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Abstract: The study was performed on the ski resort Krvavec, which is one of the most frequented ski resorts in Slovenia.
The ski slopes serve as pastures for cattle during summer time and range from 1500 to 2000 m a.s.l., which is at or above
the upper timberline. To offer a longer ski season and to profit snow better (either natural or artificial one) the slopes have
been levelled and consequently the soil profile has been changed. Such altered soil profile characteristics strongly impact
hydrological functions of soils.
To study these impacts, five plots (20 × 20 m) have been chosen on the slopes with a different history: pasture without any
amelioration work, a patch of forest in the ski resort without any ameliorations, and three plots with different intensity of
amelioration.
Dynamics of soil water content on each plot has been determined by measuring soil water content in-situ with portable
TDR system during several days after long lasting heavy rains. Statistically significant differences were shown in soil water
content between the plots after the rain, although some differences between plots have disappeared in the following days.
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Introduction

The development of alpine skiing and mountain tourism
contributed to several negative impacts to mountain
ecosystems. Since the mid-1970s, the effects of ski slopes
development on mountain ecosystems have been exam-
ined in the Swiss Alps (Mosimann 1985). In Europe
several studies have documented ski slope impacts on
soil and vegetation (Watson 1985; Urbanska 1995, 1997;
Titus et al. 1999).
Several ski resorts are influenced by both, win-

ter as much as summer tourism. In winter season soil
and vegetation are affected due to ski run preparation
and especially due to snow pack compression, machine
grading and levelling (Ruth-Balaganskaya & Myllynen-
Malinen 2000). For the ski resort Krvavec in Slovenia
Pogačnik (2003) reported that among other negative
impacts during the last 25 years the erosion processes
have progressed.
All types of ski pistes management cause devia-

tions from the natural structure and composition of
alpine vegetation, and lead to lower plant species di-
versity (Wipf et al. 2005). Studies mainly deal with
soil nutrient status on the machine-graded and levelled
ski slopes in relation to their potential use as a sub-
strate for revegetation practices (Ruth-Balaganskaya
& Myllynen-Malinen, 2000; Gros et al. 2004). But ski
slope reclamation also results in an alteration of air-

water properties in the soil. Water availability is one
of the most important factors for plant growth and soil
properties; especially their hydrological function (e.g.
soil ability to hold certain amount of water to a cer-
tain depth) is one of the most important factors for a
successful revegetation process of a levelled ski slope.
The aim of the research was to investigate how dif-

ferent management of ski slopes on Krvavec ski resort
influence hydrological functions of soils. Our hypothesis
was that there is a difference in hydrological functions,
specifically in soil water content, between ski slopes con-
structed differently.

Material and methods

Study area
The study was conducted on the ski resort Krvavec (46◦18′

N, 14◦32′ E, 1650 m a.s.l.). It is situated about 25 km north
of Ljubljana (the capital of Slovenia) in Kamnik and Sav-
inja Alps, ranging in altitude between 1450 and 1971 m
a.s.l. Due to a good offer of ski slopes and vicinity of the
capital it belongs to the most attended ski resorts in Slove-
nia. In the summer time the area is used as pastures and
for mountain tourism. Mean air temperature is –3.5◦C in
January, and 11.2◦C in July. Annual mean temperature for
the period 1991–2006 was 3.5◦C. Mean precipitation is 1371
mm per year and number of days with snow cover is 155
for the same period (ARSO 2008). Due to the uniform ge-
ological substratum (dolomitized limestone, limestone) the
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Fig. 1. Research plot 2 (disturbed pasture) at Krvavec ski area
(Slovenia).

slopes are rather smooth or undulated (Pogačnik 1976). The
predominant soil type is rendzina, while types of nondevel-
oped soil (lithosol) and well developed brown (cambic) soil
cover only small shares of the area. Main environmental im-
pacts on soil and vegetation are caused by grazing (about
350 cows with calves) and mountaineering in summer and
by winter practices. The latter includes both, production of
artificial snow and preparation of ski runs by snow-grooming
vehicles (i.e. snowpack compaction). Alpine skiing has been
taking place on the mountain since 1958, when first two-seat
cableway was placed there, while before the mountain was
used for traditional cattle grazing.

Experiment
The five study sites were selected with respect to differ-
ent modification of natural environment, or so called land
use: one reference site which was forest (control) without
any amelioration work (plot 3), two ski slopes that were
machine-graded in 1994 (plot 4) and 1996 (plot 5) respec-
tively, and two ski slopes, where pasture soils were almost
undisturbed (plot 1) (Fig. 1) and disturbed by minimal ame-
lioration works more than 20 years ago (electricity and water
supply were built in) (plot 2). Machine-grading in our case
is defined as amelioration that includes removal of vegeta-
tion and topsoil, elimination of bigger rocks and slope level-
ing. Consecutively, slopes become more smooth and terrain
plainer.

A 20 × 20 m plot was established at each study site in
order to ascertain hydrological function of soil and dynamics
of soil water content. Distance between plots is 150–200 m.
All plots were enclosed by the barbed wire fence (Fig. 1) to
prevent the vegetation and the installed research equipment
from cattle.

Weather, soil, soil water content
For precipitation measurements each plot was provided with
three circular white plastic funnels of 24.0 cm diameter con-
nected with 10-liter cans as recommended by IPC-Forests
Sub-manual on Sampling and Analysis of Deposition (2006).
Weather conditions were measured with a portable meteo-
rological station.

Concerning soils, horizons were described according to
Slovenian soil classification (Urbančič et al. 2005) and soil
groups and units according to World reference base for soil
resources (WRB) (2006).

Volumetric soil water content was measured with
Trime-FM with P2Z probe (ImkoMicromodultechnik Gmbh,
Germany) which is a portable soil moisture monitoring sys-
tem based on Time Domain Reflectometry (TDR) (Ferré &
Topp 2002). The probe of 6 cm in length was inserted into
soil profile from the surface. Evenly distributed 54 measure-
ments were repeated on every plot on each measurement
day. Soil water content on the ski slopes was first measured
on September 10th 2008. This was a relatively dry period
with not a lot of rain in days before. With daily measure-
ments from 14th to 17th we followed drying of soil after a
heavy rain event on September 13th.

Data analysis
Exploratory data analyses were performed by Wiskers-Box
plot to define possible extreme values of soil water content
measurements (outliers) which were excluded from further
calculation processes. There were zero, one or two outliers
per repetition.

ANOVA has been performed for checking if there is
a statistically significant difference between the mean of
soil water content from one level of parcel to another on
each day. Multiple Range Tests were performed to deter-
mine which means are significantly different from any oth-
ers. All calculations were made by using Statgraphics Plus
for Windows 4.0 software.
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Fig. 2. Shares of soil units on research plots at Krvavec ski resort (Slovenia) according to World reference base for soil resources (2006).



The impact of ski slopes management on hydrological functions of soils 641

0

5

10

15

20

25

30

35

40

45

50

10 Sep. 11 Sep. 12 Sep. 13 Sep. 14.sep 15 Sep. 16 Sep. 17 Sep.

date

w
at

er
 c

on
te

nt
 (

v 
%

)

0

5

10

15

20

25

30

35

40

45

50

pr
ec

ip
ita

tio
n 

(m
m

),
 te

m
pe

ra
tu

re
 (

 o C
)

plot 1
plot 2
plot 3 
plot 4
plot 5
temp.
precip.

s.p. (%)
= 35
= 15
= 35
= 25
= 40

Fig. 3. Mean water content (v %) (n = 52–54) in the soil of different research plots, before and after a heavy rainfall (Sep. 2008) and
air temperature (◦C) on Krvavec ski slopes in that days. The shares of skeleton particles (s.p. %) for each plot in the first 15 cm depth
from the surface are denoted, as well.

Results and discussion

Soils
Soil sampling and calculation showed a variability
within a particular plot. At each plot we found four
different WRB soil units as mentioned above, but the
shares of units are variable. Among all plots the pre-
dominant soil unit is Haplic Leptosol (Fig. 2).
From Fig. 2 it can be also distinguished that the

share of (nondeveloped) Lithic Leptosol is significantly
higher at plot 4 and 5, where the soils were most dis-
turbed (machine-graded ski slopes). However, on the
other hand plot 4 contains the greatest share of Haplic
Cambisol. Pogačnik (1976) cited that development of
soils on the ski resort was mostly influenced by geolog-
ical substratum, relief as well as by the management
of the vegetation cover. Due to micro relief, especially
in lower parts of the slopes which are not very steep
and which were more or less undisturbed, the share of
Haplic Cambisols seems to be greater.

Soil water
Watson (1985) reported for ski area in Scotland that
disturbed soils on ski grounds have less water, fine par-
ticles and organic matter. In our study, we were able to
show how different ski slope management altered phys-
ical soil properties which results in a different soil wa-
ter content (Fig. 3). According to Dietschi et al. (2007),
management intensities and soil moisture are important
factors for successful vegetation with high biodiversity
in mountain meadows.
During the first measurement (10th of Sep.), soil

water content differed between 22.2 v % on plot 5 (ma-
chine graded slope in 1996) and 38.2 v % on plot 2
(pasture with minimal amelioration work). After the
rain event (12th and 13th of Sep.) soil water content in-
creased in all plots, with range between 27.4 and 47.3
v %. In the next three days soil water content decreased
to 25.5 and 36.9 v % by Sept 17th. Plot 5 had the low-

est, while plot 2 had the highest water content all the
time. Peco et al. (2006) stated that there is more read-
ily available water in abandoned as opposed to grazed
zones, which is not supported with our findings. In our
study the undisturbed pasture and pasture with mini-
mal amelioration work (plots 1 and 2, respectively) had
higher water content than the undisturbed forest (plot
3). Obviously there could be difference in soil water dy-
namics between forest and abandoned zones.
The difference between plot 2 and plot 5 was

19.9 v % and 11.4 v % on the first and on the forth
day after the rain, respectively. On the forth day after
the strong rain event the soils on undisturbed pasture
(plot 1), the pasture with minimal amelioration work
(plot 2) and machine-graded piste in 1994 (plot 4) had
lower soil water content than three days before the rain.
Meanwhile soil water content in the undisturbed forest
(plot 3) and the machine-graded piste in 1996 (plot 5)
had higher water content as in days before the rain. In
days after the rain soil has lost 10.4 v % and 2 v % on
plot 2 (pasture with minimal amelioration work) and
plot 5 (machine-graded piste in 1996), which represents
22% and 7% of soil water amount of the first day after
the rain event, respectively.
We assume that evapotranspiration in the days af-

ter the rain has been neglectable due to low air tem-
perature (Fig. 3) and consequently the loss of soil wa-
ter could be accounted for to deep percolation. We can
confirm findings of David et al. (2008), that machine-
grading of ski slopes does not impact soil water content
only, but can cause also an increased surface flow and
impacts of the water system in catchment area. The dif-
ferentiation between water direction flows on hill slopes
is rather complex self-organising process depending on
abundance and orientation of soil macro pores (Nieber
et al. 2006).
On plot 5, soil water content was significantly dif-

ferent from other plots all the time. On plot 2, statisti-
cally significant difference appeared after the rain event
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Table 1. Difference in soil water content (v %) between plots on
Krvavec ski slopes before and after a heavy rainfall (Sep. 2008)
and its statistical significance.

Difference in soil water content (v %)

10 Sep. 14 Sep. 15 Sep. 16 Sep. 17 Sep.

1–2 –1.7 *–4.7 *–4.6 *–4.1 *–3.7
1–3 *9.8 *6.9 *4.5 *3.1 0.8
1–4 1.4 *3.2 *1.9 1.1 –0.1
1–5 *14.8 *15.2 *13.0 *10.9 *7.7
2–3 *11.5 *11.6 *9.1 *7.2 *4.4
2–4 *3.1 *7.9 *6.5 *5.2 *3.5
2–5 *16.5 *19.9 *17.6 *15.1 *11.4
3–4 *–8.4 *–3.7 *–2.6 *–2.0 –0.9
3–5 *4.9 *8.3 *8.5 *7.8 *7.0
4–5 *13.4 *12.0 *11.1 *9.9 *7.9

* denotes a statistically significant difference (P = 0.05). n = 52–
54

(Table 1). On plots 2, 1 and 4 soil water content is not
statistically significantly different to the day before the
rain. There was no statistically significant difference in
soil water content on plots 1, 3 and 4 on the fourth
day after the rain. Taking into account the share of
skeleton particles in the soils in the first 15 cm depth
(Fig. 3), as well, one can assume that there is much
less water available for vegetation on machine-graded
slope in 1996 (plot 5) in comparison with others and
that pasture with minimal amelioration work (plot 2)
offers the higher amount of water to plants. Good soil
water status is of crucial importance for strong vege-
tation on alpine slopes which protects soil against soil
erosion (Isselin-Nondedeu & Bédécarrats 2007).
We can conclude that slope management system

plays an important role in soil water dynamics on Kr-
vavec ski slopes. More intensive disturbance of slopes
means generally less water to be held in the soil and soils
on undisturbed or only minimally disturbed pastures
has the ability to hold much more water. This differ-
ence in soil water dynamic becomes even more enhanced
taking into consideration the share of skeleton particles
which is higher where the ski slopes have been graded
by machines. Soil hydrological functions are more ap-
propriate for plants and potential re-vegetation on less
disturbed ski slopes than on machine graded slopes.
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