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INTRODUCTION

Slopes do not constitute independent geomorphological systems. Due to their
relation and belonging to specific groups of relief macroforms, they are subject
to the same development patterns in a long timescale (geological time) as the
superior form in a specific morphogenetic zone. Therefore, they are usually
polygenetic, and seldom, only within “young” forms, homogenous. The slope
relief includes a record of their geological past, individual development stages,
and processes shaping slopes. The record constitutes a response of the system
to changing environmental conditions, and particularly a manifestation of their
adjustment to tectonic, climatic or land cover changes (Davis 1899; Dylik 1969).

In short periods of time (geomorphological time), slopes can be recognised
as relatively autonomous (independent), natural environmental systems, distin-
guished by their own development patterns, different than those of e.g. river val-
leys or gullies. Their development is determined by local factors, e.g. lithology
of the bedrock underlying slopes, or degree of their fragmentation. Those factors,
related to the state of evolution of the environment, can be treated as indepen-
dent in the discussed timescale. The second factor, indirectly related to “geology”,
is land cover and land use, determined in the Neoholocene by human activity.
It seems that especially currently, the anthropogenic factor determines the condi-
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tions and rate, as well as directions of relief development, at least for settled areas.
In the modern times, in the intermediate climate conditions of temperate zone, for-
ested slopes are distinguished by high stability and very low intensity of modern
morphogenetic processes, where decalcification dominates (Maruszczak 1986;
Starkel 1986; Rodzik et al. 2008).

Slopes with no forest cover, and those occupied by agricultural fields behave
differently. In areas subject to agricultural use, slope development conditions be-
come similar to those occurring in the semi-arid zone (warm half-year) or tundra
(cold half-year). Landscape “steppisation” and “tundration” is “accelerated” by
adjustment of slope systems to new conditions. Additionally, the long-lasting ag-
ricultural activity disturbed the dynamic balance of the slope, and resulted in the
development of new landforms. Anthropogenic relief and tillage erosion change
the conditions of overland flow to a significant degree, and affect the direction of
slope development (Gerlach 1966; Lach 1984; Twardy 1995; Poesen et al. 2003;
Rejman 2006). The co-occurrence of those factors is reflected particularly during
the intensive slopewash caused by violent downpours and snow melt. Activated
slopewash processes are responsible for modern shaping of slopes subject to ag-
ricultural use in the temperate morphoclimatic domain, particularly slopes devel-
oped on soft Quaternary deposits, hardly resistant to erosion. These slopes are
called slopewashes (Kirkby 1971, 1978; Teisseyre 1994; Janicki 2002).

The objective of the paper is to determine the intensity of modern slopewash
processes, and to estimate their effect on the development of slopes under agri-
cultural use, lying on loess and like-loess deposits, in various landscape types
of the Lublin Upland (sensu lato). The role of extreme events in the functioning
of slope systems in short time period was also estimated. According to a number
of scholars, those events determine the rate and direction of development of geo-
morphological systems (Starkel 1976, 1986; Brunsden 1996).

STUDY AREA

Geological-morphological conditions

The area between the Vistula and Bug rivers, including the eastern part of
the Polish Uplands (Fig. 1), is sometimes recognised as belonging to the Euro-
pean Mid Mountains, stretching from the Massif Central to the region of Podolia
(Wojtanowicz 1999). That eastern part of the Polish Uplands is called the Lu-
blin Upland which includes block morphostructures of the Cambrian platform on
which tabular- or platform-type uplands developed, not exceeding 390 m a.s.l.
The geological substratum of the region is the Permian-Cretaceous sediment rock
formation. The most important morphogenetic function is fulfilled by diversified
Late Cretaceous marine lithophacies deposits (opokas, gaizes, marls, chalk), con-
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stituting a continuous cover with a thickness from 350 to 1,400 m (800 m on
the average). Cainozoic sediments, covering Cretaceous rocks in a discontinuous
manner, have an insignificant thickness below a few tens of meters. Tertiary and
Quaternary rocks are responsible for only subordinate natural environment and
landscape features. Tertiary sediments (limestones and sandstones) occur in iso-
lated aggregates, and constitute inselbergs of the Neogene relief. Quaternary se-
diments are represented particularly by moraine tills and loesses. Loesses, mainly
Vistulian, develop dense covers (thickness > 3 m) and patches within the area of
elevated and shaped surfaces (approximately 30% of the region in total) (Marusz-
czak 1972, 2001).

Fig. 1. Localization of the study areas against the Lublin Upland landscapes background
(after Janicki 2002): 1 — loess landscape, 2 — carbonaceous-siliceous landscape, 3 — siliceous-
carbonaceous landscape, 4 — carbonaceous landscape, 5 — alluvial landscape, 6 — research areas, 7
— boundary of the Lublin Upland region (after H. Maruszczak 1972), 8 — state boundary

The wash slopes of the Lublin Upland area were inherited after previous
landscape cycles. They clearly reflect Neogene morphogenesis responsible for the
surface development of (hilltop and slope) levellings with a character of pedi-
ments and structural ridges, as well as for development of inselberg hills and river
valleys (the Pliocene and Eopleistocene). During the Pleistocene morphogenesis,
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some slopes were destroyed or buried, and some were transformed into dry flat-
bottom valleys. The best developed dry valleys of the type occur in siliceous-
carbonaceous (elevations, hilltops, and hummocks) and carbonaceous-siliceous
areas (planes and plateaus). Within thicker loess covers, periglacial processes
initiated the development of a network of dry erosion-denudation valleys (in Ger-
man: 7ilke) and trough valleys of the Delle type. Profiles of inherited slopes are
mature and levelled, dominated by convex-concave and uniform, convergent and
divergent slopes (Jahn 1956; Maruszczak 1972, 2001; Harasimiuk 1980).

During the Holocene, slopes were stabilised by the appearing forest vegeta-
tion (mesophilous mixed climax forests). Erosion-denudation forms of gully type
have divided those slopes in the Neoholocene as a result of the very first far-
ming activity (Maruszczak 1972, 1973; Buraczynski 1992; Starkel 2005; Rodzik
et al. 2008). A change in the conditions of slope development, resulting from long-
lasting cultivation, caused the development of slope wash forms (ablation troughs)
and so-called agrotechnical denudation forms, currently appearing to play a signi-
ficant morphological role. The development of gorge forms like: sub-dissections,
indentations, dissections, troughs, dikes, and cultivation-related forms (scarps and
terraces) leads to fragmentation and change in the slope profile (Rodzik 1999,
2000; Zgtobicki 2002; Rodzik et al. 2008).

Climatic conditions

The Lublin Upland belongs to the temperate morphoclimatic domain, dis-
tinguished by its transitional character with oceanic and continental influences,
which is manifested by high changeability of whether types in the annual, season-
al, and daily cycles. Amplitudes of mean annual temperatures, from 1951 to 2000,
were usually 21-22°C, and sometimes reached 24°C. Mean annual air temperature
in Lublin varied from 6.9°C to 9.8°C (7.4°C on the average). The warmest month
was usually July with mean temperatures from 14.3°C to 20.9°C (18.7°C on the
average). The coldest month tended to be January (-3.0°C on the average), but the
lowest multi-annual temperature occurred in February (-12.5°C). The duration of
the vegetative period varied between 194 and 328 days (214 days on the average),
and frost occurred during 42 days per year. The influence of continental climate
was particularly reflected in the differential of annual precipitation totals reach-
ing the values from 338 mm (1976) to 808 mm (1974), and averaged 541 mm.
Maximum precipitation usually occurred in July (79 mm on the average), and
minimum in January, February, or March (26 mm on the average). The highest
monthly precipitation totals (205 mm), however, were recorded in October 1974.
Precipitation in the warm half-year averaged 346 mm (> 60% of the annual total),
and varied from 158 mm (1982) to 675 mm (1974). Potentially, snow cover can
develop from October to April. The usually dense cover was maintained from
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24 November to 24 March. The mean number of days with snow cover was 73,
max. 119, and min. 22 (Kaszewski et al. 1995; Kaszewski 2008).

Additionally, the Lublin Upland area was distinguished by high changeability
of downpours with high efficiency, resulting in local high water and flash floods
in river valleys, and significant slope transformations. Similar effects have resul-
ted from violent snowmelts, distinguished by (quasi) periodicity (Rodzik, Janicki
2003; Rodzik et al. 2008; Janicki et al. 2010).

Land use

The Lublin Upland is a remarkably agricultural region, where agricultural
land constitutes over 70% of the area, and forests approximately 15%. Agricul-
tural land is dominated by arable land. Traditional grain cultivation is predomi-
nating, with a significant participation of potatoes and sugar-beets. During the
last few years, an increase in the area of cultivation of rape and papilionaceous
plants has been observed. The agricultural structure is dominated by family home-
steads occupying approx. 90% of all agricultural land (Statistical Yearbook of
Agriculture, 2010, GUS, Warsaw). Agricultural homesteads are usually small
(averaging 7.6 ha) and scattered, which results in a typical mosaic of fields and
crops, and high density of boundaries of arable plots (in Polish: miedza) and nu-
merous access roads, fulfilling an important function in the organisation of over-
land flow.

Agricultural land consolidation processes, an increase in mechanisation of
agriculture, and its industrialisation, are currently observed in the Lublin region.
On the other hand, depopulation processes and the economic crisis contributed to
land abandonment (so-called set-aside, fallow land) in less fertile areas or areas
difficult for cultivation, and an increase in established forest areas.

Study areas

For the analysis of functioning of the slopewash system, seven study areas
were selected, representative of various types of upland relief and landscape of the
Lublin Upland (Fig. 1). The selection of those areas was mainly determined by the
occurrence of extreme events such as violent downpours in the period 1995-2000.
The areas analysed were usually located in the centre of the abovementioned
events, due to which the intensity of the resulting overland flow and its geomor-
phological effects were the most significant. In the loess areas, five study areas
were located: Kolonia Gutanow (1), Garbow (2), Zubowice (3), Krasne (4), and
Krynice (5), representing loess plateaus and hilltops dissected to a small degree,
or with a weakly developed network of erosion dissections (gullies). Two areas,
Turka (6) and Niedrzwica Duza (7), represent the type of plains and denudation
plateaus developed on carbonaceous-siliceous substratum. Table 1 presents the
main morphometric features of the study areas analysed.
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Table 1. Morphometric features of the study areas

Heights | Denivela- Slope
Valley . Catchment
No. | Study areas | Relief | slope | 7 max " tlons length
[m/m] | Hmin max | med | max | med | L A S
[mas.l] | [m] | [m] | [m] | [m] |[km]|[km’]| [°]
1 |Kolonia Delle 0.021 202 30.2 | 15 [1500( 900 | 1.55| 0.02 |5-10
Gutanow —=—=205
190
2 | Garbow loess - 21 58.1| 29 | 500 | 225 - 2.54 | <10
plateau ——201.9
172.9
2a |Garbow I | Tilke 0.016 231 58.1 29 | 500 | 300 | 2.4 | 1.84 | <10
—201,9
172.9
2b | Garbow IT | Tilke 0.022 4321 20 | 370 | 250 | 1.5 | 0.7 | <10
223.2
——201.6
180
3 | Zubowice |loess - 87.3 | 43 |1000| 600 - 39.3 | 5-10
298
plateau ——2543
210.
3a |Komaréow | Tilke 0.008 208 87.3| 43 |1000| 250 | 11 | 23.8 | 5-10
0.016 | ——254.3
210.7
3b | Zubowice |loess - 82.8| 36 |[1200|1000 | 17.3| 15.5 5
282.8
escarp- T0246.2
ment
4 |Krasne Tilke 0.035 | 2885 251 74 |36.8 | 700 | 500 | 2 3 [5-10
214.16
5 | Krynice Delle 0.022 320 46.6 | 22.8 | 1000 | 500 | 1.94| 0.8 >5
—297.2
273.4
6 | Turka Delle 0.014 205 >45122.5]1600| 900 | 4 57 | 3-5
—190
160
7 | Niedrzwica | denu- - 48.4 | 24 |1000| 600 | 2.4 - -
. . 236.25
Duza dative Tore 212
plateau ’
7a | Niedrzwi- |denu- 0.01 4411262500 | 200 | 32 | 3.7 | <5
R 236.25
cal dative % 214
trough -
7b |Niedrzwi- |denu- 0.01 oy 4371212 |1000| 400 | 3.3 | 46 | <5
call dative ﬁ 209
trough ’

L —length, 4 — area, S — average inclination
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METHODS

The field research was conducted in the years 1995-2000 in the Lublin
Upland area. It involved registration of extreme events such as violent downpours,
and analysis of the functioning of the slope system during those events. Listing
of results of the events analysed was conducted with the application of the post
Sfactum technique. Direct research was not possible, with the exception of one case
(downpour on 15 June 2000) which did not reach the efficiency of a typical violent
downpour. In the remaining cases, efforts were taken in order to conduct listing
of results of extreme events directly after their occurrence, due to the epheme-
ral character of the resulting forms. The forms were further monitored until their
disappearance as a result of ploughing or purposeful nivelation works.

The height, intensity, and range of the downpours analysed were determined
based on precipitation stations of the national Institute of Meteorology and Water
Management, and meteorological stations of the Maria Curie-Sktodowska Uni-
versity and University of Life Sciences in Lublin. The maximum efficiency of
downpours was estimated based on diurnal precipitation totals, and interpolated
based on registration of the hydrological and geomorphological effects.

The resulting land forms and activated morphological processes were listed
based on the geomorphological mapping method. Basic morphometric parameters
such as length, width, and thickness/depth were measured for large forms (with
a diameter of > 1 dm?®). Small forms were not measured for technical reasons, but
were included in the geomorphological map. Results of geomorphological map-
ping were presented on a topographic base map at the scale of 1:10,000. In special
cases, enhanced base maps were applied.

Erosion and deposition rates were estimated based on measurement of the
volume of the resulting forms. In calculations of the volume of the forms mapped,
due to practical reasons, mean width and mean depth/thickness of the forms ana-
lysed, determined for sectors with similar cross-sections, were applied. In the ero-
sion/deposition budget of the study areas, linear erosion (rill and channel erosion)
and deposition were calculated directly as a result of measurement of the volume
of the forms. In the case of positive erosion/deposition budget, total erosion was
calculated by increasing the value of linear erosion by the value of the difference
between deposition and linear erosion. Due to technical reasons, the budget did
not include the value of material deposition in the mid-slope position. Values of
this type of deposition are relatively insignificant and omitted. Due to technical
reasons, data listed in the erosion/deposition budget are only tentative, presenting
the level of values, and informing on the scale of a given event.

In order to confirm the slope relief transformation directions predominating
in a geomorphological timescale, soil transects were carried out for selected study
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areas. Based on a field analysis of soil transects, zones of reduction and extension
of the soil profile, and indirectly the place of dominance or erosion or deposition,
were determined in accordance with the methodology by Zachar (1982).

RESULTS

Climatic conditions

The period 1995-2000, in which the study was conducted, was distinguished
by exceptionally high changeability of air temperatures and precipitation totals
in the annual and seasonal cycles (Fig. 2). Mean air temperatures of the winter
half-year in Lublin ranged between -2.2°C by 1996 and 2.3°C in 1998. The sum-
mer half-year was colder than the multi-annual data. The minimum mean month-
ly temperature occurred in January or December, and the maximum occurred in
August and June. In the period analysed, a clear increase in annual precipitation
totals was recorded. In 1996, the precipitation sum was lower than the multi-
annual mean precipitation by 16 mm, but in 1998, it exceeded the mean value by
110 mm. The maximum precipitation occurred in various months: May, July, and
June. High annual changeability in precipitation was also observed, e.g. in June
1997, the measurement amounted to 36 mm, and in June 1998 — 106 mm; in July
1996 — 61 mm, and in July 1997 — 200 mm.

Annual precipitation total

Rainfall height - 700
(mm)

60 - - 600

(mm)

50 1 - 500
40 4 - 400
30 - - 300
20 1 - 200
10 4 - 100

0 0

-
1981 1992 1993 1994 1895 1996 1997 1998 1999 2000 year

Fig. 2. Numbers and sum of the insensitive precipitation against the annual precipitation total
background in the Czeslawice precipitation station (NW part of the Lublin Upland) in the years
1991-2000 (Data from the Agrometeorology Department, University of Life Sciences in Lublin)

In the period analysed, also the frequency of heavy precipitation increased
(> 10 mm), and numerous violent downpours occurred (> 50 mm/h). In the area
of the Lublin Upland, 12 such events were recorded (Tab. 2), determining the in-
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crease of annual precipitation totals registered in individual meteorological sta-
tions to a large extent (Rodzik, Janicki 2003; Janicki et al. 2010).

Table 2. List of downpours with extreme geomorphological effects, registered
in the eastern part of the Polish Uplands in the years 1995-2000

No. | Event date Event place Rainfall [mm)] Time Erosion!
1 16.09.1995 Gutanéw/Garbow 56.9 (60-70)* 14%-16% very high
2 7.05.1996 Zubowice 40 (60-80) 18%-19% very high
3 11.05.1996 Turka (50) - very high
4 15.05.1996 Niedrzwica Duza 30 (> 50) - very high
5 13.07.1997 Kazimierz Dolny - 200220 high
6 4.08.1997 Okale 57.6 14»-15% high
7 4.08.1997 Kaweczyn 45 16%0-18 high
8 6.09.1997 Celejow - 17%-17% high
9 21.06.1999 Krasne 50 (80) 19%-20% very high
10 | 10.08.1999 Krynice 64 (80) 18%0-19% very high
11 7.06.2000 Kaweczyn - - high
12 7.06.2000 Krynice 50 200-3% high

! — intensity of erosion: a) high — max. 100-500 t-km? from gully catchment or < 100 t-km
from small agricultural catchment, locally < 100 t-ha' (road gully, cultivated field); b) very
high — max. 500-1,000 t-km? from gully catchment and small agricultural catchment, locally
100-1,000 t-ha! (road gully, cultivated field); ? — total daily precipitation registered in the nearby
precipitation station; in brackets — maximum estimated precipitation

Ephemeral landforms, its time duration and classification

Due to their sizes, landforms resulting from violent slopewash can be classi-
fied as nanorelief with vertical dimension of 10°—~10- km (Brunsden 1996), tradi-
tionally divided into three groups:

1. macroforms (episodic channels, main rills, landslides, colluvium covers) —
with dimensions: g > 1 m?;

2. mesoforms (erosion rills, colluvium fans, evorsive pothols) — with dimen-
sions: 1 dm?><g <1 m?

3. microforms (microrills, notches, kettles, breaches, and erosion tanks, cur-
rent lineation forms, microfans, ablation covers, microterraces, ripple marks) —
with dimensions: ¢ < 1 dm?.

Intensive slopewash activated a system of slopewash processes (soil erosion)
in the slope system. On fields with no plant cover, rainsplash, linear erosion (= rill
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erosion), and (re)deposition processes commonly occurred. Rainsplash particular-
ly intensively shaped hilltops and slopes of trough valleys, and short redeposition
resulted in the development of a rainsplash-slopewash crusts. Linear erosion led
to the development of numerous small erosion forms with a profile of < 1 dm?,
usually described as notches of microrills. In the case of insignificant linear flow,
rills developed with the channel shape index (F — calculated as river channel)
amounting to: /= 0.4—5. Main rills with the average width of 0.3 m and relatively
high depth (averaging 0.2 m) often had an uneven profile with numerous erosion
kettles, which suggests turbulent and violent flow. Rill flow was usually distin-
guished by high erosion rates, and the mean shear stress and unit stream power re-
aches significant values (Rodzik, Janicki 2003). As a result of flow concentration
and increase in its rate down the slope, rill flow caused cross-grading of the areas
between rills, and erosion rills transformed into main rills with the channel shape
index (F) of: F'=4-10.

In the lower part of the slope “episodic channel” flow developed (shape index
F>20) as a result of rill flow concentration. Episodic channels resemble beds of
episodic propluvial streams (Teisseyre 1994; Rodzik et al. 1998; Rodzik, Janicki
2003). The minimum alimentation area of episodic channels averaged 5—10 ha,
and in exceptional cases (high inclination, lack of plant cover), as much as 1.5 ha
(Janicki, Zgtobicki 1998). The minimum channel-forming discharge is estimated
as approximately 0.1 m?-s?'. It is usually higher, and amounts to 0.5-1 m?-s.
Channel flow occurs in wide (w = 1-20 m) and shallow forms (d < 0.3 m,), and
depending on the plant cover, violent (root crops, papilionaceous plants, cereals)
or even (grass) flow occurs. In exceptional conditions, channel flow, e.g. resulting
from draining of slope retention microreservoirs, occurs in the “chutes and pool”
phase, cutting through the channel bed with smaller erosion forms (potholes,
breaches, and tanks).

A prevailing part of material shifted from slopes and floors of dry valleys du-
ring violent slopewash is deposited at the base of slopes in the form of colluvium
fans with a radius of max. several tens of meters. In places with a slighter incli-
nation, at the boundaries of cultivated fields, and at local erosion base levels (cul-
tivated terraces, footslopes, valley floors), colluvium microfans with varied sizes
developed. Their radius rarely exceeded 1 m, and their thickness usually reached
several centimetres. At gully mouths, fans developed, composed of heterogenic
material of cover formations and the underlying bedrock (mainly gravels and
boulders of Upper Cretaceous rocks). Their surface areas reached significant valu-
es at the level of several hundreds of square meters, and their thickness reached up
to a dozen or so centimetres (Rodzik, Janicki 2003). In zones of forced deposition,
often as a result of division of the valley floor with a road embankment, on dry
valley floors, vast fields and colluvium covers developed, with a surface area of
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up to 1 ha and thickness of 10-20 cm. The maximum thickness of a single collu-
vium accumulation in favourable conditions reached as much as 0.5 m (Janicki,
Zgtobicki 1998).

During heavy rainfalls, only attenuate (Newton) water and material flow was
observed. No large scale earth or mud flow processes were determined. Exceptio-
nally, on sod-covered slopes of road gullies and strongly inclined slopes of ero-
sion cuts, development of shallow landslides (slides and slumps) was observed. It
seems that the dominating direction of cultivation, along-slope or slanting-slope,
consistent with the inclination, facilitated slopewash, and infiltration processes
were restrained mainly by the shallow range of soil erosion, usually reaching the
so-called plough pan, which did not favour fluidification of masses (Teisseyre
1994; Rodzik et al. 1998).

The resulting forms usually had a short “time duration” below one year. In
exceptional cases, those ephemeral forms could survive for more than one year.
They were usually removed as a result of agrotechnical activities. Sometimes,
levelling required application of heavy equipment (bulldozer), and in the case
of cuts in valley floors, they were filled with material like gravel (Janicki et al.
2002). In three cases (Niedrzwica, Krasne, Krynice), the largest erosion forms,
developed during heavy rainstorms on dry valley bottoms, were not levelled.
The zones were excluded from agricultural use in the case of cultivated fields
(Niedrzwica and Krynice), or communication in the case of a dirt road (Krasne).
On abandoned fields pioneer plants were observed. Depending on the habitat,
those were usually: birch and pine (loess), and willow (sands). Edges of the
erosion forms were stabilised during 2—3 years, and biogenic accumulation occurs
on their floors. After 5 years, the land forms are still visible.

Rate and directions of slopewash development

During violent downpours, vast amounts of material (Tab. 3) were transported
in a very short time (from one to a dozen or so hours). The total mass of eroded
material in the slope catchments analysed ranged from 225 to 5,000 m?, and was
dependent on the catchment size, its relief, and landscape type. The highest rate
was recorded within catchments of trough valleys (Delle) in loess areas, and the
lowest in denudative trough in siliceous-carbonaceous areas. Unit erosion index
(from 49 to 1,640 m*-km?) was several times higher than during secular processes,
and correspond with mean annual erosion index (0.1-0.2 mm/year) obtained by
means of geodesic measurements (Mazur 1960, 1972; Mazur, Patys 1991, 1992)
for small loess catchments. Similar indexes were provided by Maruszczak et al.
(1992) for small river catchments (< several tens of km?) as results of an analysis of
suspension concentration. According to some scholars, the maximum annual soil
erosion on the Lublin Upland was higher, and ranged from 2 to 17 mm (Mazur,
Patys 1985; Zglobicki 2002).
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The rate of relief forming processes during violent downpours was compa-
rative to effects of violent winter snowmelt (Janicki et al. 2010), and to effects of
annual tillage erosion — the main process modelling modern slopes in agricultural
areas (Twardy 1995; Zglobicki 2002; Poesen et al. 2003). On cultivated loess
slopes in the NW part of the Lublin Upland, Rejman (2006) determined the rate
of tillage erosion at the level of 4-6 mm, depending on the inclination and agro-
technique applied.

Table 3. Erosion-deposition balance of the research areas

Erosion . Unit ero-
No. | Study area [11&(1:1?] index I?le[z?]' De[;:):;]t 1001 Gion [m* | Balance
[mm] km?)

1 Loess landscape

1 | Kol. Gutanow 0.02 1.70 332 332 1640 0

2 | Garbow: 2.54 0.60 1356.3 1309 534 -47.3
2a | Garbow I 1.84 0.50 701.4 958 520 +256.6
2b | Garbow II 0.70 0.70 654.9 491 936 -163.9

3 | Zubowice: 39.30 0.12 4966.3 4976 126.6 +9.7
3a | Komarow 23.80 0.08 1797.3 2037 75.5 +239.7
3b | Zubowice 15.50 0.20 3169 2939 204.4 -230

4 |Krasne 2.80 0.17 496 478 177 18

5 |Krynice 0.80 0.68 550 410 687.5 —-140
I Carbonaceous-siliceous landscape

6 | Turka 5.7 0.21 1210 1210 212 0

7 |Niedrzwica Duza:

7a | Niedrzwica I 3.5 0.11 420 420 114 0
7b | Niedrzwica II 3.8 0.05 225 225 49 0

During extreme events, the rate of morphological events were very change-
able. Hilltops and slightly inclined slopes were subject to the lowest degree of
transformation. Concave slope elements (slope troughs) were transformed to
a greater extent, particularly those with no plant cover. In those flow concentra-
tion zones the erosion rate was the highest, and valleys were deepened at a rate
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estimated as 3-6 mm/episode. Dry valley floors (7ilke), bottoms of road gullies,
and cultivated scarps were subjects to the strongest transformations (Tab. 4). The
erosion rate in those landforms was one order level higher than in other zones
of the slope system, and reached the maximum of 10-20 cm/episode, which was
equivalent to the mean multi-annual erosion rate in loess gullies, estimated as ap-
proximately several cm/year (Rodzik et al. 2008).

Table 4. Maximum real denudation in the selected partial catchments in the Zubowice (no. 1-4)
and Kolonia Gutandéw (no. 5) area

No. | Objects Area [ha] Erosion [m?] Erosion index [mm)]
1 |sugar-beet field 0.23 12.3 5.02
2 |road gully 0.20 127.7 63.85
3 |road gully 0.15 108 72.97
4 |road gully 0.12 92 76.66
5 |road gully 0.06 94 152

Footslopes and dry valley floors were usually subject to deposition. Only in
the zone of loess edges, prevalence of transport over deposition, and removing
of material outside the catchment was recorded. In other slope systems, the pre-
vailing part of eroded material remained within the catchment, and the volumes
of removing material outside the catchment were very small. Those observations
documented the weak relation (coupling) between slopewash systems and river
(channel) systems, even during extreme events (Froehlich 1982; Froehlich, Stu-
pik 1986; Maruszczak 1986; Kostrzewski et al. 1989; Swie;chowicz 2002, 2008;
Zglobicki 2002; Smolska 2005).

DISCUSSION AND CONCLUSIONS

During violent downpours in the summer season in the area of the Lublin
Upland, the system of rainpaths and drainageways was restored due to the
development of a network of erosion rills and episodic channels (Bryan 1987;
Teisseyre 1994). In the lower part of the slope, development of erosion rills led
to increasing overland flow roughness, and finally to minimisation of its energy
expenditure. At the slope base and on along-slope main valley floors, the flow
balance was obtained in the opposite manner, through a decrease in the roughness
coefficient as a result of slopewash deposition. As a consequence, the processes
facilitated reaching the dynamic balance of slope (Kirkby 1971, 1978; Teisseyre
1994).

During violent downpours, Horton overland flow initiates intensive soil ero-
sion processes in the slope system (Bennett 1939; Zachar 1982). Concave slope
forms with no plant cover consolidated and accelerated propluvial flow, which led
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to dissection of their bottoms (Kirkby 1971; Teisseyre 1994). A typical group of
erosion microforms have developed: erosion rills and episodic channels, often de-
scribed in the literature as summer ephemeral gullies (Nachtergaele, Poesen 1999;
Nachtergaele et al. 2001; Poesen et al. 2003; Valentin et al. 2005). Erosion usually
reaches the plough layer (Bennett 1939), and only in exceptional cases, subsoil
and soil substratum are dissected (Fig. 3). An individual event also rarely results
in the development of a (micro)gully (Janicki et al. 2002; Rodzik et al. 2008). Dry
valley floors during a heavy rainstorm usually constitute zones of aggradation of
material coming from eroded slopes and valley slopes.

205 H
(masl) 3 | | | |2 | [ |

200

195

0 25 75m

Fig. 3. The soil transects across trough valley [study area: Kolonia Gutanoéw]:

A—A’ - influence of the agricultural scarp on the through bottom transformation [middle part
of valley], B-B’ — trough valley mouth; 1 — initial surface, 2 — surface approximately 50 years ago,
3 — recent topographic surface, 4 — buried potholes and dissections, 5 — loess decalcification
boundary, 6 —soil, 7 — colluvium

During extreme events, 225 to c.a. 5,000 m* of material was removed and
transported within the slope systems of the Lublin Upland, and the thickness of
the removed layer averages from 0.17 mm to 1.7 mm, and in extreme cases even
up to 150 mm. The highest individual erosion rate was observed during a violent
downpour in the loess catchment (1,640 m*-km™). In the carbonaceous-siliceous
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landscape, the index reached significantly lower values (225-1210 m*-km). This
results from the downpour’s efficiency and geological-morphological factors
making loess areas very sensitive and prone to erosion (Rodzik, Janicki 2003;
Rodzik et al. 2008).

In a medium timescale, in the majority of areas of the Lublin Upland, bot-
toms of troughs and dry valley floors are currently subject to deposition, and not
deepening processes, as Teisseyre (1994) determines for the loess regions of SW
Poland. It is evidenced by soil profiles extended by colluvium on valley floors
(Klimowicz, Uziak 2001). In exceptional cases, dry valley floors can be lowered,
but effects of the process are quickly covered up by the development of secular
processes, including tillage erosion (Janicki et al. 2002; Rodzik et al. 2008). In
a short timescale, the slope relief is subject to planation, and the steepness and
denivelation decreases along with an increase in the length of slopes (Fig. 3).

Hilltop hummocks and convex divergent slopes are subject to downwearing,
whereas concave convergent slopes and dry valley floors — to deposition. Fre-
quent occurrence of linear erosion in a given place can lead to development of an
ablation through (Horton 1945; Leopold et al. 1946). Such forms cause further
dissection of the slope, and its backwearing. Generally, however, in slopewash
systems, slope and hilltop erosion, and extension of colluvium fans predominate.
Slopewash systems are therefore distinguished by the co-occurrence of the pro-
cesses of lowering and peneplenation, and slope backwearing and pedimentation
(Sobolew 1948; Gerlach 1966, 1976, Teisseyre 1994; Janicki et al. 2002, Rodzik
et al. 2008).
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STRESZCZENIE

Przedmiotem badan byly przeobrazenia i zmiany kierunkowe stokéw zbudowanych z czwar-
torzegdowych osadow pylastych i piaszczysto-pylastych. Stoki te, odziedziczone po morfogenezie
plejstocenskiej, sa wspotczesnie modelowane przede wszystkim przez procesy zmywu powierzch-
niowego i erozji gleb. Badania na rozwojem tego typu stokéw byly prowadzone w latach 1995-2000
na Wyzynie Lubelskiej (sensu lato) w roznych typach krajobrazu. Badania obejmowaly analizg
funkcjonowania systemow stokowych podczas gwattownych sptywow propluwialnych oraz polowa
analizg profili glebowych w wybranych zlewniach epizodycznych (ryc. 1).

W badanym okresie zanotowano na Wyzynie Lubelskiej duzg liczbg obfitych opadow (ryc.
2) oraz 12 gwaltownych ulew (tab. 2), ktore wywolaty intensywny splyw powierzchniowy oraz
lokalne wezbrania i powodzie w dnach matych dolin rzecznych. W zlewniach epizodycznych zare-
jestrowano za$ rozwdj efemerycznych form rzezby terenu (nanorelief). Podczas tego typu zdarzen
w analizowanych zlewniach przemieszczane byly w bardzo krétkim czasie duze ilo$ci materiatu
stokowego (od 225 m3 do 5000 m?), a wskaznik erozji jednostkowej wynosit od 49 do 1640 m*-km™
(tab. 3). Natezenie erozji wynosito $rednio 0,1-0,2 mm/epizod i bylo poréwnywalne do $redniej
rocznej erozji w matych zlewniach uzytkowanych rolniczo. Lokalnie nat¢zenie erozji byto znacznie
wyzsze (10—12 cm/epizod), glownie w obrgbie wawozow drogowych (tab. 4).

Podczas gwaltownych ulew erodowane byly gtownie wklgste i zbiezne stoki i zbocza dolin
nieckowatych. U podnéza stokéw i w dnach dolin walnych wigkszo$¢ wyerodowanego materiatu
byta deponowana w postaci stozkow i pokryw deluwialnych. W wyjatkowych sytuacjach docho-
dzito do rozcinania i rozcztonkowywania stokow. Powstate za$ efemeryczne formy rzezby stokowe;j
byty szybko niwelowane gtownie przez zabiegi agrotechniczne.

Intensywne sptywy zwigzane z gwattownymi ulewami prowadza wigc do obnizania i splasz-
czania stoku, a w konsekwencji do tagodzenia rzezby. W krotkiej skali czasu dominuje planacja
stokow, ktorej towarzyszy niekiedy mikropedymentacja i cofanie stokow, a wyjatkowo tylko docho-
dzi do rozwoju (mikro)wawozow. Przeprowadzone badania wykazaty stosunkowo duza stabilnos¢
systemow stokowych w krotkiej skali czasu nawet w warunkach duzej presji rolnicze;j.
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