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THE ROLE OF DOWNPOURS IN TRANSFORMATION
OF SLOPES IN THE POLISH CARPATHIAN FOOTHILLS

Abstract. This paper presents the influence of downpours on the transformation of slopes in the
Polish Carpathian Foothills, exemplified by the slopes in the Wisnicz Foothills. Detailed mapping of
the geomorphic effects of a rainfall in May 2010 on an agricultural slope with corn (Zea mays) was
carried out following the event. The lack of dense vegetation at the time of the downpour created
favourable conditions for erosion: 102.8 t of soil were eroded from a surface of 2500 m?, and the
amount if sediment removed due to erosion of two gullies has been estimated at 634 t. The mate-
rial washed from the slope accumulated on the flattened area of the footslope, creating a proluvial-
deluvial fan.
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INTRODUCTION

Intense and heavy rainfalls lead to abrupt and significant geomorphologic chang-
es within the slope catena. This is when the threshold value of the geomorpho-
logical processes is exceeded and the balance of the geoecosystem is disturbed
(Starkel 2008). Soil particles are torn away as a result of the impact of rain-
drops and the erosive forces of water. They move downslope under the influence
of gravity and constitute the main source of the material carried by surface run-
off (Szpikowski2003, Rejman 2006).

The intensity of wash depends on, for example, the amount and energy of
the water flowing down the slope, soil resilience, slope gradient, land use, agro-
technology, and vegetation (Gerlach 1966, 1976; Gil 1976, 1998, 1999, 20009;
Gil, Stupik 1972; Teisseyre 1992, 1994; J6zefaciuk, Jozefaciuk
1995;Starkel1997;Szpikowski 1998,Swiegchowicz2001, 2002, 2008;
Wiejaczka,Kijowska2011). The largest amounts of wash and runoff can
be observed during extremely heavy and intense rainfall. Arable lands respond
very quickly to rainfall (Teisseyre 1992, Starkel 1997, Rod zik et al. 1998,
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Swi e chowicz2002), however, the washing process rarely occurs simultane-
ously on all slopes in the catchment. Erosion rates commonly vary along the
hillslope profile (Swie chowicz2004).

Recognition of above-average events, or extreme events, as well as the
identification of determinants of surface runoff, is crucial because such knowl-
edge may contribute to the reduction of economic losses that accompany such
phenomena (Stark el 1996). Soil erosion often leads to the long-term depletion
of humus compounds and plant nutrients, lowering crop yield and increasing
production costs (J6zefaciuk,Jézefaciuk 1996).

In recent years, the problem of extreme hydrometeorological events has
gained particular significance. The rate of geomorphic processes during extreme
hydrometeorological events is several times larger than at average weather con-
ditions (Rodzik et al. 1998). In May 2010, downpours with considerable geo-
morphologic effects occurred all over southern Poland. Rainfall recorded at that
time in the Carpathian Foothills was uniquely large in scale, and resulted in the
formation of extensive erosion cuts. The purpose of this article is to analyse the
geomorphological effects of an extreme rainfall, including the characteristics of
large erosional forms created by rill wash and erosion on a foothill slope with
a sweet corn (Zea mays). The results of the study form the basis for the explana-
tion of the role of extreme rainfalls in shaping of the slopes in the Carpathian
Foothills.

STUDY AREA AND METHODS

The erosional forms were recorded about 2 km west of Brzesko, in the locality
of Jasien, near national road number 4 (Fig. 1). The study area is situated within
the marginal part of the Carpathians, in the northern part of the Wisnicz Foothills,
and within the Brzesko Foreland (Stark el 1972). The Brzesko Foreland, with
elevations up to 300 m a.s.l. represents typical low-foothill relief (Stark el1972,
GilewskaandStarkel 1988). The studied slopes, located at approx. 250 m
a.s.l, are typified by an average inclination of 7° (Fig. 1) and a thick cover of
loess-like silty deposits that coat the older Miocene substratum. The loess covers
on farming slopes are particularly prone to the processes of runoff and wash.
This is confirmed by the map of erosion vulnerability (J6zefaciuk,Joze-
faciuk 1995).

This study uses the results of geomorphological mapping of erosional fea-
tures that were formed on an agricultural slope (a cornfield, Zea mays) after the
rainfall of May 2010. The lack of dense vegetation cover created favourable con-
ditions for erosion. Rainfall data for the present study were obtained from the
Field Research Station at Lazy (a part of the Institute of Geography and Spatial
Management, Jagiellonian University) located around 5 km from the analysed
slope. Mapping of the geomorphological effects was conducted immediately
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Fig. 1. Location of the study area — and research plots on the cornfield in Jasieri near

Brzesko:1 — petrol station, 2 — point altitude, 3 — footbridge, 4 — rural road, 5 — lo-

cal road, 6 — main road, 7 — watercourse, 8 — pond, 9 — the plot with gullies, 10 —

the plot with rills, 11 — parcel boundary and the area of the observed erosion, 12 —
forest, 13 — shrubber
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after the event, on 26 May, 2010, and the volume of surface runoff was estimated.
The mapping focused on gullies, up to 3 m deep, and more shallow rills that
were measured in detail on a surface of 2500 m?. Their depth, width, and number
were assessed. Cross-sectional profiles were made for two newly created deep
channels19 profiles within gully A, and 9 in gully B, to enable monitoring of the
rates and direction of the transformation of these forms during the next intense
rainfall.

The two main rills can be treated as the first stage in gully development.
There is no single criterion that would allow differentiation between a gully and
other eroded forms. A frequently used definition by C. J. Hau g e (1977) states
that gullies have a cross section larger than 1 square foot (sq ft), or 929 cm?, and
only carry water during and right after a torrential rain or after a violent thaw.
This threshold is perceived by farmers as the critical value for the onset of rilling,
and above it, driving conditions on the field are poor (Souchere 1995). A few
authors (Poesen, Govers 1990; Poesen 1993, Vandaele 1993) apply
this definition to ephemeral gullies which are wide but shallow. J. Poesen
(1993) suggests a parameter describing width dependence on depth (w/d). Gul-
lies width/depth ratio exceeding 1 are easy to remove, but cause the worst dam-
age by moving fertile soil. S. Sobolew (1948) distinguishes four stages in
gully development. The first stage is connected with the formation of shallow
rills, however, this is not a prerequisite for the formation of gullies. The second
stage refers to a deep slope cut in a place located quite far away from the wa-
tershed, whose route depends on the pre-existing rills, ploughing rills, rotational
landslides, and suffosion sinkholes. Suffosion plays an important role in the proc-
ess of gully formation (Czeppe 1960). At the third stage, dissection of the
gully floor stops nearly completely, and is followed by undercutting of the side-
walls, parts of which break off and slide. The fourth stage is dominated by
deposition.

Considering these assumptions, the term gully was used in the article to
define the two deep rills.

CHARACTERISTICS OF MAY 2011 RAINFALL EVENT

In May 2010, a very intense rainfall was observed in southern Poland. The rainfall
was particularly heavy in the marginal and western part of the Carpathians
(Fig. 2). In the period between 15 and 20 May, a low-pressure system that moved
from the Gulf of Genoa through the Pannonian Basin and towards Ukraine, de-
veloped over Poland. This system brought cool and humid air mass extending
from the North Atlantic to western Poland; while very warm and humid air
masses extended from the Mediterranean Sea to eastern Poland (Tokarczyk
2011). The high humidity of the air masses over Poland, as well as the consider-
able thickness of layered clouds connected with the air masses, had the greatest
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Fig. 2. Total monthly rainfall in May 2010 in Poland (Source: Institute of Meteorology and Water
Management)
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Fig. 3. Total daily rainfall in May 2010 recorded by the Field Research Station at Lazy near Bochnia
(Source: the Field Research Station in Lazy)

influence on the intensity and amount of the precipitation. Such conditions sup-
ported the occurrence of heavy rainfall. Total monthly rainfall in May 2010 in
Poland was characterized by a large spatial diversity; monthly values ranged from
below 100 mm in the western part of the country to over 500 mm in southern
Poland (Fig. 2).

Rainfall of 334.1 mm, recorded in May 2010 at the Field Research Station in
Lazy, constituted 48.3% of the total annual rainfall in this area (mean annual
rainfall for the period of 1987-2010 amounted to 692 mm) and at least 377% of
the multi-annual average monthly rainfall in May. Additionally, a considerable
variation of the total daily rainfall sums was recorded. Total daily rainfall on 16
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May 2010 amounted to 91.9 mm (Fig. 3) with the maximum rainfall intensity
reaching 0.26 mm min'. Total daily rainfall on 16 May exceeded by 3.3 mm the
average May rainfall recorded in the period from 1987 to 2010 and was the larg-
est daily sum in the last 20 years. Total sum for the period 15-18 May 2010 was
187.5 mm (the Research Station in Lazy).

THE GEOMORPHIC EFFECTS OF EXTREME RAINFALL ON A FOOTHILL SLOPE

The high rainfall recorded from 15 to 18 May 2010 resulted in surface runoff and
rill wash, which formed a system of rills and very deep erosive cuts that were
turning into gullies that directed the drainage of the soil material on the cornfield
(Zea mays) (Photo 1). Corn is normally sown in Poland in the first week of May;
thus, during the intense rainfall, corn on the studied field was only a few centi-
metres high, and its root system was not well developed. The initial growth of
corn is slow, and it only grows faster after producing 6-7 leaves. In the analysed
area, corn was sown in rows according to the slope gradient, which created
favourable conditions for the concentration of rainfall and intensified erosion.
The fairly uniform microtopography of the surface between the rows of corn

Photo 1. Rills on the cornfield in Jasien, which occurred after intensive rainfall in May 2010 (by M. Ki-
jowska)
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created favourable conditions for the occurrence of rill wash on the whole field,
and the entire structure of soil was destroyed due to ponding.

Around 53 rills were created on a field of 2500 m2. The depth of the rills
ranged from a few centimetres to a maximum of 40 cm centimetres, while their
depth was connected with the depth of tillage (+35 cm). The rills cutting through
the slope had a parallel arrangement that was in accordance with the gradient
and direction of the rows of corn; junctions occurred only in a few places, in-
creasing the size of the rills. Farming not only directly influences the surface, but
also the condition of the soil down to the depth of the agro-technological works,
namely to the plough pan (Gil 1976, Rod zik et al. 1998). The detachment and
transport of soil particles is mostly connected with runoff intensity (Thorne et
al. 1986, Watson et al. 1986). It has been estimated that 102.8 tonnes of soil
was eroded from the surface of 2500 m? (Photo 1), which equals 411.2 tonnes
per hectare.

The transition from surface runoff into rill wash and later into deep cuts, simi-
lar to gullies, could be observed along the farmed slope. Rapid concentration of
water runoff results in the rill wash on the larger part of the slope. The rill wash is
observed in parallel rills that depend on the direction of the crop. Deep erosional
cuts, which resemble gullies, occurred below the middle part of the slope.

Formation of deep erosional cuts is connected with an array of factors in-
cluding complete saturation of soil covers, local reduction of their thickness, and
the increase of the slope gradient. Saturation of the soil in this part of the slope
forced the throughflow and water in the pipe channels up to the surface where
it again changed into overland flow. The silty soil cover on the almost imperme-
able substratum was liquefied due to the shear stress of the runoff. As a result,
Miocene shale-sandstone series were exposed in the floor of the upper part of
the gully. At the same time, concentration of the overland flow from several rills
increased the erosive effect and caused deep cuts in the slope surface. Channels
of biotic origin (connected with the activity of moles, mice, and rabbits) (P o -
e s e n 1989) play an important role in the development of the gullies. Piping as
well as the pipe tunnels that were formed on the contact of residual soil and
substratum rocks, play an important role during the process of the deepening of
rills and the creation of gully-like forms (C ze p p e 1960) (Photo 2).

Two deep erosive cuts formed on the slope with the corn crop. The first cut
(gully A) was 39 m long and 270 cm deep (Photo 3, Fig. 4). It has been calcu-
lated that around 384 tonnes of soil were eroded from this form. In comparison,
around 250 tonnes were eroded from the other cut, which had a more complex
shape but smaller length and depth (maximum depth was 185 cm). The latter
form — gully B (Photo 6, Fig. 5) was characterised by the occurrence of rills in
the side branches and the numerous traces of wash on the slopes. In the bottoms
of those two channels numerous stepped profile emerged. They consisted of
rock steps of heights up to 200 cm as well as 80-90 cm deep erosional depres-
sions resembling plunge pools. Side walls of the two gullies were significantly
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Photo 2. Suffosion processes on the contact of residual soil and bedrock (by M. Kijowska)

Photo 3. Effects of intense erosion on the cornfield and a cross-section of the gully A (by M. Ki-
jowska)
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Fig. 4. Geomorphological sketch of the gully A. 1 — telephone pole,

2 — biotic channel, 3 — pothole, 4 — detached soil packets forming

the mound at the foot of gully walls, 5 — accumulation of fine material,

6 — shale-sandstone series of Miocene, 7 — the edge of the gully, 8 —

steep gully wall, 9 — gully wall with detached material, 10 — channel,
11 — cross section, 12 — proluvial-deluvial fan
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Photo 5. The material carried from the cornfield to the
trench at the footslope (by M. Kijowska)
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Fig. 5. Geomorphological sketch of the gully B. 1 — biotic channel, 2 — detached
soil packets forming the mound at the foot of the gully walls, 3 — accumulation of
fine material, 4 — rill erosion, 5 — the edge of the gully, 6 — channel, 7 — gully
wall with the detached material, 8 — steep gully wall, 9 — cross section, 12 —
proluvial-deluvial fan
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transformed by soil slumps. The size of detached soil packets forming mounds
at the foot of the gully walls reached up to %, of their height. A similar situation
was observed in the Kalinka catchment, the Miech6éw Upland (W olnik 1981,
Czyzowska 1996). In gully B in place with a small slope sporadic channels
were formed with staggered erosive and accumulative sections.

The location of plunge pools in the gullies is connected with the flow tur-
bulence and variation in the lithology of the substratum, observed in the sections
with exposed bedrock. The falling water swirls, causing the undercutting of the
steep gully walls and their periodic, yet rapid erosion, a process previously de-
scribed by S. Sob ole w (1948). With limited protection from poorly branched
plants, ploughing and cultivation along the slope facilitated erosion of such large
amounts of residual soil. This allowed a direct contact between the rainfall (with
the intensity of several dozen millimetres per hour) and the slope surface caus-
ing water dispersion, which, together with intensive overland flow, resulted in
intense erosion.

The calculated denudation index, excluding deep gullies, amounted to 21 mm;
after the gullies have been taken into account, the index equalled 55 mm.

A proluvial-deluvial fan, approximately 122 m wide (Photo 4), was formed
at the mouth of the rills and gullies, at the foot of the slope. The material eroded
from the cornfields was also carried to a nearby trench, and then transported to
a stream, as evidenced by the traces of overland flow: flattened grass with the
soil on the side of the trench (Photo 5).

Similar geomorphological results of rainfalls in May 2010 were observed on
the southern slopes of the Sowiniec Graben (in Cracow) in the “Srebrna Géra”
vineyard. In this area, the slope surface lacked tight plant cover. The new grape-
vines were planted in rows in accordance with the slope gradient. Due to rain-
water erosion, gullies, 1.5 m to 2 m wide and about 290-300 m long, developed
on the whole slope (Z. Ra czk ow sk a, personal communication).

In the Carpathian Foothills, similar transformation of slopes and the emer-
gence of a deluvial fan was observed in the catchment of the Dworski Stream
(the Wisnicz Foothill) in 2002 (Swi echowicz 2004). After intense rainfall,
with a daily sum up to 43 mm, the emergence of a system of convergent rills that
were 30 m long and up to 68 cm deep, was noted on sugar beet fields during
the initial phase of the plant growth Swi e chowicz 2004). During the sub-
sequent rainy days, due to the linear ablation, the rills were deepened to 120 cm
and their width increased. However, the new erosional forms were filled after
harvesting by means of agro-technological methods. J. Swi echowicz(2004)
noted that in the neighbouring catchment of the BrzeZnicki Stream, where there
are both narrow and long fields with small plots of various land use, such heavy
rainfall did not cause changes of the slopes, as both the surface runoff and the
relocation of the material that was washed away took place at small distances.

The emergence of numerous rills transformed into gullies was observed in
the Lublin Upland (Ziemnicki, Naklicki 1971, Rodzik et al. 1998). The
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Photo 6. Effects of intense erosion on the cornfield in the gully B (by Z. Raczkowska)

maximum amount of material activated during the disastrous rainstorms in the
Lublin Upland is estimated to have been between a few thousand to several
thousand t ha' (Buraczynski, Wojtanowicz 1974). Rainstorms in this
area have a decisive influence on the development of gully forms, both the
natural ones as well as the anthropogenic (road cut) (R o d zik 1998). Deposition
on the floors of hollows and dry valleys is observed in a large part of the loessic
areas in the Lublin Upland (K1im o wi ¢ z 1993); however, in the Sudetes Fore-
land (Teisseyre 1992) somewhat opposite processes take place. After a heavy
rainfall in May 1996, G. Janicki et al. (1999) observed numerous erosional
forms, up to 2 m in length, in the northern part of the Sokal Plateau-ridge. The
erosion value calculated for this region was 382.3 t ha' and was a little lower
than those described in the literature, mainly due to the efficiency of the rainfall
and the degree of slope dissection. The effects of rainfall on loessic areas were
also described by J. Burczyniskiand J. Wojtanowicz (1974) who esti-
mated the amount of material evacuation at 622.2 m?® km following a single
rainfall in Dzierzkowice. In Piaski Szlacheckie this value was higher and amount-
ed to 1432.5 m? km2 (Tab. 1).
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Table 1
The compilation of the selected erosion episodes
Locality Geographical region Amount of erosion References
(macroregion/mezoregion) [tha™]
Jasien Zachodniobeskidzkie 411,2 Author
Foothill/ Wisnicz Foothill
Kolonia Lublin Upland/ 1,29 J. Rodzik (2008)
Celejow Nateczéw Plateau
Around Wolyriska Upland/ 382,3 G. Janickiet al. (1999)
Zubowice Sokal Plateau
Giebultéw/ Niecka Nidziariska/ 255-292 (the upper part E. Czyzowska (1996)
Nidzica river Miechéw Upland of the slope);
basin 357-425 (the middle
and lower part of the
slope)
Dzierzkowice Lublin Upland/ 124 J. Buraczynski,
Urzedowskie Elevation J. Wojtanowicz (1971)
Piaski Lublin Upland/ 24,56 H. Maruszczak,
Szlacheckie Gietczew Elevation J. Trembaczowski (1956)
Parchatka Lublin Upland/ 462 A. Reniger (1959)
Matopolski Vistula Gap

THE ECONOMIC CONSEQUENCES OF THE EXTREME RAINFALL

Development of the deep gully A and B initiated adverse slope fragmentation.
Gullying caused portions of arable land to be transformed into wasteland as the
fragmented surface is no longer possible to harvest. In 2010, gullies occupied
about 0.10 ha (0.5%) of the agricultural land in Jasien, and about 1% of the corn-
fields. The new forms contributed to the decrease of arable land and affected
farming. Depending on their intensity, the processes of wash, rilling and gullying,
may seriously affect soils (J6zefaciuk, Jo6zefaciuk 1999), and lead to
decreased soil thickness, changes in the arable-humus horizon and deterioration
of biochemical and physiochemical properties of the soil.

Asnoted by A.Jé6zefaciukand C.J6zefaciuk (1999), eroded soils
usually have inferior mechanical composition, due to the removal of the finest
soil particles, decreased porosity, permeability, and water capacity (LipsKki,
Ko stuch 2005). It is one of the reasons for lower soil fertility. At the footslope,
where the material is accumulated, increased humus thickness is observed;
however soils there have unfavourable properties. Changes in soil humidity take
place on arable land with numerous and large erosion rills. Hollows that fre-
quently appear on the surface damage infrastructure. The rills near Brzesko were
transformed into gullies, displacing a telephone pole.
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SUMMARY AND CONCLUSIONS

Intensive rainfall plays a key role in the relief modelling of the Carpathian Foothill
regions. The current formation of deep erosional forms is an incidental situation
in the Carpathian Foothills. Similar precipitation amounts do not cause gullying
in this region. However, studies conducted in the marginal part of the foothills
suggest that such features are frequently encountered on loess-like deposits
(Starkel 1960). The examined rills, gullies and proluvial-deluvial fans, which
developed on cornfields in the initial growth phase, exemplify the effects of
runoff and slope wash following a rainfall event in May 2010, characterized by
a daily rainfall total reaching 92 mm. One type of crop was sown in rows, ac-
cording to slope gradient, on a cornfield with a surface of about 11 ha, thus
contributing to the extensive wash. The lack of thick vegetation cover and soil
scarification accelerated the runoff and the rate of wash.

The mapping, which was conducted immediately after the rainfall, allowed
the assessment of the magnitude of the erosion. The gullies observed on the slope
in Jasienn were up to 3 m deep and up to 39 m long. In gully A (longer and deeper)
erosion amounted to 384 tonnes, and in gully B equalled about 250 tonnes. About
53 rills, up to 40 cm deep, were formed on a field of 2500 m? The amount of
eroded material was calculated to be 102.8 tonnes (411.2 t ha'), and the denuda-
tion index equalled 21 mm. The material washed from the slope accumulated in
the flattened area of the footslope, creating a proluvial-deluvial fan.

The model of slope transformation into a foothill slope was similar to and
fit the one proposed by T. G e rl1 a ¢ h (1966) in which the upper part of the slope
is lowered, while the bottom part extends. The results of the study provide
a more detailed model, i.e., the upper part of the slope is lowered, but also cut,
the middle part is subject to the most intensive fragmentation and degradation
due to development of gullies and rills; the accumulation on the footslope is as-
sumed in both models. However, it should be noted that anthropogenic forms,
such as deep hollows and roads, disturb the model introduced by T. Gerlach
(1966) as they limit the development of accumulation forms and reduce the
amount of deposited material by facilitating channelling. They play a role of
“mega” field terraces.

The study has showed that a decisive role in slope transformation is played
by land use, the applied agro-techniques, the total area of the land under cultiva-
tion, and efficiency of coverage provided by plants, depending on plant growth
phase and the intensity of precipitation. However, rain with similar characteristics
(intensity, duration, and amount of precipitation) may have different effects,
depending on the land use and the degree of plant coverage. As observed in the
particular segments of the agricultural slope, the high level of soil erosion was
associated with the additional supply of underground water and subsurface
scouring of soil by water flowing through underground channels which formed
at the contact of residual soil and bedrock.
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The emergence of this kind of erosional cuts on slopes not only impedes
harvesting and using of agricultural machinery but also significantly influences
soil moisture conditions. Erosive activity of rainwater constitute drainage that
dries up soil and worsens cultivation conditions. Intensive processes of wash also
cause weeds to spread and crop yield to decrease because of the loss of sig-
nificant amounts of fertile topsoil, rich in organic matter. The destructive influ-
ence of the erosional forms is also connected with flooding and silting up of the
arable land, routes, and irrigation channels with loessic material. Erosion can be
prevented by means of anti-erosion irrigation which limits the occurrence of
erosion processes and preserves the production capacity of soil. The analysis of
this single, extreme incident has shown that the rate of erosion on the slope that
is used for agriculture may exceed the intensity of wash for a few years — or even
several decades.

ACKNOWLEDGEMENTS

I would like to cordially thank Dr Mariusz Klimek, the Director of the Field Re-
search Station in Lazy (Institute of Geography and Spatial Management, Jagiel-
lonian University), and the staff of the station for making data on the May 2010
rainfall available. I would also like to express my gratitude to Professor Zofia
Raczkowska for her help in the fieldwork and the discussion of the results. I also
want to thank Professor Adam Kotarba and Dr Eugeniusz Gil for their valuable
suggestions.

Institute of Geography and Spatial Organisation PAS
Research Station in Szymbark

38-311 Szymbark 430, Poland

e-mail: mkijowska@zg.pan.krakow.pl

REFERENCES

BuraczynskilJ,Wojtanowiczl, 1974. Rozwdéj wqwozoéw lessowych w okolicy Dzierz-
kowic na Wyzynie Lubelskiej pod wptywem gwattownej ulewy w czerwcu 1969 roku. Annales
UMCS 26, 135-168.

CzeppeZ., 1960. Zjawiska sufozyjne w glinach zboczowych e gérnej czesci dorzecza Sanu. Biu-
letyn Instytutu Geologicznego 150, 295-332.

CzyzowskakE., 1996. Skutki geomorfologiczne i sedymentologiczne gwattownej ulewy w dolinie
Kalinki 15 wrzesnia 1995 r. (Wyzyna Miechowska). Przeglad Geologiczny 44, 8, 813-816.
GerlachT., 1966. Wspéiczesny rozwdj stokéw w dorzeczu gérnego Grajcarka (Beskid Wysoki).

Prace Geograficzne IG PAN 52, 124 pp.

GerlachT., 1976. Wspdiczesny rozwdj stokéw w polskich Karpatach Fliszowych. Prace Geograficz-

ne IG PAN 12, 116 pp.



85

G il E., 1976. Sptukiwanie gleby na stokach fliszowych w rejonie Szymbarku. Dokumentacja Geo-
graficzna 2, 65 pp.

GilE., 1998. Sptyw wody i procesy geomorfologiczne w zlewniach fliszowych podczas gwattownej ulewy
w Szymbarku w dniu 7 czerwca 1985 roku. Dokumentacja Geograficzna IGiPZ PAN 11, 85-107.

G il E., 1999. Obieg wody i sptukiwanie na fliszowych stokach uzytkowanych rolniczo w latach
1980-1990 (wyniki badari przeprowadzonych na poletkach doswiadczalnych na Stacji Na-
ukowej IGiPZ PAN w Szymbarku). Zeszyty IGIiPZ PAN 60, 78 pp.

G il E., 2009. Ekstremalne wartosci sptukiwania gleby na stokach uzytkowanych rolniczo w Kar-
patach Fliszowych, [in:] W. Bochenek, M. Kijowska (eds.), Zintegrowany Monitoring Srodowiska
Przyrodniczego, Funkcjonowanie srodowiska przyrodniczego w okresie przemian gospodarc-
zych w Polsce. Giéwny Inspektorat Ochrony Srodowiska, Szymbark, 191-218.

GilE., Stupikl., 1972. The influence of plant cover and land use on the surface run-off and wash-
down during heavy rain. Studia Geomorphologica Carpatho- Balcanica 6, 181-190.

GilewskaS,StarkellL., 1988. Geomorfologia, [in:] Atlas miejskiego wojewddztwa krakow-
skiego. PAN, Krakow.

Hauge C.J, 1977. Soil Erosion. California Geology 30, 202-203.

JanickiG,ZagorskiP,GawrysiakL, 1999. Rozwdj rzeZby terenu w wyniku gwattow-
nego opadu w strefie péinocnej krawedzi Grzedy Sokalskiej. Annales UMCS Lublin sec. B, 54,
135-163.

JozefaciukA,J6zefaciukC., 1995. Erozja agroekosysteméw. Panstwowa Inspekcja
Ochrony Srodowiska, Biblioteka Monitoringu Srodowiska. Warszawa, 168 pp.

JozefaciukC,Jé6zefaciukA., 1996. Erozja wqwozowa i metody zagospodarowania
wquwozdw. Panistwowa Inspekcja Ochrony Srodowiska, Warszawa, 29-57.

JozefaciukA,Jé6zefaciukC., 1999. Ochrona gruntéw przed erozjq. Poradnik dla wladz
administracyjnych i samorzadowych oraz stuzb doradczych i uzytkownikéw gruntéw. IUNG
Putawy, 109 pp.

KlimowiczZ., 1993. Zmiany pokrywy glebowej w obszarze utworow lessowych i lessowatych
w zaleznosci od okresu uzytkowania i rzezZby terenu. UMCS, Lublin, 102 pp.

LipskiC., KostuchR,2005. Charakterystyka proceséw erozyjnych gleb na przyktadzie zlewni
wybranych rzek w Karpatach. Infrastruktura i Ekologia Terenéw Wiejskich, PAN, Krakéw, 3,
95-105.

MaruszczakH,Trembaczowskil., 1956. Geomorfologiczne skutki gwattownej ulewy
w Piaskach Szlacheckich koto Krasnegostawu. Annales UMCS sec. B, 11, 4, 129-151.

P o esenl, 1989. Conditions for gully formation in the Belgian loam belt and some ways to control
them. Soil Technology Series 1, 39-52.

P o e s e n J., 1993. Gully typology and gully control measures in the European loess belt, [in:]
S. Wicherek (ed.), Farmhand Erosion in Temperate. Plains Environment and Hills, Elsevier,
Amsterdam, 221-239.

PoesenlJ,Govers G, 1990. Gully erosion in the loam belt of Belgium: typology and control
measures, [in:] J. Boardman, I. D. Foster, J. A. Dearing (eds.), Soil Erosion on Agricultural Land.
Wiley, Chichester, 513-530.

Rejmanl., 2006. Wplyw erozji wodnej i uprawowej na przeksztatcenie gleb i stokéw lessowych.
Acta Agrophysica, Rozprawy i Monografie 136, 91 pp.

RenigerA., 1959. Erozja gleb w okresie ulew i splywéw wod wiosennych w zaleznosci od prze-
biegu pogody. Roczniki Nauk Rolniczych Ser. F-4, 73, 599-641.

RodziklJ,JanickiG,ZagodérskiP.,ZglobickiW, 1998. Deszcze nawalne na Wyzynie
Lubelskiej i ich wplyw na rzeZbe obszaréw lessowych, [in:] L. Starkel (ed.), Geormorfologiczny
i sedymentologiczny zapis lokalnych ulew. Dokumentacja Geograficzna IGiPZ PAN 11, Wro-
claw, 45-68.

Rodzikl., 2008. Wplyw deszczéw ulewnych i roztopéw na rozwdj wqwozu lessowego. Landform
Analysis 8, 56-59.



86

SouchereV, 1995. Modélisation spatiale du ruissellement a des fins d’‘aménagement contre
I’érosion de talweg. PhD Thesis, Institut National Agronomique, Paris—Grignon, 234 pp.

SobolewsS., 1948. Rozwitije erozjonnych processow na tieritorii jewropiejskoj czasti SSSR i borba
s nimi. Moskwa, Leningrad, 144 pp.

StarkelL., 1960. Rozwdj rzezby Karpat fliszowych w holocenie. Prace Geograficzne 1G PAN 22,
239 pp.

StarkelL, 1972. Karpaty Zewnetrzne, [in:] M. Klimaszewski (ed.), Geomorfologia Polski. t. 1.,
PWN, Warszawa, 55-115.

StarkelL., 1996. Geomorphic role of extreme rainfalls in the Polish Carpathians. Studia Geomor-
phologica Carpatho-Balcanica 30, 21-39.

StarkelL., 1997. Rola gwattownych ulew w ewolucji rzezby Wyzyny Miechowskiej (na przyktadzie
ulewy w dniu 15 wrzesnia 1995 roku). Dokumentacja Geograficzna 8, 107 pp.

StarkellL., 2008. Rola ekstremalnych zjawisk meteorologicznych w przeksztatcaniu rzeZby
Potudniowej Polski, [in:] M. J. Kotarba (ed.), Przemniany srodowiska naturalnego a rozwadj
zréownowazony. Krakéw, Geosfera, 41-52.

Szpikowskil, 1998. Wielkos¢ i mechanizm erozji wodnej gleb na stokach uzytkowanych rol-
niczo w zlewni miodoglacjalnej (Gérna Parseta, Chwalimski Potok). Bibliotheca Fragmenta
Agronomica 4B, 113-124.

Szpikowskil., 2003. Mechanizm sptywu i sptukiwania na stokach uzytkowanych rolniczo w
zlewni gérnej Parsety, [in:] A. Kostrzewski, J. Szpikowski (eds.), Funkcjonowanie geoekosys-
temow zlewni rzecznych 3. Obieg wody, uwarunkowania i skutki w srodowisku przyrodniczym.
Bogucki Wyd. Nauk., Poznan, 261-277.

Swi echowiczl, 2001. Rola stokéw i den dolin w odprowadzaniu zawiesiny ze zlewni pogor-
skiej, [in:] W. Chelmicki (ed.), Srodowiska na Pogérzu Karpackim. Procesy, gospodarka, mo-
nitoring. 1G UJ, Krakéw, 31-51.

Swi echowiczl, 2002. The influence of plant cover and land use on slope-channel decoupling
in a foothill catchment: a case study from the Carpathian Foothills, southern Poland. Earth
Surface Processes and Landforms 27(5), 463-479.

Swi echowiczl, 2004. Rola proceséw ekstremalnych w transformacji stokéw pogérskich (na
przyktadzie zlewni Dworskiego Potoku), [in:] B. Izmaitow (ed.), Przyroda — Cztowiek — Bég.
IG GP UJ, Krakéw, 83-93.

Swi echowiczl, 2008. Soil erosion on cultivated foothill slopes during extreme rainfall events
in the Wisnicz Foothills of southern Poland. Folia Geographica ser. Geographica-Physica 39,
79-93.

TeisseyreA. K., 1992. Epizodyczne koryta a rozwdj suchych dolin w krajobrazie rolniczym. Acta
Universitatis Vratislaviensis, Prace Geologiczno-Mineralogiczne 31, 67 pp.

TeisseyreA. K, 1994. Sptyw stokowy i wspdiczesne osady deluwialne w lessowym rejonie Hen-
rykowa na Dolnym Slgsku. Acta Universitatis Vratislaviensis, Prace Geologiczno-Mineralogiczne
43, 188 pp.

ThorneC.R,ZevenbergenL W,GrissingerE H,Murpheyl B, 1986. Ephem-
eral gully as source of sediment. Proceedings 4th Interagency Sedimentation Conference (Las
Vegas, Nevada, March 1986) 1, 3-152.

TokarczykT, 2011. Analiza przebiegu sytuacji meteorologicznej i hydrologicznej oraz skutkéw
powodzi 2010 w dorzeczu Odry. IMGW, http://www.shp.org.pl/Seminaria/20_04_2011/ODRA_10.
pdf

VandaeleK, 1993. Assessment of factors affecting ephemeral gully erosion in cultivated catch-
ments of the Belgian loam bellt, [in:] S. Wicherek (ed.), Farm Land Erosion in Temperate Plains
Environment and Hills. Proceedings International Symposium on Farm Land Erosion, May 1992,
Saint-Cloud, France. Elsevier, Amsterdam, 125-136.

WatsonD.A,LaflenlJ.M,,FrantiT.G.,, 1986. Estimating ephemeral gully erosion. American
Society of Agricultural Engineers 86, 1-16.



87

Wiejaczkakl,KijowskaM, 2011. Splukiwanie gleby na stokach o ré6znym uzytkowaniu

(Beskid Niski i Pogérze Karpackie). Aura 3/11, 13-15.
WolnikR, 1981. Zastosowanie zdje¢ lotniczych do badania wqwozéw Wyzyny Miechowskiej.

Folia Geographica, Ser. Geographia-Physica 14, 129-145.
ZiemnickiS,Naklickil, 1971. Stan i rozwdj trzech wqwozdéw na WyzZynie Lubelskiej.

Zeszyty Problemowe Postepéw Nauk Rolniczych 119, 23-45.






