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Abstract: Impact of meteorological conditions
on stability of selected slopes in the Wisnicz Foot-
hills. Mass wasting is one of the most important
processes influencing the shaping of mountain
slopes. Most programs for testing mass wasting
are limited to short-time, single observations, and
to surface measurements of the big phenomenon
ignoring shallow landslides occur resulting in
slope covers, or on its border with the rock solid.
That is why, when analyzing the causes of mass
wasting processes, it is extremely important to
assess the influence of meteorological conditions
on water circulation in the landslide slope sys-
tem and the status of stresses in a soil medium
that is connected with it. The aim of this work
was to determine the course of changes in stabil-
ity conditions for two selected slopes, connected
with meteorological conditions in the period of
2009-2013 on the area of the Wisnicz Foothills.
Numerical analysis were subjected to two slopes
in villages the Kroléwka and the Lychow. Mete-
orological data for analysis, i.e. air temperature
and soil humidity, wind speed, precipitation sum
and length, were taken from the station Jagiellon-
ian University in Lazy. To determine the course
of changes of stability factor used capabilities
Geostudio 2007 (Slope/W, Vadose/W, Seep/W).
The work is a pre-development servant indicate
the formation of shallow landslides present in silt.
Results of the stability calculations confirmed the
common opinions that conditions of slope balance
are very strongly connected with atmospheric
precipitation, but it was also shown that they also
depend significantly on thermal conditions. These
calculations showed that in the period 2009-2013
the most unfavorable conditions of stability were
obtained in May 2010, which is a confirmation of
the situation observed in reality.

Key words: factor of safety, landslide, Wisnicz
Foothills

INTRODUCTION

Mass wasting is one of the most impor-
tant processes influencing the shaping
of mountain slopes built from the Car-
pathian flysch. There are probably more
than 20 thousand landslides in the Car-
pathians (Mrozek et al., 2000). The in-
terest in slides has increased in the last
years, which is primarily connected with
formation and activation of slides after
the flood in 1997 and with the “landslide
catastrophe” from 2010. Comprehen-
sive, full-scale tests on the mechanisms
of landslide movements were conducted
only on few objects. Such tests are time-
-consuming, and obtaining full infor-
mation on the range and causes on loss
of stability sometimes requires several
years of measurements and analyses.
Most programs for testing mass wasting
are limited to short-time, single observa-
tions, and to surface measurements of
the phenomenon. Participants of these
tasks often focuse on large structural
landslides which reach to deep-lying
Paleogene, and older, rocks, but not on
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shallow landslides occurring on the bor-
der between slope covers and solid rocks
and within range of slope covers which
dominate among the currently occurring
mass wasting processes (Margielewski,
2008). It is believed that such a state is
caused by changes in land management
by man, which changes the way water
circulates in the slope system, from deep
to surface. That is why, when analyzing
the causes of mass wasting processes,

HWITE

CHARACTERISTICS OF THE
STUDY AREA

The Wisnicz Foothills spreads from the
valley of the Raba river to the valley of
the Dunajec river, covering an area of
approximately 700 km? (Starkel, 1988,
Kondracki, 2009, Fig. 1). The main
rocks the area of the foothills is made
of are Krosno Beds, menilite shales,
Ciezkowice Sandstones, red shales, and
Upper and Lower Istebna Beds of the
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FIGURE 1. Location of the studied slopes on the elevation model background of the Wisnicz Foothills

it is extremely important to assess the
influence of meteorological conditions
on water circulation in the slope sys-
tem and the status of stresses in a soil
medium that is connected with it. The
aim of this work was to determine the
course of changes in stability conditions
for two selected slopes, connected with
meteorological conditions in the period
0f2009-2013 on the area of the Wisnicz
Foothills (Pogorze Wisnickie).

Silesian and Sub-Silesian units (Skoczy-
las-Ciszewska and Burtan, 1954). They
are covered with a few-meter layer of
Pleistocene deposits, i.e. loess and loess-
like formations as well as silt sapro-
lites of the Carpathian flysch (Olewicz,
1968, Swigchowicz, 1991, Kaszowski
and Swiechowicz, 1995, Marks et al.,
20006).

The relief of the region of the Wisnicz
Foothills is an example of a mature ero-
sion-denudation relief with a character of
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low and medium foothills. The main ele-
ments distinguishable in the relief are two
levels of flats: higher (350-420 m a.s.l.)
and lower (300-320 m a.s.l.) (Starkel,
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The greatest number of landslides has
been recorded in the eastern part of the
Wisnicz Foothills, with density up to
28 landslides per km? (Fig. 2).
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FIGURE 2. The density of shallow landslides caused to the slope covers the Wisnicz Foothills (source:

SOPO, statement: Demczuk)

1972). The higher level is crossed by
narrow depressions with a character of
erosion-denudation valleys and ravine
forms.

According to Landslide Counteract-
ing System (LCS) (in Polish System
Ochrony Przeciwosuwiskowej — SOPO;
Polish Geological Institute, http://www.
pgi.gov.pl/), there are about 3.5 thou-
sand landslides in the Wisnicz Foothills,
from which about 2 thousand landslides
are soil (earth) landslides and landslides
formed within slope covers (a slide lay-
er present at the contact between slope
covers and bedrock). The average den-
sity of occurrence of shallow landslides
(up to 10 m deep) (Zigtara, 1968) in this
region is about 3 landslides per km?.

CHARACTERISTICS OF METEORO-
LOGICAL CONDITIONS BETWEEN
2009 AND 2013 COMPARED TO
AMULTI-YEAR

The course of precipitation conditions at
the station in Lazy in recent years has
been indicating a slight increase in an-
nual totals of precipitation. The lowest
precipitation in the analyzed multi-year
was observed in 2003 (slightly more than
400 mm), which is about 60% of the
mean total precipitation at this station.
Similarly, low precipitation amounts
were recorded in 1993 and 2011 — re-
spectively 74 and 75% of the mean an-
nual precipitation (Fig. 3).

The highest annual total of precipi-
tation in the period 1989-2013 was
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FIGURE 3. Course of annual totals of precipitation at the station in the Lazy in the years 1989-2013

recorded in 2010 — over 1,200 mm.
High annual totals of precipitation were
recorded also in 2001, 2007, and 2013
— more than 800 mm. In 3 years of the
last 5-year period (2009-2013), the to-
tal of precipitation exceeded 100% of
the mean total of precipitation from the
period 1989-2013.

The highest precipitation totals in the
Lazy were recorded in the months of the
warm season — between April and Sep-
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tember (Fig. 4). In March, April, August,
September, October, and December the
mean precipitation total for the period
19892013 is higher than the mean pre-
cipitation total of the analyzed 5-year
period (2009-2013). In the remaining
months, monthly precipitation totals are
higher than the multi-year mean. In the
period 2009-2013, the mean precipita-
tion total in June was more than 50 mm
higher than the mean monthly total for
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FIGURE 4. Monthly course of precipitation mean and totals value at the station in the Lazy in the years

1989-2013
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the entire 24-year period. In May, the
mean total from the last 5 years is more
than 60% higher compared with the
multi-year period 1989-2013.

The average number of days with-
out precipitation at the station in the
Lazy in the period 1989-2013 is about
214 days per year (Fig. 5). On average,

250

[number of days]

were 16 days with precipitation above
50 mm, 11 days in the last 10-year pe-
riod, and 7 days in the years 2009—2013.
The highest number of days with precip-
itation exceeding 50 mm was recorded
in 2010 (4 days).
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FIGURE 5. Number of days with precipitation at individual ranges in the Lazy in the years 1989-2013

there were fewer days without precipita-
tion in the analyzed period 2009-2013
than in the entire period 1989-2013. In
the remaining ranges of 24-hour precipi-
tation totals, the number of days is higher
in the last 5 years than in the entire peri-
od. In the last 5-year period, the number
of days with precipitation above 10 mm
was higher than the mean by more than
4 days, whereas with precipitation above
20 mm — slightly over 1 day. A consider-
able increase in the number of days with
24-hour precipitation total above 50 mm
has been observed in the last 10 years.
In the entire period of meteorological
observationsatthestationinthet azythere

Synoptic conditions of high precipita-
tion at the station in the Lazy between 15
and 18 May 2010 were connected with
the moving low-pressure system near
the Mediterranean Sea. The movement
of lows in the north-eastern direction
was associated also with it being filled.
An inflow of air masses with a very high
moisture content from north-west and
south-west caused high precipitation to-
tals. The precipitation total in the period
between 15 and 18 May 2010 was above
187 mm, and the highest 24-hour precip-
itation total occurred on 16 May — above
110 mm. Precipitation observed in that
period had a character of long-term pre-
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cipitation lasting more than 22 h a day,
with the intensity of approximetely
0.08 mm a minute.

The depth of the 0°C isotherm in
soil depends on several factors: air tem-
perature, soil moisture content, vegeta-
tion cover, or occurrence of snow cover.
When soil freezes, the 0°C isotherm
moves in the direction from smaller to
greater depths. This course is reversed in
thawing periods (spring).

Soil freezing was observed at the
station in the Lazy in all the analyzed
years of the period 2009-2013 (Fig. 6).

SCOPE AND METHODOLOGY OF
THE WORK

The work involved tests on two slopes
located in the Krolowka near the Nowy
Wisnicz and in the Lychow near the
Bochnia on which signs of mass wasting
were observed. The field works included
geodetic measurement, geological drill-
ings and measurements of water perme-
ability of surface layers of the slopes
using a double ring infiltrometer. The
laboratory works involved determination
of the grain-size distribution, permeabil-
ity coefficient, and the shear strength of
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FIGURE 6. Course of 0°C isotherm depth in soil at the station in the Lazy in the years 2009-2013

The greatest lying depths of the 0°C iso-
therm were observed in winters 2011—
—2012, when on 13 February 2012 the
0°C isotherm lay at the depth of 46 cm
under soil surface. Similar values for the
depth of freezing in soil were observed
in winters 2008-2009 and 2010-2012
— more than 30 cm. Definitely the low-
est depths of freezing were recorded in
the years 2009-2010 and in the last two
winters in the period 2009-2013 where
the location of the 0°C isotherm did not
exceed 20 cm.

the soils. Grain size tests were conduct-
ed using a laser particle size analyzer.
Permeability tests were performed in
a triaxial compression apparatus made
by the British company VJ Tech, under
a steady hydraulic gradient according
to a procedure described in (PKN-CEN
ISO/TS 17892-11:2009). Determination
of the shear strength was conducted in
a triaxial apparatus made by VJ Tech us-
ing the CIU method (PKN-CEN ISO/TS
17892-9:2009). Soil saturation was con-
ducted using back pressure until obtain-
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ing a value of the Skempton coefficient
equal to, at least, 0.95. On the other
hand, sample compression was carried
out using stage shearing of soil, the so-
-called multistage test, which enables
to determine the strength parameters of
soil based on tests from one sample. Af-
ter saturation, the samples were consoli-
dated until obtaining the assumed value
of effective stresses, then compressed
until setting of the value of ratio of prin-
cipal stresses (o /o,), which generally
did not exceed 5% of deformations of
a sample. In the following stages, the
samples were consolidated by increas-
ing the value of effective stresses. The
last stage of compression was conduct-
ed until obtaining 20% of deformation
of the sample, and interpretation of the
test results was conducted by assuming
a criterion of soil failure corresponding to
the maximum value of stress deviator.
The analysis of stability conditions
was conducted using the GEO-SLOPE
software package with the use of SEEP/
/W (GEO-SLOPE, 2010a), VADOSE/W
(GEO-SLOPE, 2010b) as well as Slope/
/W modules (GEO-SLOPE, 2010c). The
Seep/W module was used for establish-
ing the conditions of the initial status of
stresses in the slope in consideration of
the mean annual precipitation from the
1987-2013 multi-year. These calcula-
tions utilized the results of the laboratory
tests, whereas retention properties were
determined using the simplified method
(Aubertin et al., 2003). In the next stage
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of the work, the Vadose/W model was
used to determine the impact of me-
teorological conditions (precipitation
amount, temperature, air humidity, and
wind speed) and land cover (depth of the
plants root system) on changes of pore
pressure within the slopes in the period
2009-2013. Thermal parameters of the
soils (thermal conductivity, thermal ca-
pacity) were established based on equa-
tions provided in the user’s manual for
the (Vadose/W 2012) software, whereas
results of measurements from the station
in Lazy near Bochnia were used to de-
termine the boundary thermal conditions
in the soil profile. The last part of the
study involved stability calculations of
the analyzed slopes using Janbu’s meth-
od (Janbu, 1954) for the assumed slide
planes, taking into account the influence
of matric suction on the shear strength
of the soil. The calculations resulted in
obtaining the values of stability coef-
ficients as a variable dependant on the
amount of precipitation, evapotranspira-
tion, and matric suction of the surface
formations. Landslides (the landslide in
the environs of the Krolowka was formed
in May 2010; no data on the time the
landslide in the environs of the Lychow
was formed) occurred on the analyzed
slopes, and that is why it was assumed
that results of calculations which give,
in the analyzed period, at least one value
of the factor of safety below 1.0 would
decide on correctness of the performed
calculations.
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RESULTS OF THE FIELD AND
LABORATORY TESTS

Based on the field tests, the character-
istic longitudinal profile of the slope
in the Kroléwka, in whose lower parts
there were visible traces of mass wast-
ing processes, was separated. The land
cover consists of meadows, and single
trees occur only in the lower parts of
the slope. In this part of the slope there
is also a local asphalt road which is en-
closed from one side by a drainage ditch,
and a small flow from the other. Based on
a macroscopic analysis conducted under
field conditions, four geotechnical layers
within the slope were separated. Granu-
lometric tests showed that silt which lie
at a maximum depth of 2.2 m below land
surface level constitute the surface for-
mations, and below them there is clayey
silt. On the other hand, the lowest lying
layer consists of sandstones and shales
of the Krosno Beds, which were found
in the upper part of the analyzed section
at the depth of 2.7-3.2 m below land sur-
face level and in the bottom of the stream
channel. During the field tests there was
no occurrence of underground water in
the layers of the slope cover. The land-
slide was formed the 15 of May 2010.
Geo-engineering conditions of the
slope in the Lychoéw were slightly dif-
ferent, having a significantly changed
relief due to slopewash and ravine
erosion processes. Site investigations
conducted in 2012 showed high mois-

ture content in the soil masses in the
lower part of the slope, and presence
of numerous transverse cracks formed
in consequence of subsidence of soil
masses was found. Results of the field
and laboratory tests showed that slope
covers substantially consist of silt, and
below them there is bedrock which,
according to the Detailed Geological
Map of Poland 1 : 50 000 (Skoczylas-
-Ciszewska and Burtan, 1954), consists
of red shales of the Silesian unit. Geo-
detic measurements and geomorpho-
logical mapping showed a considerable
change in the relief of the slid part of
the slope in comparison to its remaining
part. Backward fallen colluvial masses
and numerous steps occurred in the de-
formed part of the slope, indicating that
the slip of soil masses had the nature
of rotational movement (Dikau, 1996).
At this stage of the research it was im-
possible to unambiguously determine
whether the formed landslide had was
a single movement or if it was multi-
stage. Therefore, two slide planes were
assumed for the stability analyses. The
first of them began in the upper part of the
slope and finished in its lower part, and
the second one covered the foot of the
slope. In the second case it was assumed
that the landslide might have initiated
in the lower part of the slope, and then
propagated up the slope. Basic geotechni-
cal properties of the soils are presented in
Table 1, and Figure 7 shows the computa-
tional schemes of the analyzed slopes.
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FIGURE 7. Reconstructed geological sections of slopes in the Krolowka (A) and the Lychow (B) with

marked (thick line) present land profile

RESULTS OF STABILITY
CALCULATIONS

Factors determining slope stability in-
clude, among other factors, the shape and
inclination of a slope as well as physical
properties of formations that build them.
Active factors, among which time of du-
ration and amount of precipitation are of
great importance, cause changes in sta-
bility (Gil, Kotarba, 1977, Gil, Starkel,

1979). Precipitation water infiltrates into
soil and causes changes in pore pressure,
which has fundamental importance for
slope stability. Figure 8 presents results
of calculations of pore pressure within
the analyzed slopes at selected depths of
the soil profile located in the central part
of the slope.

It is noticeable that there were con-
siderable pore pressure fluctuations in
the analyzed period, whereas the charac-



Impact of meteorological conditions on stability...

20

373

A
% i A
£
E -20 A k }
P . N \\\\ 'r*:}ﬁ
Pzt |1 LVE
I W L L L
rA TINK YN
2009-01-01 2010-01-01 2011-01-01 2012-01-01 2013-01-01
PWPO57m bs.l —PWP 1.03m bs.| —PWP 1.55m bs.l
B 20

-60

st M&KM\ —

Pore water pressure [kPa]
5

.
&
=]

> /

-100

~~ /"

2009-01-01 2010-01-01 2011-01-01

PWP 0.47m bsl

——PWP L09m bs.l

2012-01-01 2013-01-01

——PWP 2.26m bs.l

FIGURE 8. Results of calculations of pore pressure within slope in the Kroléwka (A) and the Lychow

(B) in the period 2009-2013

ter of these changes was similar for both
slopes. In general, smaller pore pres-
sure changes pore in the surface zone
of the slope (approx. 1 m below land
level) were obtained for the slope in the
Lychéw, which is probably connected
with water permeability of slope forma-
tions in this area. Calculations showed
that in most of the analyzed period, slope
covers are not fully saturated, and the
highest values of suction pressure were
obtained in 2012, which was connected
with low precipitation in the first half of
that year. On the other hand, the highest
values of pore pressure were obtained in
2010 when there was very high precipi-
tation and a considerable intensification
of mass wasting processes in the Polish

Flysch Carpathians. The obtained calcu-
lation results also indicate that the rela-
tively high values of pore pressure (low
values of suction pressure) occurred on
the slope in the Lychow in the winter
period, which is visible especially at
the beginning of 2009 and 2010, where
autumn and winter precipitation totals
were 258.7 and 290.5 mm, respectively.
On the other hand, in 2011 and 2012
the precipitation totals were about twice
smaller than in the above-mentioned
periods. On the other hand, high val-
ues of pore pressure were not obtained
in winter 2013 despite relatively high
precipitation (295.8 mm). It is probable
that small precipitation in the second
half of 2012 was of great significance in
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that case. In general, high values of pore
pressure or moisture contents in soils
in the winter period are a phenomenon
commonly observed in nature (Harris et
al., 2011, Bittelli et al., 2012, Sorbino
and Nicotera, 2013, Rianna et al., 20),
or they arise from calculations (Lu et
al., 2013) and are connected with water
freezing and thawing processes in soil
pores or with spring melts.

The obtained results of calculations
of pore pressure are reflected in stabil-
ity calculations (Fig. 9). The presented
data show that in the period 2009-2013
there were over a dozen days when the
factor of safety values were below 1.0.
This value indicates that there is high

probability of subsidence of soil masses.
More critical values of the factor of safe-
ty (14 cases) were obtained in the case
of the slope in the Kroléwka, whereas in
the Lychow there were seven such cas-
es. Six cases of such type were reported
for the slope in the Krélowka in January
2011, where soil and air temperatures
were positive (between 3 and 8°C) and
it rained. Within a day, the 0°C isotherm
rose by 35 cm to the land surface (the
soil thawed very quickly). Similar re-
sults of stability analyses for the winter
period are presented in the work of Bit-
telli et al. (2012). These authors pointed
out that low values of the stability coeffi-
cient at this time of year may result from
high precipitation and at the same time
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can be indicative of slope-creep pro-
cesses. In the case of the analyzed slope,
the amount of precipitation in a 14-day
period preceding the obtainment of
critical values of the stability coefficient
was, however, low and did not exceed
40 mm. When analyzing the obtained
results it may be noted, however, that
prior to the period with low level of the
factor of safety (before 11 January 2011)
a phenomenon of ground frost occurred
(Fig. 5), which favors water accumula-
tion in the soil profile. Other cases of
obtaining critical values of the factor of
safety are primarily associated with May
2010. In that month there were 4 days
when values of the safety coefficients
were below the critical value and they
were connected with a precipitation total
from 14 days of antecedent period which
amounted to over 200 mm. Other cases
of obtaining low values of the factor of
safety took place between July and Sep-
tember 2010, but the total of antecedent
precipitation amounted to 91-128 mm.

Results of stability calculations for
the slope in Lychow were different. Crit-
ical values of the factor of safety were
obtained only in the vegetative period in
May (4 days), July (1 day), and Septem-
ber (2 days) of 2010, and precipitation
total in the 14-day antecedent period
was at least 90 mm.

ANALYSIS OF CALCULATION
RESULTS

The obtained results suggest that in the
case of both slopes the amounts of so-
-called threshold precipitation, which
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initiates mass wasting, cannot be unam-
biguously determined. This is because
statistical analysis of the results of sta-
bility calculations did not show a signifi-
cant relationship between values of the
factors of safety determined from cal-
culations, and the amount of precipita-
tion expressed as a 24-hour precipitation
total, 14-day precipitation in the period
preceding loss of slope stability or pre-
cipitation intensity. In the case of both
slopes the calculation results showed
that the most unfavorable conditions of
stability occurred in May 2010, where
on 17 May the accumulated amount
of 2-week precipitation reached over
200 mm. This value is also given in lit-
erature (Raczkowski and Mrozek, 2002,
Gil and Dtugosz, 2006) as threshold
precipitation that initiates mass wast-
ing processes in saprolite formations in
the Polish Flysch Carpathians. On the
other hand, Gorczyca (2004), based on
results of several-year observations of
mass wasting processes in the L.ososina
River basin (particularly in 1997), stated
that intensification of such type of proc-
esses required precipitation above 70
mm which was preceded by intensive
precipitation of approximetely 170 mm.
Therefore, it may be stated that the ob-
tained results of stability calculations co-
incide with results of field observations
conducted for the region of the Polish
Flysch Carpathians.

However, it should be noted that the
stability calculations showed also that
conditions favoring the loss of stabil-
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ity occurred in January 2011, where the
amount of antecedent precipitation was
very little. In that month, as well as in
the previous one, monthly precipitation
totals slightly exceeded mean precipita-
tion values from the multi-year. Analy-
sis of air temperatures showed that in
December 2010 and at the beginning of
2011 over a dozen days with minimum
temperature below 0°C were recorded,
and soil temperature at land surface was
also negative. On the other hand, days for
which the obtained factor of safety was
below 1.0 were preceded by an increase
in soil temperature above 0°C, which,
with the melt of water accumulated in
the profile and simultaneous occurrence
of precipitation of 10 mm, was a proba-
ble cause of the reduction of the factor of
safety below the critical value. Amount
of antecedent precipitation similar to the
one in January 2011 occurred in January
2010, but changes in the stability coef-
ficient were very small in that period.
In this case both in December 2009 and
January 2010 there were lower soil tem-
peratures — they were negative practical-

ly in that entire period, which limited the
possibility of precipitation infiltrating
into the soil, and the precipitation was
transformed into fast surface flow.

In order to determine the impact of
climatic conditions on the slope stability
in winter period, an additional stability
analysis was carried out with a simula-
tion of thermal conditions prevailing in
the winter period of 2011-2012, where
the lowest temperatures from the ana-
lyzed multi-year were recorded, and for
the remaining part of the year (spring-
-autumn) amounts of precipitation from
2010 were specified. Results of the sim-
ulation showed that at the time of soil
thawing (beginning of March 2012) the
factor of safety was by about 2.5 great-
er than the one calculated in an analo-
gous period of 2010, and the specified
amount of precipitation was unable to
reduce the factor of safety to the critical
value. The factor of safety came down
below 1.0 only twice in the forecast
period, not before September (Fig. 10). It
may therefore be stated that, apart from
precipitation, also thermal conditions of
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soil in the winter period, associated with
ground frost depth, have significant in-
fluence on the conditions of slope bal-
ance. Precipitation occurring in that pe-
riod leads to formation of a snow cover
which, in the period of melts, constitutes
additional source of water supply to the
soil profile, thereby causing a reduction
of slope stability. This process can be
observed in spring 2010 and 2011, but
is negligible in the case of 2012 when
winter precipitation in 2011 and spring
precipitation in 2012 were generally sig-
nificantly smaller than monthly means
from the multi-year.

CONCLUSIONS

The work presents results of stabil-
ity calculations of two landslide slopes
from the Wisnicz Foothills, located
in the Kroléwka and the Lychéow. In
boths cases of slopes, slope covers sub-
stantially consist of dusty deposits of
low or medium plasticity. In general,
these formations are characterized by
medium and low water permeability,
whereas values of this parameter were
lower for layers from the slope in the
Lychow. Results of the stability calcu-
lations confirmed the common opinions
that conditions of slope balance are very
strongly connected with atmospheric
precipitation, but it was also shown
that they also depend significantly on
thermal conditions. These calculations
showed that in the period 2009-2013 the
most unfavorable conditions of stability
were obtained in May 2010, which is a
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confirmation of the situation observed
in reality. Amount of precipitation in the
14-day period preceding the occurrence
of critical conditions of stability reached
approximately 200 mm. On the other
hand, in the further part of that year there
were substantially 2 more days where
the factor of safety values lower than 1.0
and they were connected with anteced-
ent precipitation amounting to 90 mm.
In these cases, water accumulation in
the soil profile from the earlier period
of that year probably had a significant
influence on the amount of precipitation
and stability conditions, whereas the
most favorable stability conditions were
obtained in 2012, where there was very
little precipitation, and additionally that
period was preceded by year 2011 which
had been low on precipitation.

Weather conditions of high precipita-
tion in the area of the Carpathian Foot-
hills between 15 and 18 May 2010 were
connected with the moving low-pressure
system near the Mediterranean Sea. The
movement of lows in the north-eastern di-
rection was associated also with it being
filled. An inflow of air masses with a very
high moisture content from north-west
and south-west caused high precipitation
totals. The total precipitation between 15
and 18 May 2010 was above 187 mm,
and the highest 24-h precipitation total
occurred on 16 May — above 110 mm.
Precipitation observed in that period had
a character of continuous rains lasting
more than 22 h a day, with the intensity
of approximately 0.08 mm a minute.
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In the case of 16 May 2010 the inflow of
air masses was observed from north-west
and south-west. It was cool maritime
polar air with high moisture supply and
very hot and humid maritime tropical air.
Similar synoptic conditions accompanied
high precipitation totals in May 2014 and
July 1997 when floods and high intensifi-
cation of landslide processes occurred in
the south of Poland.

High precipitation totals are usually
connected with development of regions
with low pressure over the northern
coasts of the Mediterranean Sea. The
movement of lows occurs from south-
-west to north-east. Development and
vanishing of low-pressure areas are very
dynamic. In each of the cases the devel-
opment of low-pressure areas is accom-
panied by atmospheric fronts that sepa-
rate masses of hot and humid air from
masses of air with a significantly lower
temperature and high humidity — from
the Atlantic. Such combination of air
masses causes high precipitation totals.
Intensity of precipitation is average, but
its long duration leads to it causing geo-
morphological effects.
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Streszczenie: Wplhyw warunkow meteorologicz-
nych na ksztattowanie si¢ warunkow statecznosci
wybranych zboczy Pogorza Wisnickiego. Jednym
z najwazniejszych procesOw wplywajacych na
ksztattowanie stokow gorskich zbudowanych
z fliszu karpackiego sa ruchy masowe. Tylko na
nielicznych obiektach prowadzono komplekso-
we, poglebione badania mechanizméw inicjacji
ruchow osuwiskowych. Badania takowe sa cza-
sochtonne, a zadowalajace 1 wiarygodne wyniki
osiaga si¢ po co najmniej kilkuletnim okresie
pomiaréw i analiz. Wigkszo$¢ programow badan
ogranicza si¢ do krotkich, jednorazowych ob-
serwacji 1 pomiaréw powierzchniowych. Uwaga
uczestnikow tych projektéw skupia si¢ na duzych
osuwiskach strukturalnych obejmujacych swoim
zasiggiem gleboko zalegajace skaty trzeciorzedo-
we, pomijajac ptytkie osuwiska zachodzace na
granicy zwietrzeliny i skat litych oraz w zasiggu
samej zwietrzeliny. Celem pracy bylo okreslenie
przebiegu zmian warunkéw statecznosci wybra-
nych zboczy zwiazanych ze warunkami meteoro-
logicznych wystepujacych w latach 2008-2013
na obszarze Pogdrza Wisnickiego. Dla potrzeb
pracy wykorzystano dane meteorologiczne, tj.
temperatura powietrza, wilgotnos¢ gleby, pred-
ko$¢ wiatru, sumy opadow i liczba dni z desz-
czem, pochodzace ze Stacji Naukowej 1GiGP
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UJ w Lazach koto Bochni (Pogérze Wisnickie).
Przeprowadzono terenowe i laboratoryjne bada-
nia parametrow geotechnicznych gruntéw stano-
wiacych pokrywy stokowe wybranych zboczy
osuwiskowych we wsiach Krolowka i Lychowo.
Wezeéniej wspomiane dane meteorologiczne,
a takze dane dotyczace temperatury, wilgotnos$ci
wzglednej powietrza wykorzystano w  dalszej
czegsci pracy do okreslenia zmian stanu naprezen
dla dwoch zboczy osuwiskowych. W tym celu
zastosowano moduly Slope/W, Vados/W oraz
Seep/W stanowiace czg$¢ pakietu GeoSlope. Wy-
niki analiz potwierdzily, ze stabilno$¢ zbocza jest
silnie zwigzana z opadami atmosferycznymi, ale
runkow termicznych. Przeprowadzone obliczenia
z lat 2009-2013 wykazaly, ze najbardziej nieko-
rzystne dla zachowania statyki zbocza warunki
wystapity w maju 2010 roku, co jest potwierdze-
niem obserwacji terenowych.

Stowa kluczowe: wspolczynnik bezpieczenstwa,
osuwisko, Pogorze Wisnickie
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