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1. INTRODUCTION

The following paper aims at identifying the landslisusceptible areas from the Baia
Mare Depression and at determining the risk legsbaiated to the built-up elements from
this territory. In order to fulfil this aim, a quttive approach based on the methodology
included in the Romanian legislation was used, ttugrewith quantitative applications at
catchment and local level. The main work stages lmimg detailed by the following
objectives:

- identification of factors influencing landslidecurrence at depression, catchment
and local level;

- identification of the landslides from the studgaand of their main characteristics;

- landslide susceptibility assessment in the sardg;

- description of landslide temporal occurrencehi@ Baia Mare Depression and of the
damages which have occurred until present;

- assessment of landslide risk associated to bpilareas, main roads and high
electricity poles in the Baia Mare Depression;

- the use of alternative methods in determining ltmelslide susceptibility for risk
estimation, presented as case studies;

- description of risk mitigation methods in thedstlarea.

This work was possible with the financial suppoft the Sectoral Operational
Programme for Human Resources Development 2007;28d-8nanced by the European
Social Fund, under the project number POSDRU/16/3176841 with the title ,Modern

Doctoral Studies: Internationalization Interdisaigkity”.

2. LANDSLIDE RISK — THEORETICAL AND METHODOLOGICAL
ASPECTS

2.1. Concepts used in risk research

The interest for risk research can be identifiethlad international and national level,
in numerous fields of study, which implies at agliwstic and methodological level the
existence of a variety of concepts and specifichoast for risk assessment. In the present
paper these are used according to the officialrétimal and methodological standards.

Thus, the risk represents "the combination of thebability of an event and its
negative consequences” (UNISDR, 2009, p. 25) andoeaquantified through the product of
hazard (H) and vulnerability (V): R=HxV (Varnes,84).



Among the risk associated concepts (hazard, subtipt temporal probability,
vulnerability, elements at risk, sensitivity, resice), the term "susceptibility” has only
recently started to be used in the Romanian stuatidsstands for the spatial probability of a
process in a particular area, where certain facigerpresent (Brabb, 1984; CrozseGlade,
2005).

2.2. General methodological aspects of landslidesk research
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Fig. 2.2. Stages of risk management and the relatiships among them(after Crozier and Glade, 2005;
Australian Geomechanics Society, 2000).

In the broader field of risk management there isedes of interdependent stages,
illustrated in the chart 2.2., and at each of thsisges the methods used can be either
qualitative, quantitative or semi-quantitative, @cting to the data availability, the scale and

the purpose of the study (table 2.1.).



Table 2.1. Scale of analysis and the qualitative argLantitative approaches in landslide risk analysis

SCALE QUALITATIVE METHODS QUANTITATIVE METHODS
Inventory Heuristic Statistical analysis Process-based and
analysis numerical analysis
<1:10 000 YES YES YES YES
1:10 000-1:100 000 YES YES YES Probable
1:100 000-1:500 000 YES YES Probable NO
>1:750 000 YES YES NO NO

(Source: after Glade and Crozier, 2005, pg. 87, fiembafter Soeters and van Westen, 1996).

2.3. Landslides — definition, classification, chareteristics

The object of the present study is representecibgslides, a mass movement process
which takes place under the influence of gravity,aosliding surface or surface of rupture
characterised by intense driving for¢€udensi Varnes, 1996; Surdeanu, 1998dRane et
al., 2001s.a.).

Transverse
cracks

Surface of
rupture

Surface of rupture
Foot

Fig. 2.3. Schematic of a rotational — A and transkional — B Iandside
(Highland and Bobrowsky, 2008, p. 11 and 13, dterden and Varnes, 1996).

Crudensi Varnes (1996) classify these processes accordiniijedegree of activity
in: active, reactivated, suspended, inactive (la@mandoned, stabilised, relict) and according
to thecomplexity of the procesdn singular, multiple and successive, while Var(E378)
uses theshape of the sliding surfaceas the main criterion in differentiating between
rotational (concave surface of rupture) and traimsial (planar surface of rupture) landslides
(fig. 2.3.), as well as complex landslides with ¢ned characteristics of the first two.

Regarding the age of the landslides, Posea (20@jtioms the postvillafranchian
uplifts as the period of landslide initiation, imetperiglacial climate of Wirm and postglacial
period (around 9000-7000 years ago), followed leyAHantic period (around 500-3000 years
ago). For the historical time interval, the proleapkriods are identified through the specific
human activities and the climatic characteristib& middle of the 18 century, the period
after 1829, the first decades of thé"agntury, with a maximum in the interval 1938-1942
characterised by high precipitation, the deforestaperiod after the World War 11, the 1969-



1973 interval and the intense deforestation peaifter 1989 (Surdeanu, 1998; Posea, 2005), a
more recent cycle of activity being the one froma ihterval 2004 - 2011.

2.4. Methodological aspects of

landslide risk research in the
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Fig. 2.5. The main stages of applying the legislag method to which an appropriate approach
using GIS techniques. . . .

includes a landslide inventory, a

susceptibility and hazard zonation

and a preliminary risk zonation.
2.4.2. Landslide risk analysis

2.4.2.1. Qualitative approach

The landslide risk estimation for the built-up @e#e main roads and the high
electricity poles of the electricity line lernut-BaMare includes a series of work stages:

1. landslide susceptibility assessment using th@-geantitative method described in
the Governmental Decision 447/2003 (fig. 2.5.);

2. validation of the susceptibility map using magpendslides from the study area;



3. transformation of the susceptibility classesoihiazard classes using linguistic
descriptors correspondent to the probability claskescribed by Fell et al. (2005) after AGS
(Australian Geomechanics Society, 2000);

4. estimation of vulnerability and consequencesdador each type of elements at risk
(Fell et al., 2005; AGS 2000, AGS 2007);

5. the risk estimation is based on a matrix of itp@le combinations between the
probability of landsliding (hazard) and the prolealobnsequences related to each type of
elements at risk (Fell et al., 2005; AGS 2000, ATRB7).

2.4.2.2. Quantitative approach

In order to use a quantitative method in the assestof landslide susceptibility, a
reduced study area was analysed (the Chkechichment, 100 kfj) where a landslide
inventory was created through field investigatiofise selected method is represented by the
statistical model of logistic regressidffig. 2.6.), one of the methods most often used in
landslide susceptibility assessment both internatlp (Dai and Lee, 2002; Lee, 2004;
Ayalew et al., 2005; Brenning, 2005; Chauhan t2410 etc.), and in Romania (Micu and
Balteanu, 2009; Blteanu et al., 2010; Arga2011;Sandric et al., 2011; Bfgarint et al.,
2011; Arma, 2012; Grozavu et al., 2012akgarint et al., 2013.a.).

The method is based on the assumption that a gpeoiinbination of factors which
led to landsliding in the past will function in amslar way in the future (Croziegi Glade,
2005). Thus, the probable location of future laml#sloccurrence is statistically determined
using an inventory of present landslides from th&lyg area and the terrain characteristics
where these events occured (Carrara et al., 1995).

In applying the logistic regression an importarieris played by the softwares ArcGis
9.3, R and RSAGA, a series of factors includedhm dnalysis as independent variables and
the landslide inventory as dependent variable. Vdl&lation of the results is based on an
independent set of landslides extracted from tigirad inventory and the methods AUROC
(Burt and Barber, 1996; Hosmer and Lemeshow, 2@zetti et al., 2006), success and
prediction rate (Chung and Fabbri, 1999, 2003, 20@H Westen et al., 2003; Remondo et
al., 2003).

The general formula of the logistic regressioneigresented by the natural logarithm
of the odds ratio, dogit:

{ ™
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p=P(y=1Jx)
2(4)

wherep is the probability that the depdendent variable tee value 1 (landslides
occur), conditioned by the values of the indepehdanables x, Xo... X%; f1, B2, .. Pk are the
regression coefficients which describe the contidouof each factor x to explaining the
probability of landslide occurrence (y=1) and déserthe transformation which keeps the
linear relationship between the independent ander#gnt variables using the natural
logarithm (fig. 2.7.);8y is the intercept or the control value for whichOxgHilbe, 2009; Burt
and Barber, 1996).
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Fig. 2.6. Stages of applying the logistic regression modelrfandslide susceptibility assessment.



Further on, the results of the logistic regressian be included in a quantitative risk
analysis in the Chechicatchment, as soon as the data for a quantitatieerability
estimation of the elements at risk are availalvlghis paper such an estimation was done only
for the three landslides from the Baia Sprie &n&ti area which are investigated in more

detail in chapter 7.
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Fig. 2.7. (a) The logistic function and (b) its liear transformation (Burt and Barber, 1996, p. 496).

3. THE BAIA MARE DEPRESSION — GEOGRAPHIC IDENTITY A ND
PREMISES OF RELIEF FORMATION

3.1. Location and limits

The Baia Mare Depression is located at the comtéhtthe volcanic mountains of the
northern sector of Eastern Carpathians and is dlecluas a geographic unit in the g@na
Hills, the subunitof Silvano-Somgene Hills (Geografia Romaniei, vol.IV 1992). Ithging
differentiated from the surrounding units (fig. 3.@n lithologic and morphologic criteria.

3.2. Geological premises of relief formation

After the Baia Mare basin was tectonically indivadlsed through the alpine
movements (Paidc1964), the processes of sedimentation continbed¢ologic evolution of
the area, doubled by volcanic activity. After tle¢reat of the Pannonian Sea, the erosion and
accumulation processes intensified, resulting ngdapiedmontal deposit&Ghiurci, 1969;
Posea, 1962and started the incision of the hidrographic nekwiarthe depression deposits.
Hundreds of meters of Miocene sediments were erodetil the rivers reached the
prepliocene rocks (Paicl977; Cote 1973).The fluvial processes continue, the most recent
sedimentary deposit being the Cuaternary, which lmandentified on terraces and flood
plains, as well as on hill tops, where a yellow)udial clay was deposited from the

surrounding volcanic and cristaline units (Pau®64). As a result of all these processes, the



most important lithologic units in the study area ¢he Sarmatian, the Pannonian and the
Cuaternary.

3.3 Meteo-climatic and hydrographic premises of regf formation

The Baia Mare Depression is located in the nortBter@ Romania, under the
influence of western air masses and near the Glaéntains. As a result, the average annual
precipitation at the Baia Mare meteorological stathas a value of 894.8 mm/year (for the
interval 1961-2011), a value which varies spatifityn west (600-700 mm/year) to south and
east (1000 mm/an) (Atlasul climatologic al R.S.B§@; Covaci, 2005).

The study area is characterised by a moderatensmmél climate with mild winters and
lower temperatures in the summer months. Thusatineal average temperature (1971-2000)
at the Baia Mare station is of 9.7 °C (PUG Baia &1a2011). The western winds are
predominant (12.5%) in the warm half of the yeanjl&vthe eastern winds take 11.9% of the

cold interval.
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Fig. 3.1. Geographic location of the study area anthe relation to neighbouring units.

The climatic characteristics of the study area reitee a flow regime of the main

rivers specific to the western Carpathians, charagd byearly spring high water@arch-



April), while the source for the permanent and temapflow is divided among 47% rain, 50%
rain and snow melt and 3% snow (Ujvari, 1972). Tigdrographic network is rich in water
courses, its main rivers being: SamBargiu, Lapus, Sasar and their tributaries.

3.4. Biopedogeographic premises of relief formation

In the altitude interval of 300-700 m in the Baiamd Depression the forests include
mainly oak species and beech, in association witerent grains and other grass species,
growing on eutricambosols or luvosols (Filip, 20@»man, 2006). The forests of mixed
broadleaf species develop on the sunny slopesgfigdmontal hills and on the high terrases,
between 250 and 400 m, the soils specific to #&well being the luvosols, while on the low
terraces and in the flood plain (150-250 m) the$bregetation is scarce, most of the surface
being dominated by grass species. Along the waterses willows and poplar trees grow on
hydrisols.
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Fig. 3.10. Map of the main anthropic elements fronthe Baia Mare Depression.



3.5. Anthropic premises of relief formation

The Baia Mare Depression is a well populated tawijt the anthropic surfaces
representing aproximatively 15% of the 600%kimcluding the territories of 16 communes
and 5 urban administrative units (fig. 3.10gpresenting a total of 70 settlements, out of
which 5 cities: Baia Mare — 123 738 loc., Baia 8pfil5 476 loc.Somcuta Mare — 7 565
loc., Ulmeni — 7 270 loc., autii-M aghetius - 7 136 loc. (Receimantul populaei, 2011).

4. THE RELIEF OF BAIA MARE DEPRESSION

4.1. Morphologic characteristics

From a geomorphological point of view, in the BMare Depression there are three
main morphogenetic levels: the low plain with theerior terraces and flood plains,
corresponding to the hydrographic convergence @petow the altitude of 200 m); the
piedmontal glacis developed as a narrow strip @tctintact with the IggiMountains (photo
4.3.), the piedmonts and hills; the high plain loé tmiddle and superior terraces and the
intefluvial surfaces between the main riveras&®, Lipus, Bargiu and Some (Geografia
Romaniei, vol.IV 1992; Posea et al., 1980).

Photo 4.3. The upper limit of the Baia Mare glacig¢dotted line; 2013).

4.2. Morphometric characteristics

The palaeogeographic evolution of the studied avaa dominated by sedimentary
processes followed by the modelling action of svethich determines a decrease in altitude
from est to west and from south to north, reaching lowest altitude (142 m) in the
hydrographic convergence area of th@uls and Somerivers. The highest altitude (723 m) is
recorded in the north-eastern part of the depresaitthe contact with the mountain area.

The geodeclivity map in figure 4.3. shows the gpalistribution of steep slopes (5-
15°) in the internal hills and the Baia Mare glacepresenting around 25% of the depression



area, to which some steeper but less extendedssldie35°) are associated. The slope

orientation illustrates an almost equal separatietween the shaded and sunny slopes, the
latter being more extended in the northern halthef depression, the piedmont and the Baia
Mare glacis.

The thematic maps of profile and planar curvatgenerated using GIS techniques
and the digital elevation model, allow the idexttion of slope types and, indirectly, of their
influence on the slope processes and on the coenergr divergent flow direction,
respectively.

Interfluvial surfaces are outlined through the fremmtation density of the relief, the
most extended ones being on the surface of theaFRistimont, the CurtuitHills and the
northern slope of the Baia Mare Piedmont. Thesasaee characterised by the minimal
values of this indicator (0-1 km/Kin At the same time, the fragmentation depth is an
indicator of the relief energy which influences #lepe processes, the maximal values from
the Baia Mare Depression (250-366 mfkmharacterising the northern and the north-eastern
areas of the depression, the Baia Mare glacistaméléegreia Piedmont.

Legend™
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Fig. 4.3. Slope cathegory map of the Baia Mare Degssion(0,1-2° cvasi horizontal and slightly sloped;
2,1-5° moderately sloped; 5,1-15° steep; 15,1t88par; 35,1-43° very steep).



4.3. Present processes of relief formation

The present slope processes from the Baia Mare eSgjpn are represented by
torrential erosion, landslides and falls, which
affect especially the Pliocene and Miocene
deposits in the lagla, Somcuta, Grei and
Sisesti hills and outside the depression, in the
Urmenk hills. In addition to these areas, which
were identified in 1973 by Catethe Baia
Mare glacis is another landslide affected area

Photo 4.4. Cuaternary silty and contractive clays where the increase in anthropic pressure leads
(Grosi, 2010). to an increase in landslide activity. On the

other hand, in the flood plains the lateral erosfmocesses continuously reshape the
morphology of the river courses affecting the batability and the adjiacent slopes.

4.4. The landslides from the Baia Mare Depression

In the Baia Mare Depression,
landslides are usually associated with the
Pannonian  deposits  (Miocene-Pliocene),
represented by marly clays and with covering
Cuaternary deposits, 4-5 m thick, represented
by silty and contractive clays, in a consequent
structure (Zaharia and Driga, 2009; PUG Baia
S _ - Mare, 2011; Zaharia, 2012).
Photo 4.5. Marly clays covered by silty and The characteristics of the Quaternary

contractive clays contractive clays (photo 4.4make it difficult
(Dumbivita: foto: S. Zaharia. 200:

to identify the exact conditions of landslide
activation. Beside the accumulation of water inside the depaditring prolonged rainfall
events, leading at a certain point to slope
failure, there are many situations when these
conditions are not enough for landslide
occurrence. Thus, drought periods can lead to
the formation of cracks which, during the
eventual rainy periods, enable water to reach

the impermeable layers underneath in a short

gz Ty
g R TR

Photo 4.6. Rotational landslide in Grgi (2012). time. In addition to this, the presence of sandy



deposits can play a similar role in the water tiant the upper surface of the impermeable
marly clays (photo 4.5.) or to impermeable layeiside the Cuaternary deposits, generating
slip surfaces (PUG Baia Mare, 2011; Zaharia, 2012).

The morphology of most of the landslides from thaiaB Mare Depression is
characteristic to rotational movements (photo 4a6yording to Varnes (1978), the landslide
body being generally uplifted, causing the formatod a reversed slope, drainage disruption
(Crozier, 1984) and the emergence of springs anttueigodies of landslides (Varnes, 1978).

The translational landslides from the study areaganerally smaller and represent the
outcome of new or reactivated processes on
older landslide bodies (photo 4.7). In addition
to these there are many situations with
successive scarps on the same slope, which can
be described as multiple landslides with several
slip surfaces connected to a main surface of

rupture (Bumasi van Asch, 1996). A similar

morphology but with smaller depths and

Photo 4.7. Recent translational landslide on an
old landslide body(Danesti, 2013).

individual slip surfaces charcaterise the
successive landslides (Hutchinson, 1988).
Unfortunately, a clear separation between thesetypes is difficult when no data related to

the exact position of the slip surfaces is avadabl

5. QUALITATIVE ANALYSIS OF LANDSLIDE RISK
IN THE BAIA MARE DEPRESSION

5.1. Landslide susceptibility in the Baia Mare Depession
Using the method described in the G.D. 447/2003 &#verage susceptibility
coefficient for the Baia Mare Depression was cat®d using the following factors:

Ka = lithologic;

Kb = geomorphologic;

Kc = structural;

Kd = hydrologic and climatic;
Ke = hydrogeologic;

Kf = seismic;

Kg = sylvic;

Kh = anthropic.

Table 5.1. illustrates the coefficient values fbe lithologic (Ka), structural (Kc)
and hydrogeologic (Ke) factorswhich were estimatedsing the geologic 1:200 000 (sheet



no. 3 Baia Mare, 1967) Thgeomorphologic coefficient (Kb) was determined using the
correspondence between the slope value intervalshenprobability classes described in the
legislative document (0 —zero; <0.10 — reduced-@.B0 — medium; 0.31-0.50 — medium-
high; 0.51-0.80 — high; >0.80 — very high) (G. B.7£2003; Marchidanu, 2005), while the
hydrologic and climatic coefficient (Kd) was estimated using the flow coefficient
(Marchidanu, 2005) calculated using the Frevere®glGIS techniques of overlay and spatial
analysis and the rasters of land use, soil texdacteslope angle (Bidao, 2008). Last but not
least,the seismic coefficien{Kf) is given the valu@,50 corresponding to a potential seismic
intensity of 6 on the M.S.K. scale (G. D. 447/2008&rchidanu, 2005), and the Corine land
cover classes (2006) were used to heuristicallgrdene the values of the sylvikd) and

anthropic Kh) factors.

Table 5.1. Heuristically estimated coefficients ahe factors Ka-
lithologic, Kc-structural and Ke- hydrogeologic ushg the main

lithologic units. The values of the eight

Lithologic unit Ka |Kc |Ke | factors are used to
Crystalline schist (Precambrian), 0,50 0,50 0,30 t ticall | if h
Priabonian (Eocene), 0,10 0,50 0,50au omatically ~ classity — eac
Chattian — Burdigalian (Oligocene) 0,60 0,650 0|50
Badenian (Miocene) 0,50 0,80 0,50ArcGis 9.3 creating eight
Sarmatian / Volhinian + Bessarabia®,60| 0,85| 0,70 . )
(Miocene) corresponding rasters with 20
Pannonian (Upper Miocene -Pliocene) 1/00 1,00 0,70 resolution. The average
Andesites (Lower Sarmatian) 0,05 0,05 01{“ ) g
Dacites of lanest 0,00 0,00] 0.0 sysceptibility coefficient and its
Cuaternary — Upper Holocene 0,40 0J05 0,40

- Lower Holocene 0,40 0,05 o0Jsccorresponding map are the

- Upper Pleistocene 0,90 0,80 04,9 i

- Lower Pleistocene 0,85 o0lgo og,ofesults of applying the

following  formula using
MapAlgebra:
Kl{a)xK(b
K(m):\/—( VKO 1k (0)+ K(d)+ K (&) + K(F)+ K(g)+ K ()]
6
(5.2)
where:

K(m) = average susceptibility coefficient (GT 006-%.D. 447/2003; Marchidanu, 2005).
The validation of the susceptibility map was dowyeoberlaying it with the mapped
landslides from the Baia Mare Depression and bgrdehing the prediction rate (Chung
Fabbri, 2003).As a result, 10% of the study area having the Hglsesceptibility values
corresponds to 62% of the mapped landslides. Tmast of the landslides previously
mapped overlay high susceptibility values (Chsingabbri, 2005), which accounts for a very
good prediction capacity of the resulting map. Téesceptibility classes have been



determined using the susceptibility intervals pragab by the G.D. 447/2003 (fig. 5.3.), and
the class validation (fig. 5.4.) shows that 70%the mapped landslides are included in the
high susceptibility class.

A

SUSCEPTIBILITY CLASSES (GD 447/2003)
@@ Very low (0.00)

C2 Low (<0.10)

@3 Medium (0.10-0.30)

®@ Medium-high (0.31-0.50)

O High (0.51-0.80)

®8 Very high (0.81-1.00)

70 4 . Proportion of the study area in each
% susceptibility class
60 - . Proportion of landslides in each susceptib
class
50 -
40 -
%
31,77 % 33.45%
30
22,54%
20 -
1,97%
104
0,23% 0,03%
0 - T
1 2 3 4 5 6

Fig. 5.4. Proportion of landslides in each suscepiiity class
(1- zero, 2-reduced, 3-medium, 4-medium-high, Szh@very high G.D. 447/2003).



5.2. Hazard analysis

The hazard classes can be determined using thepislity map on the basis of a
qualitative correspondence illustrated in table 5.6

5.3. Vulnerability analysis

Depending on the data available at this point, @ilesses were used to describe the

possible consequences to landslides associatée touilt-up areas and the main roads in the

Tabelul 5.6. Correspondence of susceptibility, prodbility and hazard ~Baia Mare Depression.

classes. These take into

Nr. | Susceptibility classes Probability classes Hapmd classes

1 | Zero Not credible Very low account the
2 Reduced Rare Low -

3 Medium Unlikely Medium vulnerability of these
5 High Likely High

6 Very high Almost certain Very high which offer
Source: after Fell et al. (2005); AGS (2000); AG807a. information on their

resilience and exposure) and the general valuedhefdirect and indirect damages. These
classes were defined by Fell et al. (2005) afterSA@000) and by AGS (2007a) using
gualitative descriptors of the estimated damagekhave been related to semi-quantitative
examples from the Baia Mare

Depression (table 5.7).

The possible
consequence classes (table 5.7.)
for the main roads in case of
landslide  occurence  were
attributed using the matrix from
table 5.8., by applying the
overlay technique. The roads
raster  (drum_012% was

combined with the landslide

Fig. 5.8. Estimated road consequence classes — epdmfromthe ~ susceptibility raster gm®),
DJ 182B between Gtalina and Satu Nou de Jogwhite square  ysing a formula for spatial

shows the location of photo 5.: analysis developed with |OgiC

conditions (CON):
,foad_consequences” = con([drum_012] == 0 & [km] £=0, con([drum_012] ==
& [km] == 2, 0, ... con([drum_012] == 1 & [km] == 1L, con([drum_012] == 1 & [km] == 2,



2, ...

con([drum_012] == 2 & [km] == 1, 1, con([dru®dl2] == 2 & [km] == 2, 1, ...
con([drum_012] == 2 & [km] == 6, 4, 0))))))))))))))

(5.4.)

Table 5.7. Consequence classéadapted after Fell et al., 2005 and AGS, 20@8)imative vulnerability
value (V) and examples from the Baia Mare Depression.

Nr | Consequence | Description Examples from Baia Mare| Magnitude or occurence
descriptor Depression particularities of recorded
landslides
V | Catastrophic | structure completely deformation and housesudden landslide occurence
V=1 destroyed or largé collapse, requiring with high speed (e.g. Ggb
scale damage evacuation; overturning af13.05.1977 — 12m in 6h),
requiring major| poles, fracturing and collapse>2m depth; @rbunar, March
engineering works | of entire road width 1999; Cheliga, 19.01.2011).
IV | Major extensive damage tpcracks and deformation ofsudden or slow landslidin
V =0,75 most of structure, of houses, pole tilting, cracksfrequent reactivations; (e.g.
extending beyond siteand deformation of roads,Grosi, Remetea Chioarului,
boundaries requiring road collapse on one way; | Chelina, Ulmeni - local
significant reactivations);
stabilisation works
Il [Medium moderate damage tocracks in the walls of housesslow landsliding with sudden
V =0,50 some of structure, orand smaller constructions,reactivation of low
significant part  off slight pole tilting, | magnitudine (movement is
site requiring large deformation and fracture afvisible only through damages)
stabilisation works roads; (e.0. Ungurg, Danesti,
Carbunar, Satu Nou de Jos|—
5-30 cm deformation of the
road);
Il | Minor limited damage tq cracks which do nofslow landsliding, small
V =0,25 part of structure, of destabilise houses and othesuperficial reactivations, (e.g.
part of site requiring construction, slight pol¢ <5 cm deformations of roads,
some reinstatement/tilting,  deformation  of| superficial cracks on walls);
stabilisation work centimeters of roads;
I Insignificant little damage minor cracks. very slow movement$ack
V=0,10 of any movement.

Validation of results was done heuristically by garing the results with

observations from the field. Thus, the 182B roataaillustrated in figure 5.8. is known for

the frequent landslides on the right side of thed®ig river, determining deformations of tens

Table 5.8. The matrix of susceptibility-consequenceorrespondence for the county (DJ), national (DN)
and european roads (E58).

ROAD Km-1 Km-2 Km-3 Km-4 Km-5 Km -6
1 - DJsi DN | I 1 v v \Y
2—-E58 | | I 1" 1" v

of centimetres in the road cover (fig.5.8. and btt.). This situation confirms the results

which have included this road sector in the magprsequence class.



By considering a series
of factors in the vulnerability
estimation of the built-up areas,
without quantifying them at this
point, four cathegories of
human settlements were
considered and were included in
consequence classes, according

to table 5.8. As a result a raster

was created using Map Algebra

Photo 5.1. The county road DJ 182B frequently repagd due to and a formula similar to (5.4.).
landslide deformations(in the background, aEilina; the present The resulting

drainage system proves itself inefficient (2013). - .
gy P (2013) vulnerability map (fig. 5.9.)

identifies in the medium and

major classes of consequences (vulnerability ialer®,50-0,75) the main settlements

Consequences:
7 1 INSIGNIFICANT (V=0,10)
#¥ 2 MINOR (V=0,25)

@ 3 MEDIUM (V=0,50)

¥ 2 MAJOR (V=0,75)

1 ilometri @ 5 CATASTROPHIC (V=1,00)

Fig. 5.9. Vulnerability map (vulnerability intervals —V — are represented tlylogossible consequence

classes for the built-up areas in the Baia Marer@sgion).



mentioned in the official reports as being affddbg landslides, with damages to houses and
smaller constructions, farm land or orchards latakear households.

Table 5.9. The matrix of susceptibility-consequenceorrespondence for the built-up areas.

Built-up area Km-1 Km -2 Km -3 Km -4 Km-5 Km- 6
1 — Baia Mare municipality | Il 1 [\ \% \%

2 — cities I Il 11 Y Y \Y

3 —rural centers I I Il 11 v V

4 — villages I I Il 11 v v

A similar analysis was performed for the high tenselectricity poles included in the
aerial line lernut - Baia Mare (220kv) which crosslee study area in the Chechatchment.
In order to determine the vulnerability classesaster for the Euclidian distance around the
poles was generated at 0-20 m, 20-40 m, 40-60 envials, resulting in three distance classes
to which three vulnerability intervals were relat€b (medium consequences for the 0-20 m
distance), 0,25 (minor consequences for the 20-4@istance) and 0,10 (insignificant
consequences for the 40-60 m distance).

5.4. Risk analysis

The landslide risk estimation was performed sepbrdor the three elements at risk

analysed using adapted formulas with logic condgibased on the matrix illustrated in table
5.10.

Table 5.10. Matrix of qualitative risk estimation using the landslide probability and the consequendevel.

Probability Consequences
Catastrophic - V| Major - IV Medium - 11| Minor 4| Insignificant- |
Almost certain -| VH VH H H M
6
Likely - 5 VH H H M -M
Possible - 4 H H M -\ VL -
Unlikely — 3 M-H M -M VL - VL
Rare — 2 - - VL - VL VL
Not credible -1 | VL VL VL VL VL

VH - very highH — high,M — medium, - low, VL — very low.
(The lowest value was selected when two classeg@$dts indicate a series of s of risk occur; dftelt et al.,
2005 and AGS 2002).

The results indicate a series of settlements wkeotors of the built-up areas are
included in the class of potential major consegaendadra, Somcuta Mare, Berchez,
Remetea Chioarului, Posta, Coruia, Sarbi, Buz€arbunari, Ocol, Grasi, Satu Nou de Jos,
Dumbrvita, Rus, Ungurg Sisesti, Negreia, Baia Sprie, Baia Mare (fig. 5.17.).eThast
events with recorded damages confirm these reanttanotivate the zoning of these areas as

having a high landslide risk level, unacceptablehout detailed studies and mitigation
measures.
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Fig. 5.12. Proportion of each risk class

The road sectors most exposed to landslide ridkdecthe natioanl road 18B between
Carbunari and Baia Mare and the county road 182B éetwTulghie and Remetea

Chioarului. These have been repeatedly affectemhdgpr landslides and are currently marked

C:S Limit of Baia Mare Depression
@ 1- Very low risk (VL)

ﬂ 2 - Low risk (L)

i_,'__] 3 - Medium risk (M)

' 4 - High risk (H)

* 5 - Very high risk (VH)

1?(ilometri

Fig. 5.17. Landslide risk levels for built-up area and roads in the Baia Mare Depression.



by active landslide processes, thus validatingrigle analysis results which include them in
the high risk class, unacceptable without spe@édlistervention.

Out of the total built-up area, aproximately 15%resent high risk areas, while from
the total road length, 21% are included in thisgléig. 5.12.). In the Baia Mare Depression
these values represent an area of 20,5ikotuded in the high risk zone and 1,7 %im the
very high risk zone (in the north of the Baia Mamanicipality), as well as 48 km of road in
the high risk class. In the case of the high vatpgles, the results indicate that five poles are
included in the landslide risk classes ranging frlmw to high risk, while the rest are

characterised by low and very low risk levels.

6. QUANTITATIVE ANALYSIS OF LANDSLIDE SUSCEPTIBILIT Y —
CASE STUDY IN THE CHECHI § CATCHMENT

In order to use a cuantitative method to deternthme landslide susceptibility, a
smaller area of analysis was selected, represdate¢tie Chechsi catchment. The landslide
inventory created in the 2011-2013 interval throdighd mapping is used to determine the
landslide susceptibility of the area by means elalistic regression model

6.1. The landslides from the Checkicatchment

The preliminary analysis of the landslides ideatfiin the Checki catchment

Sisa 1IL.LBAIA SPRIE

N
A ILUNGURAS | o 55

illustrates the main

factors which

determine the

LGROSI landslide occurence

and the main

geomorphologic
characteristics

needed in the hazard

analysis.
56 landslides

were identified in

g

%5 | VLDUMBRAVITA

~—Reteaua hidrografici SiX areas

permanenti

< rografici
V. CARBUNARI gkm temporari

%Alunccﬁri de teren eXtenS'Ver affeCted

by landsliding (fig.

Fig. 6.2. The landslides from the Checkicatchment .
6.2.): I-Grosi, |l-



Unguras, Ill-Baia Sprie, IV-D anesti, V-Carbunari si VI-Dumbr avita. The preliminary
results of the field observations and mapping Heeen published by &yut et al., 2013.

The 30-year cycle of recurrence for the climatiodibons favourable to landslide
occurrence (Surdeanu, 1998) is confirmed in theistarea by the still visible damages caused
by landslides from the early 70s or by reactivation older landslides, from the 40s and 50s
(photo 6.1.) and the recent activity suggesteddshfscarps.

Using the available
geologic data, (fig. 6.2.) and
local sources of information
(ing. dr. Zaharia Sorin, s.c.
Geoproiect s.r.l., Baia Mare), a
series of morphological profiles
were completed with
schematical lithologic

information. Two exceptions

are represented by the

Photo 6.1. Overturned fountain in Grasi

Dumbivita and Baia Sprie-
(water level at <1 m from ground surface, 2012iree: Migut et al.,

2013). Danesti areas where

geotechnical investigations
were available for the validation of the resultsl &ne lithological and structural information
was based on drilling data (chapter 7). This leth®identification of the general landslide
occurrence conditions in the Checbatchement:

- most landslides
395 -

m (including recent reactivations)
N\ have a surface of rupture in the
385 - Quaternary deposits consisting
Shear surface i i .
N of silty and contractive clays, in
e | association with the hydrostatic
level and the local drainage
conditions;
365 T T T T . .

surface of rupture at the
Fig. 6.4. Geomorphologic profile in the Ungura area

(after Magut et al., 2013).

interface between the

Quaternary deposits and the



Pannonianmarly clays can occur in addition with the situatipresented above, if the
triggering conditions include prolonged rainfadijnfall which follows dry periods when deep
cracks form in the covering deposits (Zaharia, 2002 local conditions which allow the
water to descent to the Pannonian deposits. Thigssusfaces can be individual or can form
in time through the intersection of several slipfactes through repeated reactivations or

lateral enlargements of the landslide area.

6.2. Landslide susceptibility assessment using Isgc regression

In the Chechis catchment a series of factors weder to establish their influence
on landslide occurrence by means of the logistigegsion model: lithology, relief energy,
slope angle, aspect, plan curvature, profile cumeatfragmentation density, distance to roads,
distance to streams and topographic wetness irfslatistically, these factors represent the
independent variables included in the model, while mapped landslides represent the
dependent, binary variable, with two values (Hairak, 1992; Hilbe, 2009): O-landslide
absence, 1-landslide presence.

In preparing the independent variables using Arc@® the raster and vector data
available for each factor were used to generatergess of dummy variables which are
necessary in representing qualitative, discreteabbes(Hardy, 1993; Garavaglig Sharma,
1996; Daisi Lee, 2002; Hilbe, 2009)litology (seven classes — seven dummy variables),
aspect (eight classes)profile curvature (three classes)plan curvature (three classes),
distance to streams(seven classesglistance to roads(six classes)topographic wetness
index (three classes)ligital elevation model (nine classes). Together with the factors
included as continuous variableslope angle, fragmentation density they totalise 48
variables intersected using Hawths Tools in Arc@&&with a series of points generated using
the landslide layer. The script used in this stagé the logistic regression performed in the
following stages has been developed by Helene Raistom the ENGAGE research group
led by Prof. Thomas Glade (University of Viennagdther with Prof. Alexander Brenning
(Waterloo University, Ontario).

The statistical correlation of the mapped landslideth their causing factors is
assessed using the multivariate analysis modebgibtic regression, with the help of the
statistical software R and the RSAGA platform. Byplging the logistic regression formula
(6.1.), the combination of factors with the closestults to reality is selected using the Akaike
criterion, and the stepwise variable selectjgilison, 2001). As a result, the final model

included eight variables, their coefficients beilhgstrated in table 6.3.



gim(formula =landslide~ slope+ dem_2+ dem_3+ lit_pn + dens_fr+ cpr_ccv+ ..., family

= binomial, data #model_dataframpe (6.1.)
Table 6.3. Coefficients of the final logistic regrssion model. Based on these
VARIABLES COEFFICIENT | coefficients, the landslide
Lithology: Pannonian (lit )pn 19.26702 . .

w Sarmat(&n(sn%p 17 73916| occurrence in the Cheghi
Slope angle (slope) 0.29864 tchment is explain
Aspect: NV (aspect_nv) -1.07024 catchment is explained by a
SV _(aspew) 0.73423 combination of favourable
S (aspsgt_ 0.83124 )
Altitude intervals: 201-300m (dem_2) ax64| factors (Pannonian and
301-400dein_3) 4.87467 . .
201-500m (dem_4) 3 ggg3a>armatian  lithology, slope
Distance to streams: 100—200rr_1 (dist_ape 2 0.66913 angle in the altitude interval
201-300dis(_ape_3) -1.20730
301-400dis( ape 4) -1.90681L of 201-500 m, southern and
401-600m (dist_ape_5) 07479 .
Distance to roads: 201-400m (dist_drum_B 0.65639| South-western aspect) with a
401-800m (dist_drum_4) 1.04064 : :
Fragmentation density  (dens_fr) —0.30'74seneS of factors which are
Topographic wetness index with values close to 0 -0.40802| not associated to landslide

(twi_0)

occurrence and can be

considered as restrictive: north-western aspestance to streams larger than 100 m, up to

600 m from where its influence is no longer sigrafit,
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e
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Fig. 6.11.The success rate and prediction rate curvesfor the

susceptibility model used in the Checlicatchment(x axis— cumulative
% of the total study area fo each susceptibil#lue; y axis — cumulative

% of landslides for each susceptibility value).

100%

201-800 m distance to roads,
fragmentation density and
the topographic wetness
index with values close to
0, correspondent to the
interfluvial surfaces of the

study area.

The regression
coefficients are used for
determining the spatial
probability of landslide
occurrence, represented

by the map in figure 6.14.
In order to make a solid

classification of the resulting map, the success veas used to determine the susceptibility
intervals defining each class (ChugigFabbri, 1999, 2003, 2008; Van Westen et al., 2003
Remondo et al., 2003) (fig. 6.11.).



The areas included in the very high susceptibdigss on the map from figure 6.14.
represent almost the entire southern sector oB&h@ Mare Piedmont, a series of slopes from
the Girbunari area and the Negreia Piedmont, correspgrnairi4% of the studied area (14
km?). The high and medium susceptibility classes sumiothese areas, covering a total of
30.45% (30.45 kn) of the catchment area. Aimost all the landsliceaa mapped in the field
correspond to a high and very high level of lartisBusceptibility, one of the few exceptions
being the anthropically triggered landslide fromnihsvita. These results confirm the
model’s capacity of explaining the occurrence oftdandslide and the prediction of future
landslide areas where similar characteristics exsgmt.

The model validation is based on the interpretatibthe success and prediction rates
(fig. 6.11.), as well as of the area under the RfDfve. Thus, the 0.80 value of the AUROC
(Area Under the Receiver Operating Characteristicv€) which resulted after validating the
model with the independent landslides from the @GRkecathcment, underlines the good
prediction capacity of the model applied, its aacyrbeing 80%In addition to this, when
ananlysing the proportion of independent validatiandslides in each susceptibility class

(fig. 6.13.), one can
80

% B Sisceptibility elasses notice that in the first
70 T W Validation landslides 10% of the studied area
B Model landslides .

60 +—| characterised by the

highest susceptibility
values, 47.10% of the

50 —

40 +—

landslides are correctly

30 1 predicted. The first tenth

20 41— of the area has the

ol | highest efficiency and

relevance in the

Low susceptibility "Medium susceptibility‘ High susceptibility I\v'er_v high susceptibility i H
(0.00-0.45) (0.46-0.61) (0.62-0.75) (0.81-0.99) Val|dat|0n Of resu ltS

(Chungsi Fabbri, 2003),

thus the results show a

Fig. 6.13. Landslide proportion in each susceptibily class

good prediction capacity of the model.
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Fig. 6.14. Reclassified map of landslide susceptiby in the Chechis catchment.

6.3. Landslide hazard estimation in the Checkicatchment

The hazard estimation from the final part of chaptenakes use of the precipitation
data available at the meteorological station Baadylknown occurrence dates of landslides
and field observations.

Two general classes of magnitude have been defisiad the movement speed of the
active landslides from the study area: 3m/sec.-irfamth and 1.5m/month-0.3m/5 years.
The frequency of occurrence for each magnitudevatas difficult to determine because of
incomplete data, however by comparing the landghdeurrence dates with the mutiannual
precipitation regime (fig. 6.16.), one can notibattlandslide activity is associated to rainy
years following dry years, or to more consecutiany years (above the multiannual
average). The probability that the first set of ditions is fulfiled has been heuristically
determined using the annual precipitation seriesfthe Baia Mare station and the available
landslide occurrence dates and has the value of, 28%esponding to a 0.2 annual

probability. It is estimated, without any presensgibility to validate the results at this point,



that this value corresponds to the first class afynitude, while the probability that slow
landslides occur is undoubtedly higher.

Bl Annual precipitation

— Multiannual linear average
1600 - — 3-year moving average
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Fig. 6.16. Annual precipitation at the Baia Mare méeorological station(1911-2011xand the recorded and
unrecorded landslides from the Baia Mare Depressio(Precipitation data source:: 1908-1970 www.ecaikmm
1971-2007 PUG Baia Mare; 2008-2011 ANM).

7. LANDSLIDE RISK ASSESSMENT — CASE STUDY IN THE BAIA
SPRIE — DANESTI AREA, THE COUNTY ROAD 184

The direct involvement in the geotechnical studyqureed by the project
"Rehabilitation of the county road Baia Sprie (DN1&avnic (DJ 184) - Ocngugatag (DJ
109F) - Gilinesti (DJ185) - Barsana (DJ185)” (beneficiary s.c. $&EM CORPORATION
s.r.l. BUCURETI), which was made in February-March 2013 in thee€hi catchment has
allowed the direct observation of the researchestaand provided an important data source
for a local detailed risk evaluation. The persor@ttribution to the study has included field
observations, mapping of landslides, generatinggémeral and detailed cartographic material

and geomorphological interpretations of data.



The three landslides directly affecting the roadt@ebetween kilometre 1 and 9,
between Baia Sprie andibssti (fig.
7.2), are located on the Negreia

78/, Built-up area Piedmont, at the foot of the volcanic
| 3 Landslides

| e Drillings F1-8 masif Mogga (Posea, 1962). From a

Hydrographic network . . . . .
lithological point of view, the studied

—— Permanent
. Tp“”‘ry area is located at the contact of
‘ | Sarmatian and Pannonian
sedimentary deposits with the
volcanic dacites of [Bnesti. The

slope aspect is predominantly

N A
1! b

/
%

western and the slope value ranges

7/

i ///é between 4 and 20 degrees, the
/ /
; maximum values characterising the
scarp areas.

The field investigations

included observations, identifying

/// Y ’/'//"

Fig.7.2. Location of the landslides affecting theaunty road (Garmin eTrex 3.0), measuring

the main elements of the landslides

and mapping them with a GPS

184, inside the limits of the Baia Mare Depression. geometrical characteristics of

landslides, eight geotechnical drillings and eighestigations using a dynamic penetrometer.

* %4
e

Photo 7.5. Recent reactivations of landslides beloffeft) and above DJ 184 (right)2013).

By analysing the present profile of the slope cedsky the 184 road one can notice
that both at the Baia Sprie andirigsti | landslide the road intersects and cuts through
rotational landslide bodies. The recent reactivetigphoto 7.5.) of these landslides are



generally triggered by rainfall, snow melt and stmes by human intervention. The drillings

performed on the three

4?“5 - landslides enabled the firm
420~ ___ Crown and main scarp /N s.c. GEOPROIECT su.r.l. to
415 k create also a series of four
410 1 \ N P";‘fﬂ?;i: P geotechnical profiles, and the
N (F1) DJ 184  Slip surface
4051 ™ previously created profiles
00 1 for different slopes in the
495 Chechg catchment were
skl finally  validated  and
38 h 40 Bl - 160 completed with detailed

lithologic data (fig. 7.6.).
Fig. 7.6. Geomorphologic profile made by combininghe previous .
The firm S.C.

PROIECT BIHOR s.a. used

topographic profile PT with the geotechnical profie P1(Baia Sprie
landslide; 0 — earth fill, I- silty, brown-greergeny consistent clay, Il-
silty, brown-grey, consistent clay, IlI- silty,ay-blue, very consistent, for two of the profiles the

marly clay). Bishop method in order to
determine the slope stability based on the limitildzyium and the factor of safety §Roane
et al., 2001). The results of this analysis as aglthe geotechnical characteristics determined
through the eight drillings
were used to identify the
depth of the surfaces of
rupture for the three
landslides. Thus, for the
Baia Sprie landslide, the
minimum value of the factor
of safety (F = 0.89)
corresponds to an average
depth of 3-4 m and 5.8 m

under the road foundation
Foto 7.3. Polygonal cracks up to 10 cm wide, causeg the which can also be

constraction of the silty clay (Baia Sprie, November 201 . .
y clay( P differentiated based on the

smallest cohesion (10 kPa), the smallest valudhefinternal friction angle (8.0 - 8 50)
and the smallest value of the upper plasticity tlihV, = 59,78%) recorded in the drilling
results.



In the case of the dssti | landslide, the minimum value of cohesion (1®KPa) in

Legend

€\TI™ OId crowns and scarps

DJ 184 F Grassland

— Nli R <TTT? Recent crowns and scarps

PDtBushes
Vh Vineyard

]?t

average and

the made of

large

o R8 Active landslides sand, redish-brown
2 22l @ Drills  eDrainage L Orchard . .
pone” SGNEn 7D re silty clay, with

gravels explains the

shallow reactivations

’) ‘ g
- fp ", /| observed on the
L ( 4 3 7/ S .
- ) o w7/ | upper slope (fig.
/ 4 0
e S | 7.8.). The
‘ N .
LY geotechnical
[ :\' - 7N L -
. / o P S o characteristics
\ \L“""‘—-"L—-‘:" ‘q' ~N_F  § [
- ‘ﬂ sty (O va e 1 2 5] include an angle of
S A NA R (MDY NN . -
5 el ;gglem —a internal friction

Fig. 7.8. Dinesti | landslide (source of cartographic backgound 1:5000:fanging from 8 10
National Agency of Cadastre and Estate PublicigiaBviare; F3-F6 — geotechnic to 11 10 and a slope
drills, P2-P3 — geotechnic profiles, old scarp afcanic area — dotted red line). angle of the profile
between 2 and 7-7.8 degrees, up to 12 degreesamptier slope. In addition to this, on the
"d profile, a surface corresponding to the minimadligaof the factor of safety (F = 0,405)
can be identified at a depth of 3 m, confimed kg/lttw cohesion value of the layers | and I/L
(15-20 kPa and 10 kPa) and in the presence of aidréayer found underneath. The
probability that these unstable deluvial depositaul slide on the lower, silty and very
consistent clay layer (50 kPa in the layer II) &whigh, therefore the dDssti | landslide has
been recommended for monitoring of the landslideventents, beside several stabilising
measures (Studiu geotehnic - Proiect nr.2800-208).smaller Bnssti 1l landslide requires
similar intervention methods as the other two léidds affecting the 184 road, including
water drainage, drilled columns and the use ofgméve actions.
7.4. Landslide risk assessment in the Baia SpriealDesti area
On the surface of the analysed landslides and éir ttlose proximity, there are
numerous constructions and local roads. By overtpythese elements on the two
susceptibility maps created in the previous chaptiee comparative landslide exposure can
be visualised.
Taking into consideration the two general landsbdenarios presented in chapter 6,

(sudden activation of landslides and slow landslptecesses), it is estimated that the



vulnerability of the elements at risk takes two fible values, V=1 for the complete
destruction of the elements and V = 0.5 for damagesed in time by slow movements.

As a consequence, if no risk mitigation measuredaken (especially the drainage of
excessive water from the slopes), the landsliderepresented by complete destruction of the
elements is possible. When considering the slowamants, it is estimated that, in time, they
can cause damages of up to half the value of talysed elements at risk (table 7.11.). In the
present, this type of movements causes crackseinviils of the buildings, deformations of

the local roads as well as tilting of electricitylgs.

Table 7.11. Estimated landslide risk of buildings ad roads on the surface of landslides Baia Sprie,
Dinesti | and 11

Elements at| Number of | Estimated value | Estimated value of potential damages

risk buildings; length of | for area and
the road exposed to| length unit V = 1 (apd/V = 05 (slow
high and very high landslide landslide movements
risk movements)

Buildings 87 (10319 ) 200 €/ 2.063.800 € 1.031.900 €

DJ 184 1149 m 750.000 €/km 861.750 € 430.875 €

Local roads 896 m 100.000 €/km 89.600 € 44.800 €

8. LANDSLIDE RISK MANAGEMENT
IN THE BAIA MARE DEPRESSION

Evaluating the landslide risk in the study arear¢hare many administrative units
which must plan the expansion of its built-up abgaresponsibly implementing prevention
measures through detailed landslide risk studiaebjlsing measures and building restriction
where the risk level is unacceptable. At the same, the ongoing rehabilitation of the
county and national roads must include landslidbibsing measures like the ones described
for DJ 184.

CONCLUSION

In the Baia Mare Depression, the landslide risk igality faced by many communities
and as a consequence, it should not be underestinat ignored. The detailed further
investigation of the regional and local situatiggresented in this study would enable the
future prevention of negative effects by applyingtigation methods adapted to local
conditions. The realistic and responsible manag¢wfahe landslide risk is highly dependent
on the correct information and awareness of thabithnts, as well as of the responsible
authorities, of the role they have in amplifyingreducing the risk level from the inhabited

areas. In this respect we hope the present stutlyepresent a useful instrument.
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