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Abstract: Torrential floods and landslides are frequent natural disasters in Serbia, but
also in the Mlava River Basin. Due to the large number of settlements, the main goal of this
research is to determine the locations that are most susceptible to torrential floods and
landslides in the Mlava River Basin. Using geographic information systems (GIS), the first
step is the analysis the susceptibility of the terrain to torrential floods using the Flash
Flood Potential Index (FFPI) method. According to the obtained data, it was determined
that 31.53% of the Mlava River Basin is susceptible, and 10.46% is very susceptible to
torrential floods. The second step is the analysis of the susceptibility of the terrain to
landslides, for which the statistical Probability method (PM) and the Landslide
Susceptibility Index (LSI) were used. According to the results of the LSI index and PM
method, 8.09% and 14.04% of the basin area is in the category of high and very high
susceptibility to landslides. This paper represents a significant step towards a better
understanding of unfavorable natural conditions in the Mlava River Basin, and the
obtained results are applicable to numerous human activities in the research area
(environmental protection, sustainable management of agricultural plots, protection of
water and forest resources and ecosystems, etc.).
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Introduction

Natural and anthropogenic induced disasters are very common in the world, and can
cause great material damage and significant loss of human lives. Determining the extent
and compensation for flood damage is difficult to implement in practice (Alcantara, 2002;
Toya & Skidmore, 2007; Zivkovié et al., 2015; Spalevic et al., 2017; Bléschl et al., 2019;
Lovri¢ et al., 2019). The emergence of natural and anthropogenic extremes (climate
change, biodiversity loss, overexploitation of natural resources) around the world leads us
to pay more attention to their environmental impacts and economic activities (Guzzetti et
al., 2005; Schmidt et al., 2006; Lerner, 2007).

Due to the fact that the increase of the frequency and intensity of natural disasters
poses a great danger to humanity (Blaikie et al., 2014), the preparedness of a community
can affect the level of expected consequences (Luki¢ et al., 2013, 2016, 2017, 2018a,
2018b; Durlevié¢ et al., 2019). Due to the specific geographical position and natural
conditions (diversity of geological, pedological, hydrological, relief and climatological
conditions), Serbia often faces different natural disasters.

Of the natural disasters with the highest risk to the population and economic
activities, torrential floods (Risti¢ & Niki¢, 2007; Risti¢ et al., 2009, 2012) and landslides
are the most common natural disasters in Serbia (Dragicevi¢ et al., 2012). The frequency
of these disasters, their intensity and prevalence throughout the country, make them a
constant threat with serious consequences for the environment, economic and social
sphere. According to previous research, it has been determined that 25% of the surface of
the Republic of Serbia is susceptible to landslides (Dragicevic et al., 2011), while more
than 12,000 torrents have been registered on the same territory (Kostadinov, 2007). The
appearance of intense precipitation, sudden snow melting or coincidence of these
phenomena, leads to the formation of intense surface runoff and the movement of
material eroded from the slopes into the hydrographic network, rapid water concentration
and the formation of torrential flood waves (Risti¢ & Malosevi¢, 2011; Lovrié & Tosic,
2017). From the environmental aspect, the occurrence of torrential floods can
significantly reduce the quality of surface waters due to the increased concentration of
substances of physical, chemical and microbiological character (Langovi¢ et al., 2017;
Doderovi¢ et al., 2020; Durlevié, 2020).

Regarding landslides, due to the synergy of specific geological (clastic sediments),
relief (high terrain slope), climatological (abundant precipitation) and biogeographical
(absence of vegetation) characteristics under the influence of gravity, landslide creation
and initiation may occur.

On the territory of Serbia, the Mlava River Basin is significantly endangered by
various natural disasters. The research of the susceptibility of the Mlava River Basin to
torrential floods and landslides is of a great importance due to the large number of
settlements located in this basin and the necessity for adequate environmental
management. It is necessary to know well the natural conditions of the researched area in
order for the analysis of natural disasters to be relevant. Apart from the population in
populated areas, the richness of flora and fauna in this area can be significantly
endangered by natural and anthropogenic processes. In addition to the above, these
disasters significantly affect economic activities and infrastructure (Dai et al., 2002; Tosié¢
et al., 2014; Hao et al., 2020; Meena et al., 2021; Morar et al., 2021).
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For the purpose of more precise analysis, GIS tools have been implemented to a great
extent in the management of natural disasters. GIS and data modelling are very powerful
tools for calculating and describing some data on the effects of potential hazards (Erener
& Diizgiin, 2012; Shahabi & Hashim, 2015; Nikolova & Penkov, 2016; Valjarevié¢ et al.,
2018a; Valjarevic et al., 2018b). QGIS 3.10 software package was used for this research.
The selection of areas most vulnerable to torrential floods and landslides could enable
more adequate and efficient environmental management by local, regional and state
services responsible for nature protection and emergency management.

Materials and methods
Study area

The Mlava River Basin is located in the north-western part of Eastern Serbia and covers
an area of 1,843.28 kmz2. The Mlava River originates from the Zagubi¢ko vrelo Spring,
which erupts in the extreme south-eastern part of the Zagubicka kotlina Valley below the
northern slopes of the Beljanica Mountain. It is one of the longest rivers in Eastern Serbia,
which flows into the Danube River after 120 km of flow (Manojlovi¢ et al., 2012). In
regional terms, the entire basin consists of three parts: Homolje, Upper Mlava and Stig.
The largest settlement in the Mlava River Basin is Petrovac.

The easternmost point of the basin is located on the Homolje Mountains (Crni Vrh
Peak), 44° 08' N and 21° 58' E. The westernmost point of the Mlava River Basin is located
at 44° 44' N and 21° 10" E on the Danube River near Ram. The northernmost point of the
basin is located on the Danube River at 44° 46' N and 21° 12' E. The southernmost point
of the Mlava River Basin is located at the top of the Velika Tresta, at 44° 04' N and 21° 54’
E.
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Fig. 1. Geographical position of the Mlava River Basin
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From a geological point of view, a large area of the basin is covered with clastic
sediments of Paleozoic, Mesozoic and Tertiary age. In the total share of the basin surface,
Tertiary clastic deposits (39.12%) and Mesozoic carbonate sediments (21.95%) are the
most prevalent. The rest of the basin is covered with other deposits (Paleozoic —
sandstone and mudstone, aeolian, alluvial), igneous and metamorphic rocks.

Specific relief conditions prevail in the researched area. The zones with the highest
altitudes are represented in the southern and south-eastern parts of the basin. The highest
points in the basin are on the Beljanica Mountain (1,336 m) and Crni Vrh Mountain
(1,037 m), and the lowest is at the confluence of the Mlava River and Danube River (67 m)
(Manojlovié et al., 2012). The northern and western part of the basin is characterized by a
relatively small slope of the terrain (0-10°), while the highest degrees of terrain
inclination (> 65°) appear on steep slopes in the central, southern and south-eastern parts
of the Mlava River Basin. As far as the sunshine of the terrain is concerned, the western,
south-western and north-western exposures are the most prevalent in this territory.

Due to the pronounced vertical distribution of the relief, the climatic characteristics
of the basin differ significantly in this territory. The northern and western part of the
basin (due to low altitude) are characterized by higher average annual air temperature (9-
12 °C) and lower annual rainfall (600-700 mm) in contrast to the southern and south-
eastern areas in the basin, where temperature conditions are lower (3-8 °C), and the
annual amount of precipitation is higher (700-900 mm).

The most important watercourse is the Mlava River, which flows into the Danube
River after 120 km and is one of the largest tributaries of the Danube River in Eastern
Serbia. River network density of the basin is 1.11 km/km2, and the most important
tributaries of the Mlava River are Vitovnica and Cokordnin rivers.

Under the influence of specific natural conditions (numerous types of rocks, large
altitude difference, different climatic characteristics and rich hydrological regime), this
area is inhabited by numerous species of flora and fauna. Due to its great ecological
significance, there are legally protected areas within the basin: Krupajsko vrelo Spring,
Zagubi¢ko vrelo Spring, Busovata, Samar natural bridge, Osanica River Gorge,
intermittent spring Homoljska potajnica etc.

Methodology

The Flash Flood Potential Index was used to determine the susceptibility of the terrain to
the occurrence of torrential floods. The method was developed in order to improve the
connection, i.e. the interaction of torrential floods and certain physical-geographical
characteristics of a territory. Physical and chemical characteristics of the soil define water
retention and infiltration. Rock types differently affect the occurrence and strength of the
torrential floods depending on their resistance to decay and erosion. The geometry of the
terrain, especially the slope, determines the speed and concentration of the runoff so that
the increased slope of the terrain causes a greater intensity of torrential floods. Knowledge
of the vegetation cover in the investigated area is of a great importance due to the process
of water infiltration. Seasonal changes in the vegetation of deciduous forests greatly affect
the possibility of the development of torrential floods, and forest fires also have a negative
effect on the land, where the strength of infiltration decreases due to the burning of
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organic matter. Land use manner and especially urbanization play an important role in
water infiltration, concentration and runoff behavior. By applying remote sensing, it is
possible to determine and analyze the degree of terrain bareness, which, in addition to
rock types, terrain slopes and vegetation, plays a major role in the occurrence of torrential
floods. Together, these natural and anthropogenic conditions provide information on the
possibility of torrents occurring in a particular area (Smith, 2003).

The Flash Flood Potential Index method is obtained based on the formula (Smith,
2003):

M+S+L+V

FFp = X354V
4

where M is the slope of the terrain, S is the rock types, L is the purpose of the land and V
is the degree of bareness of the terrain.

Terrain slope (M) is based on a digital elevation model (DEM) with a spatial
resolution of 10 m. DEM was obtained using content from Google Earth. The data on the
altitude of the researched area were used, after which the KML file was converted into text
in GPS Visualizer. The text containing the data on the altitudes of the points in the Mlava
River Basin was inserted into the QGIS where a digital elevation model was obtained via
IDW (Inverse Distance Weighted) interpolation. At the beginning, the slope, expressed as
a percentage, is calculated, and then the formula is applied:

M = 10™3°,

where n is the slope of the terrain expressed in %. If n is greater or equal to 30%, then the
value of M is always 10.

In the analysis of the influence of rock types (S) for the formation of torrents,
geological maps of SFR Yugoslavia with a scale of 1:100,000 were used, after which the
classification was performed based on the predisposition of the geological base for the
formation of torrents.

Tab. 1. Coefficients for rock types

Rock type Value
Metamorphic rocks 7
Tertiary clastic sediments

Alluvial sediments

River terrace sediments

Deluvium proluvium

Paleozoic clastic sediments

Mesozoic carbonate sediments

Mesozoic and carbonate clastic sediments
Igneous rocks

Mesozoic clastic sediments

Debris

Volcanoclastic rocks

Ultramafic

Aeolian sediments

S EINENoNle lle]1é BEN NS BNoJN RIS CRNe]

Tertiary clastic sediments, Paleozoic clastic deposits and volcanoclastic rocks are
most susceptible to torrential floods (Tab. 1). Modern research seeks to develop a system
of warnings and regulations on land use, which aim to minimize loss of life and material
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damage (Luzi & Pergalani, 1999; Crozier & Glade, 2005; Dragitevié¢ et al., 2009, 2010;
Zorn & Komac, 2011). The land use index (L) is calculated on the basis of data obtained
from the geospatial database Corine Land Cover (2018), which belongs to the European
Environment Agency (EEA). For the purpose of obtaining this index, land use classes
were determined in values from 1 to 9, depending on the characteristics important for the
occurrence and development of torrents.

Tab. 2. Coefficients for land use

Land use Value
Larger settlements 4
Industrial and commercial zones

Surface mines

Landfills

Non-irrigated agricultural land

Meadows

Complex of agricultural plots
Agricultural areas with natural vegetation
Deciduous forests

Coniferous forests

Mixed forests

Pastures

Woody-shrubby vegetation

Areas with sparse vegetation

Water surfaces

=N (NG W [N O[OV (NG |O O |

Areas created by anthropogenic activity (landfills, surface mines) and areas with
sparse vegetation have the greatest susceptibility to torrents. On the other hand, due to
the high power of water absorption, the lowest values were assigned to forest ecosystems
(Tab. 2).

The Bare Soil Index (BSI) was used to obtain the vegetation density index (V). In
order to obtain the mentioned index, multispectral satellite images of the Sentinel 2
satellite belonging to the European Space Agency (ESA) were processed within the
Copernicus program. The scene was filmed in August 2019. The remote sensing technique
has unusual advantages and potentials in the field of regional assessment of soil erosion
and torrent (Vrieling, 2006; Guo & Li, 2009; Mutekanga et al., 2010; El Haj El Tahir et
al., 2010, Durlevié et al., 2019).

BSI is calculated according to the formula (Diek et al., 2017):

__ (B11+B4) — (B8+B2)

BSI = (B11+B4) + (B8+B2) ’

where B11 is the shortwave infrared spectral channel (SWIR), B4 is the red spectral
channel, B8 is the near infrared spectral channel (NIR), and B2 is the blue spectral
channel.

In order to obtain the V coefficient, the formula was used:
V=7.68 - In (BSI+1) + 8.

To avoid negative values in the final result, a value of 1 is added. The Probability
method, the Landslide Susceptibility Index (LSI) and the results of empirical research
were used to determine the terrains susceptible to landslides. When talking about the
landslide inventory, the data were obtained using the content from the geomorphological
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map of Serbia (Menkovi¢ et al,, 2003) and the results of research on geohazard
assessment in the territory of Eastern Serbia (Dragiéevié et al., 2011).

The criteria included in the calculation are: geological base, terrain slope, exposure,
terrain curvature, distance from watercourses and land use. Terrain exposure and slope
data were obtained and reclassified via a digital elevation model (DEM) with a spatial
resolution of 10 meters. Terrain curvature was also obtained through a digital elevation
model, and the obtained data were reclassified into 9 classes (Zevenbergen & Thorne,
1987). The results and values were reclassified as follows:

Tab. 3. Morphometric characteristics and coefficients

Terrain slope (°) | Value Exposure Value | Terrain curvature | Value
North 0.9781 1-V/V 1.1722

<2 0.2168 | Northeast 1.2573 2 - Ge/V 1.9010

2-5 1.6735 East 1.7707 3-X/V 0.8182

5-10 2.6168 | Southeast | 1.7908 4—-V/Gr 1.2057
10-15 1.0864 South 1.773 5 — Ge/Gr 0.8785
15-20 0.3972 | Southwest | 0.8334 6 — X/Gr 1.0702
20-30 0.1307 West 0.7381 7-V/X 0.9523

> 30 0.0166 | Northwest | 0.6478 8 —Ge/X 1.5619
Unexposed | 0.3971 9—X/X 0.7571

For the slope of the terrain, values from 0.0166 were assigned for the degree of
inclination of the terrain higher than 30° to 2.6168 for the terrain of the slope 5-10°. All
these classes have different benefits for landslide occurrence. At terrain exposure, the
values vary from the smallest (unexposed - 0.3971) to the largest (southeast - 1.7908)
depending on the sunshine of the terrain where the largest number of landslides occurs.
The curvature of the terrain is divided into 9 classes. The highest value is given to
vertically flat and horizontally convex terrains (Ge/V - 1.9010), while the smallest values
are given to horizontal and vertical convex terrains (X/X - 0.7571) (Tab. 3).

Tab. 4. Geological formations and coefficients

Rock type Value

Tertiary clastic deposits 2.6127
Alluvial deposits 0.3369
River terrace deposits 0.0430
Deluvium proluvium 0.0774
Paleozoic clastic deposits 0.0792
Mesozoic carbonate deposits 0.0256
Igneous rocks 0.0026
Mesozoic clastic deposits 0.1398
Metamorphic rocks 0.0478

When it comes to the geological base, the surfaces that are built of Tertiary clastic
deposits have the greatest predisposition for landslides (Tab. 4). Apart from them, all
other sedimentary, igneous and metamorphic rocks have certain susceptibility.

Larger settlements, a complex of agricultural plots and agricultural areas with natural
vegetation are a very suitable area for landslides. Areas that are 200-300 meters away
from watercourses have the highest predisposition for the process of soil landslides, so
that the highest coefficients are assigned to such areas (Tab. 5).
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Tab. 5. Coefficients for land use and distance from rivers

Land use Value Distance from Value
watercourse (m)

Larger settlements 2.8845 <100 0.8906

Surface mines 0.2846 100-200 1.3867

Non-irrigated agriculture surfaces 0.1170 200-300 1.4736

Meadows 0.9804 300-400 1.2331

Complex of agriculture surfaces 0.1170 400-500 1.0089

Agricultural surfaces with natural

vegetation 1.5154 > 500 0.4962

Deciduous forests 0.6318

Woody-shrubby vegetation 0.6340

To calculate the susceptibility of the terrain to landslides, the Probability method
(PM) was first used, which is based on the assumption that landslides are caused by
certain factors and that future landslides will occur under the same conditions as the
existing ones. The possibility of landslides in a certain class is calculated by the formula
(Van Westen, 1997):

. Aij(A-A
Wij = 2 ( ) ,
A (Aij-Aij)
where Wj; is the value of class and parameter j; Aj' - landslide area in a certain class and

parameter j; Ajj - area of a certain class and parameter j; A' - total landslide area in the
observed territory; A - total area of the observed territory.

The higher the obtained value, the stronger the dependence of the landslide
occurrence on a given factor and vice versa (Lee & Pradhan, 2006; HoBkoswuh, 2016). The
Landslide Susceptibility Index (LSI) is then calculated by the formula (Voogd, 1983):

LSI =Y, Wij,
where Wijj is the value of each class.

Finally, all obtained index values are classified into four categories of landslide
possibilities (low, medium, high and very high).

Results and Discussion

By processing data in geographic information systems, synthetic maps of the
susceptibility of the Mlava River Basin to torrential floods and landslides were obtained.
The obtained results show the possibility of torrents occurring under appropriate natural
conditions. Whether this will really be the case depends on a large number of factors,
which is why we are talking about the predisposition, i.e. the susceptibility of the terrain
to the occurrence and development of this disaster (HoBkosuh, 2016). Using the FFPI
method, 192.34 km? of the investigated area was determined, which is very susceptible to
torrents (Fig. 2).
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Fig. 2. Susceptibility of the Mlava River Basin to torrential floods

This type of susceptibility is partly present in the very north of the basin, and the
largest part lies in the central, southern and south-eastern part, with 10.46% of the total
share in the area. Very high predisposition of the terrain for torrential floods is
conditioned by specific natural and anthropogenic conditions: geological background
(presence of clastic and volcanoclastic rocks), large slope of the terrain (> 30%), presence
of areas with sparse vegetation, surface mines and high degree of bare terrain. By the
synergy of these conditions, the terrain becomes extremely susceptible to torrential
floods. Approximately 579.65 km?2 of the basin have a high susceptibility to torrents,
which makes up 31.53% of the total catchment area. The medium susceptibility is
represented on an area of 711.72 km?2 and covers 38.71% of the investigated area. Low
susceptibility is most characteristic of the area around the Mlava River and its larger
tributaries. This category covers an area of 354.9 km2 and covers 19.3% of the study area.

Settlements that (in whole or in part) have a very high or high susceptibility to
torrents in the Mlava River Basin are: rural settlements Kostolac, Sljivovac, Zaova,
Polatna, Sibnica, Kocetin, Bosnjak, Lopusnik, Dobrnje, Vosanovac, Burovac, Purinac,
Busur, Covdin, Veliko Laole, Medvedica, Bliznak, Krupaja, Suvi Do, Laznica, Seliste,
Milatovac, JoSanica, Osanica, Krepoljin, Malo Laole, Leskovac, Stamnica, Vitovnica,
Melnica, Ranovac, Kladurovo, Trnovce, Dubocka, Rasanac, Manastirica, Aljudovo,
Kobilje, Zabrega and Sapine. On the territory of the Republic of Serbia, the river basins of
Ljig, Kolubara, Josani¢ka reka and Ibar (on the territory of Central Serbia) were analyzed
by the FFPI method.
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Tab. 6. Application of FFPI method in Serbia and Republika Srpska (B&H) and share of
susceptibility classes in the total catchment area

Author River Basin %(?/OV)" M‘zg/slm Ig‘f)h Ver(};/ol;igh
Hoiﬁzﬂh’ Ljig (Serbia) 13.3 57.8 21.4 7.5
KOZE(EE?; et Kolubara (Serbia) 5.54 36.33 53.54 4.59
Nov }‘ggif;t Joganicka (Serbia) | 10.6 34.6 48 6.8
Dre?l%,i Czeovllg « Ibar (Serbia) 47.75 39.73 9.43 3.09
LOVSSS i (I)Jfk snrg:lg{ Sp};lgtzgc) 19.33 39.81 31.21 9.65

In the Ljig River Basin (area 686.31 km?), the class of very high susceptibility occurs
on 7.5% of the catchment area, high susceptibility on 21.4%, medium susceptibility
occupies 57.8%, and low susceptibility on 13.3% of the total basin area (Hoskosuh, 2016).
For the Kolubara River Basin (area 3,638.4 km2), the class of very high susceptibility
occurs at 4.59% of the basin area, high susceptibility 53.54%, medium 36.33% and weak
5.54% (Kostadinov et al., 2017).

The example of the Josani¢ka reka River Basin (area 257.61 km?2) is dominated by the
class of high susceptibility to torrential floods with 48% in the total share of the area. Very
high susceptibility covers 6.8%, medium 34.6%, and low 10.6% of the researched area
(Novkovié et al., 2018). For the Ibar River Basin, it was determined that of its total area in
Central Serbia (3,483.36 km2), very high susceptibility of the terrain to torrential floods
covers 3.09% of the basin, high 9.43%, medium 39.73% and low 47.75% (Dragicevi¢ et al.,
2019).

Susceptibility to torrential floods with this method was also analyzed in the region,
Republika Srpska (B&H), for the Ukrina River Basin. In this basin, which covers an area
of 1,498.81 km?2, it was found that the class of very high susceptibility covers 9.65% of the
basin area, high susceptibility category 31.21%, medium susceptibility occurs at 39.81%
and low at 19.33% of the observed territory (Lovrié et al., 2019).

In the Basca River Basin in Romania (area 785.1 km?2), the class of high susceptibility
to torrential floods covers an area of 0.85%, medium susceptibility 28.07%, low
susceptibility 71.05% and minimum 0.03% (Minea, 2013). Moderate susceptibility to
torrential floods dominates the Basca Chiojdului River Basin (area 340 km?) with a share
of 48%. Very low susceptibility is present on 2% of the area, low covers 22%, high 25%
and very high 3% of the basin area (Pravilie & Costache, 2014). In the settlement of
Joseni (lower course of the Sardtel River) the class of very low susceptibility occurs on
18% of the investigated area, weak on 34%, medium coverage 28%, and high and very
high coverage 20% of the investigated area (Costache et al., 2015).
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Fig. 3. Susceptibility of the Mlava River Basin to landslides

In the Mlava River Basin 139 landslides have been identified, both recent and
paleoclipsed, covering an area of 102.55 km?2 (Dragicevi¢ et al., 2011). Based on the
Probability method, LSI index and analysis of existing landslides, a synthetic map of the
predisposition of the investigated area to landslides was obtained (Fig. 3).

Very high susceptibility occurs at 258.69 km2. Empirical research in the Mlava River
Basin has shown that most landslides are activated on Tertiary clastic deposits. The slope
of the terrain that affects this disaster is 5-10°, the territory is mainly facing the eastern
and south-eastern exposure. Regarding the curvature of the topographic surface, the
highest weighting coefficients were assigned to vertically flat and horizontally convex
terrains (Ge/V) and vertically flat and horizontally concave terrains (Ge/X). On non-
irrigated agricultural areas, surface mines and areas 200-300 m away from watercourses,
there are the greatest preconditions for landslides.

Settlements that (in whole or in part) have a very high or high predisposition to
landslides in the Mlava River Basin are: rural settlement Kostolac, Sapine, Zabrega,
BoZevac, Kobilje, Crljenac, Staréevo, RaSanac, Trnovée, Bistrica, Malo Laole, Zdrelo,
Covdin, Suvi Do, Laznica, Milatovac, Vezi¢evo, Burovac, Tabanovac, Oreskovica, Krvije,
Vo$anovac, Dobrnje, Cetereze, Brzohode, Bos$njak, Sibnica, Kodetin, Veliki Popovac,
Orljevo, Tinjarevo, Mirijevo, Ti¢eva¢, Vrbnica and Toponica.

In addition to the mentioned settlements, torrential floods and landslides also
endanger local roads that connect rural settlements, but also biodiversity, primarily
deciduous forests in hilly and mountainous areas and various game (deer, rabbits,
pheasants, badgers, etc.).
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High susceptibility is most present in the central and south-eastern part of the basin,
on an area of 149.11 km2, which makes 8.09% of the total area of the basin. Combined
with a very high susceptibility (14.04%), it is concluded that these two classes cover more
than 22% of the researched area. Medium (549.15 km2 with 29.8% in the total share of the
area) and low (885.86 km2 with 48.07% in the total share of the area) susceptibility are
mainly present in the Mlava River Valley, in the northern, southern, eastern and south-
eastern part of the basin.

Conclusion

In the territory of the Mlava River Basin, the predisposition of the terrain for the
occurrence of torrential floods and landslides was researched and analyzed. Torrents have
been causing great problems to the local population, settlements and agricultural areas
for decades. On the other hand, there are a large number of paleo-landslides and recent
landslides in the investigated area, so it was necessary to investigate the possibility of
these natural disasters.

Using the FFPI method, it was identified that 10.46% of the basin area is very
susceptible to torrential floods. It is necessary to perform additional tests in endangered
parts of the basin in order to determine and implement protection measures, such as
biological, biotechnical, technical works, erosion control on agricultural plots and
administrative measures (Kostadinov et al., 2019). Afforestation of the terrain and
adequate management of agricultural areas would lead to a reduction in the percentage of
terrain under high and very high susceptibility to torrents.

By applying the Probability method and LSI index, the obtained results for the
predisposition of the basin to landslides indicate that a large number of settlements
belong to the class of very high susceptibility to landslides (14.04% of the basin area). In
order to protect the local population from the consequences of the landslide process, it is
necessary to implement prevention measures, i.e. to eliminate the factors of landslide
occurrence as much as possible. One of the measures is the optimal positioning of future
residential, commercial and infrastructural facilities. In order for the amount of water not
to accumulate in a small space, it is necessary to carry out adequate drainage of the
terrain, so that the improvement of sewage systems is one of the most important
preventive measures. The afforestation process can also be one of the protection measures
if the landslides are small, while in large landslides, the sliding plane can be at a much
greater depth than the depth of the root system. In addition to the implementation of
protection measures, it is necessary to monitor the condition of the area in order for the
protection of nature and the environment to be at an adequate level.

© 2021 Serbian Geographical Society, Belgrade, Serbia.
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ITPOLEHA ITOJJ/IOZKHOCTH TEPEHA 3A HACTAHAK
BYJUYHUX IIOIIVIABA 1 KVIM3UIITA: CTYJAUJA CZIYIAJA
— CJ/INB PEKE MJIABE (CPBUJA)

Ancrpakr: ByjuuHe HoIUIaBe U KIM3HUILNTA NPEACTABIbajy UecTe IPUPOZHE HEIOTofe Y
Cpbuju, anu u y cauBy peke Miase. 36or Besukor 6poja Hacesba, OCHOBHH IIMJ/b OBOT
HCTPaKHBaKa je yTBphUBame JIOKaIyja Koje Cy HAjIOUIOKHHje HACTaHKY OyjHYHUX
[OIUIABAa U KJIM3HILITA y cyiuBy MitaBe. YoTpe6oM reorpadckux HHGOPMAIMOHUX CHCTEMA
(TUC), npBu KOpak IMpe/CTaB/ba aHAIN3A TOJIOKHOCTH TEPEHA 3a HACTaHAK OyjUYHMX
nomiaBa npumenom Mmeroze Flash Flood Potential Index (FFPI). Ilpema mo0ujeHum
nmojiaiuMa, yTBpheHo je aa je 31,53% cirBa MiaBe OZJI0KHO, a 10,46% BeoMa IO/IJI0KHO
OyjuuHUM ToOIUIaBama. J[pyru KOpak IpezcTaB/ba aHaaM3a MOMJIOKHOCTH TEpEeHa 3a
HaCTaHaK KJIWBWINTA, 34 INTa Cy KOPHUITNEHW CcraTUCTH4YKU Probability merony (PM) u
Landslide Susceptibility Index (LSI). IIpema pesynratuma LSI unznexca u PM metoze,
8,00% u 14,04% MOBPIIMHE CJINBA HAJa3W C€ y KaTErOPUjU BUCOKE W BPJIO BUCOKE
nmo/yIosKHOCTH  Kim3umTuMa. OBaj paj Tpe/cTaB/ba 3HAUYajaH Kopak Ka OosbeM
pasyMeBamsy HEITOBOJPHUX IPHPOAHUX YCJIOBA Y CIUBY peke Miiase, a 0GHjeHI pe3y/ITaTi
Cy aIUIMKATHBHU 3a OpOjHE JbY[CKE AKTUBHOCTH Yy MCTPAXXHOM MpOCTOPYy (3armrura
JKMBOTHE CPeZIHHE, O/[PKUBO YIIPABJhahe OJbONMPUBPESHIM IIapIIeIaMa, 3alITUTA BOJHIX
¥ LIyMCKHUX Pecypca 1 eKOCHUCTEMA, U /IP.).

Ksbyune peuu: Oyjuune nomase, FFPI, knusumrra, LSI, GIS, cius peke Miase, Cpouja

1 durlevicuros@gmail.com (aytop 3a KOpecHOHAEHIH]Y)
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YBojg

IIpupoAHO W AHTPOIOreHO H3a3BaHe HEIOTO/le BeoMa Cy 4YecTe y CBEeTy, W MOTY
MPOY3POKOBATH BEJIMKY MaTepHjajiHy INTETY M 3HauyajaH TyOWUTaK JbYACKUX JKHUBOTA.
YrBphuBatbe 06MMa U HAJIOKHA/IA IIITETE YCJIE IOIJIaBa je TENIKO CIIPOBOJAUBO Y MPAKCH
(Alcantara, 2002; Toya & Skidmore, 2007; Zivkovi¢ et al, 2015; Spalevic et al., 2017;
Bloschl et al., 2019; Lovrié et al., 2019). ITojaBa IpUPOAHUX U AHTPOIIOTEHUX E€KCTPEMA
(kwMMmaTrcke IpoMeHe, TyOUTaK OMOAMBEP3UTETA, MPEKOMEPHA EKCIIoaTanyja MPUPOA-
HHUX pecypca) IIUPOM CBeTa HaBOAM HAcC Jja 0OpaTUMO Behy na’kiby Ha BUXOBE yTUIIaje Ha
JKUBOTHY CPEJIMHY U eKOHOMCKe akTuBHOCTH (Guzzetti et al., 2005; Schmidt et al., 2006;
Lerner, 2007).

CXO0/THO UHEbEHHUITH Ja TTOBeharbe YUEeCTAIOCTH U NHTEH3UTeTa MPUPOJHUX HEIIOTO/a
Mpe/ICTaB/ba BEJUKY omacHocT 1o yoBeuaHcTBo (Blaikie et al., 2014), npunpemsbeHOCT
HeKe 3aje/[HUIle MOKe YTUIATH Ha BHCUHY oueknBauHux mociemunia (Lukié et al., 2013,
2016, 2017, 2018a, 2018b; Durlevi¢é et al., 2019).

36or crenuduuHOr reorpadckor mosiokaja M HPUPOAHHUX YCI0BA (Pa3IMUHUTOCT
TEOJIOIIKUX, TIEI0JIOIIKUX, XUAPOJIOIIKKAX, pe/beHIX U KINMATCKUX ycyioBa), Cpouja ce
YecTo CyoyaBa Ca Pas/JIMYUTUM IIPUPOAHUM Hermorozama. Of IPUPOAHMX HEoroja ca
HajBehMM PHU3MKOM I10 CTAHOBHUIITBO M IPUBPEHE aKTUBHOCTH, OyjudyHe IOILIAaBE H,
(Risti¢ & Niki¢, 2007; Risti¢ et al., 2009, 2012) xHu3HIITa Cy Hajuelthe MPUPOAHE
Henorozie y Cpb6uju (Dragievic et al., 2012). YuecrajiocT 0OBHUX HEIOr0/ia, HUXOB
WHTEH3UTET W PaCIpPOCTPAILEHOCT y II€0j 3€MJbM, UYMHE UX CTAJTHOM IIPETIOM ca
030MJPHUM TIOCJIEUIIAMAa TI0 KMBOTHY CPEIUHY, €EKOHOMCKY U conujasiHy cdepy. IIpema
paHUjUM WCTpakKUBambUMa, yTBpheHO je na je 25% mnospuinHe PemyGiuke Cpbuje
MO/IJIO’KHO HACTaHKy Kiausuinta u oxpona (Dragicevic et al., 2011), 0K je Ha HCTOj
TEPUTOPHUjU PETHCTPOBAHO BHIIlE Of 12.000 OyjuuHux Bozgortoka (Kostadinov, 2007).
ITojaBOM MHTEH3WUBHUX MaJaBUHa, HATJIUM TOIUbEIHEM CHETa WIH KOUHIUZAEHIIUjOM OBUX
mojasa, moiasu A0 (GopMHparka HHTEH3MBHOI IOBPIIMHCKOT OTHIAja W IOKpeTarba
MaTrepHjajia epoJI0BaHoOr ca MaflHa y XUAPorpadcKy Mpexy, Op3e KOHIIEHTpaIrje Boja U
dopmupama OyjuuHor moriaBHor Tajaca (Ristié & MaloSevié, 2011; Lovrié & Tosié,
2017). Ca €eKOJIOIIKOI acIeKTa, ojaBa OyjHUHMX IOIIaBa MO’KE 3HAYajHO CMAbUTH
KBAJIUTET IMOBPIIMHCKMX BOZA ycjaend moBehaHe KOHIEHTpaluje Marepuja (U3UYKOT,
XEeMHUjCKOT U MUKpobuosomkor kapakrepa (Langovié et al., 2017; Doderovi¢ et al., 2020;
Durlevié, 2020).

ITo muTamy KIU3HUINTA, YCJIEA CHUHEPTHje CIEUMDUUHUX TeOJONIKUX (KJIACTHUHU
ceuMeHTH), pe/bepHUX (BUCOK HArumb TepeHa), KIMMAaTcKux (OOWIHE MajlaBUHE) U
6uoreorpadckux (0/ICyCTBO Bereraiyje) KapaKTEPUCTHKA IO/ YTUIAjeM CHJIe TPAaBUTAIH -
je, Mmoryhe je cTBapame U MOKpPEeTarhe KIU3UIITA.

Ha Tepuropuju Cpbuje, cyiuB MiiaBe je 3HaUajHO YIPOXKEH PA3IMUUTHM NPUPOSTHUM
Hemoroziama. McTpakuBame IOZJIOKHOCTH CJMBa MiaBe OyjuUuHMM IIOIUIaBaMa M
KJIM3UINTHMA je Of] BeJIMKOT 3Hadaja 300r BesuKor 6poja Hacesba Koja ce Hajaze y OBOM
CJIUBY M HEOIIXOZHOCTH 3a aZIeKBaTHO YIPaBJbaibe JKMBOTHOM cpefrHOM. IloTpe6GHO je
Z06po Mo3HaBaTH NPUPOAHE YCJI0Be HCTPAsKUBAHOT IIPOCTOPA Kako 61 aHaiu3a IPUPOJ -
HUX Hemoroza Omya pesneBaHTHAa. OCHM CTAaHOBHUINTBA y Hace/beHHM O0JIaCTHMA,
6orarctBo ¢iope u ¢dayHe Ha OBOM HOAPYYjy MOXKe OWUTH B3HAYajHO YTPOIKEHO
NPUPOJHUM M aHTPOIOreHHM IpoliecuMa. OcHM HaBeIeHOT, OBe HeIorofie 3HAa4ajHO
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yTU4Yy U Ha TMPHUBpeRHe JejaTHocTu U uHdpactpykrypy (Dai et al., 2002; Tosi¢ et al.,
2014; Hao et al., 2020; Meena et al., 2021; Morar et al., 2021).

¥ nuspy npenusHuje ananuse, [VC anaTty HAILUIX Cy BEJIUKY IPUMEHY V YIIPaBIbaAbY
npupZoHuM Hemorogama. I'MIC u MojesioBame IofjaTaka Cy BpJIO MONHHM ajaTH 3a
uU3padyHaBarbe U OIHUC HEeKHX I0/iaTaka o edeKTHMa HoTeHnHjanHux onacHoctu (Erener
& Diizgiin, 2012; Shahabi & Hashim, 2015; Nikolova & Penkov, 2016; Valjarevi¢ et al.,
2018a; Valjarevié et al., 2018b). 3a oBo ucrpakupamwe kopuirheH je copTBepcKH MakeT
QGIS 3.10. UzpaBajame mozapydja Koja Cy HajoceT/bUBHja HAa OyjUdyHE IOIUIABE W
KJIM3HUINTA, MOIVIO OM Jja oMoryhu ajekBaTHHje U edUKacHUje ympaBibarbe KUBOTHOM
CPEAVHOM O] CTpaHe JIOKAJHUX, PETHOHATHHUX U JP)KaBHUX CIy:KOM OATOBOPHHUX 3a
3AIITUTY IPUPOJIE U YIIPaBJbathe BAHPETHUM CUTyanjama.

Marepujaiu 1 MeTo/ie

ITIpocmop ucmpaixcusarsa

CnuB MuaBe oOyxBaTa ceBepo3amagHu jnaeo lMcroune CpbOuje M uMMa MOBPIIUHY Of
1.843,28 km2. Pexa MiaBa Hacraje oj KaryOumukor Bpesia Koje uszbuja y Kpajibem
jyroucrounom zeny XKaryOmuke KOT/IMHE UCIIO/ ceBepHUX naauHa bespanune. To je jeHa
on ayxux peka Hcroune Cpbuje, Koja ce mocie Toka oa 120 km ynuBa y JlyHas
(Manojlovié et al., 2012). ¥ pernoHaJaIHOM IIOTJIEAY, 11€0 CJIUB CACTOjU CE Off TPU IeJIUHE:
Xomosbe, [opmba MitaBa u Crur. ¥ ciuBy Miase, Hajehe Hacesbe je [lerpoBair.

Hajuctounuja Tauka camBa Hamasu ce Ha XoMmosbckuM IutanuHama (Lpau Bpx) 21°
58 UI'J] u 44° 08’ CI'lll. Hajsamaguuja Tauka civBa MiiaBe ce Haja3u Ha 21° 10° U u
44° 44’ CT'lll Ha [ynaBy kopn Pama. HajceBepHuja Tauka cyiBa Hajasu ce Ha JlyHaBy Ha
44° 46’ CT'UI u 21° 12" UI'/]. HajjyxHuja Tauka ciuBa MiiaBe Hajia3u Ha BpXy Besuka
Tpecra, Ha 44° 04’ CT'II u 21° 54° VT,

Ca. 1. 'eoepagpcku nonoicaj cauea Maase (cmp. 51)

Ca TeoJIOIIKOT acleTKa, BeJWKAa MOBPIIWHA CJIWBA NPEKPHUBEHA je KIACTUIHUM
ceUMEHTHMa I1ajle030jCKe, MEe3030jCKe U TepLHjapHe CTapoCTH. Y YKYIHOM YZAeNIy Y
TIOBPIIMHHU CJIUBA, HAJBUIIE CY 3aCTYIUbEHH TEPIUjapHHU KJIACTUYHU CeIUMeHTH (39.12%)
U Me3030jCKH KapOOHATHU ceAuMeHTH (21.95%). OcTraTtak cjiuBa IPEKPUBEH je APYTHM
cemrMeHTUMA (MAJIE030jCKUM — MeNTYapy U IJIMHIH, €0JICKUM, aJyBUjaIHUM), MarMar-
CKUM U MeTaMOP(HUM CTeHaMA.

Ha wucrpakxvBaHOM IIPOCTOPY jaBsbajy ce crenudUIHU pesbedHHU YCIIOBU. 30HE ca
HajBUIINM HaIMOPCKUM BHCHHAMa 3aCTYIUbEHE Cy Y jy’KHUM H jyTOUCTOYHUM JIeJI0OBUMa
cnuBa. HajBumie tauke y cymBy cy Bpx bespanuma 1.336 m u Ilpam Bpx 1.037 m, a
HajHMXKa je kox Pama Ha JlyHaBy 67 m (Manojlovic et al., 2012). CeBepHU U 3amagHu J1e0
CIMBA OJTUKYyje PeJIaTUBHO Mayin Harub TepeHa (0-10°), MOK ce HAjBUIIN CTEHEHHU
WHKJIMHAaNYje TepeHa (>65°) mojaBsbyjy Ha CTPMUM NaZHAMA y LEHTPATHUM, jy>KHUM U
jyroucrouHuM nenoBuMa cyiuBa Miase. IIITo ce TWYe OCYHUAaHOCTH TepeHa, Ha OBOj
TEPUTOPUjH Haj3acTyIUbeHUje Cy 3ala/IHa, jyro3anajgHa U ceBepo3anajiHa eKCIo3UuIuja.

Ycien uspasure BepTHKAIHE PAIIWIABEHOCTH pesbeda, KINMaTCKe KapaKTePUCTUKE
cInMBa ce OMTHO Pas3yIMKyjy Ha oBOj Tepuropuju. CeBepHM M 3amajfHu Aeo cauBa (360r

67



Masie HaZIMOPCKe BHCUHE) OJIMKyje Beha cpezithba TOUIIba TeMIepaTypa Baszyxa (9-12
°C) u Mama roJUIlkba KOJMYHHA I3/laBuHA (600-700 mm) 32 pasjuKy Off jyKHHUX H
jyroucTouHUX 00JIaCTH Y CJIUBY, I7i€ Cy TEMIIEPATypHHU ycI0BU HIKH (3-8 °C), a rogulima
cyma majiaBuHa Beha (700-900 mm).

HajBaskHMj1 BOMOTOK je peka MuiaBa Koja ce HakoH 120 km Toka ysiuBa y JlyHaB u
jenHa je ox HajBehux mputoka lynasa y Mcrounoj Cpouju. I'ycTrHa peyHe Mpeske CInuBa
usHocu 1,11 km/km2, a HajBaxkHuje mputoke Miase cy BuroBHuna u Yoxopauus. Ilof
yTHnajeM crenupuIHUX NPUPOJHUX yciioBa (OpOjHH TUIIOBU CTE€HA, BEJIMKA BUCHHCKA
pasjiuKa, pazjMuuTe KJIMMAaTcKe KapaKTepUCTHKe M 00raT XWUJPOJIOUIKHU DPEeXHM) OBaj
MIpOCTOp HacTaHuIe cy 6pojHe BpcTe diiope u dayHe. 300T BEJIUKOT €KOJIOUIKOT 3HA4aja, ¥
OKBHUpY CJINBa IIOCTOje 3aKOHOM 3amTrheHa nozapydja: JKarybuuko Bpeso, Kpymajcko
Bpe’o, BycoBata, npepact Camap, Kinucypa Ocanuuke peke, XoM0JbCKa IOTAjHUIIA UTH,.

Memodoaoz2uja

Flash Flood Potential Index je kopuiithen 3a yrBpluBaibe M0o/JI0’KHOCTH TEPEHA HA M10jaBy
OyjuuHNx moriaBa. MeTroj je pa3BHjeH Kako OW yHAIpeauo Be3y, OJHOCHO y3ajaMHO
JleJIoBambe OYjUYHUX HOIIaBa U ofipejeHnx PusmuKo-reorpadCKix KapakTepUCTHKA HEKe
TepuTopHje. PUBNUKO-XeMUjCKE KAPAKTEPUCTUKE 3eMJBHINTA Je(PUHUIILY 3a7piKaBarbe U
uHOGWITPanMjy Boje. TUIOBU CTeHA DPA3JIMYUTO YTHUY HA IOjaBy U CHAry OYjUUHHX
TIOIUIaBa y 3aBUCHOCTU Of EbUXOBE OTIIOPHOCTH Ha pacmajiathe U epo3ujy. I'eomerpuja
TepeHa, mocebHo Harub ofpel)yje Op3UHY U KOHIIEHTpAIHjy OTHIalha TakKo ja moehan
Harub TepeHa y3poKyje Behu MHTEeH3UTeT OyjUUHUX MoIiaBa. [I03HaBame BEreTaljCKor
MOKpUBaya Ha MCTPA)KUBAHOM IMPOCTOPY MMa BEJIMKU 3Havaj 300r mporeca MHMITpa-
nuje Bozie. Ce30HCKe MpOMeHe BeTeTallyje JIMCTOMAHUX [IIyMa Y BeJINKOj MEPH YTHIY Ha
moryhHOCT pa3Boja OyjUYHHMX TOIUIaBA, a IIYMCKU IMOXKapW HETaTUBHO YTUYY U Ha
3eMJBHIIITE, T Ce YCJIe]l CllaJbUBalba OPraHCKe MaTepuje cMamyje cHara MHpUITpaluje.
Hauun xopunrthema zemsbhilITa W IOceOHO ypbaHMW3alja WMajy BaskHy VYJIOTYy Y
UHOUWITPAIUjU BOZE, KOHIEHTPALMjH W TOHAIIAKY OTHUIama. [I[pUMEHOM JJaJbUHCKE
JleTekije Moryhe je OpeIuTH U aHAIM3UPATH CTENeH OTOJTNNEHOCTH TepeHa, KOjU TIope/T
TUIMOBA CTE€HA, HAruba TepeHa M BereTaldje, ©Ma BEJIUKY YJIOTY 3a HAacTaHAK OyjUYHHX
norviaBa. 3ajef[HO, OBU IIPUPOJHHU W AHTPOIIOTEHU YCJIOBH NPYXKajy HHOpMAIuje o
moryhHocTu Hacranka Oyjuria Ha oapehenom moapyyjy (Smith, 2003).

Mertop Flash Flood Potential Index o6uja ce Ha ocHoBy dopmysae (Smith, 2003):

M+S+L+V
FFPl =——

rge je M Harub TepeHa, S IpezcTaB/ba THIIOBE CTeHA, L je HameHa 3eMubHINTa U V
IIPEZICTaBJba CTEIIeH OTOIMNEHOCT TEPEHa.

Haru6 tepena (M) 6a3upad je Ha aurutaaHoMm mozeny BucuHa (DEM) mpoctopHe
pesoayiuje 10 m. DEM je mobujen kopuiithemeM campakaja u3 mporpama Google Earth.
HUckopuitheHu ¢y MOAAIN O HAIMOPCKOj BUCHH HCTPAYKMUBAHOT MPOCTOPA, HAKOH Yera je
y GPS Visualizer usBpiiieHo kouBepToBabe KML (daja y Tekct. TeKcT y KojeM ce Hayase
IOJAI 0 HA/IMOPCKUM BHCHHAMa Tavaka y ciuBy Miiase je yoaueH y QGIS rze je mytem
IDW (Inverse Distance Weighted) unTepmonanuje mo61jeH JUTUTATHA MOZEJT BUCHHA.
Ha mouerky ce m3pauyHaBa Harub, u3paskeH y NPOIEHTHMA, a 3aTUM Ce MPHUMEIbYje

dopmyna:
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M = 10m/30,

r7ie je n Harub TepeHa u3pakeH y %. Ako je n Behe win jeiHako 30%, oH/IA je BpemHocT M
YBeK 10.

VY aHanu3H yTUIaja TUMOBA cTeHa (S) 3a HacraHak Oyjuila KopulltheHe cy Te0JIOIIKe
kapte COPJ pazmepa 1:100.000, HAKOH 4Yera je W3BpIlIeHa KaacHdHUKaIja HAa OCHOBY
MIPENCIIOHUPAHOCTH TeO0JIONIKe OJIOTe 32 HACTaHAK OyjuIa.

Tab. 1. Koehuyujenmu 3a munoge cmeHa

Tumn crena Bpennoct
MertamopdHe cTeHe 7
TepIijapHU KIACTHYHU CEUMEHTH

AJTyBUjaJIHU CE€IUMEHTH

CeguMeHTH pedyHe Tepace

JleyBHjyM NPOJIyBUjyM

[Tase030jCKU KIACTHYHY CEUMEHTHU

Me3030jcku KapOOHATHU CEUMEHTH

Me3030jcKu 1 KapOOHATHU KJIACTUYHU CEAUMEHTH
Marmarcke cTeHe

Me3030jCKM KJIACTUYHH CEAUMEHTH

Cunap

ByJikaHOKJIACTHYHE CTEHE

Yarpamaduru

EoJsicku ceguMeHTH

U1 N[O (0|01 N1 O N NN

TepuujapHy KJIACTUYHU CEJUMEHTH, IAJI€030jCKH KJIACTUUYHM CEAUMEHTH W BYJIKa-
HOKJIACTHYHE CTeHE HajIIO/JIOXKHUje Cy 3a HacTaHak OyjuuHux morwiaBa (Tab. 1). Caspe-
MEHA MCTPaKHUBamha TEXKe Pa3BOjy CHCTEMA YIIO30pea M IPOomuca O Kopulrhemy
3eMJBHIITA, YHjHU je IU/b MUHUMHU3HParhe TyOuTaKa »XUBoTa U MaTepujanue mrere (Luzi &
Pergalani, 1999; Crozier & Glade, 2005; Dragicevi¢ et al., 2009, 2010; Zorn & Komac,
2011). Uuzaekc HameHe 3emsbuiita (L) u3pauyHaBa ce Ha OCHOBY MojiaTaka J0OHMjeHUX U3
reorrpocropHe 6aze Corine Land Cover (2018) koja mpumama EBporickoj areHuuju 3a
samtuty kuBoTHe cpeaune (EEA). 3a moTpebe mobujarba OBOT WHZIEKCA, OApeheHe cy
Kiace kopumihema 3eMJBHUINTA Y BPEAHOCTHMA Of] 1 0 O, Y 3aBHCHOCTH O] KapakTe-
pUCTHKA 3HAUajHUX 3a II0jaBy ¥ pa3Boj Oyjura.

Tab. 2. KoegpuyujenHmu 3a HameHy 3em/buiuma

HameHa 3emsbuIlITA Bpennocr
Beha nacespa

VHycTpUjcke U KOMepIYjaIHE 30HE

TTOBpIIMHCKY KOTIOBH

Henonuje

HenaBozhaBaHe MOJbOIIPUBPEIHE ITOBPIIMHE

JluBage

KoMmIiexc 1o/p0IpUBpeHIX apesIa

ITosbOIIpUBpEIHE MIOBPIIMHE CA IPHUPOIHOM BETETAIH]jOM
JlucromnasiHe myme

YeTuHapCKe IIyMe

MermoBure 1ryme

ITammwanu

JpBenacro-x0yHacTa Bereranyja

IToBpIIKHE ca OCKYZHOM BETETAI]OM

BozeHe noBpiiniHe

=No (VU1 W NG W [N NO O | A
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HajBehy mommoskHOCT 32 HacTaHak Oyjulla ©UMajy IPOCTOPU KOjU CYy HACTAIM aHTPO-
MOTEHUM /JIeJIOBakeM (JIeNOHUje, MOBPUIMHCKY KOIOBH) U IIOBPIIMHE €A OCKYZHOM
BeretanujoM. Ca pyre cTpaHe, 3060T BeJIMKe MOhU aIlCOPIIIHje BO/E, HAjHUKe BPEJHOCTU
JlonesbeHe cy ImyMckuM ekocucremuma (Tab6. 2). 3a gobujarke HHAEKCA TyCTHHE
Bereranuje (V) xopuiiheH je uHAeKc cTerneHa orosmnhenoctu tepeHa — Bare Soil Index
(BSI). ¥ cBpxy mobujarba MOMEHYTOT HHAEeKca obpaljeHu Cy MyJITUCIEKTPATHU CATEIUT-
cku cCHUMIHU catesinTa Sentinel 2 koju mpumnasia EBpornckoj cBemupckoj arennuju (ESA), y
okBupy nporpama Copernicus. CiieHa je CHUMJbeHa aBrycTa 2019. FTOJJUHE.

TexHUKA JAa/BUHCKOT OTKPHBabha MMa HECBAKHUJAIIE IPEAHOCTH U MOTEHIMjasIe y
obJ1acTi perroHasIHe IMpolieHe epo3uje 3emsbHinTa U Gyjuria (Vrieling, 2006; Guo & Li,
2009; Mutekanga et al., 2010; El Haj El Tahir et al., 2010, Durlevi¢ et al., 2019).

BSI ce pauyna mo ¢popmysu (Diek et al., 2017):

_ (B11+B4) — (B8+B2)

BSI = (B11+B4) + (B8+B2) ’

rzae je B11 xparkoraymacHu uH@panpeeHu cnektpaiau kaHayn (SWIR), B4 mpeacrabipa
LIPBEHU CIEKTPaJIHU KaHas, B8 Giucku nHbpanpBenu cnektpaianu kaHaa (NIR), u B2
IJIABU CIIEKTPAIHU KaHAJ.

Ila 6u ce no6uo V koedurujeHt, kopuihena je u ¢popmyJia:
V=768 In (BSI+1) + 8.

Kako 6u ce wu3lbersie HeraTHBHE BPEAHOCTH y KOHAYHOM Ppe3yJITary, JojaTa je
BPEMHOCT 1. 3a yTBpHUBatbe TEPEHA KOJU CY MOJJIOKHY HACTAHKY KJIMBHIITA KOPUIITheHH
cy Probability meron, Landslide Susceptibility Index (LSI) u pe3ysntaTé eMIUPHjCKUX
ucTpaxkuBama. Kasa ce roBopu y MHBEHTApy KJIM3HUIITA, MOAALM CYy JAOOUjEHH KOPHIII-
hemem cagpxaja ca reomopdostomike kapte Cpouje (Menkovic et al., 2003) u pesysirara
HWCTpaKUBama MpoIleHe reoxaszapaa Ha teputopuju HMcroune Cpbuje (Dragicevié et al,.
2011).

Kpurepujymu Koju Cy YHUUIA y MPOpPAYyH Cy: TEOJIOIIKA IOojjIora, Harub TepeHa,
€KCIIO3UIIHja, 3aKPHUBJHEHOCT TEPEHA, YAA/BEHOCT Off BOMOTOKA W HAUYMH KOPHUIINEma
3eMJpHINTA. [IOAAIN 32 €KCIO3UIMjY U HArub TepeHa MOOHjeHH Cy U peKIacubUKOBAHI
MpeKo AuTUTATHOT Mojesia BucuHa (DEM) mpocropHe pes3osynuje 10 m. 3aKpUB/BEHOCT
TepeHa je Takolje obujeHa MyTeM AUTHTAJIHOT MOJe/ia BUCHHA, a JOOWjeH! MOAAI Cy
pexnacudukoBanu y 9 kiaca (Zevenbergen & Thorne, 1987). PesyartaTH, OZHOCHO
BpEIHOCTH Cy pekyiacudUKOBaHe U MpuKaszanu y Tab. 3.

Tab. 3. Mopgomempujcke kapakmepucmuke u koegpuyujeHmu

Haru6 Tepena (°) | Bpeanocr Excnosunuja Bpenuocr | 3akpusspeHoct | Bpennocr
Cesep 0,9781 1-V/V 1,1722
<2 0,2168 CeBeponCTOK 1,2573 2 - Ge/V 1,9010
2-5 1,6735 Hcrok 1,7707 3-X/V 0,8182
5-10 2,6168 Jyroucrok 1,7908 4 —-V/Gr 1,2057
10-15 1,0864 Jyr 1,773 5— Ge/Gr 0,8785
15-20 0,3972 Jyrosamnaz 0,8334 6 — X/Gr 1,0702
20-30 0,1307 3amag 0,7381 7-V/X 0,9523
> 30 0,0166 CeBeposamnaj 0,6478 8 — Ge/X 1,5619
Heekcronupano 0,3971 9-X/X 0,7571
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3a Harub TepeHa Jj07ieJ/beHe Cy BPEAHOCTU OJf 0,0166 3a CTelleH MHKJIMHAIM]je TepeHa
Behu ox 30° 70 2,6168 3a TepeH Haruba 5-10°. CBe HaBeZieHe Klace MMajy PasIMuUTY
MOTOJHOCT 3a HacTaHak kiusumTa. Kozx ekcrosunuje TepeHa, BPEAHOCTH Bapupajy OF
HajMarbe (HeeKCIOHUpaHO — 0,3971) /o HajBehe (jyroucTox — 1,7908) y 3aBHCHOCTH O]
OCYHYAHOCTH TepeHa Ha KOjeM ce jaB/ba HajBehu 6poj KausuITa. 3aKpUB/HEHOCT TEPEHA
mojiebeHa je y 9 kiaca. Hajseha BpenHOCT mnpujaje ce BEPTUKJIHO DaBHHUM, a
XOPU30HTAIHO KOHBeKCHUM TepeHmMa (Ge/V — 1,0010), IOK HajMamby BPEJHOCT UMajy
XOPU30HTAJIHU U BEPTHUKIHU KOHBEKCHH TepeHU (X/X — 0,7571) (Tab. 3).

Tab. 4. I'eonowxke gopmayuje u xoeguyujeHmu

Tunosu creHa Value

TeplyjapHu KJIACTUYHU CEAUMEHTH 2,6127
AJTyBHjaJIHU CEJIUMEHTHU 0,3369
CenmMeHTU pevHe Tepace 0,0430
JesyBujym 0posyBujym 0,0774
ITay1e030jCKM KJIACTUYHY CEIUMEHTHU 0,0792
Me3030jcKu KapOOHATHY CETUMEHTH 0,0256
MarmaTcke cTeHe 0,0026
Me3030jCKH KJIACTUYHU CEAMMEHTH 0,1398
MertamopdHe cTeHe 0,0478

Kama ce pagu O TeoJIONIKO] MOAJIO3H, HajBehy IpeauCIOHMpaHOCT 3a HacTaHAK
KJIMBUINTA MMajy MOBPIIKUHE KOje cy usrpaljeHe of] TepIiUjapHUX KJIACTUYHUX CelUMeHaTa
(Tab6. 4). OcuM BHX, CBE OCTaje CeAUMEHTHE, MarMaTCKe U MeTamopdHe cTeHe UMajy
onmpeheny momyoskHoct. Beha Hacesba, KOMILIEKC IOJBONPUBPEAHHUX TapIiesia U IO0JbO-
NpUBpE/IHE IOBPIIHHE ca IMPUPOJHOM BereTaljoM IIPEACTaB/bajy BeOMa IIOTOAAH
MPOCTOP 3a HacTaHaK Kau3uInTa. I[IpocTopw KOju cy 200-300 MeTapa yAa/beHu Off
BOJIOTOKA MMajy HajBehy NpeauCIOHMPAHOCT 3a IPOIeC KIMKEema TIa, TaKo Ja Cy
HajBehu KoedUIHjeHTH N0/e/heHH 0BaKBUM mHoapydjuma (Tab. 5).

Tab. 5. Koedpuyujenmu 3a HameHy semapuwima u yoaseHocm o0 pexa

Hawmena 3emspumnira Bpennocr Ynamenocr o Bpennocr
BOZIOTOKA (m)

Beha nacespa 2,8845 <100 0,8906

IIoBpIIMHCKY KOIIOBH 0,2846 100-200 1,3867

HenaBopmaBaHe 110Jb. IOBPIIMHE 0,1170 200-300 1,4736

JluBazie 0,9804 300-400 1,2331

Komnuiekc mosp0npuBpeaHUX Mapesia 0,1170 400-500 1,0089

ITosbompUBpEIHE TIOBPIIIUHE Ca

npupo;glow? BEI‘E’I‘&HI/I_]POM 1,5154 > 500 0,4962

JlucromnagHe NOBPIINHE 0,6318

JIpBenacro-x0yHacTa Bereraija 0,6340

3a mpopadyH HpoIeHe IOJJIOKHOCTH TepeHa 3a HACTaHAK KJIW3HINTA, IPBO je
xopuirhen Probability meton (PM), kxoju ce 3acHHMBAa HA NPETIOCTABIM J1a KJIM3UIITA
HAaCTajy AesioBameM onpeheHux daxropa u fa he 6yzxyha xim3uira HaCTaTH MOJ, UCTHM
yeaoBuMa kao nocrojeha. MoryhHoct mojase xiusumra y oapeleHoj kiacu ce padyHa 1o
dopmynu (Van Westen, 1997):

.. Aij(A-A")
Wij = Al (Aij-Aij")’
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rae je Wij — BpemHocT kiace i mapamerpa j; Aij' — moBpHIMHA KIU3HUINTA y Ofpel)eHOj
K1acu i mapamerpa j; Aij — moBprnuHa oxpeheHe Kiace i mapamerpa j; A' — yKymHa
MOBPIIIMHA KJIU3UIITA HAa IIOCMAaTPAHO] TEPUTOPHUjH; A — YKyIIHA IOBPUINHA [IOCMAaTpaHe
teputopuje. IlITo je mobujena BpemHoct Beha, jaua je 3aBHCHOCT IMOjaBe KJIMBHINTA Of
nmator (akropa u ob6puyro (Lee & Pradhan, 2006; Hoskouh, 2016). Landslide
Susceptibility Index (LSI) ce 3atum pauyHa no ¢popmysu (Voogd, 1983):

LSI = Y™, Wij,

rae je Wij — BpeaHocT cBake kiace. Ha kpajy ce cBe fo0HjeHe BPETHOCTH WHJEKCA
KiacupuKyjy y YeTHPU KaTeropuje MOTYRHOCTH mOjaBe KIM3HINTA (HUCKA, CPeibha,
BHCOKA U BPJIO BUCOKA).

Pe3yJsTaTtu 1 JUCKyCHja

O6pagom nojataka y reorpadpckuM HHPOPMAITMOHUM CUCTEMUMA, J0OHjeHE CY CHHTE3HE
KapTe MO/JIOKHOCTH cuBa MiaBe OyjUYHHM IOIUIaBaMa U KJIM3HINTHMA. Jo6ujeHH
pesysTaTé 1oKasyjy MoryhHocT mojaBe Oyjunia mnpu oArosapajyhum MIpHPOAHHM
yeaoBumMa. Jla sin he 3amcra GUTH Tako, 3aBHCH O BEJIUKOT Opoja ¢akropa, ma ce 360r
TOra TOBOPH O MPEIUCIIOHUPAHOCTH, OZTHOCHO IIO/IJIOXKHOCTU TEPEHA 33 HACTAHAK U PA3B0j
oBe Hemorozie (HoBkosuh, 2016). Ilpumenom FFPI merosme, eTepMUHKMCAHO je 192,34
km?2 ucTpaxuBaHOT IMPOCTOpa KOjU je BeoMa MojyIoKaH HactaHKy Oyjuna (Ci. 2).

Ca. 2. [TodaoxcHocm causa Maase 6yjuuHum nonaagama (cmp. 57)

OBakaB THUII ITO/IJIOKHOCTU jeJTHUM JIeJIOM 3aCTyIUbEH je Ha caMOM CEBEPY CJIMBa, a
HajBehu /1e0 JIeXKU y IEHTPATIHOM, jy>KHOM H jyTOUCTOYHOM JIeJly, ca 10,46% yKyITHUM
y/IeJIOM y TOBPIIMHU. BpJio BHCOKA MpEIUCIIOHUPAHOCT TEPEHA 3a HACTaHAK OyjUYHUX
MoIUIaBa YCJIOB/b€HA je CHenu(PUUYHUM TPUPOAHUM UM aAHTPOIOTEeHUM YCJIOBHMA:
TEOJIOIIKOM TO//IOrOM (IIPUCYCTBO KJIACTHYHHUX M BYJIKAHOKJIACTUYHHUX CTEHA), BETUKAM
Harubom TepeHa (>30%), B3acTyIUbeHOIINy TIIOBPIIHHA Ca OCKYJHOM BEreTalfjoMm,
MOBPIITMHCKUX KOIOBA U BEJIUKHUM CTEIEHOM OrojinheHocTH TepeHa. CUHEPTUjOM OBHX
yCJIOBa, TEpPEH IIOCTaje U3Pa3UTO IOAJIOKAH HACTAaHKYy OyjUYHUX IOoIUIaBa. BHCOKY
MO/IJIO’KHOCT 3a HacTaHak Oyjuria mma 579,65 km2 ciuBa, mrto uvHU 31,53% YKyIIHE
noBpirHe cauBa. Cpeziba MOAJIOKHOCT 3aCTyIUbEHA je Ha MOBPINWHU Of 711,72 km? u
mokpuBa 38,71% WCTpakMBaHOT mpocTopa. Hucka MOJJIOXKHOCT HajBUIE je KapakTe-
pUCTHYHA 3a IPOCTOpP OKO peke MiaBe U meHuxXx Behumx mnputoka. OBa Kareropuja
obyxBaTa TEPUTOPH]Y O 354,9 km? u 3axBaTa 19,3% MOBPIIMHE UCTPAKUBAHOT IPOCTOPA.

Hacespa koja (mesnum wim onpeleHuM ziesioM) MMajy BpJIO BHCOKY WJIM BHCOKY
MO/JIOKHOCT HacTaHKy Oyjuna y cauBy Muase cy: pypanHo Hacesbe Kocronan, IIpuBo-
Baly, 3aoBa, IlonarHa, Cubuuna, Kouernn, bommak, Jlonymuuk, 1o6pmwe, Bomanosar,
Byposarn, bypunan, Bycyp, hosaus, Benuko Jlaone, Mensehuna, biusuak, Kpymaja,
CyBu Mo, Jlazaumna, Cenuinre, Munarosan, Jomanuna, Ocanuna, Kpenossun, Maso
Jlaone, JleckoBan, Cramuuna, ButoBauna, Mennuna, Panosan, Knagyposo, TpHoBue,
Nybouka, Pammanan, Manactupuia, Asbynoso, Kobuwnbe, 3abpera u llanuue.
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Tab. 6. IIpumerna FFPI memode y Cpbuju u Penybauyu Cpnekoj (buX) u ydeo kaaca no0aoxcHocmu
Y YKYNHOJ NOBPUWUHU CAUBA

o e T T O TR | i
HO];I(()(;];I/ITI’ Jbur (Cp6uja) 13,3 57,8 21,4 7,5
Ko:iadzlgf; | KonyGapa (Cpouja) 5,54 36,33 53,54 4,59
Ngl‘fggiléset Jomanura (Cpbuja) 10,6 34,6 48 6,8
D?l%,i Z%VJS ° W6ap (Cpbuja) 47,75 39,73 9,43 3,09
Lovgiglegt i chppﬁi;Pf lljsyy?)?)m 19,33 39,81 31,21 9,65

Ha teputopuju Penybuke Cpbuje, FFPI MeTomoM aHaIU3UpaHu Cy CIUBOBU Jbura,
Konybape, Jomanune u M6pa (1a teputopuju llentpanue Cpouje). ¥ cauBy peke Jbur
(moBpmrHa 686,31 km2) Ky1aca BpJio BUCOKE IOZJIOKHOCTH jaBjba ce Ha 7,5% IOBPIIMHE
CJIMBa, BUCOKA IOMJIOKHOCT Ha 21,4%, cpearba MOAJIOKHOCT 3ay3uMa 57,8%, a HHCKa
13,3% op ykymnHe mospinuHe ciauBa (HoBkoBuh, 2016). 3a ciuB Kosybape (moBpiinHa
3.638,4 km?2) xyaca BpJI0 BHCOKe IIO/IJIOKHOCTH jaBJba ce Ha 4,59% IOBPIIHHE CJIMBA,
BHCOKa o0yxBaTa 53,54%, cpeaitba 36,33% u cinaba 5,54% (Kostadinov et al., 2017).

Ha npumepy ciuBa Jomanure (moBpiuHa 257,61 km?2) moMuHHpa Kjlaca BHCOKE
MO/IJIOKHOCTH OYyjUYHUM IOIUIaBaMa ca 48% y yKYITHOM yesly HoBpiinHe. Bpyio Bucoka
MO/IJIOKHOCT oOyxBarta 6,8%, cpeama 34,6%, a HHCKa 10,6% IMOBPIIMHE UCTPAYKHUBAHOT
npocropa (Novkovi¢ et al., 2018). 3a ciup M6pa yTBpheHO je ma o7 IeroBe YKyIHe
nospiuae y ILlentpanuoj Cpouju (3.483,36 km?2) Bp/io BHCOKA IOAJIOKHOCT TepeHa
OyjuuHHMM TOIIaBaMa obyxBaTa 3.09% CJIMBa, BHCOKa 9,43%, cpemma 39,73% W HHCKa
47,75% (Dragiéevic i dr., 2019).

IMoasioxkHOCT OyjUYHUM IIOIIaBaMa OBHM METO/IOM aHAJIU3UpaHa je U y PETHOHY,
Peny6iunu Cprckoj (BuX), 3a ciuB peke YKprHe. Y OBOM CJIUBY KOjU 3aXBaTa IMOBPIIHUHY
on 1.498,81 km? yrBphleHo je ma Kiaca BpJIO BHUCOKe IIOJJIOKHOCTH oOyxBata 9,65%
MOBPIIIMHE CJIMBA, KATETOPHja BUCOKE IMOZJIOKHOCTH 31,21%, Cpelba IIOJIOKHOCT Cce
jaBsba Ha 39,81% u HHUCKa Ha 19,33% nocmartpane Teputopuje (Lovrié et al., 2019).

VY cnuBy peke Basca y Pymyuuju (mospinuaa 785,1 km?2), kaca BUCOKE MOAJI0KHOCTH
OyjuuHUM TIOIJIaBaMa IIOKpPWBa IOBPIIMHY Of 0,85%, cpeama MOmIOXKHOCT 28,07%,
HHCKa 71,05% ¥ MHUHUMaysHa 0,03% (Minea, 2013). Cpeama MOIJIOKHOCT OYjUUHUM
ToIUIaBaMa IOMUHUpa y cuBy peke Basca Chiojdului (moBpinmza 340 km?2) ca yaemom of
48%. Bpso HUCKa MOJJIOKHOCT 3aCTyIJbeHa je Ha 2% IOBPIINHEe, HUCKA IIOKpUBa 22%,
BHCOKa 25% U BpJIO Bucoka 3% moBpiuHe ciauBa (Pravalie & Costache, 2014). ¥V Hacemy
MKocenu (momu Tok peke Sirdtel) wkimaca Bpsio ciabe MOAJIOKHOCTU jaBjba ce Ha 18%
HCTpaKMBaHe MOBPIINHE, c1aba Ha 34%, cpeba obyxBaTa 28%, a BUCOKA U BPJIO BUCOKA
3axBaTa 20% moBpIuHe uctpakuaHor mpocropa (Costache et al., 2015).

Ca. 3. I[TodaoxcHocm causa Maase kauzuwmuma (cmp. 59)

V¥ cnuBy MitaBe uieHTHGOUKOBAHO je 139 KIU3UINTA, KAKO PEIleHTHUX, TAKO U MaJIeo-
KIM3HINTA, KOje 3ay3UMajy MOBPIIKNHY o7 102,55 km? (Dragitevi¢ et al., 2011). Ha ocHOBY
Probability metozne, LSI nHAekca u aHan3e OCTOjehiX KIN3UINTA, ZOOMjeHa je CHHTE3HA
KapTa IpeJyCIIOHUPAHOCTH UCTPAXKUBAHOT TpocTopa kiausumruma (Ci. 3).
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BpJ10 BHCOKa NOAJIOKHOCT jaBjba ce Ha 258,69 km2. EMnupujckuM HeTpaKuBambiIMa
y cmBy MiaBe, yrBphieHO je na ce BehmHa KiIM3HUINTA aKTHBHUPA HA TepIUjapHUM
KJIAQCTHYHUM ceauMeHTHMa. Harub TepeHa Koju IOTOAyje OBOj HEMOrogu je 5-10°,
TEpUTOpHja je YIVIAaBHOM OKpeHyTa Ka HUCTOYHO] U jyroucrouyHoj ekcnosunuju. IlIto ce
THYe B3aKPUBJHEHOCTH TomorpadCcke IOBPIIVHE, HajBehM TEXKUHCKHA KoeUIUjeHTH
JI0ZieJbEHH Cy BEPTHKAJIHO PAaBHUM a XOPHU3OHTAJIHO KOHBeKCHUM TepeHuma (Ge/V) u
BEPTUKAJIHO PAaBHUM, a XOPHU3OHTAJIHO KOHKaBHUM TepeHuMa (Ge/X). Ha HeHaBopa-
BABaHUM II0JHOIIPUBPEHUM IOBPIIMHAMA, IOBPIIMHCKAM KOIIOBUMAa U IIPOCTOPHUMA
yAQJbEHHM 200-300 m 07 BOAOTOKA IIOCTOje HajBehu mpeAycjoBHM 3a HACTaHAK
KJIM3HUIITA.

Hacepa koja (mesum win ofpeljeHUM 71ei0M) MMajy BpPJIO BHCOKY HWJIH BHCOKY
MIPEVCIIOHUPAHOCT TEPEHA 32 HACTAHAK KJIMBUIITA Y CJIUBY MiiaBe cy: pypasiHO Hacesbe
Kocroman, Ilanune, 3abpera, Bbokean, Kobwswe, I[psbenan, CrapueBo, Pamanar,
TpuoBue, Buctpuna, Maso Jlaone, Kapeso, hosaun, Cysu /Jlo, Jlazuuna, MunaTtosaii,
Besuuero, byposan, Tabanoat, Opemkosuna, Kpsuje, Bormanosai, /[o6pme, Yerepeke,
Bbpsoxone, Bommwak, CubHuna, Kouetwn, Benuku Ilomoan, OpsbeBo, Tumapeso,
MupwjeBo, TuueBah, Bpbuuma u Tomouuma. OcUM MOMEHYTHX Hacesba, HACTAHKOM
OyjUYHHX IOIIaBA M KJIM3UIITA YTPOKEHH Cy U JIOKATHU IyTEBU KOjU IOBE3Yjy pypajiHa
Hacesba, aJIM U OWOJUBEP3UTET, IIPE CBETa JIUCTONAJHE IIyMe Y OpACKO-IUIAHUHCKUM
TIpefieTMMa U Pa3HOBPCHA AWBJbay (CpHE, 3eueBH, (ha3aHu, ja3aBIU UT]T).

Bucoka moJIJI0KHOCT HAjBUIIE je 3aCTYIUb€HA Y IEHTPATHOM U jyTOUCTOYHOM JIEJTY
CJIMBa, Ha TOBPIIMHHU O 149,11 km2 mro yuHu 8,00% yKyIHEe MOBpIINHE CIHBA. Y
KOMOHWHAIHjU ca BPJIO BUCOKOM IozyIoxKHOIThY (14,04%) 3aKk/bydyje ce 7ia OBe JiBe Kjace
obyxBarajy BHUIlle o7 22% wucTpaskuBaHor mpocropa. Cpemma (549,15 km2 ca 29,8% y
VKynHOM yaeny moBpmiuHe) u Hucka (885,86 km2 ca 48,07% y yKymHOM yaery
MOBPIIMHE) IO/JIOKHOCT YIJIABHOM CY 3acTyIUbeHe Yy IOJMWHU MriaBe, y CEeBEPHOM,
jY’KHOM, UCTOYHOM U jyTOMCTOYHOM JIeJTy CJIMBA.

3axk/pydak

Ha repuropuju cimBa MilaBe HCTpakeHa je M aHAJIM3HMpaHa IPEAVCIOHUPAHOCT TepeHa
3a HacTaHak OyjUYHMX TOIIaBa U KJIM3UINTA. byjulle Beh AeneHujama yHasaj mpase
BeJIMKe Po0JIeMe JIOKATHOM CTAHOBHUIIITBY, HACeJ/bUMa U TIOJFOIIPUBPEIHUM MTOBPIIUHA-
ma. Ca fpyre cTpaHe, BeJIMKH je OpOj HaJCOKJIM3UINTA M PENEHTUX KJIM3UINTA Ha
HCTPAKUBAHOM IPOCTOPY, TaKO Jja je OMJIO HEOMXOJHO HCTPKUTH MOTYNHOCT IOjaBe
OBUX MPUPOJHUX HETOTO/IA.

Yunorpe6om FFPI merone, nneHTrHdMKOBaHO je 1a je 10,46% NOBPIIMHE CIUBA BPJIO
MO/IJTO’KHO OyjUYHUM TMoIUIaBamMa. I10TpeOGHO je H3BPIIUTH 0JjaTHA HCIUTHBAKA Y
YTPOKEHUM JIeJIOBUMA CJIMBA KaKO OU ce YTBPAWIIE U PeaTn30Bajie Mepe 3alITUTE, OIYT
GHUOJTOMIKNX, OMOTEXHUYKNX, TEXHUYKUX PaZioBa, KOHTPOJIE €pO3Hje Ha MOJHOIIPUBPET -
HUM maprenaMa u agMmuHuctpatTuBHuX Mepa (Kostadinov i dr., 2019). ITourymspaBame
TepeHa U a/IeKBaTHO YIIPaB/bab€ IIOJbONPHUBPEAHUM IIOBpPIIMHAMA JOBEJIO OM /10
cMarberba MPOIIeHTa TEPEeHA Mo/T BACOKOM M BeOMa BUCOKOM IO/ToKHOIIThy Oyjuriama.

IIpumenom Probability merome u LSI unzekca, mo6ujeHn pe3yJITaTH 3a MPEIUCIIO-
HUPAHOCT CJIMBA KJIM3HINTHMA YKasdyjy Ja BeJIMKU OpOj Hacesba NPUIAZA KJIacH BPJIO
BHCOKE TIO/IJTOKHOCTH 3a TojaBy kauauinTta (14,04% moBpinvHe ciuBa). Kako 6u ce
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3AIITUTHIIO JIOKAJTHO CTAHOBHUIITBO O IOCJIEANIIA MTPOIeca KIIKEha TJIa, HOTPEOHO je
CIIPOBOJIUTH Mepe INpeBeHILMje, OJHOCHO y mITo Behoj Mepu enuMuHHcaTH (akrTope
HaCTaHKAa KJIMBUIITA. JeAHA O Mepa je M ONTUMAJTHO HO3UIMOHHUpame Oyayhux
crambeHUX, IPUBPEAHUX U UH(DPACTPyKTypHUX o6jekara. Kako ce xomuunHa Bozie He 6u
HaroMmwiIaBajla Ha MaJIOM IIPOCTOPY, OTPEOHO je CIPOBECTH aZIeKBATHO OJ[BOZIHABAME
TepeHa, TaKO Ja je yHampeljele KaHAIM3ALMOHUX CHCTEMA jefHA Off HAjBAXKHUjUX
MpeBeHTHUBHUX Mepa. [Iporec moiryM/baBama Takol)e MOKe IIpe/ICTaB/baTy jeHY Of Mepa
3AIITUTE YKOJIUKO Cy KIM3UIITA MaJja, 0K KO/l BEJIMKUX KIM3UIITA, KJIN3HA PaBaH MOXKe
6uty Ha 3HaTHO Behoj AyGUHU off Ay6uHe KopeHOBOT cucteMa. [Topen cipoBohema mepa
3AIITUTE, HEONIXOJHO je BPIIUTH MOHUTOPUHT, OZHOCHO IIPATUTH CTAH€ IIPOCTOPA KAaKO
6U 3aIITHTa IPUPO/IE U JKUBOTHE CPEANHE OMJIa Ha aIeKBATHOM HHUBOY.
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