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Abstract: The Iricau Glacis is one of the most affected areas by landslides from the Baia Mare region.
The problem increases as in the last twenty years the residential areas expanded into the region,
accelerating the present landslides or generating new ones. The proposed methodology for estimating
landslide susceptibility is based on a suitability approach, in which the slope, curvature and the land use
factors give the best results, as most of the present landslides validate the custom built model. More than
80% of the active landslides fitted the average-high and high susceptibility classes determined through
modeling. Its suitability for this case study shows that the adaptation of well-known landslide assessment
models to the local conditions can give better results than applying the actual models.
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1. INTRODUCTION

When considering landslides as natural
hazards, spatial analysis is being often used in
mapping susceptibility, a measure of an areas’
predisposition to landslides, based on the presence
of some known causing factors or on the history of
events which affected a particular slope (Crozier &
Glade, 2005).

The available methods to assess the landslide
susceptibility can be divided into qualitative (mainly
heuristic methods) and quantitative approaches,
mainly deterministic and statistic methods (Van
Westen, 2004). The qualitative approach uses
subjective estimations based on landslide inventory
(Guzzetti et al., 2012), but can also contain errors
given by the author’s subjectivity and knowledge
(Fell et al., 2008).

Because of numerous areas affected by
landslides, the Government of Romania issued the
Decree 447/2003 which establishes the methodology
for the elaboration and content of natural landslides
hazard maps with application guidelines published
in Monitorul Oficial 305 on the 7" of May 2003.

In various situations, this methodology allows
some conclusive results, even though it is regarded
as not so efficient by many specialists because the
mark of some variables (lithological, climatic and

hydrogeological) imposes an amount of subjectivity
which derives not only from the different formation
of the applicants but also from the deficient types,
and scales of the maps and available data for
different regions of the country (Petrea et al., 2014).

Combining spatial data by means of GIS
techniques allows the production of a multitude of
models. However, choosing the most appropriate
one cannot be accurately done without the
experienced opinions of geomorphologists and
geologists who know the real behavior of the natural
process (Magut et al., 2012).

Non-topographic variables such as vegetation
type are equally important GIS inputs to modelling
the location of shallow landsliding (Pike &
Sobieszczyk, 2008).

2.STUDY AREA

The Iricau Glacis is located in the north-
eastern part of Romania, in the western part of the
Maramures County (Fig. 1). The glacis is formed at
the contact between the volcanic Iricau Mountain
and the Baia Mare Depression, covering an area of
only 5.29 km?.

Altitudes range from 200m a.s.l. in the south
to 440m a.s.l. in the north of the glacis. Most of the
area is composed by sedimentary rocks (clay, marl,
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gravel), while the slope varies from 0° to 35°, thus
presenting proper conditions for landslides.

Furthermore, the expansion of the Baia Mare
City’s residential areas into to glacis in the past 20
years due to space limitations increased the number
of landslides throughout the area. The residential
areas cover more than 15% of the entire region, and
it’s continually expanding, making the landslide
issue a costly risk for the area inhabitants in regards
to the built environment.
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Figure 1. Location of the study area
3. DATA AND METHODOLOGY

Mapping past and recent slope movements,
together with the identification of preparatory
factors of slope instability are the keys in predicting
future landslides (Carrara et al., 1998)

The data used in the analysis of landslide
susceptibility was derived from several sources
(Table 1).

Table 1. The GIS Database

account eight factors, including petrography, slope,
rock structure, precipitation, hydrogeology, seismic
factor, forest cover and anthropogenic factor.
Because the homogeneity of most of these factors
(petrography based, precipitation, and seismic
factor) the results were not as conclusive as
expected.

The well-known SHALSTAB (Shallow
Stability) model (Montgomery & Dietrich, 1994)
and SMORPH (Slope Morphology) model (Shaw &
Johnson, 1995) were also applied with inconclusive
results due to the lack of land use cover from those
models structures.

The proposed methodology follows the
equation used by the Romanian system with the
discount of the homogenous factors and the addition
of the profile and plan curvature used by the
SHALSTAB and SMORPH models. The calculated
factors taken into account are included in the
following formula (1):

Km = \/%Kb*(KC+ Kd) (1)

Km — Probability coefficient
Ka - slope factor
Kb - land use factor
Kc - profile curvature
Kd - plan curvature
All these factors have a range of values from
0 to 1, where 1 represents the highest probability
(100%) and 0 the lowest (0%).

4. RESULTS

The slope angle is one of the most important

Data type Layers GIS data RSce:le_/ factors involved in landslide genesis and evolution
type esolution | Arghius et al., 2013).
Areas
Filed data | affected by GPS 0.5m Table 2. Computed values for the slope angle
landslides Para- N
Slope angle Grid 10m Code meter Value Probability | Intervals
Profile : 0 Almost null <3’
Grid 10m u
DEM curvature o <0,10 Low 31-7°
Plan Grid 10m 2 | 011-030 | Average | 7,1-12°
carvare 2 | o031-050 | AVerage [ 51 g
Map data Topographic Line / point 1:5.000 5 : : High :

— map “ 1051-0,80 High 18,1 - 25°
Aeria Land use Polygons 0.5m >0,80 Very high >25°
images

. s The slope angle chosen intervals used in table

The landslide susceptibility map was

produced by applying a combined methodology. At
first, the Romanian methodology described in the
Decree 447/2003, for landslide susceptibility
assessment method was applied. It takes into

2 are the most suitable ones for this case study. The
resulting map (Fig. 2) shows high values of
probability in the northern and center parts of the
glacis, with lower values being present in the south
and west.
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Figure 2. Distribution of the Ka factor (slope)
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Figure 3. Distribution of the Kb factor (land use)

The land use cover (Table 3) factor was can generate mass or vibrations thus triggering a

derived from the digitized aerial images, with high  landslide event.
resolution, for identifying every building or road that
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Table 3. Computed values for the land use cover

Para-

Code Value Probability | Land use
meter
0 Almost null Forest
E <0,10 Low Garden
§ 0,11-0,30 | Average Orchard
Kb 5 0,31-0,50 Avgrage Pasture
o High
s 0,51-0,80 High Roads
>0,80 Very high | Buildings

The Kb factor distribution (Fig. 3) shows
high values for the residential areas and low values
for forest cover.

The  profile  curvature takes into
consideration the shape of the slope (linear, convex
or concave). The negative values (Table 4) define
convex slope with almost null landslide occurrence
probability while the positive values define concave
slopes with a high landslide occurrence probability

(Fig. 4)
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Figure 5. Distribution of the Kd factor (plan curvature)
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Figure 6. Distribution of the Km factor (landslide susceptibility map)

Table 4. Computed values for the profile curvature

Para-

Code Value Probability | Intervals
meter
o 0 Almost null <-0,5
= <0,10 Low -0,5--0,2
$ [011-030 | Average 0,2-0
Kc 3 Average
% 0,31-0,50 High 0-0,2
g 0,51-0,80 High 0,2-0,5
>0,80 Very high >0,5
Table 5. Computed values for the plan curvature
Code | P& Value Probability | Intervals
meter
0 Almost null >0,5
= <0,10 Low 0,2-05
IS 0,11-0,30 Average 0-0,2
Kd |3 | osi-os0 | AV | 55 ¢
= High
o 0,51-0,80 High -0,5--0,2
>0,80 Very high <-0,5

The plan curvature (Table 5) indicates high
values for concave surfaces and low values for
convex surfaces (Fig. 5)

The Km factor distribution (Fig. 6) shows
high and very high susceptibility in the central areas

of the glacis,

and

in the newly constructed

residential areas. The validation of the model was
done by comparing the landslide map with the
susceptibility map. Most of the active landslides fit
the area characterized by average high (0.31 — 0.50)
and high probabilities (0.50 — 0.80) representing
more than 80% of the active landslides, while some
of the old, stabilized landslide fit areas characterized
by low and very low susceptibility. The most active
landslides situated in the central part of the glacis are
very recent, and most of them fit the very high
susceptibility class. This region comprises of newly
built residential areas that generated new landslides.

5. CONCLUSIONS

The proposed model show suitable results for
areas prone to landslides in which newly built
residential areas contribute to numerous landslide
processes. 80% of the active landslides fitted the
average-high and high susceptibility classes
determined through modeling. Its suitability for this
case study shows that the adaptation of well-known
landslide assessment models to the local conditions
can give better results than applying the actual
models.
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