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ABSTRACT. - Geomorphologic Vulnerability of Slopes in the Urban Planning
of Targu Mures Municipality. The identification of the geomorphologic
vulnerability of a territory is a very important stage in the process of urban
planning. Targu Mures municipality has extended its built-up area in the last
few years independently of the restrictions which should be imposed in order
to avoid the situation of building in areas with a high probability of
landslide occurrence. As a consequence, the present study classified the
built-up area of Targu Mures in probability classes for landslide occurrence
according to the Governmental Order 447/2003 and using GIS technology
which facilitates such complex analyses. Specialised data was collected
using geomorphologic mapping which captured the active slope processes.
These were eventually used for validating the final results.
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1. INTRODUCTION

Targu Mures municipality has 144806 inhabitants and it is a medium-
sized city in the Central Region of Romania, the county seat of Mures County,
located in the Transylvanian Depression, in the middle part of Mures River (Fig. 1).
Due to its geographical position and its economic development, it is the main
polarising centre of the Transylvanian Plain, representing a second-rank urban
centre in the regional system (PUG Tdrgu Mures, 1998).

The fact that the Targu Mures municipality is included among the areas
with a medium and high probability of landslide occurrence has already been
mentioned in various studies which have classified the Transylvanian Depression
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(Mac and Tudoran, 1977, Surdeanu et al., 1998, Petrea et al., 2014) or the entire
national territory (Balteanu and Micu, 2009) in landslide probability classes.
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Fig. 1. Geographical position of the study area and the geomorphologic map
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The areas which are known to be affected by landslide occurrence,
either triggered by natural factors (high precipitation values, strong erosion)
or by artificial factors (overloading of the slopes, vibrations, improper land
management etc.), are represented by territories of various sizes such as
Cornesti Plateau, Budiu Hill (Dambu Pietros neighbourhood), Masini de Calcul
area (Tudor Vladimirescu neighbourhood) (PUG Tdrgu Mures, 1998), but
especially in the dome area of Corunca (Irimus, 1998). Thus, according to the
studies made before 2001, the number of households which could be affected by
landslides was 96, and the number of people was 278 (PUG Targu Mures, 1998).
The use of GIS technology in order to identify the probability of landslide
occurrence is based on the variable factors which cause and trigger landslides and
which can be included in quantitative and qualitative models for determining
the probability of landslide occurrence, previous studies having good results in
this respect (Bilasco et al.,, 2011, Marian et al,, 2015, Moldovan et al., 2015,
Colnita et al,, 2016, Irimus et al., 2017).

Determining the geomorphologic vulnerability of the slopes as a
consequence of the probability of landslide occurrence is an extremely important
stage in the spatial planning of the study area. This is done as a rational operation
put into practice as public works and as a control factor over various phenomena
(Benedek, 2004, Irimus, et. al.,, 2005, Surd et al., 2005). Thus, the macro and micro
scale approach of the present study requires a spatial zonation using qualitative
and quantitative criteria (Benedek and Man, 2016).

2. MATERIALS AND METHODS

By analysing the topographic maps and the satellite images of the study
area, we have identified several areas affected by shallow and deep landslides,
areas which were marked on the geomorphologic map (Fig. 1) and were studied
in the field (Fig. 2). As a result, we identified the active, contemporary
geomorphologic processes, the stabilised and the partially stabilised ones, as
well as the areas affected by Pleistocene geomorphologic processes (the
landslides at Corunca).

In order to implement the model of probability identification for
landslide occurrence, according to the norms provided by the Governmental
Order 447/2003, a cartographic database was created including the slope angle
map, the digital elevation model, the precipitation grid, the hydrographical
network, elements of the built-up area etc. Similar studies from national,
regional and county study areas or at the level of administrative units, using GIS
technology and the methodological norms provided by the Governmental Order
447/2003, reflect a good capacity of the model for estimating the probability
classes of landslide occurrence (Rosca, 2015).
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Fig. 2. Present geomorphologic processes in the study area

Using the special techniques of mapping and the GIS spatial analysis, the
maps of landslide hazard were generated (the maps of lithological,
geomorphologic, structural, hydrologic and climatic, hydrogeological, seismic,
forest and anthropogenic coefficients).

In order to identify the elements of the built-up area which are exposed
to landslide risk, the buildings and the transportation network were mapped
using recent satellite images (the software Google Earth). Thus, 17389 buildings
and 528 km of road were identified (including all the road categories in the
administrative unit of Targu Mures), these elements being used in order to
create the map of the anthropogenic coefficient (Kh).

In order to generate the map of the lithological coefficient (Ka), the
geological map with the scale of 1:200,000 had to be digitised.

The map of the geomorphologic coefficient (Kb) was generated using
the Digital Elevation Model with a 10 m resolution, as well as the map of the
slope angle which enabled the classification into probability categories
according to the intervals stated in the Governmental Order 447/2003.

The hydrologic and climatic coefficient (Kd) was generated using the
hydrological network and the precipitation grid (which was determined by
using the equation of the correlation between the precipitation amount from
the weather stations located in the Transylvania Depression and their altitude).

The 2012 Corine Land Cover database was used to create the land use
map which was used in its turn to generate the map of the forest coefficient (Kg),
the focus being laid on the areas with deciduous forests, fir and mixed forests.
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The hazard coefficient (Km) was determined using the formula (1):

Km = J"“;’"’* K.+ Kq + Ko +K; + Ky + Ky,

Where: K, - Lithological coefficient, Kb - Geomorphologic coefficient, Kc -
Structural coefficient, Kd - Hydrologic and climatic coefficient, Ke - Hydrogeologic
coefficient, Kf - Seismic coefficient, Kg -Forest coefficient, Kh - Anthropogenic
coefficient, Km — Average hazard coefficient.

3. RESULTS AND DISCUSSION

By applying the techniques of spatial analysis, interpolation and
reclassification, a database of the coefficients (Ka...Kh) was generated using a
10 m resolution, similar to the DEM. As a result, the highest probability for
landslide occurrence characterises the lithologic coefficient represented by
lithologic classes like gravel, sand, debris (pn and qp2/3) and marly clays
(vh+bs1), the geomorphologic coefficient (areas characterised by slope values
that are larger than 12°), values of the annual average precipitation larger than
700 mm/year, areas with a very low coefficient of forest coverage as well as
slopes with a high density of roads and slopes overloaded with constructions.

The equation used for calculating the average hazard coefficient (Km)
was implemented to generate the final grid with values ranging between 0.046
-0.679 (Fig. 3).

Kb
m 08

K s %

01

e

01

“~~ Roads
37 TarguMures
s~ Hidrography

= Roads
27 Targu Mures
<~ Hidrography

Ka- lithologic coefficient Kb- geomorphologic coefficient



CRISTIAN TIBERIU TOGANEL, IOAN-AUREL IRIMUS, SANDA ROSCA, GEORGE RUS

o n Kd
# Ke # w03
0,1 o7 o5
-~ Roads ~— Roads
37 Targu Mures
“~— Hidrography

37 Targu Mures
-~ Hidrography

Kc- structural coefficient
# KE- 09 &

bl <}

- Roads
27 Targu Mures
“~— Hidrography

o5

Roads
37 Targu Mures
A Hidrography

Ke- hydrogeologic coefficient

Kf- seismic coefficient
Y Kh

Kg

¥ ¥u Y W N ¥ m o

oe? o ot oL
= Roads
~~ Roads
®7 Targu Mures

37 Targu Mures
N« Hidrography

“~— Hidrography

Kg - forest coefficient

Kh - anthropogenic coefficient
10



GEOMORPHOLOGIC VULNERABILITY OF SLOPES IN THE URBAN PLANNING OF TG. MURES MUNICIPALITY

The average coefficient of hazard
m 0679

0,046

~ Roads
27 Targu Mures
~~~ Hidrography

Km-average hazard coefficient

Fig. 3. Database of the hazard coefficients for landslides

The areas with medium-high and high probability for landslide
occurrence have a large extension in Unirii neighbourhood (especially on the
lands used as orchards and agricultural land), Gheorghe Marinescu, Tudor
Vladimirescu, Belvedere neighbourhoods, as well as Mureseni and Dambu

Rotund (Fig. 4).

In the administrative unit of Targu Mures, one notices that for 21.2 km?
(which is 43.4% of the entire study area) the medium probability class is
present (with an average hazard coefficient between 0.10-0.30), but for 41% of
the territory the corresponding probability class is medium-high (0.3<Km<0.5)
(an area of 17.6 km?) and high probability (0.5<Km<0.68) for 2.4 km? (Table 1).

Table 1. Percentage distribution of probability classes for landslide occurrence

Probability class Area Buildings

km? % Number %
Low (0.04 - 0.1) 7.8 15.9 3543 20.38
Medium (0.10 - 0.3) 21.2 434 8765 50.41
Medium-high (0.3 - 0.5) 17.6 359 5054 29.07
High (0.5 - 0.68) 2.4 49 27 0.12
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Fig. 4. Probability map of landslide occurrence

Using the statistical tools supplied by GIS software, we were able to
classify each construction in a probability class of landslide occurrence, the
total of buildings being 17389. One can notice the fact that 8765 buildings
(representing 50.41% of the total) are located in areas with a medium
probability of landslide occurrence and they are characterized by a value of the
average hazard coefficient in the interval 0.10-0.30.

The buildings located on a territory with a medium-high probability of
landslide occurrence represent less than 29.07% because the constructions
located in unsuitable areas, characterized by a high probability of landslide
occurrence, represent 27% of the total (Table 1).

12



GEOMORPHOLOGIC VULNERABILITY OF SLOPES IN THE URBAN PLANNING OF TG. MURES MUNICIPALITY

The latter are situated on Negoiu and Posada streets (in Tudor
Vladimirescu neighbourhood), but also on Padurii and Rasaritului streets (in
Gheorghe Marinescu neighbourhood). These areas were also highlighted by the
field work which enabled the geomorphologic mapping of the area, therefore the
model used in this study is indicated to be highly representative for the study area.

4. CONCLUSIONS

GIS technology was used in the present study in order to classify the
administrative unit of the Targu Mures municipality in probability classes for
landslide occurrence, taking into consideration the methodological norms for
the setting up of the contents of landslide risk maps (Government Order
447/2003) and the guide for making landslide risk maps to ensure the stability
of constructions (Indicative GT-019-98).

As aresult, the study identified 4.9% of the administrative unit of Targu
Mures in the class of high probability of landslide occurrence as a result of the
presence of causing and triggering factors (these territories are characterised
by values of the average hazard coefficient ranging between 0.5 - 0.68).

The analysis of the spatial distribution of buildings in probability classes
oflandslide occurrence highlights 27 buildings situated in areas with dynamically
active potential, their effects being noticed also in the field work stage.

This methodological endeavour was based on GIS specific techniques
and methodologies, as well as the monitoring and mapping of the active
landslides and their probability of occurrence. All these were performed in
order to reduce the negative specific consequences and to establish prevention
and mitigation measures for material losses through authorising the conditions
required for executing new constructions in these areas.

REFERENCES

1. Mag, I, Tudoran, P., (1977), Morfodinamica reliefului din Depresiunea Transilvaniei
si implicatiile sale geoecologice, Lucrarile celui de-al II-lea Simpozion de geografie
aplicata, Cluj Napoca.

2. Irimus, LA, Vescan I, Man T. (2005), Tehnici de cartografiere, monitoring si analizd
GIS, Chapters. 1-6, p. 9 -152, Editura Casa Cartii de Stiintd, Cluj-Napoca, ISBN 973-
686-809-5, p.244.

3. Irimus, L-A., Rosca, S, Rus, LA, Marian, F.L, Bilasco, St, (2017), Landslide
Susceptibility Assessment in Almas Basin by means of the Frequency Rate and GIS
Techniques, GeographiaTechnica, 12 (2): 97-109.

13



10.

11.

12.

13.

14.

15.

16.

17.

14

CRISTIAN TIBERIU TOGANEL, IOAN-AUREL IRIMUS, SANDA ROSCA, GEORGE RUS

Balteanu D, Chendes V, Sima M, Enciu P., (2010), A countrywide spatial assessment
of landslide susceptibility in Romania, Geomorphology, 124,102-112.

Bilasco, St., Horvath, Cs., Rosian, Gh,, Filip S. & Keller, L, E., (2011), Statistical model
using GIS for the assessment of landslide susceptibility. Case-study: the Somes
plateau, Romanian Journal of Geography, Romanian Academy Publisher, Bucharest,
2,91-111.

Benedek, ., (2004), Amenajarea teritoriului si dezvoltarea regionald, Editura Presa
Universitara Clujeand, Cluj-Napoca.

Colnit3, D., Pacurar, I, Rosca, S., Bilasco, St., Pacurar, H., Bot A.L,, Dirja, M., (2016),
Spatial Analysis GIS Model for Identifying the Risk Induced by Landslides. A Case
Study: A.T.U. of Sieu, Bulletin UASVM series Agriculture 73(2), 198-207.

Marian, Flavia, Irimus, L.A., Zaharia, C., S. (2015), Qualitative Landslide Risk
Estimation in The Baia Mare Depression, Romania, Carpathian Journal of Earth and
Environmental Sciences, 11(1).

Moldovan N., Pacurar I, Bilasco St, Rosca S., Bot A. (2015), The Analysis of
Vulnerability to Landslides in Order to Determine the Risk on Farmland. Case Study:
Intercommunity Association Area for Development Alba lulia, Proenviroment, 8, 36-
546.,123-130.

Petrea, D., Bilasco, St,, Rosca, S., Vescan. 1., Fodorean, 1. (2014), The determination
of the Landslide occurrence probability by spatial analysis of the Land Morphometric
haracteristics (case study: The Transylvanian Plateau), Carpathian Journal of Earth
and Environmental Sciences., 9, 91-110.

Rosca S., Bilasco, St., Petrea D., Fodorean I, Vescan I. & Filip S. (2015), Application
of landslide hazard scenarios at annual scale in the Niraj River basin (Transylvania
Depression, Romania), Natural Hazards, 77, 1573-1592.

Rosca S, Bilasco, St., Petrea D., Vescan I, Fodorean 1. (2016), Comparative assessment
of landslide susceptibility. Case study: the Niraj river basin (Transylvania depression,
Romania), Geomatics Natural Hazards and Risk, 7 (3), 1043-1064.

Surd V., Bold 1., Zotic V., Chira C. (2005), Amenajarea teritoriului si infrastructure
tehnice, Presa Universitara Clujeana, Cluj-Napoca.

Benedek J., Man T-C. coord., (2016), Analiza geograficd a structurilor si procesele
teritoriale din perspective planificdrii spatiale. Judetul Mures, Presa Universitara
Clujeana.

Rosca S., (2015), Bazinul Nirajului studiu de geomorfologie dinamicd, Editura
Risoprint, Cluj Napoca.

**% (1998), Plan Urbanistic General Municipiul Tdrgu Mures. Available online:
https://www.tirgumures.ro/pdf/pug.pdf

***Government Order no. 447 of April 10, 2003, concerning the approval of the
methodological rules related to the drafting and content of the natural hazards at
floods and landslides maps, (in Romanian) published in Monitorul Oficial, May, 7.
2013.



