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LANDSLIDE SUSCEPTIBILITY IN THE RURAL AREA
OF BUCOVINA
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Abstract: The territorial support of the Bucovina region is characterized by its complexity, this characteristic deriving primarily from 
the fact that it meets in its boundaries different properties, the western part being a mountainous region and the eastern one of plateau. 
Sketching an actual image of the existing dysfunctions of the region from a natural perspective requires an analysis of the susceptibility 
of landslides, this being one of the most common problems when it comes to the quality of the natural support of a geographic complex. 
The predisposed areas to this type of hazard will be outlined into a cartographic support according the semi-quantitative method 
governed in Romania by G.D. no 447/2003 which establish the elaboration and the content of natural hazards at landslides. In order 
to achieve this objective, it has been used G.I.S. technique both for the construction of vector and raster necessary data bases and 
for statistical analysis of the final results. Last but not least through the mentioned technique it can be identify the risk caused in the 
territory by landslides. One of the benefits of this study is the forecasting of regional development projects in rural areas from Bucovina.
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1. Introduction

Bucovina’s rural area is intensively pro-
moted both nationally and internationally, this 
region being one of the country’s main touristic 
areas, where the authenticity is the key element. 
The rural feature is supported by the region’s 
main economic activities, which, for the most 
part, identify themselves with the agricultural 
activities. The outlining of some regional devel-
opment programs in Bucovina requires a highly 
research of all the components that form the ter-
ritorial system of Bucovina, so that an analysis 
direction of the natural support can only be done 
throughout spatial possibilities of landslides (Pe-
trea et al., 2014, Roşca, 2015a, 2015b, Vâtcă et 
al., 2014; Moldovan et al., 2015)., these being 
ones of the most frequent hazards that take place 
on our country’s territory, with a high impact de-
gree. The landslides impact has two consequenc-
es on the territory, a direct one, about the release 
and the evolution of this hazard, and the indirect 
face, which involve the new landscape forms that 
has a negative impact on the agriculture activities. 
(Hociug et al, 2009)  The susceptibility degree 
will be determined according to G.D 447/2003, 
where are taken into consideration a number of 
factors that influence the materials movement on 

the earth shell. The result of this study relays on 
emphasizing the areas prone to landslides, a nec-
essary aspect for any further landscaping. 

2. Study area 

Bucovina’s rural settlement is formed by 
68 administrative-territorial units, the region’s 
border being established by the historical cri-
teria, this being recorded in Article II of the 
Habsburg Empire Convention with Romania in 
1887 (Drăgușanul, 2014). Starting with this ar-
ticle, but also on the basis of the old cartograph-
ic materials of Bucovina, the historical limits of 
Bukovina had been drawn with the help of the 
Topographical Maps of Romania made between 
1961 and 1964 (1: 25,000), as well as the Aus-
trian Maps for the third measurement campaign, 
finalized in 1910 (1: 200,000). From the phys-
ic-geographical point of view, the Bucovina re-
gion overlaps two different reliefs, plateau in the 
eastern sector, and mountain in the western part 
[Fig.1.]. The altitude of the relief varies from 233 
m in Suceava’s river meadow to 1917 m in the 
Suhard Mountains. The mountainous region be-
longs to the Northern Group of the Carpathians, 
being represented by the Tibău Mountains, the 
Suhard Mountains (where the highest relief alti-
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tude of the region is reached by  Omu Peak) the 
Bârgău Mountains, respectively the Nordic slope 
of Călimani, Pietrosu Massif, Giumalău Moun-
tains, Rarau Mountains and the North-Eastern 
slope of the Suhei Mountains. Follow-up, on the 
Eastern side, there are The Obcinele of Bucovi-
na, represented by Obcina Mestecanisului, Ob-
cina Feredeului and Obcina Mare, characterized 
by a parallelism of the peaks with a North-West-
ern orientation, between which are intercalated 
the wide valleys of Moldova and Moldovita, (the 
so-called longfields). The Southern part of the re-
gion is limited by Gura Humorului-Campulung 
Moldovenesc-Vatra Dornei Corridor. The East-
ern part of the Bucovina region is part of the Su-
ceava Plateau and continues the same direction 

of the peaks, the altitudes being smaller, ranging 
from 230 to 550 m. Suceava Plateau is charac-
terizeb by large structural highlands, contain 
greasy and limestone formations, coasts fronts, 
and subsecvent or consecvent valleys. (Ielenicz 
et al, 2005)

Among them are the Volovăţ Plateau, 
the Liteni Plateau, of which the Southern side 
unfolds the Liteni Depression, separated by the 
Bălcăuţi Plateau, through Rădăuţi Depression 
in the Northern part, and the Mitocului Plateau 
by the Suceava Corridor in the Central-Southern 
part. The contact space between this two differ-
ent landscape forms, the charpatic flysch ant the 
monoclinal platform, it is represented by a peri-
carpatic piedmont (Popp, 1971).

Fig. 1. Study area
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Landslide susceptibility in the rural area of Bucovina

Methodology and database 
According to G.D. 447/2003, the GIS tech-

nique is used to estimate the geographic value 
and distribution of the landslides, on the basis of 
some factors which contribute to this hazard. So, 
to identify a region’s risk of being affected by 
landslides, it is taken into consideration the fol-
lowing coefficients  [Table 1]: lithological (Ka), 
geomorphological (Kb), structural (Kc), hydro-
logical and climatic (Kd) hydrogeological (Ke), 
seismic (Kf), sylvan (Kg), anthropic (Kh), coeffi-
cients that were integrated in a complex geospa-
tial model. Using specific was realized a classifi-
cation of each factor, using Reclassify function, 
which is further utilized in the proposed formula 
on the legislative level [Fig.2.]. Using the Ras-
ter Calculator function of the ArcMap software 
the result will be to identify the risk level of the 
landslides. 

Tabel 1 Probability coefficient classes
and landslide favourability values

Lithological 
coefficient

Types of rocks Ka
Gravels and sand 0,95
Marls and gray clays, 
gypsum and salt 0,95

Terraces - gravels, sands - 
deluvial-proluvial deposits 0,8

argillaceous marls with sand 
intercalations 0,7

Red and green shales 0,4
 limestone shaly flysch with 
slate interfaces, sandy flysch 0,25

Sedimentary volcanic 
formation 0,25

conglomerates and rags 0,2
Crystalline shale 0,09
Sandy shaly flysch, shaly 
flysch 0,4

Geomorpho-
logical coeffi-

cient 

Geomorphological 
properties Kb

Horizontally and slight slope 
specific to low hills 0,1

Slight and moderate slope 
specific to middle hills 0,3

High slope specific to high 
hills 0,5

Very high slope specific to 
very high hills 0,8

Steep specific to mountains 0,9

Structural 
coefficient

Structural type Kc
Mountain area 0,35
Plateau area 0,5

Hydro-
climatic 

coeffiecient

Rainfall quantity Kd
≤ 500 mm 0,1
500-800 mm 0,5
≥800 mm 0,75

Hydrological 
coefficient

Groundwater level Ke
Big depth 0,1
Low depth 0,35

Seismic 
coefficient

Seismic intensity Kf
6 grade MSK 0,5
72 grade MSK 0,8

Sylvan 
coeffiecient

Afforestation degree Kg
≥ 20% 0,1
≤ 20% 0,3

Anthropic 
coeffiecient

Anthropic Involvement 
degree Kh

Low 0,1
High 0,8

Fig. 2 Methodological scheme (Vâtca et all, 2014)

The lithological coefficient (Ka) was deter-
mined on the basis of the classification of the ge-
ological formations, extracted from the Geolog-
ical Maps in 1968, with the scale of 1: 200,000, 
and presents extremely varied values, given the 
extension of the analyzed area. The values   of the 
lithological coefficient range from 0.09 to 0.95. 
Naturally, the lowest values   of the lithological 
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coefficient are specific to Bucovina’s mountain 
unit, where there are crystalline rock types (0,09) 
which occupy an area of   about 11% of the en-
tire area of   Bukovina. With average values   (0 , 2 
and 0.25 respectively) are those whose substrate 
consists of a limestone slab with intersections of 
slate, conglomerates and rags and sedimentary 
volcanic formations. According to the G.D, with 
medium-high values, ranging from 0.3-0.5, are 
the areas represented by sandy and shaly flysch 
covering about 21% of the whole analyzed area, 
where a value of 0.4 was given. High values   of 
the lithological coefficient are specific to the pla-
teau unit, where the deluvial - proluvial deposits, 
and the argillaceous marls with intercalations of 
sands, predominating approximately 29% of the 
total area. The highest values, of 0.95, are rep-
resentative for unconsolidated sedimentary rock 
type, which covers 5.4% of the entire area. It is 
important mentioning that the types of rocks with 
high and very high values   of the lithological co-
efficient of landslides susceptibility, occupy a to-
tal area of   about 35% of the surface of   Bucovina, 
amplifed by their unitary concentration, in the 
Eastern part of the region, fact that will bring as-
sociate risk in this space [Fig.3.].

For the purposes of determining the geo-
morphological coefficient (Kb), there have been 
taken into account the slope and the altitude of 
the relief, as well as the stage of development 
of the hydrographic network. Low values of the 

geomorphological coefficient of, 0.1, have been 
given to horizontal regions or very weak in-
clined, with equal geodeclivity   to or less than 
2% and 5%, specific to low hills, values of 0.3, 
to hills regions of medium altitude, with a slope 
between 0.5%, 5-25, to high hills regions strong-
ly inclined, where the slope reaches up to 50%. 
The geomorphological coefficient of 0.8 was as-
sociated with strongly inclined areas specific to 
very high hills, with a geodeclivity between 50-
100%, and the highest valueof 0.9, characterizes 
the mountain’s sharpness [Fig.4].

Based on the Morphostructural Map (1: 
200,000), the structural coefficient (Kc) was de-
termined according to the methodological norms 
of GD 447/2003, hence, for the mountainous area 
with geological folded structure, the average val-
ue was 0.35 as for the depression area, hills and 
plateaus, was 0,5 [Fig.5].

Fig. 3 The coefficient for geomorphology

Fig. 4 The litological coefficient

Fig. 5 The coefficient for structure 
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Landslide susceptibility in the rural area of Bucovina

The hydro-climatic coefficient (Kd) is es-
tablished according to the average amount of 
rainfall recorded at pluviometric stations located 
in different altitudinal levels, as specified in the 
methodology (Poiana Stampei – 913m, Suceava 
– 363m, Rădăuți – 382 m, Iezer – 1789m, Rarău 
– 1557m). Using the correlation equation be-
tween precipitation quantity and altitude, it was 
obtain the precipitation grid for the entire study 
area, which varies between 446-1175 mm/year. 
Therefore, the following values   of the hydro-cli-
matic factor have been set as following: 0.1 for 
regions where the amount of precipitation does 
not exceed 500 mm, 0.5 where there is an aver-
age amount of 500-800 mm, and for mountain re-
gions where the amount of precipitation is higher 
than 800 mm  [Fig.6]. 

The hydrogeological coefficient (Ke) de-
pends on the water’s infiltration capacity, water 
obtained from precipitations and snow melting 
or from the lateral penetration of flowing waters 
into superficial deposits of the earth shell. Thus, 
the mountainous area, which has a deep depth of 
the groundwater, has set low probability values   
of 0.1, and for the plateau and valley area, where 
the groundwater is at lower depths, the hydro-
geological coefficient assigned was 0.35 [Fig.7].

 To define the seismic coefficient (Kf), the 
Seismic Zoning Map of Romania was used, the 
region of this study being the largest part of the 
seismic area of   6 degrees MSK, excepting the 

Northern part, characterized by 7 degrees MSK 
with a period of return of 100 years. Therefore, 
according to the methodological norms, a seismic 
coefficient of 0.5 is given for seismic intensities 
of 6 degrees MSK, and for those with higher in-
tensities of 7 degrees MSK, it is given a seismic 
coefficient of 0 8 [Fig.8].

 Based on the Corine Land Cover data, for 
the Bucovina region were assigned values   of the 
sylvan factor (Kg), depending on the degree of 
afforestation. Thus, for those areas characterized 
by afforestation values   higher than 20%, a syl-
van coefficient of 0,1 was used, since the action 
of forests on landslides is restrictive, the rest of 
the region is characterized by a coefficient of 0,3 
[Fig.9].

Fig. 6 The hydro-climatic coefficient

Fig. 7 The coefficient for hydrogeology

Fig. 8 The seismic coefficient
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The anthropic coefficient (Kh) has been 
established according to human involvement on 
the territory, which actively influences the possi-
bility of landslides. Therefore, the areas with the 
highest anthropic coefficient of 0.8 are attribut-
ed to the urban areas and areas where there are 
different types of infrastructure (roads, railways, 
etc.), and areas where important buildings are not 
executed, or works are limited, was settled a val-
ue of 0.1  [Fig.10].

4. Results and discussions 

Based on the probability coefficients as-
signed according to the laws in force, and using 
the GIS technology, a database was obtained, 
which represents the factors of the equation of 
the probability of the landslides occurrence:

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )[ ]hKgKfKeKdKcKbKaKmK +++++×
×

=
6

 
where

K (m) – the probability coefficient of landslides 
occurrence
K (a) – the lithological coefficient
K (b) – coefficient for geomorphology
K (c) – coefficient for structure
K (d) – hydro-climatic coefficient
K (e) – coefficient for hydrogeology
K (f) – the seismic coefficient
K (g) – the forestry coefficient
K (h) – anthropic coefficient

The obtained result has led to the deter-
mination of the hazard coefficient (Km), which 
according to methodological specifications is 
classified in the following probability classes of 
producing landslides: low risk, where the haz-
ard coefficient has a value less than 0,1, average 
risk, where the values   are between 0.1-0.3, me-
dium-high risk, ranging between 0.31-0.5, and 
high risk, where the risk coefficient values   are 
between 0.51-0.8.

The average value of the risk coefficient 
of Bucovina’s region is 0.2, meaning that the Bu-
covina is in a medium risk area, but there are are-
as where the values of this coefficient are higher. 
Therefore, the probability of landslides is bigger. 
The highest value is 0.6.

As the table is showing [Table 2] the ar-
eas specific to each type of risk are different, the 
largest area of   the region belongs to the average 
risk class, occupying 85.4% of the total surface 
of   the region. The area occupied by the low risk 
class is about 8.2% of the total surface of   the 
studied area, because the areas with medium-high 
and high-risk landslides, have about 6.6% of the 
whole territory. It can be noticed that there is no 
high risk of landslides in the region of Bucovina.

The most rural areas which has the aver-
age-medium and high risk coefficient are situated 
in the contact area between mountain and plateau 
regions. The probability of landslides occurrence 

Fig. 9 The forestry coefficient

Fig. 10 The anthropic coefficient
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Landslide susceptibility in the rural area of Bucovina

has superior rates is specific for Brodina, Straja, 
Putna, Vicovu de Jos, Horodnicu de Jos, Horod-
nicu de Sus, Margineaa, Solca, Cacica, Pârteștii 
de Jos, Capu Câmpului. Also, in Moldovița Val-
ley, the possibily for the landslids to appear is 
high in Moldovița, Vatra Moldoviței, or Frumosu 
rural settlements. The highest percentage belongs 

to the average coefficient risk, (4831,8 km2 from 
a total of 5660 km2) and include the total area 
of the plateau region (except Șcheia, Pătrăuți, Ip-
otești, Udești, Ciprian Porumbescu, Ilișești, To-
direști, Dărmănești, Dornești, where exist some 
surfaces with average-high risk) and the east side 
of mountainous region [Fig.11].

Table 2 The probability of landslides occurrence (P) and the specific risk coefficient
Risk class low average average-high high very high
Coefficient <0.10 0.10-0.30 0.31-0.50 0.51-

0.80
>0.80

Area (Km2) 461.2 4831.8 365.8 5.2 0

Fig. 11. Landslide susceptibility (Image source: Google Earth, landslides in Ciprian Porumbescu locality)

5. Conclusions

This study, aimed to identify the areas 
where there is a predisposition of landslides oc-
currence in the rural area of   Bucovina, based on 
the analysis of some factors that have a major con-
tribution to activating this type of hazard (lithol-

ogy, geomorphology, structure, hydro- climatic 
coefficient, hydrogeology, seismic coefficient, 
gradual afforestation and anthropic coefficient). 
This approach was based on GD. 447/2003 with 
reference to the methodological norms regarding 
the elaboration and the content of the landslides’ 
natural risk maps. Therefore, more than 90% of 
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Fig. 12 Validation rate

Bucovina’s area has an average and high degree 
of susceptibility to landslides, the Pericarpathian 
piedmont having the highest values   (0.6). 

The degree of representativeness of the 
model in the study area is demonstrated by the 
high value of the ROC curve (0,874) [Fig.12].

Such a study is necessary from the per-
spective of the territorial management of the ru-
ral settlements in Bucovina, particularly since the 
landslides have consequences on the households, 
on the roads infrastructure, or on the agricultural 
lands. 

Distinguishing the malfunctions at the 
territorial support level, it defines a coherent 
planning and organization of the analyzed area.
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