are 
characterized by diversity, with alternating clay for-
mations and various types of sandy-clayey sediments 
with an admixture of gravels.

The south-eastern part of the upper Parsęta 
catchment, excluding the Parsęta headwater area, is 
characterized by a large erosive potential with pre-
dominance of second and third class of susceptibility 
to erosion. The substrate of this area is character-
ized by the mosaicism of lithological formations. It 
is caused by diversified landforms with big variations 
of relative altitude, with moraine uplands, kames, 
kettle holes and outwash plains. There are peats and 
peaty silts, clays poorly susceptible to water erosion, 
moderately susceptible sands, gravels and tills, and 
very susceptible sands of a variable genesis. Howev-
er, formations of 3rd and 4th degree of susceptibility 
to soil erosion prevail. These areas cover the largest 
areas of arable land in the upper Parsęta catchment. 
These factors make the erosive potential quite high 
on slopes with a higher inclination.

The areas with the lowest erosive potential in the 
upper Parsęta catchment are kettles and ice-dammed 
lakes. The largest area is occupied by Chwalimskie 
Bagno in the Żegnica catchment and the Parsęta 
headwater area. What is more, areas that are least 
susceptible to soil erosion occur north of the head-
water area, in the upper course of Kłuda, east of it 
in the Skalneński Potok catchment, and also on the 
south-eastern end of the upper Parsęta catchment in 
the Dalęciński Potok catchment. They are usually flat 
moraine uplands or outwash plain fragments.

Small areas with a high rate of susceptibility to 
soil erosion confirm the thesis that the diversity of 
the young-glacial relief limits the extent of soil dam-
age. Short slopes, usually not longer than 100 me-
ters, usually cause sheet wash or interrill erosion. 
The complex spatial arrangement of elevations and 
depressions reduces the erosive potential of these 
areas at variable slope inclinations and the stability 
of erosion bases. Increased soil erosion processes oc-

Table 5. Classes of susceptibility to erosion in the upper 
Parsęta catchment

Class of susceptibility to erosion 1 2 3 4
Area [%] 11.0 60.5 27.0 1.5
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cur only locally, within short fragments of catenaries 
(Smolska 2002, Szpikowski et al. 2008). The numeri-
cal map of potential soil erosion in the upper Parsęta 
catchment confirms these conditions. The structure 
of land cover and land use play an important role. 
Stationary studies on soil erosion by water have been 
carried out on test surfaces with various land use in 
the upper Parsęta catchment since 1994 (Szpikowski 
2012, Majewski 2018). Field experiments using a rain 
simulator were also made (Majewski 2014). The field 
research had confirmed the relations of the size of 
erosion with different agriculture use, for potato crop, 
soil loss equalled 24 t ha–1 y–1, for cereals 1–2 t ha–1 y–1 
and for bare fallow – 7,5 t ha–1 y–1. Therefore, there 
is a large variation in the size of erosion within ar-
able lands resulting from the type of crops and the 
current state of the agricultural surface (fields in a 
stage of cultivation without a protective plant cover). 
Such regularities were confirmed by field research for 
various regions in Poland (Gil 1999, Rejman 2006, 
Smolska 2010, Święchowicz 2012). However, the 
same treatment in the process of modelling the size 
of erosion (creating maps of potential erosion) of ar-
able lands without dividing them into a type of land 
is a generalization. Areas with morphological condi-
tions that favour soil erosion are largely covered by 
forests or meadows.

The accuracy of the map showing the rate of sus-
ceptibility to soil erosion, without detailed field tests, 
depends on the selection of cartographic materials, 
their scale and classification method. The thematic 
maps synthesis method and their final classification 
is of great importance. The use of GIS techniques to 
present the conditions of potential soil erosion in the 
upper Parsęta catchment confirms the current re-
search on transformation of the contemporary young 
glacial relief (Szpikowski et al. 2008).

The methodology for selecting source materials 
and their classification used in these studies can be 
modified and more detailed. More detailed morpho-
logical data can be obtained DEM from Lidar scan-
ning. The higher resolution of the relief model will 
allow including such topographic attributes as, for 
example, vertical and horizontal curvature. The way 
to make the potential soil erosion map more detailed 
is a more accurate map of land cover and land use that 
is based on large-scale satellite data. It would also be 
important to refer to soil erosiveness, and not to li-
thology only. An obstacle in this respect is the lack 
of sufficiently accurate and up-to-date soil maps for 
the upper Parsęta catchment. When designing a soil 
erosion map for larger areas than the upper Parsęta 
catchment, it is necessary to take into account the 
spatial variability of rainfall erosivity.

The analysis of the relief and the conducted field 
mapping have shown that in the areas of the 4th 
class of erosiveness there are forms of older rills and 

gullies not marked in the relief. This confirms the 
correctness of the image of spatial variability of po-
tential soil erosion in the upper Parsęta catchment 
obtained on the map.
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