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The Slanské vrchy Moun tains, a vol ca nic moun tain range in east ern Slovakia, is a re gion crit i cal for en gi neer ing-geo log i cal
re search due to the wide spread oc cur rence of di verse forms of slope de for ma tion, con di tioned by geo log i cal struc ture, ero -
sion, and grav i ta tional pro cesses, as well as by anthropogenic in flu ences. Given the on go ing re search, cur rent at ten tion is
fo cused on ap ply ing ad vanced meth ods for the reg is tra tion, in ves ti ga tion, and sta tis ti cal eval u a tion of slope de for ma tion
struc tures. In this con text, the use of a fifth-gen er a tion dig i tal el e va tion model (DEM 5.0), cre ated us ing air borne la ser scan -
ning (LiDAR), is highly rel e vant due to its sub-metre ac cu racy. This model pro vides an ex cel lent ba sis for gen er at ing para -
met ric maps es sen tial for ana lys ing land slide sus cep ti bil ity. A crit i cal par a dox has emerged: DEM 5.0 cap tures the ter rain
af ter a land slide has oc curred, in clud ing post-fail ure fea tures such as steep scarps, which can lead to a mis lead ing in ter pre -
ta tion of the orig i nal slope con di tions. In con trast, older, less pre cise mod els, such as DEM 3.5 de rived from top o graphic
maps, of fer a more suit able rep re sen ta tion of the pre-land slide ter rain. This is be cause they better re flect the con di tions un -
der which land slides ini tially formed, avoid ing the dis tor tion in tro duced by post-de for ma tion fea tures. This dis crep ancy sig -
nif i cantly im pacts pa ram e ters such as slope an gle, re lief cur va ture and as pect. This study crit i cally ex am ines this is sue by
com par ing para met ric maps de rived from DEM 3.5 and DEM 5.0 for the south ern Slanské vrchy moun tains. While the en gi -
neer ing-geo log i cal and land cover maps re main con sis tent across all three anal y ses, the DEMs yield dif fer ing spa tial in for -
ma tion for el e va tion, slope, as pect and cur va ture. Our find ings, val i dated by re ceiver op er at ing char ac ter is tic (ROC) curves
and area un der the curve (AUC) val ues, in di cate that anal y ses us ing DEM 3.5 con sis tently yielded a higher pre dic tive ac cu -
racy (e.g., AUC of 84.18% for the multivariate model) com pared to DEM 5.0 (AUC of 80.89%). This high lights that su pe rior
ac cu racy does not al ways trans late to better suit abil ity for spe cific geomorphological ap pli ca tions. LiDAR (DEM 5.0) ex cels
at map ping and de lin eat ing ex ist ing slope de for ma tion struc tures within GIS, but for gen er at ing sus cep ti bil ity maps, it ne ces -
si tates re mov ing land slide-af fected ar eas and in ter po lat ing the orig i nal ter rain.
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INTRODUCTION

The Slanské vrchy Moun tains, a vol ca nic moun tain range in 
east ern Slovakia, are highly prone to slope fail ures, mak ing the
re gion a key fo cus for en gi neer ing-geo log i cal stud ies. The re -
gion is char ac ter ized by di verse slope de for ma tion structuress,
such as land slides and block slope fail ures, which are con di -
tioned by geo log i cal struc ture, ero sion, and grav i ta tional pro -
cesses, as well as by anthropogenic in flu ences. Con se quently,

these phe nom ena have a sig nif i cant neg a tive im pact on the en -
vi ron ment and the socio-eco nomic sphere, jus ti fy ing the need
for their thor ough study.

Land slide sus cep ti bil ity map ping is a crit i cal tool for geo -
hazard man age ment. It rep re sents the like li hood of a land slide
oc cur ring in a spe cific area based on lo cal ter rain con di tions
(Brabb, 1984; Guzzetti et al., 1999). Sus cep ti bil ity as sess ments 
fo cus on fore cast ing the spa tial dis tri bu tion and prone ness of
the land scape to slope fail ure (Guzzetti et al., 2005; Pauditš,
2005). Over the past few de cades, sta tis ti cal meth ods have
proven to be a ro bust ap proach for this pur pose (Car ra ra, 1983; 
Chung and Fabbri, 1999).

The ter ri tory of Slovakia has a long his tory of land slide sus -
cep ti bil ity as sess ments em ploy ing these meth ods, with a foun -
da tional study by Vlèko et al. (1980) lay ing the ground work, fol -
lowed by a surge in re search af ter 2002 (e.g., Pauditš and

* Cor re spond ing au thor, e-mail: dan iel.grega@ge ol ogy.sk

Re ceived: Oc to ber 30, 2025; ac cepted: Feb ru ary 12, 2026; first
pub lished on line: March 30, 2026

https://doi.org/10.1007/BF01031290
https://doi.org/10.1016/S0169-555X(99)00078-1
https://doi.org/10.1016/j.geomorph.2005.06.002


Bednarik, 2002; Jurko, 2003; Ondrášik et al., 2005; Varga,
2006; Pauditš, 2006; Bednarik, 2007; Krumpálová, 2008;
Magulová, 2009; Bednarik and Pauditš, 2010; Grman et al.,
2011; Bednarik et al., 2014a). More re cently, au thors have fo -
cused on re fin ing these mod els by in cor po rat ing ad vanced data 
sources. For ex am ple, Buša et al. (2019) in ves ti gated land slide
sus cep ti bil ity in the Košice Ba sin and the Slanské vrchy us ing a
DEM 3.5, while Tornyai and Koudelka (2024) as sessed a re -
gion near Èadca with the newer DEM 5.0.

Since 2017, Slovakia has un der gone sys tem atic air borne
la ser scan ning (ALS), yield ing a fifth-gen er a tion dig i tal el e va -
tion model (DEM 5.0). This model boasts sub-metre ac cu racy
with a ras ter res o lu tion of up to 1 ´ 1 metre. Its high de tail en -
ables the iden ti fi ca tion of nu mer ous geomorphological fea -
tures, even in in ac ces si ble ar eas or be neath dense veg e ta tion.
As high lighted by Steger (2020), pre cise air borne dig i tal el e va -
tion mod els are in creas ingly used by many re search ers as a
ba sis for geomorphological anal y sis, in clud ing the cre ation of
para met ric maps for sta tis ti cal land slide sus cep ti bil ity as sess -
ments. Tools such as ArcGIS Pro and Quan tum GIS are com -
monly used for pro cess ing these datasets. The wide spread
adop tion of Air borne La ser Scan ning (LiDAR) has rev o lu tion -
ized geomorphological re search, pro vid ing high-res o lu tion dig i -
tal el e va tion mod els with sub-metre ac cu racy (Lišèák et al.,
2022).  These highly de tailed DEMs are in valu able for iden ti fy -
ing sub tle geomorphological fea tures, even in in ac ces si ble or
densely veg e tated ar eas. Con se quently, many stud ies have
uti lized high-res o lu tion LiDAR-based data as a pri mary source
for cre at ing para met ric maps es sen tial for land slide sus cep ti bil -
ity anal y sis (Tornyai and Koudelka, 2024).

How ever, the use of high-res o lu tion DEMs for this ap pli ca -
tion is not with out its chal lenges. The sci en tific com mu nity is
cur rently de bat ing whether su pe rior ac cu racy and de tail al ways
lead to im proved pre dic tive ca pa bil ity (Ahmed et al., 2025). A
num ber of stud ies have high lighted a crit i cal par a dox: while
high-res o lu tion mod els ex cel at cap tur ing in tri cate, real-world
fea tures, they may also in tro duce noise or dis tor tions that are
det ri men tal to sus cep ti bil ity mod el ling (Okoli et al., 2023).This is 
be cause these mod els, such as DEM 5.0, ac cu rately rep re sent
the ter rain in its post-fail ure state, cap tur ing fea tures like steep
land slide scarps and ac cu mu la tion lobes that are the re sult of a
land slide, not its cause (Guimpier et al., 2022). This can lead to
a mis in ter pre ta tion of the orig i nal, pre-land slide slope con di -
tions, skew ing the sus cep ti bil ity anal y sis and af fect ing key pa -
ram e ters such as slope an gle, cur va ture, and as pect.

Given these con sid er ations, the pri mary ob jec tive of this pa -
per is to di rectly com pare land slide sus cep ti bil ity as sess ments
us ing para met ric maps de rived from both the older DEM 3.5
and the newer, high-res o lu tion DEM 5.0. While in put maps for
li thol ogy and land cover are iden ti cal, the core dif fer ence lies in
the maps for el e va tion, slope, as pect, and re lief cur va ture which 
are de rived from the two dis tinct DEMs. Our find ings, ver i fied
us ing ROC curves and AUC val ues, dem on strate that the anal -
y sis us ing the older DEM 3.5 yielded a higher pre dic tive ac cu -
racy. This find ing chal lenges the con ven tional as sump tion that
a higher res o lu tion is al ways su pe rior for sus cep ti bil ity mod el -
ling. In stead, it sug gests that for LiDAR data to be ef fec tively
used for this pur pose, a sig nif i cant pre-pro cess ing step may be
re quired to re move ex ist ing land slide fea tures and in ter po late
the ter rain be fore the land slide was trig gered.

GEOLOGICAL SETTING

The cen tral point of the area is the stratovolcano Ve¾ký
Miliè, which has an el e va tion of 893.5 m a.s.l. This lo cal ity, sit u -
ated south east of Košice city, is de fined by the ca das tral ter ri to -
ries of 17 mu nic i pal i ties in the Košice Re gion (Fig. 1).

Most of these mu nic i pal i ties have ex pe ri enced in tense
man i fes ta tions of slope de for ma tion in the re cent past. The year 
2010 is char ac ter ized in the con text of Slovakia as the “year of
land slides” (Grman et al., 2010; Lišèák et al., 2010), when, af ter
heavy rain fall, many ex am ples of slope de for ma tion orig i nated
or were re ac ti vated, es pe cially in east ern Slovakia, in clud ing
our study area. The af fected mu nic i pal i ties in clude, for ex am -
ple, Nižná Myš¾a, Vyšný Èaj, Slanec and Nižná Hutka. The
south ern bound ary of the area is formed by the state bor der with 
Hun gary. The to tal area of the ter ri tory stud ied is 189.6 km2.

From a geomorphological per spec tive, the area eval u ated
is sit u ated in the south ern part of the Slanské vrchy moun tain
range and be longs to the Al pine-Hi ma la yan sys tem, the Car -
pathian sub sys tem, the West ern Carpathian prov ince, the In ner 
West ern Carpathian sub-prov ince, and the Matra-Slanec Area.
Part of the Košická kotlina (Košice Ba sin) also falls within the
ex tent of the ter ri tory (Mazúr and Lukniš, 1978).

From a geo log i cal per spec tive, the Slanské vrchy is part of
the East Slo vak Neo gene Volcanics belt, which lies on older
Neo gene strata. Their for ma tion dates back to the Badenian to
Pannonian ages. Cur rently, they rep re sent an eroded rem nant
of ex ten sive orig i nal vol ca nic struc tures (Kalièiak and Žec,
1995). In ad di tion to Neo gene strata, Qua ter nary de pos its are
also found in the area, spe cif i cally those of slope (deluvial),
proluvial, eolian, and flu vial or i gin (Kalièiak et al., 1996).

Land slides rep re sent the dom i nant type of slope de for ma -
tion struc tures in the study area. These fail ures pre dom i nantly
de vel oped in the pe riph eral parts of the moun tain range, spe cif i -
cally in con tact zones with Neo gene strata. Here, their for ma -
tion is con di tioned by the lithological in ter face be tween the im -
per me able vol ca nic rocks and the over ly ing, less com pe tent
Neo gene clay strata. This in ter face of ten leads to the con cen -
tra tion of ground wa ter and high pore wa ter pres sure, se verely
re duc ing slope sta bil ity. Within the cen tral vol ca nic struc tures,
land slides are pres ent in deep val leys sculpted by ero sion. Ad -
di tion ally, block slides, block fields, scree slopes and boul der
fields are pres ent in the study area (Nemèok, 1982).

MATERIALS AND METHODS

DIGITAL ELEVATION MODELS IN SLOVAKIA, 
PARAMETRIC MAPS AND INPUT DATA

Dig i tal El e va tion Model 3.5 (DEM 3.5) rep re sents the
Earth’s sur face de void of ob jects, con sist ing of a point set with
de fined spac ing that con tains co or di nate and el e va tion data.
Fun da men tally based on DEM 3, which was de vel oped through 
the vectorization of top o graphic maps (pri mar ily at 1:10,000
scale, sup ple mented by 1:25,000), DEM 3.5 was orig i nally cre -
ated to gen er ate con tour lines for car to graphic rep re sen ta tion,
with cer tain ar eas also en hanced us ing el e va tion data from the
Ba sic Map of the Slo vak Re pub lic 1:10,000 (ZM SR 1:10,000)
se ries. The Mil i tary Top o graphic In sti tute of the Slo vak Army
his tor i cally gen er ated gridded data from these sources at res o -
lu tions such as 10 ́  10 to 100 ́  100m; how ever, for our spe cific
pur poses, we uti lized the vectorized con tour lines at 2 m in ter -
vals, from which a ras ter was sub se quently cre ated with a cell
size of 1x1 m. Fur ther more, DEM 3.5 cor rects er rors pres ent in
the orig i nal DEM 3, such as in cor rectly en tered con tour line el e -
va tions, by cor rect ing er ro ne ous points through de le tion and
sub se quent re mold ing us ing sur round ing data, con tour lines
from the 1:10,000 Ba sic Map, or data from DEM 4.

In the Slo vak Re pub lic, the full-scale use of air borne la ser
scan ning be gan in 2017. Dur ing this pe riod, the Ge od esy, Car -
tog ra phy and Ca das tre Au thor ity of the Slo vak Re pub lic (GCCA 
SR) started sys tem atic scan ning of the en tire state ter ri tory,
which was com pleted in May 2023. Scan ning was gen er ally
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per formed dur ing the non-veg e ta tion pe riod, from No vem ber to
April of the fol low ing year. Plan ning also re quired con sid er ation
of me te o ro log i cal con di tions such as pre cip i ta tion, fog, and es -
pe cially snow cover.

The pri mary out put of the scan ning pro cess is a point cloud,
which, af ter post-pro cess ing, is used to de rive ei ther a Dig i tal
Sur face Model (DSM) or a Dig i tal El e va tion Model (DEM). The
DEM 5.0 is gen er ated as a ras ter (GRID) with a 1x1 m res o lu -
tion. This model is in ter po lated from the clas si fied points as -
signed to the “ground” class within the point cloud. The in ter po -
la tion method used is the In verse Dis tance Weight ing (IDW) al -
go rithm, em ploy ing an ex po nent of 2 and a max i mum of 12
neigh bor ing points. The ac cu racy of the DEM 5.0 is high, with a
re ported hor i zon tal ac cu racy of 0.03 m and a ver ti cal ac cu racy
of 0.09 m (Leitmanová and Gálová, 2023). Most sup pli ers are
also ca pa ble of de tailed clas si fi ca tion of the point cloud, which
al lows for the si mul ta neous gen er a tion of the DSM 1.0. This
model is like wise gen er ated in GRID for mat with a 1 ́  1 m res o -
lu tion and in ter po lated from se lected point cloud classes (spe -
cif i cally ex clud ing “low point (noise)” and “high point (noise)”),
us ing the same IDW al go rithm as for the DEM 5.0.

The sta tis ti cal anal y sis it self was pre ceded by the cre ation
of para met ric maps. For our pur poses, we se lected the fol low -
ing seven pa ram e ters that in flu ence slope sta bil ity:

– map of registred land slides,

– re clas si fied the matic en gi neer ing-geo log i cal map,

– land cover map,

– el e va tion map,

– as pect map,

– slope gra di ent map,

– cur va ture map.
All data were pro cessed in the QGIS soft ware en vi ron ment

with a ras ter res o lu tion of 1 ´ 1 metre. For the pur pose of land -
slide sus cep ti bil ity as sess ment, three in put maps were kept
con sis tent across all three anal y ses: a map of registred land -
slides, a re clas si fied the matic en gi neer ing-geo log i cal map and
a land cover map. The cru cial dif fer ence lies in the der i va tion of
the re main ing four para met ric maps: el e va tion, slope ori en ta -
tion (as pect), slope gra di ent, and re lief cur va ture. These maps
were gen er ated in de pend ently of both DEM 3.5 and DEM 5.0,
al low ing for a di rect com par i son of their in flu ence on the re sult -
ing sus cep ti bil ity mod els.

The first pa ram e ter eval u ated is the map of reg is tered land -
slides. The in ven tory for the sus cep ti bil ity anal y sis uti lizes 364
iden ti fied land slides. We fo cus ex clu sively on this type of move -
ment, as other slope de for ma tion struc tures (e.g., block slides)
rep re sent dif fer ent mech a nisms and sta bil ity fac tors, mak ing
them un suit able for the cur rent sta tis ti cal model. The ac tiv ity
states of these land slides are cat e go rized ac cord ing to the re -
gional clas si fi ca tion of Nemèok (1982; Ta ble 1) into three main
cat e go ries (Fig. 2):

– ac tive (14.44%): currently mov ing or re cently moved;

– dor mant/potential (67.34%): temporarily sta ble, but ca -
pa ble of re newed move ment un der crit i cal con di tions
(e.g., heavy rain fall or earth quake);

– sta bi lized (18.22%): movements have ceased, typ i cally
due to long-term nat u ral changes or hu man in ter ven tion, 
mak ing them cur rently safe.
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Fig. 1. Map of study area (pro cessed in QGIS, data based on GCCA SR ortophoto map)



For in ter na tional com pa ra bil ity, the move ment types are
cross-ref er enced with the glob ally ac cepted clas si fi ca tions of
Varnes (1978) and Hungr et al. (2014). Land slides to gether ac -
count for 23.30% of the to tal study area.

The land slide map it self was com piled based on the pro ject
“Iden ti fi ca tion, Reg is tra tion, and En gi neer ing-Geo log i cal Map -
ping of Slope De for ma tions” (Lišèák et al., 2018). This pro ject
in cluded the ac tual field map ping of slope de for ma tion struc -
tures, with their bound aries sub se quently re fined us ing DEM
5.0 data. The land slide bound aries are thus de lin eated with
sub-metre ac cu racy, en sur ing a high-qual ity, up-to-date in ven -
tory for the sus cep ti bil ity anal y sis.

The sec ond para met ric map is the re clas si fied en gi neer -
ing-geo log i cal map, de rived from the orig i nal 1:10,000 scale
map ping pro duced dur ing the pro ject “Iden ti fi ca tion, Reg is tra -

tion, and En gi neer ing-Geo log i cal Map ping of Slope De for ma -
tions” (Lišèák et al., 2018). The li thol ogy of the study area was
re clas si fied into six fun da men tal classes. Neovolcanic rocks
form the bed rock of the area, rep re sented by var i ous types of
an de site lavas and their volcanoclastic equiv a lents. The sed i -
men tary cover is dom i nated by Qua ter nary slope (deluvial)
(loamy-stony and de bris-clay de pos its) and flu vial de pos its
(grav els, sands and silts). The Neo gene strata, which are crit i -
cal for slope sta bil ity, be long pri mar ily to the Stretava For ma tion 
(Košice grav els) and con sist of a het er o ge neous mix ture of
grav els, clays, sands and tuffaceous ho ri zons. Aeolian (loess
and loess-clays) and proluvial de pos its (al lu vial fans) rep re sent
a smaller por tion of the ter ri tory (Ta ble 2). A sig nif i cant ad van -
tage of this map is that DEM 5.0 vi su al iza tions, spe cif i cally
shaded re lief and pos i tive open ness meth ods, were em ployed
to re fine the mapped lithological bound aries with high pre ci sion
(Fig. 3A).

The third pa ram e ter ana lysed is the land cover map. The
pri mary data source was the vec tor map (GCCA SR, 2024) de -
rived from the ZB GIS cat a logue (Geo detic and Car to graphic
In sti tute Bratislava), which was sub se quently re clas si fied into
eight cat e go ries. The ter ri tory is dom i nated by for est stands,
con sist ing mainly of de cid u ous and mixed for ests typ i cal of the
Slanské vrchy Mts., and ar a ble land, which pre vails in the
lower-ly ing bas ins. Other cat e go ries in clude shrubland (rep re -
sent ing tran si tional wood land-shrub stages), gar dens, and
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Fig. 2. Land slide map of study area (data based on Lišèák et al., 2018)

T a  b l e  1

 Dis tri bu tion of land slide classes within the en tire study area
(km2 and %)
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mead ows (per ma nent grass lands). Hu man-im pacted ar eas are 
rep re sented by built-up ar eas and trans port in fra struc ture, while 
the small est por tion of the ter ri tory con sists of wa ter bod ies
(Fig. 3B). The de tailed per cent age rep re sen ta tion of each cat e -
gory is pro vided in Ta ble 3.

The fourth pa ram e ter is the el e va tion map, de rived from
both DEM 5.0 (Fig. 4A) and DEM 3.5 (Fig. 4B). The model was
re clas si fied into 8 classes us ing a uni form 100-metre ver ti cal in -
ter val. This clas si fi ca tion was cho sen over the tra di tional
geomorphological belts of Slovakia (Mazúr and Lukniš, 1978) to 
achieve a more bal anced and sta tis ti cally ro bust dis tri bu tion of
data across the classes.

The start ing thresh old for the el e va tion in ter vals was set at
212 m a.s.l. This spe cific value was adopted to main tain meth -
od olog i cal con ti nu ity with pre vi ous land slide sus cep ti bil ity re -
search in the Slanské vrchy Mts. (e.g., Buša et al., 2019). By
pre serv ing these spe cific in ter val bound aries, we en sured that

the new mod els de rived from both DEM 3.5 and DEM 5.0 re -
main di rectly com pa ra ble with ex ist ing re gional datasets and
pre vi ous sta tis ti cal eval u a tions.

For both dig i tal el e va tion mod els, the dis tri bu tion of classes
is nearly iden ti cal. The most sig nif i cant por tion of the ter ri tory is
sit u ated within the 212–312 m a.s.l. range. De tailed area rep re -
sen ta tion and per cent age shares for all el e va tion classes are
sum ma rized in Ta ble 4.

The as pect map is a cru cial pa ram e ter, as it sig nif i cantly in -
flu ences the microclimatic con di tions of the slopes. Slope ori en -
ta tion af fects the in ten sity of so lar ra di a tion, which di rectly im -
pacts evapotranspiration rates and soil mois ture re ten tion
(Pauditš, 2005). Fur ther more, slope as pect plays a role in the
spa tial dis tri bu tion of pre cip i ta tion. In the West ern Carpathians,
in clud ing the Slanské vrchy Mts., pre vail ing winds from the west 
and north-west of ten cre ate a rain-shadow ef fect. The wind -
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Fig . 3A – re clas si fied the matic en gi neer ing-geo log i cal map (data based on Lišèák et al., 2018); B – landcover map (data based
on ZB GIS cat a logue)

T a  b l e  2

Dis tri bu tion of en gi neer ing-geo log i cal
classes within the en tire study area

(km2 and %)

T a  b l e  3

Dis tri bu tion of land cover classes within the 
en tire study area (km2 and %)



ward slopes (W, NW) are typ i cally ex posed to higher cu mu la -
tive rain fall and more fre quent in tense pre cip i ta tion events,
which can lead to in creased pore wa ter pres sure and the sub -
se quent trig ger ing of land slides.

This pa ram e ter was re clas si fied into nine classes: the eight
car di nal di rec tions and flat ter rain. The dis tri bu tion of slopes
based on as pect var ies slightly be tween the two mod els. In both 
DEM 5.0 (Fig. 5A) and DEM 3.5 (Fig 5B), west-fac ing slopes
dom i nate the study area, while south-fac ing slopes and flat ter -
rain have the small est rep re sen ta tion. The com pre hen sive sta -
tis ti cal dis tri bu tion of as pect classes for both mod els is sum ma -
rized in Ta ble 5.

Slope gra di ent is a fun da men tal fac tor in slope sta bil ity
anal y sis as it di rectly de ter mines the com po nents of grav i ta -
tional force. An in crease in the slope an gle leads to higher

shear stress act ing along the fail ure sur face. In our as sess -
ment, this pa ram e ter was in te grated as a con tin u ous vari able
re clas si fied into nine classes ac cord ing to Matula et al. (1983),
al low ing for the iden ti fi ca tion of crit i cal thresh old an gles.

The anal y sis re veals that the ma jor ity of the study area
(~65%) is char ac ter ized by slopes rang ing from 3 to 17°. Within
this range, the most fre quent in cli na tions are be tween 7 and
11°, which cor re spond to the typ i cal geomorphological set ting
of the land slide-prone pe riph eral zones of the Slanské vrchy
Mts. A sig nif i cant find ing is the dis crep ancy in steeper ter rain
rep re sen ta tion; the high-res o lu tion DEM 5.0 cap tures a much
larger por tion of slopes above 31° (1.95%; Fig. 6A) com pared to 
the older DEM 3.5 (0.15%; Fig. 6B), which heavily gen er al izes
ex treme re lief fea tures. All de tailed val ues are sum ma rized in
Ta ble 6.
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Fig. 4A – re clas si fied el e va tion map of the study area pro cessed in QGIS us ing DEM 5.0 data; B – DEM 3.5 data

T a  b l e  4

 Dis tri bu tion of el e va tion classes within the en tire study area based on DEM 5.0 and DEM
3.5 (km2 and %)



Slope cur va ture is a crit i cal pa ram e ter for as sess ing sur face 
pro cesses, as it con trols the ac cel er a tion and con ver gence of
wa ter run off and ma te rial trans port. Pro file cur va ture af fects the
flow ve loc ity, while planform cur va ture in flu ences the spa tial
con cen tra tion of sur face wa ter (Mitasova et al., 1995). In this
study, we dis tin guish three pri mary geomorphological forms:
con vex, con cave, and lin ear.

A cru cial meth od olog i cal step was de fin ing the in ter val for
lin ear (pla nar) forms. Based on the re gional char ac ter is tics and
to main tain con sis tency with pre vi ous sus cep ti bil ity re search in
the Slanské vrchy Mts. (e.g., Buša, 2019), we adopted the
thresh old val ues from Tornyai and Dunèko (2013), rang ing from 
-0.00025 m–1 to 0.00025 m–1.

The re sults re veal a fun da men tal dis crep ancy be tween the
two mod els. The high-res o lu tion DEM 5.0 is al most evenly di -
vided be tween con vex and con cave forms, with lin ear forms

rep re sent ing only a neg li gi ble por tion of the area. This dis tri bu -
tion high lights the LiDAR model’s abil ity to cap ture mi cro-re lief
com plex ity, al though at cer tain scales it may ap pear as a “com -
plex over lay” of over lap ping fea tures (Fig. 7A). In con trast, the
DEM 3.5 is dom i nated by lin ear forms, which is a di rect con se -
quence of the smooth ing ef fect and lower res o lu tion of the
source data, lead ing to a more gen er al ized rep re sen ta tion of
the ter rain (Fig. 7B). De tailed quan ti ta tive data for all cur va ture
classes are sum ma rized in Ta ble 7.

FREQUENCY RATIO

The Fre quency Ra tio (FR) method is a quan ti ta tive sta tis ti -
cal ap proach widely used for land slide sus cep ti bil ity map ping.
Its pop u lar ity stems from its straight for ward cal cu la tions and
easy-to-in ter pret re sults, mak ing it an ideal choice for GIS-ba -
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Fig . 5A – re clas si fied as pect map of the study area pro cessed in QGIS us ing DEM 5.0 data; B – DEM 3.5 data

T a  b l e  5

Dis tri bu tion of slope as pect classes within the en tire study area based on DEM 5.0 and DEM
3.5 (km2 and %)
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sed anal y sis. The core prin ci ple of the method is to quan tify the
spa tial re la tion ship be tween land slide oc cur rences and in di vid -
ual en vi ron men tal fac tors. The re sult ing FR val ues serve as
weights for each class of a given pa ram e ter, re flect ing its rel a -
tive im por tance in land slide for ma tion (Gulbet and Getahun,
2024).

The key step in the FR method is cal cu lat ing the fre quency
ra tio for each dis crete class (cat e gory) within a given pa ram e ter 
(e.g., li thol ogy, slope or as pect). The FR value is ob tained by
com par ing two ra tios:

– the ra tio of the area of land slides within a given class to
the to tal land slide area in the study re gion;

– the ra tio of the to tal area of that class to the to tal area of
the en tire study re gion.

Math e mat i cally, this prin ci ple is ex pressed by the fol low ing
for mula:

( )
( )

FR
A A

A A

Cl l

c

=
/

/

[1]

where:·Acl – the area of a pa ram e ter’s class that is af fected by a
land slide; Al – the to tal land slide area in the en tire study re gion; Ac –
the to tal area of the given pa ram e ter’s class; A – the to tal area of the
en tire study re gion.

The re sult ing FR val ues can be in ter preted as fol lows:

– FR > 1 – this value in di cates that the given class is highly 
sus cep ti ble to land slides, as they oc cur more fre quently
within this class than would be ex pected.

– FR < 1 – this value sug gests low sus cep ti bil ity.

– FR = 1 – this value in di cates av er age sus cep ti bil ity,
mean ing land slides oc cur within this class at a rate sim i -
lar to that of the en tire study area.
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Fig . 6A – re clas si fied slope gra di ent map of the study area pro cessed in QGIS us ing DEM 5.0 data; B – DEM 3.5 data

T a  b l e  6

Dis tri bu tion of slope gra di ent classes within the en tire study area based on DEM 5.0
and DEM 3.5 (km2 and %)
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Af ter cal cu lat ing the FR val ues for all classes of each pa -
ram e ter, the orig i nal ras ter lay ers are re clas si fied. The ini tial
class val ues are re placed with the cal cu lated FR val ues. This
step is cru cial be cause it trans forms qual i ta tive or quan ti ta tive
en vi ron men tal data into weights that ex press their sig nif i cance
in land slide for ma tion.

The next step is to cre ate the fi nal sus cep ti bil ity map by
sum ming all the re clas si fied ras ter lay ers. The re sult ing map,
where each pixel holds the cu mu la tive sum of the FR val ues
from all in flu enc ing pa ram e ters, rep re sents a cu mu la tive land -
slide sus cep ti bil ity in dex. Ar eas with a high sum of FR val ues
are iden ti fied as zones of high sus cep ti bil ity, while those with a
low sum are con sid ered sta ble.

BIVARIATE ANALYSIS

Bivariate sta tis ti cal anal y sis of the land slide sus cep ti bil ity is
based on the com par i son of a land slides oc cur rence and a set
of the in put fac tors that af fect the sta bil ity slopes. As men tioned
be fore, all in put fac tors are pre pared in form of a ras ter (or a
grid) as a set of parametrical maps (or in dex maps; Pauditš et
al., 2014, or the matic data lay ers; Pourghasemi et al., 2012)
with the same geo met ri cal prop er ties: grid or i gin, grid res o lu tion 
and area se lec tion stud ied. The ras ter res o lu tion for each

parametrical map is 1 ´ 1 m (1 m2), with to tal num ber of cells
within the area un der study af ter geo graphic se lec tion equal to
189 609 740 (m2).

The land slide parametrical map rep re sents a spa tial di chot -
o mous vari able with only two pos si bil i ties, such as a pres ence
or ab sence of land slide cell within the study area. These two
pos si bil i ties form a mu tu ally ex clu sive and ex haus tive sys tem of 
the events, since the two events can not hap pen at the same
time. They also re fer to dis joint events where the prob a bil ity be -
tween them will have a zero value – there is no prob a bil ity for
them to oc cur si mul ta neously; or their in ter sec tion is an empty
set; or these two events have no out comes in com mon:

( ) ( )P P1 0 0 1 0Ç = Ç = [2]

The no tion “ex haus tive” re fers that an event (one of them)
must oc cur. Let us de note by A the study area, dis crim i nated
into a to tal N(A) num ber of cells (189 609 740 in our case). The
code “1” will rep re sent a ras ter cell with the pres ence of a land -
slide (pos i tive cells) and code “0” is its com ple ment such as:

N N N A( ) ( ) ( )1 0+ = [3]
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Fig. 7A – re clas si fied cur va ture map of the study area pro cessed in QGIS us ing DEM 5.0 data; B – DEM 3.5 data
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Dis tri bu tion of cur va ture classes within the en tire study area based on DEM 5.0 and DEM 3.5
 (km2 and %)
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In the other words, the sum of num ber cells with land slide
and with out land slide is equal to the to tal num ber of cells within
the study area. Since the pres ence or ab sence of land slides
within the study area form an ex haus tive sys tem of events, their 
re spec tive prob a bil i ties P will sum up to 1:

N

N A

N

N A
P P

( )

( )

( )

( )
( ) ( )

1 0
1 0 1+ = + = [4]

Let us con sider an in di vid ual fac tor as “F”. As noted above,
we have a set of the in di vid ual in put fac tors Fi; i = 1, …, n; in
form of the parametrical or in dex maps. We will use the let ter “F” 
in stead of “P” for the parametrical map, so as not to cre ate con -
fu sion with a prob a bil ity no ta tion.

Now, we as sume that Fi is orig i nally cat e go rized into m
classes of dis crete in di ces; j = 1, …, mi; (for in stance ge ol ogy or
landcover) or has con tin u ous fac tor val ues and these are sub di -
vided into mi dis crete in dex classes (for in stance slope or as -
pect). The pro cess is known in the GIS com mu nity as a (pri -
mary) re clas si fi ca tion. From the point of view of prob a bil ity the -
ory, the m classes of a fac tor i rep re sent a set of out comes with
a set of dis tinct pos si bil i ties that ex haust the pos si ble re sults. By 
def i ni tion, given a fi nite set of out comes, the prob a bil ity of each
out come is a num ber be tween 0 and 1, as signed in such a way
that the sum of the prob a bil i ties of all out comes is equal to 1 –
nei ther more nor less.

The to tal num ber of cells for the m classes of the ith fac tor
within layer Fi is equal to N(A):

( )N F N F N Ai j
j

m

i

i

, ( ) ( )
=

å = =
1

 for i = 1,..., n; j = 1,..., mi
  [5]

Anal o gously to the land slide para met ric map, a set of mi

classes of a fac tor Fi form a mu tu ally ex clu sive and ex haus tive
sys tem of events, and sum ma tion of their in di vid ual prob a bil ity
of oc cur rence is equal to one (their in ter sec tion is an empty set):

N F

N A
Pi j

j

m

i j
j

mi i( )

( )
,

,
= =

å å= =
1 1

1
[6]

Each fac tor map Fi is over lapped with the land slide in ven -
tory map to ob tain a num ber of land slide pix els for each in di vid -
ual class j of the fac tor map – hence the bivariate anal y sis.

Many bivariate meth ods have been pro posed and ap plied in 
land slide sus cep ti bil ity anal y sis. An ex cel lent re view can be
found in Li and Lan (2023). In this ar ti cle, we fol lowed the meth -
od ol ogy pro posed by Vlèko et al. (1980), known as the en tropy
in dex or in dex of en tropy (Li and Lan, 2023).

The method pro posed is based on a pro cess of weight ing of 
an in for ma tion co ef fi cient, which is ob tained from the stand ard -
ised dif fer ence of a fac tor en tropy and its max i mum en tropy.
The meth od ol ogy workflow starts with cal cu la tion of the rel a tive
fre quen cies of the pos i tive land slide cells within the jth class of
fac tor Fi, 1i, j, to the to tal cells of the jth class of fac tor Fi, Fi, j:

R
N

N F
i j

i j

i j

,
,

,

( )

( )
=

1 [7]

The ra tio is, in Vlèko et al. (1980), de noted as the “prob a bil -
ity” of land slide oc cur rence for each class jth of fac tor Fi, Fi, j. We 
de note those rel a tive fre quen cies as “R” in stead of “P”, which
will be re served for prob a bil ity in the fol low ing text.

The next step is to nor mal ise ev ery rel a tive fre quency Ri, j

rel a tive to the sum of all prob a bil i ties to get the “prob a bil ity den -
sity” (Vlèko et al., 1980):

P
R

R
i j

i j

i j
j

m,
,

,

=

=

å
1

[8]

It has been claimed (Li and Lan, 2023) that the ra tio rep re -
sents the con di tional prob a bil ity of land slide pres ence, given as
Fi, j. The con di tional prob a bil ity is equal to the ra tio of land slide
pix els’ in ter sec tions with the jth class of fac tor Fi:

( ) ( )
( )R

N F

N F

P F

P F
P Fi j

i j

i j

i j

i j

i j,

,

,

,

,

,
( ) ( )

=
Ç

=
Ç

=
1 1

1
[9]

Un for tu nately, the sum ma tion of the con di tional prob a bil i -
ties P(1|Fi, j) for all classes of a given fac tor is not equal to 1 (the
uni ver sal con di tion). Only the con di tional prob a bil i ties of land -
slide ap pear ance given Fi, j and land slide ab sence given Fi, j

sum up to 1 be cause, as stated be fore, the “pres ence” and “ab -
sence” of a land slide are mu tu ally ex clu sive and ex haust a sub -
area Fi, j. This means the sum ma tion of all con di tional prob a bil -
ity for each of the classes j = 1, …, mi of any fac tor Fi leads ex -
actly to the num ber of classes m of the fac tor Fi. In other words,
the land slide pres ence it self does not con sti tute an ex haus tive
sys tem of the events with out its com ple ment. The con di tional
prob a bil ity P(1|Fi, j) in di cates that we are con sid er ing the prob a -
bil ity of land slide pres ence rel a tive to the fac tor class Fi, j.

Let us take a deeper look at “prob a bil ity den sity”. The prob a -
bil ity can be ex pressed as fol lows:

( )

( )[ ]
( )

P
N F N F

N F N F

P F

P F
i j

i j i j

i j i j
j

m

i j
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1
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1
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( )j
j

m

=

å
1

[10]

The equa tion can be writ ten in form of a con di tional prob a -
bil ity:

( ) ( )
( )P

N F N A

N N A

P F

P
P Fi j

i j i j i j

i j,

, , ,

,

( )

( ) ( ) ( )
=

Ç
=

Ç
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1

1

1

1
1

[11]

This time, the con di tional prob a bil i ties P(1|Fi, j) sum up to 1.
Since in prac tice we are not in ter ested in sub ar eas with out land -
slide oc cur rences, the set of classes j of fac tor i, Fi, j, within the
land slide sub ar eas con sti tutes a mu tu ally ex clu sive and ex -
haus tive sys tem of the events. In fact, if we con sider that P (1) ¹
0, then the roles of Fi, j and 1 are in ter change able be cause Fi, j Ç
1 is the same as 1 Ç Fi, j and it fol lows that:

( ) ( ) ( )
( )

P F P P F or P F
P F

P
i j i j i j

i j
1 1 1 1

1

1
Ç = =

Ç
, , ,

,
( )

( )

[12]

The classes m of mu tu ally ex clu sive events con sti tutes a
set of ran dom out comes of a re spec tive fac tor i, which is con sid -
ered as a ran dom vari able. Given a set of the prob a bil i ties of the 
oc cur rence of mi classes within the land slide sub ar eas, the en -
tropy of a ran dom vari able can be writ ten as:
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where –log2(Pi, j), or log2(1/Pi, j), is the in for ma tion con tent
Ci of a ran dom event Fi, which is a func tion in creas ing in an in di -
rect way as the prob a bil ity of Pi, j de creases.

The en tropy in terms of the in for ma tion con tent ex presses
the ex pected amount of in for ma tion trans ferred by iden ti fy ing
the pos si ble out comes of a ran dom trial:

[ ]H E C E Pi i j= = -[ ] log ( ),2
[14]

where E is the ex pected value op er a tor. The ex pected value 
is cal cu lated as a lin ear com bi na tion (weighted av er age), where 
the weights for each in for ma tion con tent Ci is given by the re -
spec tive prob a bil ity Pi,j with re spect to the uni ver sal con di tion
that the sum of the prob a bil i ties is one. From the above, the en -
tropy of a ran dom vari able quan ti fies the av er age level of un cer -
tainty as so ci ated with the vari able’s pos si ble out comes.

The fi nal en tropy of a fac tor Fi is com pared to its max i mal
en tropy. Un der the uni ver sal con di tion that the sum of prob a bil i -
ties equals to one, the max i mum en tropy dis crete prob a bil ity
dis tri bu tion among m mu tu ally ex clu sive events is the uni form
dis tri bu tion:

P
m

i j

i

, =
1

  for   j = 1, …, mi 
[15]

The ex pres sion states that the least in for ma tive dis tri bu tion
would oc cur when there is no rea son to fa vour any one of the
class j over the oth ers. In that case, each class has the same
prob a bil ity to oc cur, which leads to the uni for mity of the prob a -
bil ity dis tri bu tion – noth ing is more prob a ble than the other.
Then, the en tropy would be equal to its max i mum pos si ble
value, which is given as:

( )[ ]H P P
m m

i j i j
j

m

i i

i

max , ,log log= - × = - ×
æ

è
çç

ö

ø
÷÷

é

ë
ê

ù

=

å 2
1

2

1 1

û
ú =

=

å
j

m

i

i

m
1

2log ( )
[16]

The en tropy can be there fore be seen as a nu mer i cal mea -
sure, which de scribes how un in for ma tive a par tic u lar prob a bil ity 
dis tri bu tion is. It ranges from zero for to tal classes of fac tor
Fi (mi = 1) as com pletely in for ma tive, to log2(mi), which re sults in 
a com pletely un in for ma tive sit u a tion. When the en tropy is zero,
it is a case of im pos si bil ity with prob a bil ity Pi,j = 0 for all or mi – 1
classes j, or to tal cer tainty with prob a bil ity Pi,j = 1 for one class j.
In these cases, there is no un cer tainty at all; sim ply be cause
there is no choice.

The stand ard ised dif fer ence be tween the max i mal en tropy
and en tropy de fines the in for ma tion co ef fi cient Ii:

I
H H

H

H

H
i

i ii

i i

=
-

= -
max

max max

1
[17]

The in for ma tion co ef fi cient ranges from 0 to 1, de pend ing
on how close is the en tropy of a fac tor Fi to its max i mal en tropy.

Bivariate sta tis ti cal anal y sis of the land slide sus cep ti bil ity
re sults in an con tin u ous out put vari able, spa tially dis trib uted on
an in put grid cov er ing a study area. The out put vari able is ob -
tained as a lin ear com bi na tion of the sec ond ary re clas si fied in -
di ces and the weights for each in put fac tor. The sec ond ary re -
clas si fi ca tion is based on the cal cu lated prob a bil ity score,

where a class with no oc cur rence within the land slide gets the
in dex equal to zero and the class with the high est prob a bil ity
gets the value equal to the top most in dex of the pri mary re clas -
si fi ca tion and so on. The re spec tive weights wi for the in put fac -
tor Fi are cal cu lated as the prod uct of the in for ma tion co ef fi cient
Ii and the av er age prob a bil ity:

w I Pi i i j= × ,
[18]

To en sure un bi ased es ti ma tion of the land slide sustain -
ability val ues, the weights ob tained were nor mal ised to re spect
the uni ver sal con di tion that the weights sum up to 1:

w i
i

n

=

å =
1

1 [19]

The fi nal lin ear com bi na tion of the land slide sustainability
val ues LSS is cal cu lated in the form of a weighted av er age as a
prod uct of the cal cu lated weights wi and the sec ond ary re clas si -
fied classes of fac tor:

LSS F wi
i

n

i= ×
=

å
2

1

[20]

MULTIVARIATE ANALYSIS

Multivariate sta tis ti cal anal y sis rep re sents an ad vanced
method ap plied in land slide sus cep ti bil ity as sess ment, which
in volves the com bi na tion of all in put data lay ers (Bednarik et al., 
2014b). Un like bivariate sta tis ti cal anal y sis, this ap proach does
not in cor po rate a weight ing pro cess for in di vid ual pa ram e ters
dur ing the sus cep ti bil ity eval u a tion (Holec et al., 2018).

In the case of con di tional anal y sis, the mu tual com bi na tion
of in put para met ric maps re sults in a ta ble con tain ing all pos si -
ble com bi na tions of cat e go ries across all in put maps. The out -
comes of these com bi na tions are new spa tial units re ferred to
as Unique Con di tional Units (UCUs). These are formed by the
spa tial over lay ing of in di vid ual cat e go ries from the para met ric
maps onto each other and rep re sent a quasi-ho mo ge neous
unit (Pauditš, 2005).

Land slides lo cated within the re sult ing com bi na tions (ar eas
with land slides are as signed a value of 1, ar eas with out land -
slides a value of 0) are then ranked based on their cal cu lated in -
ten sity of oc cur rence. This in ten sity is ex pressed as the ra tio of
the num ber of UCU cells with land slides to the to tal area of the
UCU, and the re sults are sub se quently or dered in de scend ing
or der for the in di vid ual com bi na tions, ac quir ing val ues rang ing
from 0 to 100%. Val ues ap proach ing 100% are con sid ered the
most un fa vour able from the per spec tive of landsliding (Holec et
al., 2013).

LANDSLIDE SUSCEPTIBILITY ANALYSIS
 AND RESULTS

REPRESENTATION OF LANDSLIDES WITHIN INDIVIDUAL 
PARAMETRIC MAPS

Ana lys ing the rep re sen ta tion of land slides within the in di vid -
ual para met ric map classes pro vides key in sights into the fac -
tors in flu enc ing their for ma tion and dis tri bu tion. For each pa -
ram e ter, a ta ble is pro vided show ing the dis tri bu tion of in di vid -
ual classes in km2 and per cent ages. In the case of el e va tion,
as pect, slope, and cur va ture, the ta bles show sep a rate val ues
for both the DEM 5.0 and DEM 3.5 mod els.
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From a lithological per spec tive, the over whelm ing ma jor ity
of land slides are con cen trated within slope (deluvial) de pos its.
These are pri mar ily com posed of loams and sandy loams, but
also in clude stony-loamy de pos its, de bris-clay de pos its, and
sandy-loamy grav els with rock frag ments. The high con cen tra -
tion of land slides in these units is at trib uted to their un con sol i -
dated na ture and high per me abil ity. This het er o ge neous mix -
ture is highly sus cep ti ble to rapid sat u ra tion dur ing heavy rain -
fall, which in creases pore wa ter pres sure and sig nif i cantly re -
duces the shear strength of the ma te rial.

Fur ther more, a sig nif i cant por tion of fail ures is linked to the
con tact be tween the vol ca nic bed rock (neovolcanic rocks) and
the un der ly ing Neo gene strata. In this geo log i cal set ting, the
rigid andesites and their volcanoclastic equiv a lents com monly
over lie the plas tic clays and silts of the Stretava For ma tion (and
Košice grav els). This lithological in ter face, which also con tains
sands and tuffaceous ho ri zons, acts as an im per me able slid ing
base. Ground wa ter ac cu mu lat ing at this bound ary cre ates ideal 
con di tions for the de vel op ment of fail ure sur faces, lead ing to
the high land slide den sity ob served at the tran si tion be tween
the moun tains and the ba sin. The com plete dis tri bu tion of land -
slides across all en gi neer ing-geo log i cal units is de tailed in Ta -
ble 8.

Re gard ing land cover, the high est land slide den sity is ob -
served in for est stands and ar a ble land. The high rep re sen ta -
tion in for ested ar eas is typ i cal of the steeper, higher-el e va tion
zones of the Slanské vrchy Mts., where an cient land slides are
com monly sta bi lized by veg e ta tion but re main a dom i nant part
of the geomorphological re cord. The sig nif i cant oc cur rence on
ar a ble land, how ever, points to the in flu ence of hu man ac tiv ity;
in ten sive ag ri cul tural use on the foot hills can dis rupt slope equi -
lib rium and al ter nat u ral drain age pat terns, es pe cially on sen si -
tive Neo gene sub strates. These find ings are sum ma rized in
Ta ble 9.

The anal y sis of el e va tion re veals a clear land slide “hotspot”
in the 212–312 m a.s.l. range for both the DEM 5.0 and DEM
3.5 mod els. This altitudinal belt cor re sponds to the tran si tional
zone be tween the vol ca nic moun tain range and the sed i men -
tary ba sin. This zone is char ac ter ized by a crit i cal com bi na tion
of in creased slope gra di ents and the pres ence of land -
slide-prone Neo gene strata at the sur face. As el e va tion in -

creases above 512 m a.s.l., the land slide fre quency drops sig -
nif i cantly, as these higher ar eas are dom i nated by more com pe -
tent, mas sive vol ca nic units with higher in ter nal sta bil ity. De -
tailed area and per cent age shares for each el e va tion class are
shown in Ta ble 10.

De spite the sig nif i cant dif fer ences in the res o lu tion of the
two mod els, the dis tri bu tion of land slides across el e va tion
classes for both DEM 5.0 and DEM 3.5 is re mark ably sim i lar.
The per cent age val ues for in di vid ual in ter vals dif fer only min i -
mally. This sug gests that the over all altitudinal dis tri bu tion of
land slides is not fun da men tally in flu enced by the dif fer ing lev els 
of de tail pres ent in the two dig i tal el e va tion mod els. This find ing
cor rob o rates that the main altitudinal belts prone to land slide
de vel op ment re main con sis tent re gard less of the un der ly ing
DEM used.

The dis tri bu tion of land slides based on slope as pect re veals 
sig nif i cant spa tial pat terns that point to the in flu ence of lo cal me -
te o ro log i cal and microclimatic con di tions. In stead of a dis -
persed dis tri bu tion, a clear con cen tra tion of land slide-af fected
ar eas is ob serv able along spe cific ori en ta tions.

A di rect com par i son of both dig i tal el e va tion mod els re veals
a con sis tent trend: the high est con cen tra tion of land slides is sit -
u ated on west-fac ing slopes, fol lowed by north west ern and
north east ern as pects. This higher fre quency on wind ward
slopes (W, NW) is likely linked to the pre vail ing wind di rec tions
in the Slanské vrchy Mts., which bring the ma jor ity of pre cip i ta -
tion-bear ing fronts. These slopes are ex posed to higher cu mu -
la tive rain fall, lead ing to more fre quent sat u ra tion of the deluvial
cover and the un der ly ing Neo gene clays. In con trast, the lower
pro por tion of land slides on south- and south-east-fac ing slopes
may be at trib uted to higher so lar ra di a tion and in creased eva -
potranspiration, which help main tain lower soil mois ture lev els.

It is im por tant to em pha size that these re sults rep re sent the
spa tial fre quency and con cen tra tion of ex ist ing land slides within 
spe cific classes, rather than a fi nal sus cep ti bil ity as sess ment.
The con sis tency be tween the DEM 5.0 and DEM 3.5 mod els
con firms that the di rec tional in flu ence on land slide oc cur rence
is a ro bust geo graph ical fea ture of the area, al though the
lower-res o lu tion model tends to slightly over-rep re sent the area
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of west ern as pects due to its in her ent smooth ing ef fect. The de -
tailed sta tis ti cal shares for all as pect classes are sum ma rized in 
Ta ble 11.

Slope gra di ent is one of the most crit i cal fac tors for slope
sta bil ity as it di rectly gov erns the dis tri bu tion of grav i ta tional
forces. An in crease in slope an gle leads to a higher shear stress 
act ing along po ten tial fail ure sur faces, while si mul ta neously de -
creas ing the nor mal stress com po nent that con trib utes to fric -
tional re sis tance. In the con text of the Slanské vrchy Mts., iden -
ti fy ing the crit i cal slope thresh olds is es sen tial for un der stand ing 
where the bal ance be tween driv ing and re sist ing forces is most
fre quently dis turbed.

The anal y sis of land slide dis tri bu tion across slope classes
re veals that the high est con cen tra tion of de for ma tion struc tures 
in both mod els oc curs within the 5 to 11° range, with a peak in
the 7–11° in ter val. This con firms that land slides in the study
area are pri mar ily tied to mod er ate slopes, where thick ac cu mu -
la tions of deluvial de pos its on a sen si tive Neo gene sub strate
cre ate a high po ten tial for fail ure. De tailed quan ti ta tive data for
all slope classes are shown in Ta ble 12.

A sig nif i cant dis crep ancy be tween the two mod els arises in
the steeper cat e go ries (>17°). The high-res o lu tion DEM 5.0
iden ti fies a much higher pro por tion of land slide ar eas in these
steep in ter vals com pared to DEM 3.5. This is due to the
LiDAR-based model’s abil ity to ac cu rately cap ture the in ter nal
mi cro-mor phol ogy of land slides, such as steep headscarps,
sec ond ary scarps, and ten sion cracks. These fea tures com -
monly ex hibit gra di ents far ex ceed ing the orig i nal slope an gle.

While DEM 5.0 pro vides a su pe rior rep re sen ta tion of the
pres ent-day geo mor phol ogy, these high-gra di ent val ues rep re -
sent the re sult of the land slide pro cess rather than the con di -
tions that ini ti ated it. In con trast, DEM 3.5, due to its lower res o -
lu tion and in her ent smooth ing ef fect, fil ters out these post-fail -

ure mi cro-fea tures. This gen er al iza tion re sults in a dis tri bu tion
that re flects the macro-re lief rather than the spe cific land slide
anat omy. In sus cep ti bil ity mod el ling, this dis tinc tion is cru cial,
as the ex treme slopes cap tured by high-res o lu tion mod els can
dis pro por tion ately in flu ence the sta tis ti cal weight ing of steeper
classes.

The anal y sis of land slide dis tri bu tion across ter rain cur va -
ture classes pro vides es sen tial in sights into the hy dro log i cal
and geomorphological pro cesses gov ern ing slope in sta bil ity.
Cur va ture di rectly in flu ences the dy nam ics of sur face run off
and the spa tial con cen tra tion of soil mois ture, which are pri mary 
trig gers for fail ure in the clay-rich sub strates of the Slanské
vrchy Mts.

Based on the DEM 5.0 data, the land slides show a nearly
equal dis tri bu tion be tween con vex and con cave ter rain forms,
while lin ear (pla nar) forms rep re sent only a neg li gi ble share.
This bal anced dis tri bu tion is highly char ac ter is tic of the com -
plex, hummocky mi cro-re lief typ i cal of land slide bod ies. The
high-res o lu tion LiDAR data cap tures the in tri cate al ter na tion of
sec ond ary scarps and de pres sions (con cave forms), where wa -
ter tends to con verge, and ac cu mu la tion lobes or trans verse
ridges (con vex forms). This sug gests that the model is cap tur -
ing the in ter nal mor pho log i cal com plex ity of the land slide it self,
rather than just the pre-fail ure slope.

In stark con trast, the DEM 3.5 data shows a sig nif i cantly
higher pro por tion of land slides within lin ear forms. This dis par ity 
is a di rect re sult of the smooth ing ef fect and lower res o lu tion of
the older model, which fails to de tect the sub tle mi cro-top o -
graphic fea tures of the land slide sur face. By gen er al iz ing these
fea tures into pla nar sur faces, the DEM 3.5 loses crit i cal in for -
ma tion re gard ing wa ter con ver gence zones, which are es sen -
tial for ac cu rate sus cep ti bil ity map ping. The de tailed sta tis ti cal
dis tri bu tion for all cur va ture classes is sum ma rized in Ta ble 13.
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RESULTS

This study uti lized three dis tinct sta tis ti cal meth ods f re -
quency ra tio, bivariate anal y sis, and multivariate anal y sis to as -
sess land slide sus cep ti bil ity. Given that each method was ap -
plied to two sep a rate datasets de rived from DEM 5.0 and DEM
3.5, a to tal of six land slide sus cep ti bil ity maps were gen er ated.
The per for mance of each map was eval u ated us ing a Re ceiver
Op er at ing Char ac ter is tic (ROC) curve, which will be shown
along with a de tailed ta ble for each method.

For all six of the fi nal sus cep ti bil ity maps, the con tin u ous in -
ten sity val ues were re clas si fied into five dis tinct classes: very
low, low, mod er ate, high, and very high. Ini tially, we at tempted
to use the “nat u ral breaks” method for re clas si fi ca tion, but the
re sults were un sat is fac tory, as a sig nif i cant por tion of the land -
slide-af fected area was in cor rectly cat e go rized into the low est
sus cep ti bil ity class. There fore, this re clas si fi ca tion was per -
formed us ing the Geo met ri cal In ter val method. The fol low ing
sec tions pro vide a de tailed over view of the re sults for each an a -
lyt i cal ap proach, in clud ing the sus cep ti bil ity maps, com pre hen -
sive ta bles that show the dis tri bu tion of these classes across

both the en tire study area and spe cif i cally within the land -
slide-af fected zones, and the cor re spond ing ROC curves that il -
lus trate the pre dic tive per for mance of each model.

Fre quency ra tio anal y sis of the DEM 5.0 data shows that the 
‘High sus cep ti bil ity’ class cov ers the larg est por tion of the study
area (24.44%; Fig. 8A). The ‘Very high sus cep ti bil ity’ class,
which cov ers 11.26% of the study area, con tains 23.13% of all
mapped land slides. The ‘High sus cep ti bil ity’ class con tains an
even larger por tion, with 39.25% of land slides found within its
bound aries. To gether, these two classes con tain a com bined
62.38% of the to tal land slide area. Con versely, the ‘Very low
sus cep ti bil ity’ class, cov er ing 10.10% of the study area, con -
tains only a neg li gi ble 0.08% of land slides (Ta ble 14).

The DEM 3.5 data shows a dif fer ent dis tri bu tion (Fig. 8B).
The ‘High sus cep ti bil ity’ class cov ers the larg est por tion of the
study area (30.19%), with the ‘Very high sus cep ti bil ity’ class
cov er ing a sub stan tial 25.75%. This model dem on strates even
greater pre dic tive power. The ‘Very high sus cep ti bil ity’ class ac -
counts for a re mark able 50.48% of all mapped land slides, while
the ‘High sus cep ti bil ity’ class con tains an ad di tional 35.38% of
the land slides. In to tal, these two classes con sti tute 85.86% of
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Fig. 8A – land slide sus cep ti bil ity map of the study area based on DEM 5.0; B – DEM 3.5 re sults of the fre quency ra tio
(pro cessed in QGIS)
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the land slide area. The ‘Very low sus cep ti bil ity’ class, cov er ing
10.51% of the study area, con tains only a min i mal 0.04% of
land slides (Ta ble 15).

The pre dic tive per for mance of the Fre quency Ra tio mod els
was val i dated us ing Re ceiver Op er at ing Char ac ter is tic (ROC)
curves. The model based on DEM 3.5 achieved an Area Un der
the Curve (AUC) value of 76.18%, in di cat ing a high level of ac -
cu racy. In com par i son, the model us ing DEM 5.0 showed a
slightly lower pre dic tive per for mance, with an AUC value of
74.58%. The re sults dem on strate that the model de rived from
the DEM 3.5 was more ef fec tive at con cen trat ing the ob served
land slides into the high est sus cep ti bil ity classes (Fig. 9).

For the Bivariate Anal y sis us ing DEM 5.0, the ‘Very high
sus cep ti bil ity’ class cov ers a sig nif i cant por tion of the study area 
(21.22%; Fig. 10A). More im por tantly, this class con tains the
larg est share of land slides, ac count ing for 38.30% of the to tal
land slide area. The ‘High sus cep ti bil ity’ class, which cov ers
19.19% of the study area, con tains an ad di tional 30.87% of the
land slides. Cu mu la tively, the two high est classes ac count for

69.17% of the to tal land slide area. In con trast, the ‘Very low
sus cep ti bil ity’ class, de spite cov er ing 14.13% of the area, con -
tains a neg li gi ble 0% of the land slides, high light ing the model’s
ef fec tive ness at iden ti fy ing sta ble ar eas (Ta ble 16).

The Bivariate Anal y sis of the DEM 3.5 data shows a very
sim i lar dis tri bu tion (Fig. 10B). The ‘Very high sus cep ti bil ity’
class, cov er ing 19.78% of the study area, cap tures 38.34% of
all mapped land slides. The ‘High sus cep ti bil ity’ class ac counts
for an ad di tional 31.02% of land slides, while cov er ing 20.05%
of the study area. To gether, these two classes con cen trate a
cu mu la tive 69.36% of the to tal land slide area, a re sult al most
iden ti cal to the DEM 5.0 model. The ‘Very low sus cep ti bil ity’
class (13.72% of the study area) also con tains a min i mal 0.01% 
of the ob served land slides (Ta ble 17).

The pre dic tive per for mance of the Bivariate Anal y sis mod -
els was again val i dated us ing ROC curves. The model based
on DEM 3.5 achieved an AUC value of 75.77%, in di cat ing a
high level of ac cu racy. In com par i son, the model us ing DEM 5.0 
showed a slightly lower pre dic tive per for mance, with an AUC
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value of 74.33%. This re sult is con sis tent with the Fre quency
Ra tio find ings, show ing that the model de rived from the DEM
3.5 was more ef fec tive at con cen trat ing the ob served land -
slides into the high est sus cep ti bil ity classes (Fig. 11).

The re sults from the multivariate anal y sis us ing DEM 5.0
data shows 29,749 dif fer ent unique com bi na tions, of which 921
reached a 100% prob a bil ity of slope de for ma tion oc cur rence.
As an ex am ple, we can men tion the unique con di tional unit
(UCU) la beled as com bi na tion 1 3 1 1 2 4. In this case, it re fers
to slope de pos its, an el e va tion be tween 312 and 412 m a.s.l., a

slope of 0-2 de grees, flat ter rain, lin ear ter rain cur va ture, and ar -
a ble land. The first ten most un fa vor able com bi na tions out of
the to tal num ber are listed in Ta ble 18.

Us ing multivariate anal y sis of the DEM 5.0 data, the ‘Mod er -
ate sus cep ti bil ity’ class cov ers the larg est por tion of the study
area (27.06%; Fig. 12A). From a val i da tion stand point, the ‘Very 
high sus cep ti bil ity’ class, which cov ers 9.47% of the to tal area,
ac counts for 25.83% of all mapped land slides. The ‘High sus -
cep ti bil ity’ class con tains a sig nif i cant por tion of the ob served
land slides, with 45.16% of the land slide area. To gether, the two
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Fig . 10A – land slide sus cep ti bil ity map of study area based on DEM 5.0; B – DEM 3.5 re sults of bivariate anal y sis 
(pro cessed in QGIS)
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high est sus cep ti bil ity classes ac count for 70.99% of the to tal
land slide area. In con trast, the ‘Very low sus cep ti bil ity’ class,
de spite cov er ing 23.30% of the study area, con tains only 0.72% 
of the land slides (Ta ble 19).

The re sults from the multivariate anal y sis us ing DEM 3.5
shows 16,366 dif fer ent unique com bi na tions, of which 594
reached a 100% prob a bil ity of slope de for ma tion oc cur rence.
As an ex am ple, we can men tion the unique con di tional unit
(UCU) la beled as com bi na tion 1 4 5 5 3 4. In this case, it re fers
to slope de pos its, an el e va tion be tween 412 and 512 m a.s.l., a
slope of 7–11°, a south-east-fac ing as pect, con cave ter rain cur -
va ture, and ar a ble land. The first ten most un fa vor able com bi -
na tions out of the to tal num ber are listed in Ta ble 20.

The multivariate anal y sis of the DEM 3.5 data shows a no ta -
bly dif fer ent dis tri bu tion (Fig. 12B). The ‘High sus cep ti bil ity’
class cov ers 26.98% of the study area, a pro por tion very sim i lar
to that from DEM 5.0. How ever, the ‘Very high sus cep ti bil ity’
class, cov er ing 17.10% of the study area, ac counts for a re -

mark able 45.55% of all mapped land slides. The ‘High sus cep ti -
bil ity’ class con tains an ad di tional 38.61% of land slides. In to tal,
these two classes con cen trate a cu mu la tive 84.16% of the
land slide area. The ‘Very low sus cep ti bil ity’ class for this model, 
cov er ing 26.96% of the study area, con tains a min i mal 0.41% of 
land slides (Ta ble 21).

The fi nal eval u a tion of the multivariate mod els pre dic tive
per for mance, as shown by their Re ceiver Op er at ing Char ac ter -
is tic (ROC) curves, cor rob o rates the con sis tent trend seen
across all meth ods. The DEM 5.0 model achieved a high Area
Un der the Curve (AUC) value of 80.89%. How ever, the DEM
3.5 model once again out per formed it, with a higher AUC value
of 84.18% (Fig. 13).

Across all three an a lyt i cal meth ods – fre quency ra tio,
bivariate anal y sis, and multivariate anal y sis – a con sis tent trend 
emerged. In each case, the DEM 3.5-based mod els dem on -
strated su pe rior pre dic tive power over their DEM 5.0 coun ter -
parts. The multivariate anal y sis pro duced the most ac cu rate re -
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Fig. 11. ROC curves for Bivariate anal y sis
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Fig . 12A – land slide sus cep ti bil ity map of the study area based on DEM 5.0; B – DEM 3.5 the re sults of multivariate anal y sis
(pro cessed in QGIS)
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sults for both DEMs, in di cat ing that the use of mul ti ple in flu enc -
ing fac tors si mul ta neously sig nif i cantly im proves the over all
pre dic tive ca pa bil ity. Nev er the less, the con sis tent outperfor -
mance of the DEM 3.5 mod els across the board con firms that
for the pur pose of land slide sus cep ti bil ity map ping in this re gion, 
the older, less de tailed DEM is a more ef fec tive in put due to its
in her ent smooth ing of post-fail ure ter rain fea tures.

DISCUSSION

This study suc cess fully ap plied sta tis ti cal meth ods (fre -
quency ra tio, bivariate, and multivariate anal y sis) to as sess
land slide sus cep ti bil ity in the south ern part of the Slanské vrchy
Mts. A key con tri bu tion was the use of the fifth-gen er a tion dig i tal 
el e va tion model (DEM 5.0) with a high res o lu tion of 1 ´ 1 m.
Both mod els dem on strated a high ca pa bil ity to iden tify ar eas
sus cep ti ble to slope de for ma tion, which was cor rob o rated by
high AUC val ues and, in par tic u lar, a high con cen tra tion of ex -
ist ing land slides within the two high est sus cep ti bil ity classes.

How ever, a key find ing of our work is the dem on stra tion of
the sig nif i cant in flu ence of dig i tal el e va tion model res o lu tion on
the re sults. In ev ery method used, the older, less de tailed DEM

3.5 con sis tently out per formed the high-res o lu tion DEM 5.0 in
pre dic tive ac cu racy. The rea sons for this par a dox i cal re sult can
be vi su ally dem on strated by ex am in ing a spe cific, re cently ac -
tive land slide lo cated near the vil lage of Vyšný Èaj. This land -
slide, first reg is tered in 1990 and highly ac tive in 2010, is a shal -
low, translational-ro ta tional slide that de vel oped on slope
(deluvial) clays and Neo gene strata. A drone im age of this land -
slide (Fig. 14) pro vides a clear vi sual con text for the fol low ing
anal y sis. The raw DEM 5.0, while pro vid ing a clear and pre cise
view of the ter rain af ter a land slide event, also cap tures mor -
pho log i cal de tails that can skew the anal y sis.

The high-res o lu tion DEM 5.0 al lows for a highly de tailed vi -
sual anal y sis of the ter rain (Fig. 15). Its pre cise con tours make it 
pos si ble to ac cu rately de lin eate the bound aries of ex ist ing land -
slides, in clud ing their main body, ac cu mu la tion lobes, and even
fine fea tures like sur face cracks. While this model is in valu able
for de tailed geomorphological map ping and mak ing in ven to -
ries, it be comes prob lem atic for sus cep ti bil ity mod el ling

When we de rive the slope map from DEM 5.0 (Fig. 16A), its
high res o lu tion cap tures the ex tremely steep an gles of the land -
slide’s scarp face and other sharp breaks in the ter rain. These
steep slopes, which can ex ceed 31°, are a con se quence of the
land slide (post-fail ure mor phol ogy), not a con di tion that caused
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us ing DEM 3.5 within the en tire study area and land slide-af fected area 

(km2 and %)

Fig . 13. ROC curves for multivariate anal y sis
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Fig . 14. Vyšný Èaj land slide – drone im age

Fig . 15. Vyšný Èaj land slide – de tailed DEM 5.0 visu ali sa tion of the ter rain
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Fig . 16. Vyšný Èaj land slide – DEM 5.0 visualistation (left) for slope map (A), as pect map (C), 
cur va ture map (E) and DEM 3.5 visu ali sa tion (right) for slope map (B), as pect map (D) 

and cur va ture map (F)



it. In clud ing these val ues in a sus cep ti bil ity model can lead to in -
ac cu rate pre dic tions. In stark con trast, the DEM 3.5 slope map
(Fig. 16B) sig nif i cantly gen er al izes these fea tures due to its
smooth ing ef fect, pre sent ing a much more uni form slope dis tri -
bu tion that com monly ob scures the true mor pho log i cal com -
plex ity.

The as pect map de rived from DEM 5.0 (Fig. 16C) ac cu -
rately shows the main slope ori en ta tion but also cap tures cha -
otic, mi cro-scale vari a tions cre ated by small cracks, un even
sur faces, and ir reg u lar ac cu mu la tions within the land slide body. 
These abrupt changes in as pect are largely ir rel e vant for pre -
dict ing pre-fail ure con di tions and in tro duce sta tis ti cal noise.
Con versely, the DEM 3.5 as pect map (Fig. 16D), with its lower
res o lu tion, pro vides a much smoother and gen er al ized rep re -
sen ta tion of slope ori en ta tion, ef fec tively fil ter ing out mi cro-vari -
a tions but also los ing fine de tails.

Sim i larly, the cur va ture map from DEM 5.0 (Fig. 16E) cap -
tures in tri cate, mi cro-top o graphic fea tures. It re cords sharp
con vex i ties at the top of the scarp and pro nounced con cav i ties
in the ac cu mu la tion area, along with a com plex mix of forms in
be tween. While a sus cep ti bil ity model should ide ally iden tify
broad con vex ar eas of ini ti a tion and con cave ar eas of ac cu mu -
la tion, the high-res o lu tion data’s fine-scale fea tures ob scure the 
sta tis ti cal sig nal of the pre-fail ure ter rain. The DEM 3.5 cur va -
ture map (Fig. 16F), in turn, gen er al izes these fea tures, show -
ing a much broader dis tri bu tion of lin ear forms due to its in her -
ent smooth ing, thereby los ing crit i cal in for ma tion on wa ter con -
ver gence/di ver gence at a mi cro-scale.

The anal y sis of land slide dis tri bu tion across in di vid ual pa -
ram e ters con firmed the sig nif i cance of known pre dis pos ing fac -
tors. Geo log i cal con di tions ex ert the most sig nif i cant in flu ence,
with a dom i nant con cen tra tion of land slides in slope and Neo -
gene strata (>74% of the land slide area com bined) un der scor -
ing their sus cep ti bil ity to destabilization, es pe cially in con tact
zones with vol ca nic rocks. Slope an gle is also crit i cal, with the
high est in ci dence of land slides on slopes in clined at 3–11o,
which is typ i cal for translational and ro ta tional land slides in this
geo log i cal en vi ron ment. The dis tri bu tion of land slides by el e va -
tion and land cover re flects the spa tial ar range ment of geo log i -
cal units and hu man ac tiv i ties in the study area.

This find ing un der scores a crit i cal point: when se lect ing in -
put data for land slide sus cep ti bil ity mod els, higher res o lu tion is
not al ways the best choice. It is more im por tant to choose a
dataset that ac cu rately rep re sents the en vi ron men tal con di -
tions pre ced ing a land slide, which, in this case, is par a dox i cally
pro vided by the older, less pre cise DEM. It is im por tant to note
that the static sta tis ti cal mod els used are based on the anal y sis
of pre dis pos ing fac tors and do not ex plic itly in clude dy namic
trig ger ing mech a nisms such as in tense rain fall. Fu ture re -
search could fo cus on in te grat ing hy dro log i cal, hydrogeological
data and more de tailed en gi neer ing-geo log i cal in for ma tion for a 
more com pre hen sive as sess ment of land slide sus cep ti bil ity
with a tem po ral di men sion.

CONCLUSIONS

This study suc cess fully ap plied three sta tis ti cal meth ods
fre quency ra tio, bivariate anal y sis, and multivariate anal y sis to
as sess land slide sus cep ti bil ity in the south ern part of the
Slanské vrchy Mts. The mod els dem on strated strong pre dic tive 
ca pa bil i ties, ef fec tively iden ti fy ing and de lin eat ing land slide-
 prone ar eas.

A cen tral find ing of this re search high lights the pro found im -
pact of dig i tal el e va tion model (DEM) res o lu tion on the re li abil ity 
and ac cu racy of sus cep ti bil ity mod el ling. Con trary to ex pec ta -
tions, the mod els based on the high-res o lu tion DEM 5.0 con sis -
tently showed lower pre dic tive ac cu racy (as shown by lower
AUC val ues) com pared to those us ing the older, coarser DEM
3.5. This par a dox is di rectly linked to the DEM 5.0’s abil ity to
cap ture mi cro-top o graphic fea tures such as land slide scarps,
ac cu mu la tion lobes, and sur face cracks that are a re sult of
slope fail ure, not a cause. By smooth ing out these post-fail ure
fea tures, the DEM 3.5 iron i cally pro vided a more re al is tic rep re -
sen ta tion of the ter rain’s pre-fail ure con di tions, lead ing to more
ac cu rate sus cep ti bil ity maps.

It is im por tant to note, how ever, that this “ac cu racy par a dox” 
is par tic u larly rel e vant at the de tailed scale of ac tive or re cent
land slides. In the case of much larger, older land slides, even
the DEM 3.5 may cap ture the “post-fail ure” state, as re flected in
his tor i cal con tour lines. For the pur pose of fu ture mod el ling with
high-res o lu tion DEMs, a po ten tial so lu tion could be the re con -
struc tion of the ter rain “pre-land slide” by re mov ing the land -
slide-af fected ar eas from the DEM 5.0 and in ter po lat ing the sur -
face. In this re gard, a prom is ing av e nue for fu ture re search is
the de vel op ment of AI tools spe cif i cally de signed for this pur -
pose, ca pa ble of au to mat ing the pro cess of ter rain re con struc -
tion for sus cep ti bil ity anal y sis.

The re sult ing land slide sus cep ti bil ity maps, par tic u larly
those de rived from the DEM 3.5, serve as an in valu able tool for
en hanc ing land-use plan ning and im ple ment ing pre ven tive
mea sures. They of fer a highly de tailed and prac ti cal over view of 
land slide sus cep ti bil ity, mak ing them ap pli ca ble in var i ous con -
texts. How ever, it is cru cial to em pha size that these maps do
not, un der any cir cum stances, su per sede the ne ces sity for thor -
ough, site-spe cific en gi neer ing-geo log i cal sur veys. This dis tinc -
tion is par a mount for en sur ing re spon si ble ap pli ca tion of the
maps in de ci sion-mak ing pro cesses and for mit i gat ing po ten tial
le gal li a bil i ties.

In con clu sion, this work not only pro vides a so phis ti cated
as sess ment of land slide sus cep ti bil ity in the Slanské vrchy, but
it also of fers a crit i cal in sight into the com plex re la tion ship be -
tween data res o lu tion and model per for mance in geohazard re -
search. The study dem on strates that for cer tain ap pli ca tions,
such as land slide sus cep ti bil ity mod el ling, the goal is not merely 
to use the high est res o lu tion data avail able, but to se lect data
that best rep re sents the rel e vant pre dis pos ing fac tors of the
phe nom e non be ing stud ied.

Ac knowl edge ments. The con tri bu tion was made thanks to 
the fi nan cial sup port of the geo log i cal task 06 18 “Iden ti fi ca tion,
in ven tory and en gi neer ing geo log i cal map ping of slope de for -
ma tions”, which was pre pared based on the call
OPKZP-PO3-SC312-2017-37 of the Op er a tional Programme
Qual ity of the En vi ron ment and the task was im ple mented in ac -
cor dance with its Pri or ity Axis 3: “Sup port for risk man age ment,
emer gency man age ment and re sil ience to emer gency events
af fected by cli mate change”, in vest ment pri or ity 3.1 “Sup port for 
in vest ments to ad dress spe cific risks, en sure di sas ter pre ven -
tion and de velop di sas ter man age ment sys tems”, spe cific ob -
jec tive 3.1.2: “In creas ing the ef fec tive ness of pre ven tive and
ad ap ta tion mea sures to elim i nate en vi ron men tal risks (ex cept
flood pre ven tion mea sures)”.
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