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Land slides are one of the most prom i nent pro cesses de grad ing the Beskidy Mts. slopes. Sus cep ti bil ity as sess ment is based
on the de tailed map ping of the Dukla com mune (235 km2) at the scale 1:10,000 in frames of the pro ject Land slide Coun ter -
act ing Sys tem. The ter rain af fected by land slides is 19.59 km2, which is 8.34% of the re searched area. The larg est num ber of
land slides can be found in the Beskid Dukielski Mts. area, where nearly 78% of all land slide ar eas are con cen trated. Anal y sis 
of land slide-caus ing fac tors was per formed us ing the in dex of en tropy method. The fol low ing five fac tors were con sid ered: li -
thol ogy, slope in cli na tion, slope as pect, dis tance to faults, and dis tance to drain age. The most im por tant role in the de vel op -
ment of mass move ments in the study area is played by slope in cli na tion (0.0079) and li thol ogy of siliciclastic flysch (0.0066).
The method ap plied also con trib uted to de vis ing a land slide sus cep ti bil ity map of con sid er able ac cu racy at 90.5%. The anal -
y ses of the land slide fac tors have proven that un der stand ing of ge ol ogy and land forms is not only of cog ni tive sig nif i cance,
but adds to prac ti cal ap pli ca tions in spa tial man age ment. The stud ies con firmed use ful ness of large-scale map ping of land -
slides and ap ply ing sta tis ti cal meth ods and GIS tech niques in the spa tial anal y sis of landform trans for ma tions. The ob tained
land slide sus cep ti bil ity map can be a ba sis for as sess ing land slide risk. High and very high land slide sus cep ti bil ity classes
cover nearly 50% of the study area.
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INTRODUCTION

Siliciclastic flysch de pos its of the Outer Carpathian
Fold-and-Thrust Belt are par tic u larly prone to in ten sive ero sion
pro cesses and mass move ments that cause a ma jor lo cal en vi -
ron men tal haz ard. In the Pol ish part of the West ern Carpathian
Mts., 39,464 land slides were mapped and 3090 ter rains prone
to mass move ments were iden ti fied un til April 2014 in an area of 
12,474 km2 (Mrozek et al., 2014). The land slide den sity in dex
(LDI), i.e. ra tio be tween the land slide area di vided by the to tal
area of the Beskidy Mts., fluc tu ates from 1 to 30% (Zabuski et
al., 1999; Mrozek, 2013). One of the key fac tors in the de vel op -
ment of land slides is the prop er ties of flysch sed i ments. In deed, 
al ter nat ing wa ter-per me able (sand stones) and non-per me able
(shales) lay ers fa cil i tate this phe nom e non.

The num ber of re ac ti vated land slides has in creased in the
last 20 years. The main rea sons re spon si ble for the re newal are 
in tense pre cip i ta tion and ground wa ter fluc tu a tions (R¹czkowski 
and Mrozek, 2002; Wójcik et al., 2006; Starkel, 2006; Zabuski
et. al., 2009). The slope sta bil ity is pri mar ily af fected by slope
gra di ent (nearly 80% of all land slides in the study area are lo -
cated on slopes in clined at 8–24°). In some cases, land slides

are the re sult of hu man in ter fer ence as in the case of build ing,
road or dam con struc tion and ex ten sive de for es ta tion.

The losses due to land slide ac tiv ity re sulted from the fact
that lo cal au thor i ties have not been con duct ing a proper reg is ter 
of ar eas apt to mass move ments. In ef fect, mul ti ple in vest ments 
were set up in dan ger ous ter rains. At pres ent, iden ti fi ca tion of
mass move ments is con ducted un der the pro ject “Land slide
Coun ter act ing Sys tem” (LCS)-SOPO (Grabowski et al., 2008;
Mrozek et al., 2014). Fur ther more, a more com mon ac cess to
dig i tal ref er ence and the matic data, as well as GIS soft ware, en -
ables morphometric and sta tis ti cal anal y sis of land slides us ing
small-scale meth ods. One of the meth ods, al low ing for min i miz -
ing losses in the event of mass move ments, is de vis ing land -
slide sus cep ti bil ity maps (Komac, 2012).

In Po land, the most com monly used meth ods for de vel op -
ing land slide sus cep ti bil ity in the Beskidy Mts. in clude: the sta -
tis ti cal in dex (Kamiñski, 2007; Wojciechowski, 2008b; D³ugosz,
2011), the weights of ev i dence (Mrozek et al., 2004; Kamiñski,
2012) and the em pir i cal like li hood ra tio (Mrozek, 2013). The
cur rent study is an at tempt for con struct ing a map of land slide
sus cep ti bil ity, ap ply ing the sta tis ti cal en tropy in dex method that
was used in mass move ment as sess ments in other parts of the
Carpathian Mts. (Vlcko et al., 1980; Jurko et al., 2006; Bednarik
and Liscak, 2010; Constantin et al., 2011; Bednarik et al.,
2012). This was the pi o neer ing use of the method in land slide
sus cep ti bil ity map ping in the Beskidy Mts.

The pri mary goal of the study was to ana lyse the geo log i cal,
geomorphic and hy dro graphic con di tions con trib ut ing to the for -
ma tion of land slides in the Beskid Niski Mts. and Jas³o–Sanok
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De pres sion, as well as to mark out zones of in creased sus cep ti -
bil ity to the oc cur rence of land slides. Sus cep ti bil ity as sess ment
is based on de tailed map ping (1:10,000) of the Dukla com -
mune, per formed as part of the LCS-SOPO pro ject (Bardziñski
et al., 2013). Di verse geo log i cal struc tures (Dukla Nappe,
Menilite and Hi ero glyphic beds) and to pog ra phy (low-moun tain
re lief with foot hills and val leys) of the study area makes it op ti -
mal test ing ground for land slide anal y ses.

STUDY AREA

Dukla com mune is lo cated in the Beskid Niski Mts. and the
Jas³o–Sanok De pres sion, south east ern part of the Pol ish
Carpathians (Fig. 1). The NW–SE ori en ta tion of moun tain
ridges en forces a rect an gu lar drain age pat tern (Zuchiewicz,
1990; Wójcik, 2003). The el e va tions of the area vary from
296 m a.s.l. in the Jasio³ka Val ley to 754 m a.s.l. at Baranie Mt.
The slope gra di ent ranges from 3 to 60°, while the mean slope
an gle is 9.33° (Ta ble 1). The steeper slopes are lo cated near
Cergowa Mt. (716.4 m a.s.l.) and Kielanówka Mt.
(559.8 m a.s.l.) in the Beskid Dukielski Mts. The mean slope an -
gle for the Dukla Nappe area is 10.66°, whereas the
Jas³o–Sanok De pres sion slopes are more grad ual (6.95°). The
study area is dom i nated by slopes ex posed to ward the NE, E,
W and SW. The for ests cover nearly 60% of the slopes. The av -
er age land slide in dex in the Beskid Niski Mts. was 2.6% (Bober, 
1984), how ever, its value can lo cally in crease, par tic u larly in the 
west ern part, even to 29.2% (Mrozek et al., 2004; Mrozek,
2013), which leads up to 17 land slides/km2 (R¹czkowski, 2007).

Li thol ogy of the Beskid Niski Mts. and Jas³o–Sanok De pres -
sion is rep re sented by flysch-type sed i ments of Cre ta ceous and 
Paleogene age (Fig. 1). In the Dukla com mune these
siliciclastics com prise the Silesian, Sub-Magura-Dukla and
Magura suc ces sions. Flu vial sed i ments oc cur in val leys, and
slopes are partly cov ered by Pleis to cene and Ho lo cene col lu vial 
de pos its (Cieszkowski et al., 1990; Wdowiarz et al., 1991;
Jankowski and Kopciowski, 2009). The lithostratigraphic sec -
tion of the Silesian Suc ces sion be gins with the Eocene Var ie -
gated Shale and Hi ero glyphic Beds (shales and sand stones).
They are over lain by the Menilite Beds (Oligocene), which are
com posed mostly of dark brown shales with sand stones and
cherts. Shales and sand stones of the Tran si tion Beds grade up -
wards into the Oligocene Krosno Beds (Œl¹czka, 1971).

The Beskid Dukielski Mts. pro vide a stratotype sec tion of
tran si tional sed i ments be tween the Silesian and Magura suc -
ces sions, re ferred to as the Sub-Magura-Dukla suc ces sion.
The Dukla Se ries com prises sand stones and shales of the
Inoceramus Beds (Senonian–Paleocene) over lain by var ie -

gated and green shales and thin-bed ded sand stones of the Hi -
ero glyphic Beds of Paleocene–Eocene age (Fig. 1). The
thick-bed ded Mszanka Sand stones grade up wards into brown
shales and marls of the Sub-Cergowa Beds (Oligocene). The
up per sec tion of the Dukla Se ries con sists of me dium-bed ded
Cergowa Sand stones and shales of the Menilite Beds. They
are capped by me dium-bed ded sand stones and shales of the
Krosno Beds. The flysch sed i ments of the Magura suc ces sion
crop out in the south ern part of the Dukla com mune. They be gin 
with the Inoceramus Beds, which com prise sand stones and
shales with fuc oid marls (Senonian–Paleocene). The Var ie -
gated Shales with sand stones (Eocene) grade up wards into the 
Sub-Magura Beds com posed of marls, shales and sand stones. 
The Magura Beds (Oligocene) are rep re sented by thick-bed -
ded sand stones of the glauconitic fa cies. This flysch suc ces -
sion is ter mi nated by the Su pra-Magura Beds (Oligocene) that
com prise shales, mudstones and me dium-bed ded sand stones
(Kopciowski, 2009; Dirnerová et al., 2012).

The study area is dom i nated by a num ber of NNW–SSE
strik ing fold-and-trust struc tures that are cut pri mar ily by
NNE–SSW ori ented faults (Fig. 1). The Silesian Nappe con -
tains the Bóbrka and Iwonicz anticlines in clined to the north. To
the south it is in con tact with strongly folded and thrust struc -
tures of  the Dukla Nappe with the Cergowa Anticline, Piotruœ
Fold and flat Mszanka Syncline (Œl¹czka, 1971). The Silesian
and Dukla nappes are heavily jointed (Mastella and Zuchiewicz, 
2000) and cut by trans verse faults, in clud ing the Jasio³ka Fault.
The Magura Nappe is char ac ter ized by nu mer ous thrusts and
slices. The Magura Thrust gen er ally passes be tween the
Sub-Magura and Krosno beds, rarely be tween the Mszanka
Sand stones and Hi ero glyphic Beds.

MATERIALS AND METHODS

Five pas sive fac tors were taken into ac count in the study of
the ef fect of geo log i cal struc ture and land forms on the de vel op -
ment of mass move ment pro cesses in the east ern part of the
Beskid Niski Mts.: li thol ogy (L), tec ton ics (F), slope in cli na tion
(I), slope as pect (A) and dis tance to drain age (D; Fig. 2). The
pa ram e ters were sub di vided into classes (e.g., a rock type or
slope in cli na tion class). The method ap plied for the spa tial anal -
y sis and de vis ing the land slide sus cep ti bil ity map for the study
area was the en tropy in dex method (van Westen, 2004;
Constantin et al., 2011; Bednarik et al., 2012; Pourghasemi et
al., 2012). All lists, cal cu la tions and anal y ses in cluded in the
study were per formed us ing ILWIS 3.7.2. GIS soft ware.

Data on land slides were ac quired dur ing geo log i cal-car to -
graphic works con ducted in the study area in 2010–2012 as a
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Area
To tal area

[km2]

Area of landside

[km2]

Land slide den sity in dex

[%]
Slope an gle [°] Slope as pect [°]

Max Mean Mean

Study area 235.02 19.59   8.34 60.20   9.33 171.91

Silesian Nappe   67.99   2.43   3.57 49.50   6.95 178.10

Dukla Nappe 114.71 15.31 13.35 60.20 10.66 174.58

Magura Nappe   52.32   1.85   3.54 40.34   9.52 158.06

T a  b l e  1

Area of land slide, land slide den sity in dex and morphometric pa ram e ters of the study area

https://gq.pgi.gov.pl/article/view/7744
https://gq.pgi.gov.pl/article/view/8717
https://gq.pgi.gov.pl/article/view/8717
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Fig. 1. Geological map of the Beskid Niski Mts. and Jas³o–Sanok Depression in the Dukla commune

 Map sheets: A – Jankowski and Kopciowski (2009); B – Wdowiarz et al. (1991); C – Kopciowski (2009); D  – Cieszkowski et al. (1990);
simplified, without Quaternary deposits; K-Pg – Senonian–Paleocene



part of the SOPO pro gram (Grabowski et al., 2008). The works
con sisted in map ping, iden ti fy ing and doc u ment ing all land -
slides and ter rains prone to mass move ments on a map at the
scale of 1:10,000 (Bardziñski et al., 2013). The geo log i cal struc -
ture of the study area is based on the De tailed Geo log i cal Map
of Po land at the scale of 1:50,000, ver i fied dur ing land slide
map ping. The Dig i tal El e va tion Model at the scale of 1:10,000,
of fered by the Re gional Cen ter for Geo detic and Car to graphic
Doc u men ta tion in Rzeszów, was used in an a lyt i cal pro ce dures.
Ac cord ing to Jura and Perski (2002), Wojciechowski (2008a)
and D³ugosz (2012), the DEM is op ti mal for ex am in ing land -
slides due to its ac cu racy. Hy dro graphic data were sourced
from the top o graphic maps at the scale of 1:10,000.

In this study, the weight ing pro cess is based on the meth od -
ol ogy pro posed by Vlcko et al. (1980). The in dex of en tropy in di -
cates the ex tent of dis or der in the en vi ron ment. This means that 
we can es tab lish which of the pas sive fac tors ex am ined in the
study has the larg est ef fect on the de vel op ment of land slides. In 
de tail, the en tire pro cess of cal cu la tion of weights is char ac ter -
ized by Bednarik and Liscak (2010) and Constantin et al.
(2011). The value of weight pa ram e ter (Wj) char ac ter izes the in -
flu ence of a given fac tor on land slide oc cur rence (the higher the
value, the greater the slope in sta bil ity). Each the matic map is
sec ond arily re clas si fied. Rank (C) is based on the cal cu lated
prob a bil ity den sity (Pij). Af ter add ing all the pa ram e ters [1], we
ob tain the land slide sus cep ti bil ity map.

LSI C Wj
i

n

= ´
=

å
1

[1]

The map con tains con tin u ous data, and there fore, in or der
to sim plify the il lus tra tion of dif fer ences in land slide sus cep ti bil -
ity, the LSI val ues are grouped into four sus cep ti bil ity classes:
low, mod er ate, high and very high. The clas si fi ca tion method
as sumes that the land slide area within a higher sus cep ti bil ity
class is twice greater than the land slide area in the di rectly sub -
or di nate class (Long and De Smedt, 2012). Based on this rule,
the ex pected per cent ages of ob served land slide oc cur rences in 
the low, mod er ate, high and very high land slide sus cep ti bil ity
classes are 6.7, 13.3, 26.7 and 53.3%, re spec tively (Fig. 3). To
ob tain the cut-off value cor re spond ing to these per cent ages,
the cu mu la tive per cent age of ob served land slide oc cur rence
was plot ted against the LSI val ues.

Val i da tion of the model was per formed by ap ply ing a com bi -
na tion of the meth ods used by Clerici et al. (2006). At first, the
land slide da ta base was ran domly split into two datasets. Out of
745 reg is tered land slides, 521 (70%) land slides were used to
cre ate a new model (LSZ map), while the re main ing 224 (30%)
were used to ver ify the new land slide sus cep ti bil ity map.

CHARACTERISTICS OF THE LANDSLIDES

Seven hun dred and forty five land slides (Figs. 2A and 4)
and 123 ar eas prone to mass move ments were iden ti fied in the
Dukla com mune of 235 km2 in to tal (Bardziñski et al., 2013).
The land slides oc cupy 19.59 km2, which is 8.34% of the to tal
area. This re sult ex ceeds those for the area ob tained in ear lier
stud ies, which were 6.47% for the Dukla Nappe and 2.56% for
the Magura Nappe (Bober, 1984). The re sults ob tained from the 
sur vey in di cate a clear in crease in the area oc cu pied by land -
slides, par tic u larly in the Dukla Nappe, whose land slide den sity
in dex was es ti mated for 13.35% (Ta ble 1). This dif fer ence is
mainly due to the de tailed land slide map ping (1:10,000) per -
formed as a part of the LCS-SOPO pro ject. The level of ac tiv ity

of the land slides var ies: 37 land slides are ac tive, 338 are pe ri -
od i cally ac tive, 332 are in ac tive, and 38 dis play a mixed na ture.
The study area is dom i nated by small land slides up to 5,000 m2

(0.005 km2), which rep re sent 32.35% of all land slides (Ta ble 2).
How ever, these land slides oc cupy only 2.32% of the area of all
land slides. Land slides sized 0.01–0.025 km2 also ac count for a
high pro por tion – 22.01%. In con trast, the larg est area is oc cu -
pied by land slides of >0.2 km2 and 0.05–0.1 km2, 25.81% and
20.61%, re spec tively. The larg est land slide in the study area
cov ers 1.2 km2.

In the north ern part of the Dukla com mune, in the
Jas³o–Sanok De pres sion of 67.99 km2, there are 190 in ac tive
land slides cov er ing up to 2 km2 (LDI = 3.57%). The area of
Bóbrka and Iwonicz an ti cli nal ridges of 25 km2 is dom i nated by
con se quent small land slides of up to 0.005 km2 in area (78%),
and me dium land slides up to 0.025 km2 (20%). The land slides
in clude weath er ing rocks and col lu vium rest ing on thin-bed ded
sand stones and shales of the Krosno Beds of the Silesian Suc -
ces sion (LDI = 2.4%) or the Tran si tion Beds (LDI = 8.3%) and
the Menilite Beds (LDI = 9.7%). The land slides group on af for -
ested val ley slopes.

In the Dukla Nappe area of 114.71 km2, there are nearly
500 land slides, out of which 10% are ac tive. To the west of the
Jasio³ka Val ley, 320 land slides were indentified on the out crops
of the Cergowa Sand stones, which are in clined at 20–30° to -
ward the SSW. The east ern slopes of the Jasio³ka Val ley are
formed by nu mer ous large-scale land slides de vel oped on the
Var ie gated Shale and Hi ero glyphic Beds. These obsequent
land slides con sti tute a ma jor threat to the Dukla Pass road and
the de signed res er voir on the Jasio³ka River (Zabuski et al.,
1999). The north ern slope of Cergowa Mt. (4 km2) re flects the
front of the Dukla Nappe, marked by 13 obsequent land slides of 
1.8 km2 in to tal area (LDI = 45%). Rock falls (up to 3 m across)
of the Cergowa Sand stones were also iden ti fied in the col lu -
vium. Fur ther more, peat was found in trenches at the foot of
Cergowa Mt., the age of which was es ti mated for ap prox i mately 
4,820 ± 70 years B.P. (Szczepanek, 2001). The land slides oc -
cur ring on the slopes be tween Cergowa Mt. and Kielanówka
Mt. pose a threat, among oth ers, to the newly de signed Dukla
town by pass road and the dam in the gorge of the Jasio³ka Val -
ley (Zabuski et al., 1999). On the south ern slope of Cergowa
Mt. (15 km2), 30 ma jor con se quent land slides con tain blocks
(up to 25 m) of the Cergowa Sand stones, split by nu mer ous fis -
sures and caves of Ho lo cene age (Ur ban et al., 2007). One the
most dan ger ous land slide is lo cated on the east ern slope of
Kielanówka Mt. Its trig ger ing mech a nisms in cluded hu man ac -
tiv ity (quarry) and earth quake (Gerlach et al., 1958).

Large land slides up to 0.36 km2 and non-karst caves were
iden ti fied on Piotruœ Mt. Its slope, in clined at an an gle of 25° to
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Area class

[km2]

Land slide
area

[km2]

Num ber of land slides

[%] amount [%]

<0.005 0.46   2.32 241 32.35

0.005–0.01 0.89   4.55 130 17.45

0.01–0.025 2.43 12.41 164 22.01

0.025–0.05 3.5  17.90 108 14.50

0.05–0.1 4.04 20.61   63   8.46

0.1–0.2 3.21 16.40   26   3.49

>0.2 5.06 25.81   13   1.74

To tal 19.59  100      745 100      

T a  b l e  2

Area classes, size and num ber of land slides in the study area
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Fig. 2. Thematic maps of Dukla commune

A – landslide inventory map (DEM), B – lithological units (explanations as in Fig. 1), C – distance to faults, D – slope angle (DEM)
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Fig. 2. Thematic maps of Dukla commune (cont.)

E – slope aspect (DEM), F – idstance to drainage

Fig. 3. Cumulative percentage of observed landslides versus ranked LSI value, and derivation of cutoff
values to identify landslide susceptibility classes
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Fig. 4. The landslide susceptibility zonation (LSZ) map of Dukla commune



the west, is formed by sub se quent slides of col lu vium with
blocks of the Mszanka Sand stones and Hi ero glyphic Beds. The 
pri mary fea tures of these land slides are nu mer ous trenches,
fis sures and caves (up to 5 trans verse cracks per land slide). In
the south ern part of the Beskid Dukielski Mts., 60 land slides of
about 3.15 km2 in to tal area were iden ti fied in the area of 21 km2

(LDI = 15%). The slopes are over grown with beech and fir for -
ests up to 100 years old (nearly 90% of this area is af for ested),
and thus will pose a higher land slide threat af ter the for est is
logged or wind-felled.

Sixty land slides, each up to 0.025 km2 in area, were iden ti -
fied to the north-west of Dukla Pass, on the out crops of sand -
stones and shales of the Magura suc ces sion (Figs. 1 and 4). On 
the area of 52.32 km2, these land slides con sti tute 3.54% of the
area and are pri mar ily de vel oped in the lower parts of the
slopes. More over, land slide sus cep ti bil ity is fur ther in creased
by cracks and faults, as well as fold-and-thrust de for ma tions of
the Magura Nappe rocks with nu mer ous slices. The land slide
threat in af for ested ar eas, not in tended for ag ri cul tural pur -
poses, is low.

FACTORS AND LANDSLIDE 
SUSCCEPTIBILITY MAP

The anal y sis of Wj val ues for the con sid ered land slide
causal fac tors has in di cated that the slope in cli na tion (0.0079)
and the li thol ogy of the slope (0.0066) are the most sig nif i cant
fac tors in the mass move ment pro cess in the study area (Ta -
ble 3). As re gards the slope in cli na tion, the land slide oc cur -
rence den sity – Pij grows pro por tion ally to the in cli na tion an gle,
re cord ing the high est val ues for >32° (0.22) and 28–32° (0.18).
How ever, the larg est num ber of land slides oc cur on slopes with
in cli na tion an gles from 8 to 16° (10.92 km2), which is 56% of the

en tire land slide area. This cor re sponds to the re sults ob tained
in the west ern part of the Beskid Niski Mts. (Mrozek, 2013),
Beskid ¯ywiecki Mts. (Wójcik, 1997), Dynowskie Foot hills
(Wójcik and Zimnal, 1996; Kamiñski, 2007), and in the Sibiciu
Ba sin (Constantin et al., 2011). As re gards the li thol ogy, the
most sus cep ti ble for ma tions in clude the Menilite Beds,
Mszanka and Cergowa Sand stones, Tran si tion Beds, Var ie -
gated Shales and Hi ero glyphic Beds, for which the Pij val ues
are 0.18, 0.15, 0.14 and 0.13, re spec tively. This means that
sand stones and shales are equally sus cep ti ble to mass move -
ments, par tic u larly the in ter face be tween both mem bers. The
sus cep ti bil ity of the Mszanka Sand stones re sults from the fact
that the un der ly ing shales are very dis torted, which leads to the
for ma tion of large land slides.

Nearly 70% of all land slides in the study area are lo cated
within 200 m from a wa ter course (13.41 km2). This could be due 
to the fact that streams af fect sta bil ity by erod ing and un der cut -
ting the slopes. As re gards the dis tance to faults, the land slide
den sity drops pro por tion ally to the dis tance, apart from a slight
in crease in the 600–800 m area, which is, how ever, fol lowed by
a grad ual de crease (Ta ble 3). The Pij val ues for 0–100 m,
100–200 m, 200–300 m and 700–800 m are 0.1, 0.1, 0.09 and
0.09, re spec tively. Cli ma tic con di tions are in close cor re la tion
with the slope as pect. How ever, slope ex po si tion (0.0003) has
the least ef fect on land slide sus cep ti bil ity in the re search area.
The land slide oc cur rence den sity value for in di vid ual classes is
al most iden ti cal, fluc tu at ing be tween 0.7 and 0.10. The land -
slide sus cep ti bil ity map was con structed by mul ti ply ing the cal -
cu lated pa ram e ter weight by the rank as signed to the class dur -
ing re clas si fi ca tion [2]:

LSI = 0.0079 ´ Irank + 0.0066 ´ Lrank + 0.0010 ´ Drank +

0.0006 ´ Frank + 0.0003 ´ Arank

[2]
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Litho-
logy      3.22 3.46 0.070 0.0066  

 

Krosno Beds   86.8   3.51 0.04 0.04

 

  3

Tran si tion Beds   15.4   2.08 0.13 0.13   8

Menilite Beds   16.1   2.85 0.18 0.17 11

Cergowa Sand stones   15.4   2.08 0.14 0.13   9

Sub-Cergowa Marls   11.3   0.86 0.08 0.07   5

Mszanka Sand stones   14.7   2.19 0.15 0.14 10

Su pra-Magura Beds   11.8   0.19 0.02 0.02   1

Magura Beds   12.6   0.29 0.02 0.02   2

Sub-Magura Beds     6.7   0.62 0.09 0.09   6

Var ie gated Shales, 

Hi ero glyphic Beds
  32.1   4.08 0.13 0.12   7

Inoceramus Beds   12.0   0.86 0.07 0.07   4

To tal 235.0 19.59 1.04  

T a  b l e  3

Spa tial re la tion ship be tween each con di tion ing fac tor and land slides by in dex of en tropy
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     2.56 2.59 0.011 0.0010  

 

0–100 m   91.8 7.68 0.08 0.15

 

3

100–200 m   71.0 5.73 0.08 0.15 1

200–300 m   41.1 3.34 0.08 0.15 2

300–400 m   20.6 1.81 0.09 0.16 5

400–500 m     7.7 0.66 0.09 0.15 4

>500 m     2.8 0.37 0.14 0.24 6

To tal 235.0 19.59 0.55  

Slope
an gle      2.98 3.17 0.061 0.0079  

 

0–4°   38.5   0.56 0.01 0.01

 

1

4–8°   69.1   3.85 0.06 0.05 2

8–12°   63.1   6.36 0.10 0.09 3

12–16°   37.7   4.56 0.12 0.10 4

16–20°   16.2   2.58 0.16 0.14 7

20–24°     6.5   1.02 0.16 0.14 5

24–28°     2.4   0.38 0.16 0.14 6

28–32°     0.9   0.16 0.18 0.15 8

>32°     0.6   0.13 0.22 0.19 9

To tal 235.0 19.59 1.16  

Slope
as pect      2.99 3.00 0.004 0.0003  

 

N 30.6 2.91 0.09 0.14

 

7

NE 41.9 3.34 0.08 0.12 3

E 32.2 2.88 0.09 0.13 6

SE 22.1 2.25 0.10 0.15 8

S 20.0 1.62 0.08 0.12 4

SW 31.1 2.17 0.07 0.10 1

W 31.9 2.59 0.08 0.12 5

NW 25.2 1.84 0.07 0.11 2

To tal 235.0 19.59 0.67  

Dis -
tance

to
faults

     3.43 3.46 0.008 0.0006  

 

0–100 m   39.2   3.80 0.10 0.11

 

11

100–200 m   36.3   3.61 0.10 0.11 10

200–300 m   31.1   2.83 0.09 0.10 9

300–400 m   26.0   2.14 0.08 0.09 7

400–500 m   21.1   1.71 0.08 0.09 6

500–600 m   17.5   1.21 0.07 0.08 3

600–700 m   14.1   1.10 0.08 0.09 5

700–800 m   12.1   1.05 0.09 0.10 8

800–900 m     9.8   0.72 0.07 0.08 4

900–1000 m     8.1   0.55 0.07 0.08 2

>1000 m   19.7   0.89 0.04 0.05 1

To tal 235.0 19.59 0.87  

Tab. 3 cont.



Ac cord ing to the land slide sus cep ti bil ity map (Fig. 4),
classes cor re spond ing to high and very high land slide sus cep ti -
bil ity cover nearly 50% of the area, mostly in the Beskid
Dukielski Mts., in the vi cin ity of Cergowa Mt. and Chyrowa Mt.
(Fig. 1). This re sults from steep slopes and the li thol ogy
(Menilite Beds, Mszanka Sand stones, Cergowa Sand stones).
Ap prox i mately 70% of the Dukla Nappe area is sit u ated within
the very high or high sus cep ti bil ity zones. One of the key fac tors
in these val leys is bank ero sion. In the Silesian Nappe area,
with grad ual slopes and com posed al most ex clu sively of the
Krosno Beds, land slides are less fre quent. Nearly 65% of the
area is as signed to the low land slide sus cep ti bil ity class, which
is 32% of the over all area.

All the weights of pa ram e ters cal cu lated us ing the en tropy
in dex method for 70% of all land slides show sim i lar val ues. Li -
thol ogy and slope in cli na tion are still the most de ci sive fac tors,
how ever, they have switched po si tions [3]. Now, it is li thol ogy
with its Wj value (0.0052) which has the great est ef fect on the
for ma tion of land slides. As re gards the dis tance to drain age, the 
ef fect of this pa ram e ter has in creased to reach the value
(0.0021). No sig nif i cant changes were re corded for the re main -
ing fac tors. The val i da tion map was drawn up ac cord ing to the
fol low ing for mula:

LSI = 0.0052 ´ Lrank + 0.0046 ´ Irank + 0.0021 ´ Drank +

0.0005 ´ Frank + 0.0002 ´ Arank

[3]

The in dex of en tropy was ap plied for sev eral stud ies in the
Carpathians (Bednarik et al., 2009, 2012; Constantin et al.,
2011) and the suc cess of this meth od ol ogy var ies. In or der to
ver ify the ac cu racy of the model, the new land slide sus cep ti bil ity 
map was com pared to 221 land slides. If even a part of a land -
slide was lo cated in the high or very high sus cep ti bil ity class, the 
land slide was rec og nized as well marked. Two hun dred land -
slides were cor rectly marked, leav ing 21 pre dicted in cor rectly.
In or der to ver ify the cor rect ness of the model, a cor re la tion ma -
trix was cre ated be tween a model in clud ing 100% land slides
and a model in clud ing 70% land slides. Con sid er ing the high
per cent age of cor rectly marked land slides (90.5%) and a strong 
cor re la tion be tween the two land slide sus cep ti bil ity maps, we
can claim that the val i da tion pro cess was suc cess fully com -

pleted. High ac cu racy of the method re sults from sim i lar-scale
in put data (DEM, top o graphic maps, land slide in ven tory maps – 
10,000) and ver i fi ca tion of the ge ol ogy dur ing field land slide
map ping. As var i ous meth ods (bivariate and multivariate) have
been used for mass move ment map ping in the Beskidy Mts.,
fur ther stud ies should in clude com par a tive anal y sis be tween
those meth ods.

CONCLUSIONS

Anal y sis of the in dex of en tropy for land slide sus cep ti bil ity
map ping of the Beskid Niski Mts. and Jas³o–Sanok De pres sion
re vealed that the main land slide causal fac tors are (1) slope in -
cli na tion an gle and (2) li thol ogy of flysch rocks. In con trast, fac -
tors like dis tance to faults and slope as pect have the least ef fect 
on land slide sus cep ti bil ity in the study area. A strong re la tion -
ship be tween slope an gle and li thol ogy has been found. Most of 
the land slides de velop on the Menillite Beds, Var ie gated
Shales and Hi ero glyphic Beds on slopes in clined from 8 to 16°.
In the fi nal land slide sus cep ti bil ity map, the high class oc cu pies
an area of 52.79 km2, while the very high class – 63.53 km2. Ma -
jor ity of that highly land slide sus cep ti ble area is sit u ated in the
Dukla Nappe, where slopes are ex tremely prone to form ing new 
land slides and re ju ve nat ing old ones. This study con sid ers only
pas sive fac tors caus ing land slides, omit ting ac tive ones. One of 
the main trig ger ing fac tors is rain fall. Fur ther stud ies on land -
slides in the Beskidy Mts. should in clude this fac tor.

The model per formed well, as the re sul tant land slide sus -
cep ti bil ity map has the high land slide pre dic tion ac cu racy
(90.5%). This ver i fies that ap pli ca tion of the meth od ol ogy is ef -
fec tive in mass move ment stud ies in the Beskidy Mts. The
landslide sus cep ti bil ity map con structed by us ing the in dex of
en tropy may be use ful for land man age ment and area de vel op -
ment plans for com munes and cit ies af fected by land slides. The 
map can be also used by lo cal au thor i ties for reg is tra tion ar eas
prone to mass move ment.
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