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Landslide susceptibility assessment using Spatial Analysis and GIS
modeling in Cluj-Napoca Metropolitan Area, Romania
Bogdan Eugen Dolean
Evaluarea susceptibilității de producere a alunecărilor de teren din Zona Metropolitană a
Municipiului Cluj-Napoca, prin metode de analiză spatială și GIS. În România, alunecările de
teren împreună cu multitudinea proceselor geomorfologice corelate cu acestea, reprezintă unele
din cele mai frecvente hazarde care,manifestate în zone vulnerabile și cu importante activități
umane, induc numeroase efecte negative. Din această perspectivă, identificarea arealelor
afectate de alunecari de teren, plecând de la modele GIS de analiza spațială și metode statistice,
reprezintă un subiect abordat frecvent în literatura de specialitate națională cât și
internațională. Cercetarea elaborată s-a focalizat pe metodele și practicile GIS de analiză spațială,
în vederea creeari unui model cât mai complex și a unei metodologii viabile de evaluare a
probabilității de ocurență a alunecărilor de teren, aplicabile în cadrul oricărui teritoriu.Studiul sa bazat pe identificarea și analiza într-o manieră sistemică, bi-variată, a numeroși factori
implicați în producerea alunecărilor de teren, precum: topografia, morfologia, hidrografia,
geologia, pedologia, litologia, condițiile meteorologice, utilizarea terenului. Arealul în care s-a
realizat analiza, Zona Metropolitană a Municipiului Cluj-Napoca, a fost ales datorită unei
urbanizări exacerbate în ultimii ani, corelată cu o creștere masivă a numărului de locuitori, fiind
un spațiu socio-economic de mare importanță și o adevarată provocare în ceea ce privește
planificarea teritorială.Aplicarea modelului în acest areal, a generat rezultate relativ bune, cu o
putere de predictabilitate de peste 80%, măsurată în cadrul arealelor eșantion folosite pentru
validarea rezultatelor, fapt care atestă viabilitatea modelului și posibilitatea utilizării acestuia în
zone diferite cu caracteristici morfometrice și environmentale asemanatoare.
Cuvinte cheie: alunecări de teren, analiză spațială, analiză bi-variată, geomorfologie, ClujNapoca
Landslide susceptibility assessment using Spatial Analysis and GIS modeling in ClujNapoca Metropolitan Area, Romania. In Romania, landslides together with the multitude
geomorphological processes linked to them are some of the most common hazards which
manifested in vulnerable areas with important human activities can induce many negative
effects. From this perspective, identifying the areas affected by landslides, based on GIS spatial
analysis models and statistical methods, is a subject frequently discussed in the national and
international literature. This research was focused on the methods and practices of GIS spatial
analysis, with a target of creating a complex model and a viable methodology of assessment the
probability of occurrence of landslides, applicable within any territory. The study was based on
the identification and analysis in a bivariate systemic manner of the numerous factors involved
in the production of landslides, such as topography, morphology, hydrography, geological,
lithology, weather, land use. The area in which the analysis has been conducted, The
Metropolitan Area of Cluj-Napoca, was chosen due to the exacerbated urbanization of the recent
years, coupled with a massive increase in the number of inhabitants, thus being a space of socioeconomic importance and a real challenge regarding spatial planning. Applying the model in this
area has generated relatively good results, with a power of predictability of over 80%, measured
in landslides sample areas used for the validation of the results, fact which attest the viability of
the model and the fact that the model can be used in different areas with related morphometric
and environmental characteristics.
Keywords: landslides, spatial analysis, bivariate analysis, geomorphology, Cluj-Napoca
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1. INTRODUCTION
In Romania, landslides together with the multitude geomorphological processes
linked to them, are some of the most common and widespread hazards, which
manifested in vulnerable areas with important human activities induce many negative
effects in residential areas, territorial communication infrastructure, technical and
urban facilities, agriculture, etc. (Surdeanu, 1998).
The evaluation and the identification of the sensitive areas where the probability
of landslides is very high, is very important in the process of territorial planning by
enabling a timely start of preventive and remedial actions.
The importance of evaluation and risk map elaboration is particularly high today
as it can be observed there is an increase in natural extreme events due to several
factors which are acting in a correlated manner, such as: climate change, irrational use of
land, excessive urbanization, deforestation, pollution.
Identifying areas with a high probability of landslides occurrence, based on GIS
spatial analysis and statistical models, it is a frequent topic in the national literature:
Bilaşco et al (2011), Petrea et al (2014), Bălteanu & Micu (2009), and even more at the
international level: Chung et al (1995), Devkota et al. (2012), Carrara et al (1995 &
1999), Schicker (2010), Sarkar & Kanguno (2004), Costanzo et al (2012), Bathrellos et al
(2009).
However, this phenomenon is a genuine interest for the policy makers, being
discussed in national documents like “Government Order no. 447/2003 concerning the
approval of the methodological rules related to the drafting and content of the natural
hazards at floods and landslides maps.”
Most statistical models of spatial analysis presented in some studies by
researchers such as: Chyi-Tyi (2008), Thapa et al (2007), Schicker (2010), Mukhlisin et
al. (2010), Micu (2011), Pourghasemi (2012), Marjanovic (2013), Vatca et al. (2014),
Chalkias et al. (2014), are based on identifying the factors which are involved in an event
and on determining the probability of occurrence of the studied phenomenon (Carrara
et al., 1995).
The literature suggests several approaches to the analysis, including the analysis
of multi-varied, which envisages separate analysis of each factor with implications in
producing an effect and the bivariate analysis which assigns each of the factors that are
involved in the model a statistical an index based on the probability of occurrence of the
phenomenon, using real and historical data.
This statistical approach, which is applied also in this study, is often used and it
treats in a systemic manner the factors, by following the interrelations between the
involved factors in the analysis as independent elements and the manifestation of the
phenomenon as a dependent variable (Carrara et al, 1995, 1999).
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The developed research in this study is focused on spatial analysis methods and
practices, statistics and GIS in order to assess susceptibility of landslides, in a territory.
The premise of the study is centered on GIS spatial analysis processes and on the
exploitation of the geospatial databases in order to obtain an analysis model with a
specific and complex methodology, which can be applied in any area.
The ultimate goal of the study is to create a complex model with high power of
prediction, throughout identifying and quantitative analysis in an integrated manner of
the key factors with major implications in producing landslides, by using complex
methods of spatial analysis and comprehensive geospatial databases.
2. STUDY AREA
Metropolitan Area of Cluj-Napoca is located (Figure 1) in the northwest of
Romania, in Cluj county center, at the intersection of 46° 46' 00.0" north latitude parallel
with the 23° 36' 00.0" east longitude meridian and from the hydro-morphologic
perspective is predominant situated in the Someș plateau, the Transylvania lowlands
and the eastern part of the Apuseni Mountains (Masivul Gilău and Muntele Mare).

Figure 1. Physico-geographical location of the studied area
[26]
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This area is very important in terms of socio-economic and it has experienced an
impressive urbanization in the recent years, especially in peripheral areas near the
municipality of Cluj-Napoca (Metropolitan Cluj, Integrated Strategy for 2014-2020).
The Metropolitan Area covers an area of approximately 1,600 km2 and includes
19 administrative units with about 100 settlements, summing up about 415,000
inhabitants (according to RGP 2011, INSSE), with an increase of approximately 7%
compared to the total population recorded in the 2002 census.
The studied area presents a very varied and complex geographical structure from
many points of view: geomorphological, lithological, hydrological, tectonic and land use;
conditions that cause a high frequency and a variety of geomorphological processes on
extensive areas with negative socio-economic impact (Danci, 2012).
3. METHODOLOGY AND DATABASE
GIS modeling of susceptibility to landslides occurrence involved the design and
development of a complex geospatial database and the processing of these with the help
of the spatial analysis tools implemented in GIS software by using predominantly ArcGIS
functions (version 10.1).
Creating a GIS spatial analysis model involves several steps: creation of
databases, processing and spatial modeling of thematic layers, integrating data obtained
in model, validation of results and the determination of the predictive power of the
model.
The work environment of GIS allows complex spatial analysis in an integrated
manner using large data sets, in specific digital formats (vector and raster layers).
The database used in the study includes:
• Terrain map 1: 25000 in a raster format from where was extracted the existing
structures.
• Digital Elevation Model (SRTM ver.3.) in raster format with spatial resolution of
30m from which were derived the following thematic layers: hypsometry, slope,
aspect, flow direction, flow accumulation, stream power index, topographic
wetness index and depth of fragmentation.
• Hydrography in a vector format (National Administration of the Romanian
Waters) from which were determined the proximity to rivers and drainage
density.
• Soils in a vector format, extracted from the Romanian soil map sheets at 1:
200,000 scale.
• Geological structures and lithology, extracted from the Romanian geology maps
at 1:200.000 scale.
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• Hydro-geology in a vector format at 1:1,000,000 scale (International
Hydrogeological Map of Europe).
• Land use in a vector format, extracted from the Corine Land Cover 2006 ver.17
database,

updated

with

satellite

imagery

(Landsat,

Sentinel2)

and

orthophotomaps (APIA ANCPI).
• Meteorological data (rainfall), from which was determined the Modified
Fournier Index (rainfall aggressiveness)
• Areas affected by landslides in a vector format, extracted from studies of spatial
development plans and existing risk maps, used to validate the results.
3.1. Database processing
Following the processing of databases, the primary factors involved in the
occurrence of landslides were obtained, in the form of thematic layers that constitute the
input parameters in modeling susceptibility to landslides.
These factors were assessed as independent variables and the probability of landslide
occurrence was treated as a dependent variable.
Due to the fact that the reclassification of each factor in the probability classes can easily
be subjective in this study was used the method of determining the value of probability
proposed by Bilasco et al (2014), which starts from the premise that the probability of
landslides is directly proportional with the extension of the spatial factors that
determines it.
The calculation of the proposed probability value is based on a system of two
equations (Bilasco et al, 2014): the equation calculating the value of the probability
coefficient specific for the extension area of the probability interval (1 and 2) and the
equation calculating the value of the interval probability coefficient (3).
x = vpmax - vpmin (2) where:
• x – the value of the probability interval;
• y – the interval area of spatial extension, as percentage;
• z – the value of the probability coefficient depending on the area;
• vpmax, vpmin – the maximal value of the probability interval, the minimal value
of the probability interval;
vp = a + z (3) where:
• vp – the probability value;
• a – the basic value of the probability interval;
[28]
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• z – the value of the probability coefficient depending on the area.
Based on these equations the probability value was calculated, depending on the
spatial extension, for each class determined in the analysis of parameters which are
considered as determinant factors (Table 1 and 2) in landslides occurrence.
Table 1. The interval values used for each parameter in the model with explanations
(Source: Petrea et al., 2014; Bilașco et al. 2011; Mac, I., 1986;
Romanian Government Order no. 447/2013; European Soil Data Centre (2015); Marjanović,
2013)

Kc

Kd

Hipsometry/
Elevation
Declivity (slope)

Kb

Aspect of slopes

Ka

PARAMETER

Drainage density

CODE

VALUE

SUSCEPTIBILITY

INTERVALS

EXPLANATIONS

< 0.2

Low

< 400 m

Generally, the areas with altitudes below
400 m are not affected by slope processes,
these are more often affected by riverbed
processes.
The areas with an altitude between 400700 m are generally only partially affected
by slope processes while areas located at
an altitude higher than 700 m,
characteristic to contact areas between
hills and mountains, presents an
accentuated morphodynamic potential.

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

Moderate
High

401 – 500
m
501 – 700
m

Very High

> 901 m

> 0.8

Extreme

701 – 900
m

< 0.2

Low

0 - 5°

Moderate

5.1 - 10°

High

10.1 - 15°

Very High

15.1 - 25°,

> 0.8

Extreme

> 25.1°

< 0.2

Low

Plan

Moderate

N, NE

High

E, NV

Very High

SE, S

> 0.8

Extreme

SV, W

< 0.2

Low

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

Moderate
High
Very High

0 – 0.5
km/km2
0.5 – 1
km/km2
1 – 1.5
km/km2
1.5 – 2
km/km2

Areas with a declivity below 5° are easily
(0-2°) and moderate (2-5°) inclined,
characteristic for major riverbeds and
terraces, are generally not affected by
major geomorphological processes. The
inclined surfaces (5-15°) are only partially
affected by slope processes and denudation
prevail. Areas with a slope exceeding 15°,
shows a high and very high susceptibility to
landslides and gravitational processes
(Irimuş et al., 2005)
Flat surfaces, specific to the extensive
hydrographic basins, valley corridors and
terraces are not generally affected by
landslides.
Shady slopes and semi-shaded are
generally low susceptible to landslides.
Sunny and semi-sunny slopes are highly
susceptible to slope processes and presents
a high frequency of landslides.
The lower values related to drainage
density suggests a lack or a very low
presence of hydrography, leading to a low
morphodynamic instability.
The medium values of drainage density
suggest a considerable presence of the river
systems and that can cause a moderate

Kh

Topographic Wetness
Index (normalized)
Stream Power Index
(normalized)

Kg

Plan Curvature

Kf

Rainfall / Pluvial
aggressivity

Ke

Depth of fragmentation
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K
j

> 0.8

Extreme

> 2 km/km2

< 0.2

Low

0 – 100 m

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

Moderate
High
Very High

100 – 200
m
200 – 300
m
300 – 400
m

> 0.8

Extreme

> 400

< 0.2

Low

< 0.2

Moderate

0.2 – 0.4

High

0.4 – 0.6

Very High

0.6 – 0.8

> 0.8

Extreme

0.8 – 1.0

< 0.2

Low

< 0.4

Moderate

0.4 – 0.5

High

0.5 – 0.6

Very High

0.6 – 0.7

> 0.8

Extreme

0.7 – 1.0

< 0.2

Low

< -0.09

Moderate

-0.09 – 0

High

0 -0.1

Very High

0.1 – 0.2

> 0.8

Extreme

> 0.2

< 0.2

Low

< 60 mm

Moderate

60 – 90 mm

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

High
Very High

90 – 120
mm
120 – 160
mm

[30]

susceptibility to erosion and landslide
processes.
High values characterize the areas with a
high density of the river system, highly
eroded areas with high susceptibility to
landslides.
The lower values related to depth of
fragmentation suggests a low-energy of the
relief and in general a lack of
geomorphological processes.
Medium values suggests a presence of a
moderate slope processes.
High values suggest a high energy of the
relief, causing a high and very high
susceptibility to landslides.
The index indicates the degree of saturation
of the soil with water after runoff.
Low values indicate a low saturation with
water of the soil and is characteristic to
interfluves.
High values of the index highlights a high
degree of saturation of the soil with water
and is characteristic to lowlands, at the
slope base and at the intersection of these
with the floodplains, causing a high
susceptibility to landslides.
The index is used to indicate the potential
erosion after draining in a given point on
the topographic surface. The lower values
indicate a low power of the runoff erosion
and generally a lack probability of
geomorphological processes.
Higher values of the index indicate a high
power of runoff erosion, which causes a
high probability of producing landslides.
Negative values indicate the areas with
convergent drainage, concave surfaces
which generally shows a low probability of
landslides occurrence.
Values close to 0 indicate the stable areas,
linear, with moderate probability of
producing landslides.
Positive values indicate areas with
divergent drainage, the convex surfaces
which are generally high susceptible to
landslide occurrence.
Correlation between rainfall and modified
Fournier index of Arnoldus (1980), which
shows the rainfall aggressivity, a
contributing factor to the onset or
reactivation of both erosion and mass
displacements. Low values of the index
indicate a reduced susceptibility to slope

Kn

Ko

Geology-Lithology
Hydro-Geology
and aquifers

Km

Land Use
(vegetation factor)

Kl

Soils
(texture and cohesion)
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> 0.8

Extreme

< 0.2

Low

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

Moderate
High
Very High

> 0.8

Extreme

< 0.2

Low

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8

Moderate
High
Very High

> 0.8

Extreme

< 0.2

Low

0.2 –
0.3

Moderate

0.3 –
0.5

High

0.5 –
0.8

Very High

> 0.8

Extreme

< 0.2

Low

0.2 –
0.3
0.3 –
0.5
0.5 –
0.8
> 0.8

Moderate
High
Very High
Extreme

processes while high values indicate a high
and very high susceptibility.
Andosols, Spodisols
and Pelosols (vertic
Soils with a compact or semisubunits)
compact texture and with a high
and very high index of cohesion.
Cambisols, Umbrisols
> 160 mm

Cernisols (molisols)
Luvisols, hidrisols
Soils with a sandy or coarse
(clay-alluvial)
textured and with a low and very
Protisols, Erodosol,
low index of cohesion.
Undeveloped soils,
Fluvisol, halomorf and
hydromorphic.
Very hard erodible rocks, such as eruptive rocks (granite,
andesite, dacite, etc.), crystalline schists or hard
sandstones.
Hard erodible rocks, such as marl, clay, marl and
sandstone complexes, limestones and soft sandstones.
Medium eridible rocks, marl complexes, sandstone,
gypsum and sand, deposits developed in facies flysch.
Easily erodible rocks, such as sand, loess and gravel
(terrace deposits).
Alternation of permeable rock (sand, gravel) with
impermeable (clay and marl).
Consolidated materials (metamorphic or magmatic rocks),
non-aquiferous rocks, porous or fissured.
Consolidated materials (siliciclastic rocks, calcareous
sediments), low and moderately productive fissured
aquifers.
Partly consolidated materials (siliciclastic rocks, limestone
and fine sediments), low and moderately productive
fissured aquifers.
Unconsolidated materials (fine sediments), practically
non-aquiferous rocks, porous or fissured.
Unconsolidated materials (coarse sediments), highly
productive porous aquifers.
Coniferous, deciduous and mixed forests.
Naturals and secondary pastures.
Discontinuous urban fabric and rural space; industrial or
commercial units.
Transition areas with shrubs, generally deforested.
Non-irrigated arable land; predominantly arable farming
land mixed with natural vegetation; vineyard; complex
culture areas; swamps.

3.1.1. Hypsometry
In the studied area, we notice mostly low altitudes, specific for valley corridors
and small hills. Higher altitudes can be observed on smaller areas, especially in the
Feleac hill and mountain massifs, situated in the eastern part of the analyzed area.
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3.1.2. Slope (declivity)
Declivity is one of the primary factors in determining the susceptibility to
landslides (Mac, 1986). In the studied area, the largest part is represented by the slope
between 5-10° respectively below 5°, specific to depression areas in which are
distinguished wide valleys and hilly areas. Steep areas are found mainly in the mountain
massifs, on small surfaces.
3.1.3. Aspect of slopes
According to the literature, the exposure of slopes to solar radiation significantly
affect the geomorphological processes through the effects it has on weather conditions
(Dragotă et al., 2008).
3.1.4. Drainage density
Drainage density is one of the secondary factors and has implications by
assessing the degree of the presence of the hydrographic elements that drain surface
terrain. Higher values indicate a strong force of surface drainage, which induces an
increase in terrain instability (Bilasco et al, 2014).
3.1.5. Depth of fragmentation
The fragmentation depth gives a glimpse of the relief energy arising from the
difference between the minimum and maximum altitude per unit of reference. Due to
the purpose for which the study was conducted and because landslides generally affect
small areas within this parameter the hectare was chosen as a unit, to the detriment of
the square kilometers, which is used in classic methodology. Lower energy relief values
show a low dynamic geomorphological processes while high values indicate a strong
dynamic and a greater susceptibility to produce mass movements (Bilasco et al, 2014).
3.1.6. Topographic Wetness Index
This indicator reveals the extent of the accumulation of water after runoff, given
the topography of the terrain. The spatial modeling of this factor was done using the
formula (Beven and Kirkby, 1979):
TWI = ln (As / tan β), where: As is the accumulation of runoff multiplied by the
area of each grid cell, and β is the slope in radians.
3.1.7. Stream Power Index
This indicator highlights the power of runoff erosion in a given area, taking into
account the topography (Danielson, 2013). This factor was modeled using formula
(Moore et al., 1993): SPI = As*(tan β), where: As is the upstream area and β is the slope
in radians.
3.1.8. Plan and profile curvature
These parameters express the curvature of the topographic surface considering
the shape of slope (concave, convex, linear) and it determines the type of drainage on
[32]
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the slope. This will determine linear surfaces and surfaces that drain convergent or
divergent surfaces respectively surfaces with accelerated or slow runoff (ESRI Support
GIS Dictionary, 2015).
3.1.9. Rainfall – pluvial aggressivity
Within this parameter were used historical rainfall records, taken from all major
meteorological stations in the Cluj county area.
Based on these records the rainwater aggressiveness was calculated (Costea,
2012), with the help of Fournier Index modified by Arnoldus (1980), determined by the
equation:
𝑭𝑴𝑰 = ∑𝟏𝟐
𝒊=𝟏

𝑷𝟐𝒊
.
𝑷

where, Piis the average amount of precipitation for the month i

(mm) and Pis the average annual precipitation (mm).
The obtained data were interpolated so that resulted two thematic layers,
precipitation and rainfall aggressiveness.
3.1.10. Soils
The soils represent an important issue, being a primary factor in the study of
landslides. In the classification of different types of soils in different categories of
susceptibility was taken especially into account the cohesion and the stability indexes of
the soil but also their texture (European Soil Data Centre, 2015).
3.1.11. Geology (lithology)
Lithology is another essential parameter in the determination of territories
susceptibility to landslides (Bilașco et al, 2011). Within this parameter we took into
account the degree of erodibility of the rocks, their cohesion, the way of stratification,
the alternation between different rock types (e.g. presence of permeable deposits
disposed on a waterproof substrate, which is extremely susceptible to landslides
occurrence).
3.1.12. Hydrogeology
Within this parameter, there were taken into account both the degree of rocks
consolidation in terms of infiltration capacity, and the degree of saturation with water or
the depth from the surface of the aquifer layers.
3.1.13. Land use
Land use is established as a primary factor, very important in determining the
susceptibility in terms of human intervention on the environment by urban extension,
deforestation, agricultural activities and other activities that have the effect of increasing
the instability of land. Also, the presence of vegetation, especially trees, representing the
forestry factor serves to stabilize the land against the geomorphological processes
(Bilașco et al, 2011).

Cinq Continents Volume 7, Numéro 15, 2017, p. 23-41

Table 2. The maps related to each factor used in the model of spatial analysis

Hypsometry
(elevation)

Slopes

Aspect of slopes

Drainage density

Depth of
fragmentation

Topographic
Wetness Index

Stream Power
Index

Plan curvature

Profile curvature

Pluvial
aggressivity

Soils

Lithology

Hydrogeology

Land use

3.2. Spatial analysis and final modeling
Geospatial databases were processed, analyzed, reclassified and modeled
spatially according to the methodology presented, using spatial analysis techniques
offered by GIS technology, subsequently being integrated into the final model.
The final parameters (represented as maps in Table 2), which were reclassified
according to the spatial extension and susceptibility attributed class are represented by
data in raster format, used as inputs into the final model (Figure 2) for determining the
territory susceptibility to landslides.
Spatial modeling of the susceptibility to landslide of the studied territory was
done in GIS environment (ArcGIS 10.1), using the spatial analysis function "Raster
Calculator" on the basis of mathematical equations, in which all the parameters listed
above were taken into account relying on a hierarchy according to their presumed
contribution in causing the landslide phenomenon.
[34]
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The hierarchy was determined after thorough consultation of specialized studies
that treats the entire range of active geomorphological processes.

Figure 2. Logical scheme of GIS spatial analysis model for landslides susceptibility evaluation

4. RESULTS AND VALIDATION
The final result of the model is constituted into a raster database, with probability
values regarding the production of landslides which was later stylized and materialized
in a susceptibility map of the Metropolian Area of Cluj-Napoca’s territory to the
landslides occurrence (Figure 3).
In terms of geomorphology, the category of "low" susceptibility is generally
associated with lack of morphodynamic processes in which the possibility of landslides
is basically zero; the class of "moderate" probability includes areas with relatively low
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morphodynamic which are affected only partially by the geomorphological processes
(rain wash surface, subsidence, creeping, etc.).
Class of "high" susceptibility is mainly represented by land permanently or
temporarily under the influence of water courses, in which the ravination or torrents are
often present; in certain situations, landslides on low areas or slow leakage may arise.
In the areas with “very high" susceptibility we encounter a very strong
morphodynamic, where is recorded the presence of numerous landslides, major
torrential erosion, solifluction, etc.
Last class of "extreme" susceptibility is associated particularly with unstable
areas in which major events occur frequently in mass movements, collapses, falling
rocks, etc.

Figure 3. Landslides Susceptibility Map of Cluj-Napoca Metropolitan Area.

As it can be seen in the final map, within the zone studied, the distribution of
areas which are considered with a “very high” probability, which are very susceptible to
landslides is considerable (approx. 10% of the total area of the territory studied).
The validation of the results was performed using a vector database (points and
polygons) which represents a total of approx. 81 landslides in different stages (areas
such as Figure 4 and Figure 5), which were identified and mapped within the other
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related studies or in the process of preparing urban planning plans of the territory, both
in the field and with the usage of satellite images (Google Imagery).

Figure 4 – Landslide validation,
Cluj-Napoca (46°48'03.2"N,
23°39'18.0"E)

Figure 5 – Landslide validation,
Cluj-Napoca (46°46'32.4"N
23°33'49.5"E)

Following the validation process, the model obtained an overall predictive power
above 80%, identified and measured in the sample areas affected by landslides, with two
methods: The Area Under an ROC Curve (Fig. 6) and by comparison with areas classified
in the field during various geotechnical studies (Figure 7).

Figure 6 and 7. Diagram representing the predictive power of the model in landslide validation areas by
AUROC method (X, Y axis representing percentages) and by comparison with already classified landslides
(Probability class of high and very high susceptibility); X axis - expected value and the Y axis - model value
in the range of probability.
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5. DISCUSSION
The landslide-susceptibility maps are monitoring and preventive tools aimed to
find the sensitive areas at the occurrence of this phenomenon. Identifying, monitoring
and management of the areas affected by landslides represents a very important stage in
context of territorial planning and using GIS technology, these steps can be elaborated in
a shorter time, in an integrated manner and more easily.
Developing risk maps can ensure the management of sensitive areas by means of
preventive and risk remediation measures as well as the implementation of a special
regime of construction in sensitive areas by temporary or permanent interdictions.
The tool presented in this paper, is an automated process of mapping the
landslides susceptible areas using GIS techniques and methods based on determination
and analysis of the factors involved in triggering landslides. This evaluation process
aims to help the specialist by highlighting the need for more comprehensive studies in
sensitive areas and not seek the substitution of the analysis in the field.
This study joins existing studies in this field (Petrea et al, 2014; Bilaşco et al,
2011; Vatca et al, 2014; M. Marjanović, 2013; Domniţa Matei, 2012; Devkota et al, 2013;
Chung et al, 1995; etc.) and it follows an improvement in practices and methodologies
for evaluation and determination of landslides-susceptible areas by involving a larger
number of factors with direct or indirect implication in the emergence of this complex
phenomenon.
6. CONCLUSIONS
This study has aimed to evaluate the susceptibility of the territory to landslides
and determination of sensitive areas, using methods of spatial analysis and statistical
bivariate analysis, implemented and modeled in GIS, focusing on the identification,
evaluation and integration of key factors with direct or indirect implications in this
phenomenon manifestation.
Scientific relevance of the landslides prediction model prediction and
methodology, used in this study, follows from the importance given in the practical
assessment a detailed study of this phenomenon; They are treated in most plans for
territory planning, feasibility studies for different infrastructures, studies on agricultural
investments, urban development, residential extensions and other important socioeconomic activities.
The statistical methods and spatial analysis assisted by GIS practices are
considered most appropriate in assessing the probability of landslides due to the fact
that they are objective, reproducible and relatively easy to update.
Towards the end, I believe that the model approached in this study render a good
predictability, this model standing out as a viable alternative for determining
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morphodynamic sensitive areas in a “remote” approach, and is also a method that can be
applied in investigation of other areas with similar characteristics.
Although this topic has been frequently studied by many researchers believe that
I had a significant input of originality in approaching this phenomenon by the large
number of factors analyzed and the databases modeling methodology used.
In conclusion, I believe that this study was a real success, the objectives were
achieved and presented modeling methodology can bring considerable improvements
regarding the research of land susceptibility to landslides.
Future research will consider improving methodology and trying to develop a
web-GIS application able to determine probability of landslides occurrence based on
given initial parameters.
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