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Abstract: Forest fires and landslides represent very frequent natural disasters in Serbia.
The Svrljiski Timok river basin is located in the southeastern part of the Republic of Serbia,
and according to natural characteristics it represents a significant area for geohazard study.
The task of the research is to analyse natural and anthropogenic condition by determining
locations which are susceptible to forest fires and landslides in order to protect the popula-
tion and infrastructure. Using Geographic Informational Systems (GIS) and available data,
their processing was started for the susceptibility of the terrain to forest fires using the RC
index. For the analysis of the territory occurrence of landslides the statistical Probability
method (PM) and Landslide Susceptibility Index (L.SI) were used. The obtained results in-
dicate that 20.81% of the area of the Svrljiski Timok basin has a very high susceptibility to
forest fires, while 29.21% of the terrain is highly susceptible to landslides. The results
gained processing the RC index can be applied to adequate risk management of forest fires,
improvement of monitoring and early warning systems in the study area. Sustainable man-
agement of agricultural land and improvement of environmental protection can be imple-
mented on the basis of the obtained results for the most endangered areas of landslides.
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Introduction

In the XXI century, humanity is increasingly facing natural disasters and their conse-
quences for the environment. Excessive exploitation of natural resources, climate change,
natural disasters, inadequate waste management and loss of biodiversity across the planet
represent major challenges for humanity (Lerner, 2007; Luki¢ et al., 2021; Durlevié,
2021). The territory of the Republic of Serbia is endangered by various natural disasters:
earthquakes, landslides, avalanches, torrential floods, droughts and forest fires. The con-
sequences of natural disasters can be significant for the population in human and material
terms (Blaikie et al., 2014; Novkovié et al., 2021; Sirin & Medvedeva, 2022; Singh et al.,
2022). The occurrence and distribution of forest fires is connected to their seasonal and
time correlation (Kim et al., 2021).

Wildfires are uncontrolled combustions that spread spontaneously in the area under
the forest. They cause clearly visible and conspicuous changes in biogeographical condi-
tions, and the effect they have on the environment depends on their size, duration and
intensity (IparuheBuh & ®ununosuh, 2009; JIparojesuh, 2019). The trend of forest fires
in Serbia and Europe has been increasing in the last couple of decades. The combined
effect of rising global air temperature and human activities is causing increase in the
number of forest fires (Luki¢ et al., 2017; Durlevié et al., 2021). Intense heat waves in Ser-
bia were recorded during 2007 and 2012, when more than 1000 fires threatened human
lives, infrastructure and forest ecosystems. According to existing data, forest communities
are represented in 31.1% of the territory in Serbia (Gigovi¢ et al., 2019). In the area of the
Svrljiski Timok basin, the percentage of the surface area under forests is slightly above the
average, and amounts to 34.1%.

Landsliding is defined as a process caused by the movement of parts of the torn
masses under the effects of gravity. By synergy of specific geological, hydrological, relief,
climatic and biogeographical characteristics under the influence of gravity, it is possible to
create and start landslides. According to the available results, it has been determined that
25% of the surface of the Republic of Serbia is susceptible to landslides and rockfalls
(Dragicevic et al., 2011; Dragicevié et al., 2012).

Due to the existence of a specific geological substrate (scree, Neogenic sediments),
there are prerequisites for the landslidings on the territory of the Svrljiski Timok basin.
Both recent and paleo landslides have been identified in the study area.

In order to better represent the terrain endangerment, GIS has found major ap-
plication in modern research. Data modeling in geographic information systems is a
powerful tool for calculating and describing data on the effects of potential risks
(Gheshlaghi et al., 2020; Parajuli et al., 2020; Valjarevié et al., 2021). The purpose of
the paper is to present and segregate areas in the basin that are very sensitive to the
occurrence of forest fires and landslides by processing natural and anthropogenic
conditions. Adequate representation of endangered territories would enable more
efficient environmental management by services responsible for emergency manage-
ment, nature protection, etc. (Yan et al., 2022).
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Material and Methods

Study area

The Svrljig Timok basin is located in Eastern Serbia and covers a surface of 726.10 km2.
The south border of the basin is the Svrljiske Mountains, where the highest point in the
basin is located - Zeleni vrh, with an altitude of 1334 m. In the east, a drainage divide ex-
tends to the peaks of the Tresibaba Mountain, and descends into the KnjaZevac valley,
where the confluence with Trgoviski Timok lies, forming Beli Timok. In the north, the
basin stretches to the eastern slopes of Devica Mountain and the peak of Kondil (663 m).
On the west side, the basin is limited by the mountains: Devica, Golak and Kalafat (Fig. 1).

Administratively, the basin territory includes the municipalities of KnjaZevac, Soko-
banja, Svrljig, Nis, Niska Banja, Bela Palanka, and Pirot.

[ State border
[ swrljigk] Timok River Bas'n

= Rivers a £ W {5 T0Ukm

Fig. 1. Geographical position of the basin

The geological structure of the Svrlji§ki Timok basin consists of rocks of different
structure dating from different geological periods. There are two types of rocks, igne-
ous and sedimentary. Mesozoic clastic and carbonate sediments (50% of the catch-
ment area) and tertiary clastic sediments (29.7% of the catchment area) dominate
(Bogosavljevi¢ et al., 2007).
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In the river valleys of the Timok basin, alluvial deposits (alluvium), vertisol and
soils on the clay substrate take turns. Fluvisols are formed by the deposition of carried
materials in river valleys during floods and they are present along Svrljiski Timok and
along smaller watercourses as well. This type of soil was formed in the narrow river
valleys in the hilly and mountainous area by carrying away substrates from higher ter-
rains, torrents and recent sedimentation of eroded material at the foothill of these ter-
rains (Cubunosuh, 2008; Pukié, 2020).

From the geomorphological aspect, the analysis of hypsometric characteristics of
the Svrljiski Timok basin determined that 44.84% of the territory is in the zone of
400-600 m above sea level, and that the average altitude is 587.73 m. The highest
point is at 1334 m (Zeleni vrh - Svrljiske Mountains), and the lowest at 213 m (the
river confluence in Trgoviski Timok).

In the study area, there is a slope from 0° up to 70°, which is present mainly in the
southern and central parts of the basin. The average slope is 9.66°. As for the aspects of
the terrain, the most present are the eastern (17.78%) and northeastern (15.97%).

The high mountain ranges of the SvrljiSke Mountains prevent greater penetration of
air masses from the south, and the penetration of continental air masses from the north is
kept by Tresibaba Mountain, so that orographic factors significantly affect the climatic
characteristics of the basin. The average annual air temperature is 7.97°C, while the aver-
age annual precipitation is 704.1 mm.

Svrljig Timok is formed by merging three smaller karst rivers near the village Okrug-
lica in the Svrljig valley. These are Turija, Manojlicka River and Visovska River. The river
built a composite valley with 3 valleys (Svrljiska, Aroska and Knjazevacka) and two gorges
(gorge near Nisevac and Svrljiska gorge) (Munujaresuh, 2014). The surface of the basin
is 726.10 km?, and the length of Svrljiski Timok is 64.25 km. The total length of all surface
flows in the basin is 888.41 km, and the river network density is 1.22 km/km2.

The benefits of environmental factors, and especially the moisture climate, have
led to a variety of plant cover. According to available data, one third of the basin is
covered with deciduous forests, while 22.43% of the territory is represented by com-
plexes of agricultural plots. The basis of the fauna consists of Mediterranean, sub-
Mediterranean, Central European and Central Balkan endemic types with slight ad-
mixtures of Eastern European species. Of the large game, deer, pheasant, wild boar,
wolf, fox and bear are represented.

Methodology

Forest ecosystems, for centuries, have been exposed to various disruptions, especially
fires. The formula was used to find out which areas are most endangered by wildfires
(Erten et al., 2004):

RC=7VT + 5(S + A) + 3(DR + DS), (63
where: RC - forest fires susceptibility index, VT - vegetation type index, S - slope in-

dex, A - aspects index, DR - road distance index and DS - settlements and buildings
distance index.
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The factor that most affects the occurrence of forest fires is land use, followed by
slope and aspects, which affect the speed of fire spread. Forest fires spread faster on
higher and on south-facing slope sides where the sun rays fall at a higher angle, the radia-
tion duration is longer, and therefore the heating is higher. The southern, southeastern
and southwestern slopes are suitable for heliophyte forests that are more sensitive to fires.
Each of the factors was analysed and in the GIS software were given values from 1 (least
susceptible to forest fires) to 5 (most susceptible).

Tab. 1. Index classes for calculating susceptibility to forest fires (Erten et al., 2004)

. . . Settlements
Value Vegetation type TeI‘I‘al};l Aspects Road distance and building
and land use slope [°] [m] .
distance [m]
1 Water surfaces <5 N >600 >400
Agricultural land,
2 settlements, 5-10 Flat 450-600 300-400
sparse vegetation
Meadows and 10-2 E 00-450 200-300
3 pastures 5 300-45 3
4 Deciduous forests 5-35 W 150-300 100-200
Coniferous and
5 mixed forests 35 S <150 <100

The vegetation index was obtained on the basis of the CORINE Land Cover database
(2018), where different types of vegetation were given values from 1 to 5 depending on the
level of susceptibility of a certain class to forest fires (Tab. 1).

To obtain the slope index, a digital elevation model was used — EU-DEM with a spa-
tial resolution of 25 m, from which the terrain slope in degrees was obtained, then divided
into classes based on the values from the table.

The aspect index was calculated as the slope index, from the digital elevation model,
where the azimuth angle was obtained, then the classification on the four cardinal direc-
tions was derived and they were given a value from 1to 5.

To calculate the distance index from different objects and roads, satellite images and
topographic maps were used. Digitization of the content was performed, and then buffer
zones of appropriate width were determined. The distance of 150 m was taken for the
roads and it was classified into 5 categories (from 150 to over 600 m). All roads in this
area have been considered; local, unpaved and forest roads, which affect the possibility of
fire occurrence. Such roads are used for illegal logging, as for other activities, which can
lead to accidental fire.
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The Probability method (PM) was used to calculate the predisposition of the terrain
for the occurrence of the landsliding process, which is based on the assumption that land-
slides are caused by certain factors and that future landslides will occur under the same
conditions as existing ones. The possibility of landslide occurrence in a certain class is
calculated by the formula (Van Westen, 1997):

Wij = Aij’(A-A)A"" (Aij-Aif"), (2)

where: Wij - value of class i of parameter j; Aij’- landslide surface in a certain class i of
parameter j; Aij - area of a certain class i of parameter j; A'- total landslide area in the ob-
served territory; A - total area of the observed territory.

Then, various factors and classes are integrated into a unique Landslide Susceptibility
Index (LSI), which is achieved based on the formula (Voogd, 1983):

n
Wij
LSI=:i=1 , (3)

where: Wij — class value. Finally, all obtained index values are classified into four catego-
ries of landslide potential occurrence (low, medium, high and very high). In the first
place, the application of this method requires data on existing landslides in the study area,
which are taken in vector format from the database of landslides in Eastern Serbia
(Dragicevi¢ et al, 2011).

The parameters that were taken into calculating the terrain susceptibility to the
landsliding occurrence are: geological structure, geomorphological characteristics of
the terrain (slope, aspect, curvature), land use (CORINE Land Cover, 2018), and dis-
tance from watercourses.

Data on the geological structure of the terrain were obtained by digitizing the con-
tents of the geological map scale of 1:100,000 (Tab. 2). Relief characteristics were ob-
tained from EU-DEM.
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Tab. 2. Geological substrate and coefficients

Geological substrate Coefficients
Scree 5.29093
Travertine 0.0100
Alluvial sediments 0.5682
Fluvial terraces sediments 0.9771
River lake terrace 0.6454
Tertiary clastic sediments 3.0207
Mesozoic clastic sediments 1.2342
Mesozoic clastic and carbonate sediments 0.2065
Mesozoic carbonate sediments 0.0174
Volcaniclastic 0.0553
Igneous rocks 0.3577
Paleozoic clastic sediments 0.0150

The slope is represented by the reclassification of slope values into 7 classes (Tab.
3). The aspect of the relief is classified on 4 cardinal and 4 ordinal directions, while the
curvature is presented as a combination of profile and planar curvature in 9 classes

(Zevenbergen & Thorne, 1987).

Tab. 3. Morphometric terms and coefficients

Slope (°) Value Aspect Value Curvature Value
1-V/V 1.1701
<2 0.3835 North 0.8525 2-Ge/V 1.1245
25 11134 Northeast 0.5769 3-X/V 0.6440
5-10 1 ;1853 East 06503 4-V/Gr 1.3178

’ Southeast 1.2365 :
10-15 0.7828 South 1.6594 5-Ge/Gr 1.1919
;?)12% 8'1;’782 Southwest 1.2692 6 '_)\i//()}(r 8'3264
> %) 0.12 West 1.1128 87- Ge/X 1.0 (1)35
3 1045 Northwest 0.8500 9- Xe/X 0' 851 62

Watercourses were digitized from topographic maps scale 1:50,000, then buffer
zones from watercourses were determined and divided into 6 classes. The first class is
below 100 m, then 100 to 200 m, the third from 200 to 300 m, the fourth from 300 to

400 m, the fifth from 400 to 500 m and the sixth over 500 m (Tab. 4).
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Tab. 4. Coefficients for land use and distance from watercourses

Land use Value V&{atercourses Value
istance (m)
Larger settlements 1'0373
Industrial and commercial zones L0970
Non-irrigated agricultural areas ’ 07
Vineyards
Orchards o <100 1.3305
Meadows 0.5327 100-200 1.2771
Complex of agricultural plots 22'3227 200-300 1.1106
Agricultural land with natural vegetation 0204 300-400 0.9588
Deciduous forests 0.28 400-500 0.8230
Coniferous forests : o 57 >500 0.4375
Mixed forests o
Pastures
Woody-shrubby vegetation 0.0104
Areas with sparse vegetation (1)33523(5)

After overlapping all parameters with already existing landslides, the weight coeffi-
cients are calculated using the PM method, for each parameter individually. The sum of
all classes of reclassified parameters resulted in the spatial distribution (LSI) in the study
area. The obtained values of the LSI index are then reclassified into 4 classes of terrain
susceptibility to landslides: low, medium, high and very high.

Results and Discussion

Forest fires and landslides are natural disasters that cause serious human and
economic losses every year (Eriksen, 2021; Zhao et al., 2022; Martins et al., 2022).
Therefore, it is inevitable to map terrain susceptibility to forest fires and landslides,
in order to improve disaster management and mitigation strategies (Betts, 2017; Zhao
et al., 2022; Li et al., 2022).

By analyzing thematic maps and their processing in geographic information systems,
synthetic maps for basin endangerment were obtained.
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Fig. 2. Map of the terrain susceptibility of forest fires

Very high susceptibility occurs in 20.81% of the basin territory, it covers 151.11 km2 of
the territory (Fig. 2). High susceptibility is the most common and covers 35.73% of the
study area (259.43 km?2). The medium susceptibility covers 164.33 km?2 or 22.63% of the
basin. Low susceptibility is the least represented with a share of 20.83% or 151.25 km? of
the Svrljiski Timok basin area (Tab. 5).

Tab. 5. Susceptibility to forest fires

Degree of susceptibility Area (km?) Share in total area (%)
Very high 212.14 20.81
High 199.93 35.73
Medium 201.20 22.63
Low 112.91 20.83
Total 726.18 100.00

Very high susceptibility to forest fires is caused by specific natural and
anthropogenic conditions. Terrains with a slope higher than 35°, with southern aspect
and presence of coniferous and mixed forests, are most susceptible to forest fires. Also,
the endangerment increases if the road distance is less than 150 m, buildings and set-
tlements distance is less than 100 m. The most susceptible areas to wildfire occurrence
are located along the drainage divide in the mountains surrounding the basin and in the
central parts of the basin. Also, settlements in the farthest northeastern part of the ba-
sin, north of KnjaZevac, are extremely endangered. Settlements with very high or high
susceptibility to landslide occurrence are: Zorunovac, Slatina, Vina, Bulinovac, Bala-
novac, Sastavci, Grezna, Glogovac, part of KnjaZevac, Rgoste, Podvis, OreSac, Vasilj,
Suman Topla, Beli Potok, Svrljiska Topla, Palilula, Varo$, Miljkovac, Slivje, Lalinac,
Grbavce, Pluzina, Nievac, MerdZelat, Prekonoga, Purinac, Ribare, Zeljevo, Beloinje,
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Okruglica, Zeljevo, Izvor, Drajinac, Vitanovac, Pajez, Miranovacka Kula, Peris, Lukovo,
Gusevac, Bucum, part of Svrljig and Krenta.

Low and medium susceptibility are represented mainly in the immediate proximity of
water surfaces (Fig. 3).

\
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I very high

bl 25 £ 7.5 I km
L S

Fig. 3. Landslide susceptibility terrain map

Based on the processed data in geographic information systems, it can be con-
cluded that classes of high and very high landslide endangerment are represented in
more than 56% of the study area. Very high susceptibility occurs on 29.21% of the share
in the total area of the basin and covers an area of 212.14 km2. High susceptibility cov-
ers 27.53% of the share, or 199.93 km2. On 27.71% of the catchment area, medium sus-
ceptibility occurs (201.2 km?2), while low is the least represented, with a share of 15.55%,
which is 112.91 km2 (Tab. 6). The most endangered areas are in the central, southeast-
ern and northeastern parts of the basin.

Tab. 6. Susceptibility to landslides

Degree of susceptibility Area (km?2) Share in total area (%)
Very high 212.14 29.21
High 199.93 27.53
Medium 201.20 27.71
Low 112.91 15.55
Total 726.18 100.00

In such terrains there is a synergy of natural conditions that creates the most fa-
vorable conditions for the occurrence of the landsliding. Of the rock types, the most
susceptible to landslides are: scree, tertiary clastic sediments and Mesozoic clastic
sediments. The largest number of landslides occurs on slopes between 2° and 10°. As
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regards of aspects, the most susceptible areas to landslides are southern-facing slopes
(south, southeast, southwest). When it comes to the curvature of the terrain, the most
optimal are vertically flat, horizontally concave and completely linear terrains. An
area less than 100 m away from rivers is most susceptible to landslides. Agricultural
areas are exposed to intensive anthropopression and as such represent the most en-
dangered terrains.

Settlements that are very high or highly susceptible to landslide occurrence are: Pa-
jez, Kozja, Miranovacka Kula, Gulijan, Crnojevica, Okruglica, Merzelat, Slivje, Lalinac,
Pluzina, Nisevac, Davidovac, Radmirovac, Galibabinac, Me¢ji Do, BoZinovac, Beli Potok,
Palil, Svrljiska Topla, Zorunovac, Balanovac, Bulinovac, Glogovac, Zrne, Ponor, Krenta,
Budum, Vlahovo, Sesti Gabar, Manojlica, Gusevac.

Conclusion

Analysis of natural (geological, pedological, relief, hydrological, climatic, bio-
geographical) and anthropogenic (land use, distance from roads and settlements)
conditions, obtained results on the vulnerability of the Svrljiski Timok basin to forest
fires and landslides. The following methods were used to estimate landslides: Prob-
ability and Landslide Susceptibility Index. It is concluded that very high susceptibility
occurs at 29.21% and covers an area of 212.14 km2, while high susceptibility covers
27.53% of the area, or 199.93 km2. These classes appear in the area where the most
favourable conditions to the emergence of this process are represented. To protect the
population from the consequences of the landsliding process, it is necessary to im-
plement prevention measures and eliminate landslide occurrence factors as much as
possible. The presence of forest vegetation has great importance, because it would
significantly reduce water runoff (Zivkovic et al., 2015).

The application of sustainability index to forest fires led to results which show
that about 20.81% of the basin belongs to the class of very high risk of forest fires.
These are mainly coniferous, deciduous and mixed forests that cover a significant
place in the research area. The high susceptibility class occurs on 35.73% of the total
catchment area.

In this way, the highest degree risk zones have been determined, which should first
be taken into consideration when establishing monitoring systems, fire barriers, etc.
Sensors can be installed in the endangered areas to monitor the area and at the same
time to be alarms that would give a signal to the fire and local services to suppress and
prevent such situations (Barmpoutis et al., 2020; Dampage et al., 2022). Similar sen-
sors provided positive results in the natural park of Sierra Mariola in Spain (Molina-
Pico et al., 2016). These methods could prevent natural disasters, which can have long-
term consequences: from loss of forest fund, carbon dioxide emissions into the already
polluted atmosphere, disruption of the natural balance, disruption of normal ecosystem
functioning, loss of settlements to depletion of land cover (Taauh, 2020).
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ITPUMEHA I'1C-A Y AHAJIN3U YI'POXKEHOCTH IITYMCKHNM
IO KAPUMA U1 KJIMUSUIITHUMA Y CJIMBY CBP/bUIIIKOT
THUMOKA (CPBUJA)

Ancrpakr: I[lymMcku Nokapy M KJIM3HWIITA IIPECTaBbajy BeoMa ydecTase IPUPOJHE
Hernorofie y Cpbuju. Ciine Cpspuikor TuMoka Hayasu ce y jyrouctouyHoM Jienny Pery6iin-
ke CpOuje, ¥ 110 IPUPOAHUM KapaKTepUCTHKaMa IIpe/IcTaBsba MOApyyje Off 3Hauaja 3a Ipo-
yJyaBame reoxazapza. 3aZjaTak HCTPAKUBAbA jeCTe aHAIN3A IPUPOJIHUX U aHTPOIIOTEHUX
yCJIOBa ca IW/beM YTBphHBama JIoKanuja Koje cy MOJI0KHe HACTAHKY IIYMCKHUX IT0Kapa 1
KJIM3UINTA KaKo OW ce BalITHTWIO CTAHOBHMIITBO U MHQpACTpyKTypa. [IpuMeHOM reo-
rpadckux nHpopmanuonux cucrema (I'VIC) u JOCTYIHHUX MO/IaTaKa MPUCTYIIIIIO Ce FBUXO-
BOj 00pa/iu 3a MOJJIOKHOCT TepeHa LIYMCKHUM IokapuMa npuMeHoMm RC nnpekca. 3a not-
pebe aHaMM3e TepUTOpUje 32 HACTAHAK KJIUBUINTA KopultheHu cy craTucTiuku Probability
metox (PM) u Landslide Susceptibility Index (LSI). Jo6ujenu pe3ynraTu ykasyjy /ia je Ha
20,81% nozapyyja ciusa CBpspHIIKOT THMOKA 3aCTYIUbeHA BPJIO BUCOKA MOJJIOKHOCT HAcC-
TaHKAa HIyMCKHUX II0XKapa, JI0K je 29,21% TepeHa U3Pa3uTO MOJIOKHO HACTAHKY KIIUBUIITA.
Pesynraru nobujenu obpazom RC uHzeKca MOTy ce IPUMEHUTH 32 a[IEKBATHO yIIPAB/bAbE
PH3HKOM OFf LIIyMCKHUX II0Kapa, yHaIpeleme ciucTeMa MOHUTOPHHTA U PAHOT YII030paBamka
Ha HCTPAKUBAHOM IpocTopy. OApIKHBO yIIpaB/balbe IOJFOIPUBPEHUM IMOBPIIMHAMA K
yHanpelheme 3amTuTe XKUBOTHE cpenrHe Moryhe je CIpoBecTH Ha OCHOBY JIOOMjeHHX
pesyJiTaTta 3a HajyrpoKeHuja Mo/ipydja KIN3UIITHMA.

Kipyune peumn: I'VIC, myMckn mokapu, KJIN3HUINTA, cuB CBp/HUIIKOT THMOKA, JKUBOTHA
cpeauHa

tvlado.curic@yahoo.com (ayTop 3a KOpeCIIOHAEHIIH]Y)
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YBojg

V 21. BEKy YOBEYAHCTBO ce CBe yemnrhe cyouaBa ca IPUPOAHUM KartacTpodama U lbUXOBUM
mocJIeZiIiaMa 10 JKUBOTHY cpefuHy. IIpekoMepHa ekcIiioaTanuja MpUPOJHUX pecypca,
KJINMATCKe [IPOMEHE, IIPUPOIHE HEITIOTO/Ie, HEaJIEKBATHO YIIPAB/bakbe OTIAZiOM U IyOUTaK
OMOAMBEP3UTETA IIMPOM ILJIAHETE MPECTABI/bajy BEJIUKE M3a30Be 3a uyoBeyaHcTBo (Ler-
ner, 2007; Luki¢ et al., 2021; Durlevié¢, 2021).

ITpocrop Peny6nuke Cpbuje yrpoxkeH je pasjiddUTUM NPUPOJHUM HeENOrozama:
3eMJbOTPECUMA, KJIM3UIITAMA, CHEXXHUM JIaBUHAMa, OyjUUHUM IOIIaBaMa, cyliaMa u
LIYMCKUM Hokapuma. ITocenue HacTae eJIoBalkbeM NIPUPOAHUX KaTacTpoda MOry
6uUTH 3HaUYajHe MO CTAHOBHUIIITBO y JbYACKOM U MaTepujasiom morieny (Blaikie et al.,
2014; Novkovic et al., 2021; Sirin & Medvedeva, 2022; Singh et al., 2022). IlojaBa u
JucTpubynuja IIyMCKUX II0JKapa IOBe3aHa je ca Ce30HCKUM M BDEMEHCKHM Kopesa-
nujama uctux (Kim et al., 2021).

[IymMcku mOXKapu IPEACTaB/bajy HEKOHTPOJIMCAHO CAaropeBame KOje Ce CTUXUjCKU
LIMPU Ha IPOCTOPY o7 myMoM. M3a3nBajy jacHO yowbHBe U M3pakeHe IpOMeHe buore-
orpadckux ycioBa, a edekar Koju UMajy Ha *KHBOTHY CPEZUHY 3aBHCH Of IbHIXOBE BEJIH-
4YuHe, AyKHUHe Tpajarba U nHteHsutera ([parunhesuh & ®wiunosuh, 2009; Iparojesuh,
2019). Tpenp uymckux noxapa y Cpouju u EBponu ce y HocieAmhUX HEKOJIUKO JeleHuja
moeehaBa. CazejcTBo noBehane riobayiHe TeMmepatype Baszyxa U JbYACKUX aKTUBHOCTH
y3pOKyje mopact 6poja mymckux moxapa (Luki¢ et al., 2017; Durlevi¢ et al., 2021).
VIHTeH3UBHU TOILIOTHU Tasacu y Cpbuju 3abesexeHu ¢y TOKOM 2007. U 2012. TOANHE,
KaJia je BUIIE OZ 1000 IOXKapa YrPO3UJIO JbY/CKE KUBOTE, MHPPACTPYKTYPY U IIYMCKE
exocucreme. [Tpema nmocrojehum nopanuma, y Cpbuju cy Ha 31,1% TePUTOpUje 3aCTyILbe-
He IIyMCKE 3ajeTHUIE (Gigovié et al., 2019). Ha npocropy ciuBa CBPJBHUIIK OT Tumoxa,
MIPOIEHAT MTOBPIIMHE IO/ IIyMaMa je HellTo Behu o/ mpoceka, ¥ U3HOCH 34,1%.

Kmiskerse 1i1a ce fieduHUIIIE KA0 IPOLIeC HACTAO yCJe]] TIOMeparba AejI0Ba OTKUHYTHX
Maca 10 /I€jCTBOM CIUIE 3eMJbHHE Texke. CHHEePIrHjoM creludUIHUX Te0IO0IIKIX, XUAPO-
JIOUIKUX, pesbedHUX, KIUMATCKUX M OuoreorpadCKux KapakTepUCTHKA II0J] YTHIAjeM
cile rpaBuTanuje, Moryhe je cTBapame M IOKpeTame KIM3UIITA. [IpemMa JOCTYymHHUM
pesysitaTuMa, yTBpheHo je aa je 25% mospiinne Pemybiuke CpOuje mo/yI0’KHO HACTAaHKY
xmusuinTa u ogpona (Dragicevic et al., 2011; Dragicevié et al., 2012).

Ha tepurtopuju ciusa CBpspumikor THMOKA yciieZ IOCTOjama crenuduyHe reo-
Jlomike mozgiore (cumap, HEOTeHH CEAMMEHTH) IIOCTOje IPEeNyCI0BH 3a GopMUpame
KIMKema Tia. Ha ucTpaKMBaHOM IOAPYYjy HAEHTH(MUKOBAHA Cy KaKO DPELIEHTHA,
TaKO U IaJIe0-KINU3HUIITA.

Pagu Gosber mpuKasza yrposKeHOCTH TepeHa, reorpadcky MHGOPMAIMOHHU CUCTEMHU
(T'YIC) Hauwu Cy BelMKY IPUMEHY Y CABpEMEHUM HCTpakuBamuMa. MojiesioBame moja-
taka y I'MIC mpe/craBspa edrKacaH U MOY3/aH ajaT 32 U3PAUyHaBambe U OINC I0/IaTaKa O
edextrma moreHmujaaHux omacHocTu (Gheshlaghi et al.,, 2020; Parajuli et al., 2020;
Valjarevi¢ et al., 2021). Ilusb pajza jecte 1a 06pasioM IPUPOIHUX ¥ AHTPIIOMIOTEHUX YCII0-
Ba NMpUKa)Ke U U3/[BOjU MOApPYYja y CJIUBY KOja Cy BPJIO OCET/PHBA HA I0jaBY IIYMCKHX
Io’kapa M KJIM3UINTA. AZIeKBaTaH IIPUKa3 YITPOXKEHUX TepuToprja omoryhuo 6u edukac-
HUje YIpaB/bake *KHUBOTHOM CPEAWHOM Off CTPaHe CIIy)KOH Ha/JIEXKHUX 32 YIPABJhaAE
BaHPEIHUM CUTyallijaMa, 3aiTuTy npupoze u ap (Yan et al., 2022).
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Marepujaau u MeToae

IIpocmop ucmpasicusarsa

CnuB Cspspumkor Tumoka Hanasu ce y Mcrounoj CpOuju u 3ay3uMa IOBPIIMHY O
726,10 km?2. CiuB je orpaHuyeH Ha jyry CBp/bUIIKUM IUIAHUHAMA, I7I€ Ce yjeAHO HATa3! U
HajBUINIA TAYKa Y CJIUBY — 3eJIeHU BPX, Ca HAIMOPKOM BHCHHOM 071 1334 m. Ha uctoxky ce
BOJZIOZIEJTHUIIA TIPY?Ka BPXOBUMA IUTaHUHe Tpecubabe, u ciymra y KibaskeBauKy KOTIUHY,
rnae ce Cpspunku TuMok crmaja ca Tproumkum Tumokom, dopmupajyhu Bemrn Tumok.
Ha ceBepy ciuB ce mpyska [0 UCTOYHUX HazuHa [leBuile u Bpxa Kouhun (663 m). Ca
3amajiHe CTpaHe CJIUB je OTpaHUYeH IIaHuHama: Jlepuna, lonak u Kanagdar (Ci. 1).

Y aIMUHUCTPATUBHOM IIOTJIE/Y, TEPUTOPHjH CIMBA MPUIIA/Ajy oninTruHe: Kibakesarl,
Coxkobama, CBpsbur, Hurr, Humika Bama, Bena ITananka u ITupor.

Ca. 1. I'eoepagicku noaosicaj causa (cmp. 109)

Teosnomky rpal)y cimBa CBpsbHIIKOr THMOKA YHWHE CTEHE PA3JIUYUTOr cacTaBa
KOje AaTHUpajy U3 Pa3INIUTUX T'eOJIOIIKUX IIePUOoAa. 3aCTyIJbeHe CY JIBe BPCTE CTEHA,
MarmaTrcke U celUMeHTHe. JJOMUHUPAjy Me3030jCKH KJIACTHIHU U KapOOHATHU cefu-
MeHTH (50% HOBPIIMHE CJIMBA) U TEPIUjapHU KJIACTUYHU CeAUMEHTH (29,7% IMOBD-
muHe cauBa) (Bogosavljevié et al., 2007).

¥V peuHuMm gonuHaMa cyuBa THUMOKa cMemyjy ce amyBujanHu HaHocH (diryBucom),
CMOHHMIIA U 3eMJBUIITA HA TJIMHOBUTOj nomio3u. diryBucosnu ce GOpMHUPaAjy TanoKemeM
HOIIEHUX MaTrepyjajia y PeYHUM JOoJMHAMa 3a BpeMe IOIUIaBa U 3aCTYIUbEHU Cy AYXK
Cepspumikor TuMoOKa Kao U Iy MamuX BoAoTokoBa. OBa BpcTa 3eMsbuInTa GopMHUpPaHa
je v yCKUM JoJIMHaMa peka y Op/ACKO-IUIAHHHCKOM IOJIPYYjy CIHpPAmeM CYICTpara ca
BUIIIUX TEPEeHA, OYjUYHUM BOZOTOIMMA U PEIEHTHOM CEIUMEHTAIjOM TaKO €POAHPAHOT
MaTepHjaja y IogHoXk]y TuX Tepena (Cubunosuh, 2008; Puki¢, 2020).

Ca reoMOp®OJIOIIKOT acIEKTa, AHAIM30M XHUIICOMETPHjCKUX KapaKTEPUCTHUKA CJINBA
Cepspuinkor TuMoka yTBpheHoO je z1a ce 44,84% Tepuropuje Hasasu y 30HU 400-600 m
HaJIMOpCKe BHCHHE, a J]a CpeZiba HaZIMOPCKA BHCHHA H3HOcH 587,73 m. HajBuimra Tauka
Hasiaz| ce Ha 1334 m (3esnenu Bpx — CBpJ/bHUIIKE IVIAHUHE), a HajHU KA HaA 213 m (yurhe
peke y Tpropumku THMOK).

Ha ucrpakvBaHOM IOJIPYUYjy MIPUCYTaH je Harub TepeHa oj 0°, ma cBe 0 70° Koju
je ImpuCyTaH YIJIABHOM Y jy>KHUM U LIeHTPAJIHUM JeyoBuUMa ciauBa. Cpefmu Harub
n3HocH 9,66°. I1ITo ce eKCIO3UIMje TepeHA THYe, HAJIIPUCYTHHje cy uctouHa (17,78%)
U ceBepoucTouHa (15,97%).

Bucoku miaHuHCKY BeHITU CBPJBHINKUX IUIAHMHA CIIpevaBajy Behe mpozope Basay-
IIHUX Maca ca jyra, a IpoZiope KOHTHHEHTAIHUX Ba3AylIHUX Maca, ca CeBepa, 3a/pKaBa
mwianuHa Tpecubaba, Tako Aa oporpadcku GakTopy 3HAYAJHO YyTUUY Ha KJIMMATCKe Kapa-
KTUPUCTHKe ciauBa. IIpoceyHa rofWIImka TeMIlepaTypa Basayxa usHocu 7,97°C, IOk je
IIPOCEYHA TOINIIHA CyMa Ia/IaBUHA 704,1 mm.

Cepspumku THUMOK HacTaje criajalbeM TPU Marbe Kpallke peke kop cena Oxpy-
rauna y Cepspuiikoj kotauHu. To cy Typuja, MaHojiuuka peka U BucoBcka peka.
Peka je uarpazamia KOMIIO3UTHY JOJUHY ca 3 KoTinHe (CBpspumika, Apomka u Kma-
JKeBauka) U JiBe kiuucype (xkiaucypa xox Humesna u Cepspumka kiaucypa) (Mmawmja-
meBuh, 2014). [ToBpIinHa cIMBa U3HOCH 726,10 km?2, a ay:xuHa CBpspuIIKOT THMOKA
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je 64,25 km. YkynHa AyKHHA CBHUX NOBPIIMHCKHUX TOKOBa y ciauBy je 888,41 km, a
TryCTHUHA peYHe Mpeke u3Hocu 1,22 km/kmz2.

ITorogHOCTH aKTOpa IPUPOAHE CPEeNUHE, a TOCEOHO KIMMe ca 0OUJbEM BJIare, yCIo-
BIJIE CY II0jaBy PAa3HOBPCHOT OMJBHOT MOKpHBaya. IIpeMa JOCTYIHUM IMOJAIMMA, jelTHA
TpehuHa cIMBa MpeKpPUBEHa je JINCTONAaJHUM IIyMaMa, I0K 22,43% TepUTOpHje IpezcTa-
BJbajy KOMILIEKCH ITOJOIIPUBPENHUX Hapuesa. OCHOBY dayHe UMHe MEIUTEPAHCKH, CyO-
MeIUTEPAHCKH, CPEHEEBPOIICKY U CPebeOAKAaHCKU eHJIEMCKU TUIIOBU Ca HE3HATHUM
IprMecaMa UCTOYHOEBPOICKHUX BpcTa. O/ KpyITHe AMB/haYX 3aCTYIUBEHH Cy CPHA, dasaH,
JIVBJbA CBUIHA, BYK, JINCUIA U ME/IBE].

Memodoao2uja

IymMCKH €KOCHUCTEMHU CYy BEKOBHMA H3JIOKEHU Pa3INIUTHM ITopeMehajuMa, a HapOYUTO
noxkapuma. Kako 6u ce OTKpUIIO KOja IMOZIpy4Yja cy HajyrpoKeHUja IIyMCKUM IT0XKapuMa
xopurheHa je dopmysia (Erten et al., 2004):

RC=7VT + 5(S + A) + 3(DR + DS), (1

rae je: RC — uHIeKC MO/II0’KHOCTH HACTAHKY IIYMCKUX Toapa, VI — HH/IeKC THIIa Bere-
Tanuje, S — UHAEKC Harnba TepeHa, A — UHEKC ekcrmo3unuje, DR — WH/IEKC yAa/beHOCTH
orn caobpahajauna u DS — uH/IEKC yZIa/beHOCTH O Hacesba U u3rpaleHux objexara.

Hauun xopunrhema 3emspuiiTa je (HakTop KOjU HajBUIIE yTHUYe HA HACTAHAK
LIYMCKHX I10JKapa, 3aTUM cJie/ie Harub U eKCIIO3UIH]ja, KOjU yTUUy Ha OP3UHY LIUpe-
wa noxapa. lllymcku moxkapu ce mupe 6p:ke Ha Behum Harubuma U Ha MPUCOJHUM
ctpanama CyHYeBM 3paly mazajy moja Behum yriom, Tpajame pajujaidje je ayxe,
caMUM THM je U 3arpeBarbe Behe. Jy:kHe, jyroncTo4yHe u jyrozanagHe majiHe cy mOTo-
JHe 3a xennodUTHE IIyMe KOje Cy oceT/bUBHje Ha moxkape. CBakoMm of ¢axropa je
a"anuzupad u y TYIC codTBepy foze/beHa je BPEAHOCT OA 1 (HajMame IO/JIOKHE
MIYMCKUM TOXKapuMa) 710 5 (HajmoAI0KHHje).

Tab. 1. Kaace undekca 3a uspauyHasare noOA0HCHOCU HACMAHKY wymckux noxcapa (Erten

et al., 2004)
Bper- Tun Bereranyje u Va0 Har. ExcriosuImja YnameHQCT of, VYnaspeHoCT
Hay. Kopuirhema o caobpahajuuna o1 HaceJba U
HOCT TepeHa [°] pemeda .
3eMJBHIITA [m] objekara [m]
1 Bopene nospun- <5 N >600 5400
HE
ITose. IToBpinHe,
HEEKCIIOHU-
2 HaceJba, OCKyIHA 5-10 aHo 450-600 300-400
Bereranuja P
JluBaze u nam- 10-2 E 00-450 200-300
3 A 5 300-45 3
JIucronanne - w 150-300 100-200
4 1yme 5-35 50-3
5 YeTuHapcke U >35 S <150 <100
MEIIIOBUTE IIIyMe
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WNupekc Berertaiuje 00ujeH je Ha ocHoBy 6aze mopmaraka CORINE Land Cover
(2018), Tae cy pa3IMIUTHM THUIIOBHMA BETETALV]je A0/e/beHe BPeJHOCTH Off 1 10 5y 3aBH-
CHOCTH 07] HUBOA IIO/IJIOKHOCTH ofipel)eHe K1ace HaCTaHKY IIyMcKuX moxkapa (Tab. 1).

3a nobujarbe nHEKca Harnba TepeHa KOpUINeH je IUTUTTHU Mojiesl BucuHa — EU-
DEM mnpocTopHe pe3osyIdje 25 m, U3 Kora je n00ujeH Harub TepeHa y CTeleHuMa, 3aTUM
je moziesbeH y KJ1ace Ha OCHOBY BPEIHOCTHU U3 Taberte.

VHpeke ekcno3uliyje je Wu3pavyyHaT Kao ¥ WHJEKC Haruba, U3 JUTUTATHOT MOJeIa
BHCHHA, IPH 4YeMy je JoOWjeH yrao asmMmyTa, 3aTHM je WU3BpIIeHa Kiacudukanuja Ha
YeTHPU OCHOBHE CTPAHE CBETA U JI0/IeJbeHA UM je BDEITHOCT OJ1 1 10 5.

Kako 6u ce n3pauyHao MHIEKC ya/beHOCTU OJ PA3JIMIUTUX oOjekaTa U caobpa-
hajuuna xopumheHu cy caTteJUTCKH CHUMIOHM U Tomorpadcke kapre. V3BpiieHa je
JUTHTAIN3aNMja caip:kaja, a 3aTuM cy ogpelheHe 6adep 30He oarosapajyhe mupune.
3a myTeBe je y3eTa yAasbeHOCT 0] 150 M U CBPCTaHa je y 5 Kateropuja (0 150 710 mipe-
KO 600 m). ¥Y3eru cy y 063Up CBU IIyTEBU KOjH C€ Hajla3e Ha OBOj MOBPIIUHU: JIOKAJI-
HH, 3¢MJbAHU U IIYMCKHU, KOjU YTHIYy Ha MOTYRHOCT mojaBe moxxapa. TakBU MyTeBU ce
KOPWICTe 32 WIETaJIHe cevue IIyMa, Kao U 3a Jpyre aKTUBHOCTH, IPUJIMKOM KOj X MOXKe
Jlohu 710 cIy4ajHOT mokapa.

3a mpopauyH NpEeANCIIOHHPAHOCTH TEpPeHa 3a HACTaHAK Ipoleca KIMKema Tia
kopuiithen je Probability method (PM) koju ce 3acHMBa Ha MPETIIOCTABIU /1A KJIM3UIITA
HacTajy JaesioBambeM ofpeheHux dakropa u jma he 6yayha kiusuinTa HacTaTH MO UCTUM
yeaoBuMa kao nocrojeha. MoryhHocCT mojaBe kiu3uinra y oApeleHoj Kiacu ce padyHa 1o
dopmynu (Van Westen, 1997):

Wij = Aij’+ (A-A)A"* (Aij-Aij’), (2)

rae je: Wij — BpeTHOCT KJIace i mapameTpa j; Aij’ — HOBpIIHHA KIU3UINTA ¥ opel)eHoj
KJjacu i mapaMmeTtpa j; Aij — moBpmuHa oapeleHe kiace i mapamerpa j; A’ — yKymHa
MOBPIIMHA KJIW3UIITA Ha IOCMAaTPaHO] TEPUTOPUjU; A — yKyIHA IMOBPIIMHA IIOCMAT-
paHe TepuUTOpHje.

3aruM ce BpIIK MHTETpaIyja Pa3anuuTuX (PakTopa U Kjiaca y jeJUHCTBEHH HH/EKC
MO/IJTO’KHOCTH TIporiecy kimkemy Tia (Landslide Susceptibility Index — LSI), mrto ce moc-
THKe Ha ocHOBY dopmyste (Voogd, 1983):
n
Wwij
LSI = i=1 , (3)

rze je Wij — BpegHocT cBake kiace. KoHauHO, cBe /10OMjeHe BPETHOCTU WHJIEKCA KJIaCH-
duxkyjy ce y ueTupu KaTeropuje MOryhHOCTH I0jaBe KJIU3UINTA (HUCKA, CPEIEba, BUCOKA U
BpJIO BHCOKA). 32 IPUMeEHY OBOT METO/a MOTPeOHU Cy Mpe cBera mojanu o mocrojehum
KJIMBUINTAMA HA MPOCTOPY UCTPAKUBAHE TEPUTOPH]jE, KOjU Cy Y BEKTOPKCKOM (popmaTy
npeyseryu u3 6aze mojaTaka o KiusuinTuMa y Merounoj Cpouju (Dragitevic et al, 2011).
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ITapameTpH KOju Cy y3eTu y 003Up MPUJIMKOM MpOpadyHa MMO/AJI0KHOCH TepeHa Hac-
TaHKy KJIM3HUIIHOT TpoIlleca Cy: TeoJiolka rpalja, reoMopdoJIoliKe KapaKTepUCTHKE
TepeHa (Harub TepeHa, eKCII03UIHja, 3aKpuBJbeHocT), HameHa 3emsbuiiita (CORINE Land
Cover, 2018), Kao U yIaJbeHOCT O] BOJIOTOKA.

IToganu o reosionikoj rpaju TepeHa o6ujeHN Cy JUTHTAIN3ALKUjOM cazpiKaja ca
reoJIONIKe KapTe pa3dMepa 1:100.000 (Tab. 2). PespredpHe KapakTepUCTHKE JOOUjeHE CY
u3 EU-DEM.

Tab. 2. 'eonowka epaha u xoeduyujenmu

Teosiomika rpaha Koedurujentu
Cumap 5,2993
burap 0,0100
AJTyBUjaJTHU CEIUMEHTHU 0,5682
CenmMeHTH pedHe Tepace 0,9771
Peuno-jesepcka Tepaca 0,6454
TepuujapHU KJIACTHYHU CEIUMEHTH 3,0207
Me3030jCKH KJIACTUYIHH CEAUMEHTH 1,2342
Me3030jCKU KJIACTUYHU ¥ KApOOHATHU CEIUMEHTH 0,2065
Me3030jcku KapOOHATHU CEANMEHTH 0,0174
Bynkanoxactutu 0,0553
Marmarcke cTeHe 0,3577
ITase030jCKU KIACTUYHU CEIMEHTH 0,0150

Harub TepeHa IpeJicTaB/beH je pewsachduranujoM BpeJHOCTH Haruba y 7 kjaca
(Tab. 3). Ecknosunuja pesbeda kiacudukoBaHa je Ha 4 TJIaBHE U 4 TIOMONHE CTpaHe CBe-
Ta, JIOK je 3aKPUBJbEHOCT IpPEZCTB/beHA y BUAY KoMOMHanuje npoduiHe U IIJIaHApHE
3aKpUBJHEHOCTH y 9 Ki1aca (Zevenbergen & Thorne, 1987).

Tab. 3. Mopgomempujcku ycaosu u koeguyujeHmu

Haru6b Bpeguoct Excnosunuja Bpexnocr 3aKpHBHEHOCT Bpennoct
0 TepeHa
Tepena (°)

1-V/V 1,1701
<2 03835 CeBSSEEII(JZTOK g,gggg 2-Ge/V 1,1245
2-5 1,1134 erox 0’6503 3-X/V 0,6440
5710 1,4853 Jyroucrtok 1,2365 4-V/Gr 1,3178
10-15 0,7828 Jyr 1’ 6504 5-Ge/Gr 1,1919
15-20 0,3702 Jyrosaman 1’2 692 6 - X/Gr 0,9764
20-30 0,1906 Baman 1’ 1198 7-V/X 0,8235
> 30 0,1045 CeBeposanaf, 0,8500 8 -Ge/X 1,0505
’ 9-X/X 0,8168

PeuHu TOKOBU AMTUTAJIN30BaHU Cy ca TomorpadCKux Kapara pasmepa 1:50.000,
3aTUM cy ozpeleHe 6adep 30He yIa/beHOCTH Off BOIOTOKA U Mozie/beHe y 6 kiaca. IIpsa
KJIaca M3HOCH HCIIOJ 100 M, 3aTUM CJIEAH O] 100 70 200 m, Tpeha o 200 710 300 m, YeT-
BpTa 071 300 710 400 m, TIeTa 0/ 400 10 500 M U 1iecta mpeko 500 m (Tab. 4).
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Tab. 4. KoegpuyujeHmu 3a HAMeHy 3em/bullma u yoabeHocm o0 pexka

Hemena 3emsbuinra Bpeguoct YnameHocT o7t Bpeguoct
BOZIOTOKA (M)
Beha nacespa 1’0573
WHpycTpujcke 1 KOMEPLIYjaHe 30He 19979
HenaBoamaBaHe 110Jb. IOBPIINHE ’ 07
Bunorpagun o
Bohmarnu 0.522 <100 1,3305
JluBaze 2";3:23 7 100-200 1,2771
KomIutekc mosp. mapiesa 5 ’ o 2:32 200-300 1,1106
ITosb. IOBpIIMHE ca MPUP. BETETAINjOM ’ 300-400 0,9588
JlucronazHe myme 0.28 400-500 0,8230
YeTnHapcke LIyMe ’ o 57 >500 0,4375
MermoBure 1ryme o
ITamrmamu
. 0,0104
JIpBeHacTo->k0yHacTa Bereranuja 0.572
IToBpIuMHE ca OCKYZHOM BETETALHjOM l’gzsg

HakoH mpexsianama CBUX mapamerapa ca Beh nocrojehum kins3uitiuma mpucrymna ce
JIOZIeNIN TEXXMHCKUX KoeduUIlMjeHaTa, 3a CBAKK IapaMeTap IOjeIMHAYHO, IpOpavyyHaT
npumeHoM PM meroze. CymoM cBUX Kiaca pekjacu(UKOBaHUX IapaMeTapa aobuja ce
npocropau pacnopez; (LSI) Ha Tepuropuju wucrpakuBamwa. Jlobujene BpegHoctu LSI
WHZIEKCa ce 3aTUM pekIacudUKyjy Ha 4 Kilace MOAJIOKHOCTH TEPEHA KIIMKEbY Ta: HIC-
Ka, CpeZitba, BUCOKA U BPJIO BUCOKA.

Pe3sysTaté U JUCKycHja

IIyMcKky mOKapy U KJIN3UIITA IIPEICTABIbAjy MIPUPOJHE HEMOTO/E KOje CBaKe FOJUHE
n3a3uBajy 036uspHe Jby/icke U ekoHOMcKe ryouTke (Eriksen, 2021; Zhao et al., 2022;
Martins et al., 2022). 360r Tora je HEONXOJHO W3BPIIUTU MAaNUPae MOJIOKHOCTH
TepeHa IIYMCKHUM IOKapuMa M KJIU3UIITHMa pajau MobosplIama yIpaBbakha KaTac-
Tpodama u ynamnpeleme crpareruja 3a ybsmaskaBame nocienuna (Betts, 2017; Zhao et
al., 2022; Li et al., 2022).

AHaJIM30M TEMATCKHUX KapaTa U BHUXOBOM 00pazioM y reorpadckuM wHGOPMAIHO-
HUM CHCTEMHUMa, OOHjeHe Cy CHHTE3HE KapTe 3a yTPOKEHOCT CJINBA.

Ca. 2. Kapma nodaoxcHocmu mepeHa 3a HaCMaHax WymcKux noxcapa (cmp. 115)

BpJio BUCOKA MOAJIOXKHOCT jaBJba Cce Ha 20,81% TepuUTOpHje CIINBA, OAHOCHO 00yXBaTa
151,11 km?2 noBpinuHe Teputopuje (Ci. 2). Bucoka mOJIOKHOCT je Haj3acTyIUbeHUja U
MOKpHBa 35,73% HcCTpaskuBaHOT mpocTopa (259,43 km2). Cpeaba o103KHOCT 00yXBaTa
164,33 km? otHOCHO 22,63% ynena y ciuBy. HajMame 3aCTyIUbeHA je HUCKA IO/IJIOKHOCT
ca yzieJioM ofi 20,83%, Tj. 151,25 km?2 nmopiuHe ciaua Cepspuiiikor Tumoxka (Ta6. 5).

127



Tab. 5. [100210%CHOCM HACTNAHKA WYMCKUX NOHCAPA

CrelneH NOJIOKHOCTH Ioepumuna (km2) Yreo y yk. nospruau (%)
Bpsio Bucoka 212,14 20,81
Brucoka 199,93 35,73
Cpenma 201,20 22,63
Hucka 112,01 20,83
YxymHO 726,18 100,00

BpJio BHCOKa TOJJIOKHOCT 32 HACTAaHAK IIYMCKHUX ITOXKapa MpeUCIIOHUpaHa je crie-
nuGUIHUM IPUPOJHUM U aHTPOIIOT€HUM ycjioBHMa. TepeHu ca Harubom Behum ox 35°
KOjH Cy OKPEHYTH Ka jy’KHO] €KCIIO3UI[UjU U OJIJIUKYjy Ce MPUCYCTBOM UYETHHAPCKUX K
MEIIOBUTHX IIIyMa, HAJIOJJIOKHUJU Cy HACTAHKY IIYMCKUX moxkapa. Takole, yrpoxeHOCT
ce noBehaBa ykosuko je yzasbeHOCT mpocTopa of caobpahajHuiia Marma o7 150 m, a Of
objexara U HaceJheHUX MeCTa Mama o7 100 m. Ilogpydja Koja ¢y HajIOAJIOKHUja 34 HAC-
TaHaK MOXKapa Hajia3e ce y3 pa3Bolje Ha IJIaHWHAMa KOje OKPYXKYjy CJIUB, KaO W y IeH-
TpaysiHuUM AenoBuMa. Takolje, U3y3eTHO Ccy yrposkeHa HaceJheHa MeCTa y KpajiheM CeBepo-
HWCTOYHOM JIeJIy CJINBA, ceBepHO of KmbarkeBiia. Hacesba Koja cy BpJiO BUCOKO WJTH BUCOKO
TOZJIOXKHA HACTAaHKY KJIU3UINTa cy: 3opyHoBan, CiaruHa, Buna, Bynunosarn, bananosarr,
Cacrasiy, I'pe3Hna, I'torosar, eo Kmwaxesna, Promrre, [Togsuc, Opematn, Bacuss, [llyman
Toruta, Benn ITotok, Cepspuiiika Torma, Ilanumyia, Bapom, Musskosan, Ciusje, Jlamu-
Hari, 'pbaBue, Ilny:xuna, Humesai, Mepiienar, IIpekonora, Bypunai, Pubape, XKesbeso,
Benoume, Oxpyriuia, »KesbeBo, M3Bop, [pajunarn, Buranosai, ITajexx, MupaHoBauka
Kysa, Ilepum, JIykoBo, I'ymeBar, Byuaywm, reo Cepspura u Kpenra.

Hucka u cpefiba MOAJIONKHCT 3aCTyIUbeHE Cy YIJIAaBHOM y HENOCpPeAHO] 6JIU3WHM
BozieHux noBpiuHa (Ci. 3).

Ca. 3. Kapma nodaoxcHocmu mepeHa 3a gopmuparse kausuwima (cmp. 116)

Ha ocHoBy o6paljeHux momaraka y reorpadckuM HHGOPMAIMOHUM CHCTEMIMA,
MOZKE Ce 3aK/bYUHTH JIa Cy KJace BUCOKE U BPJIO BUCOKE YTPOKEHOCTH TepeHA KIU3HUIII-
THMa 3acTyIlJbeHe Ha BUllle off 56% HCTpa’kuBaHOT IPOCTopa. Bpsio BuCOKa MOJI0KHOCT
jaBipa ce Ha 29,21% yzesna y yKynHoj noBpiuuHu CiivBa U 3ay3UMa HOBPUINHY Of] 212,14
km?2. Bucoka mTOJJIOKHOCT 3ay3uMa 27,53% yaena, OgHOCHO 199,93 km2. Ha 27,71%
TIOBPIIIMHE CJIMBA jaBJba C€ CPE/Eba MOAJIOKHOCT (201,2 km?2), 10K je HHUCKA HajMame 3ac-
TyIUbEHA, ca YAEeJI0M Of 15,55%, 1To je 112,91 km2 (Tab. 6). IToapy4ja Koja cy Hajyrpoxe-
HUja HaJIa3e ce y IeHTPAIHOM, JyTOUCTOYHOM U CEBEPOMCTOUHOM JIeTy CJIUBA.

Ta6. 6. I100204CHOCM HACMAHKA WYMCKUX NOXCAPa

CTeleH NOJJI0KHOCTH IMoBpiwmHa (km2) Yneo y yk. nospmuay (%)
BpJio Bucoka 212,14 29,21
Bucoka 199,93 27,53
Cpenma 201,20 27,71
Hucka 112,01 15,55
YkynHO 726,18 100,00

Ha oBakBUM TepeHHMa jaBjba Ce CHHEPIrHja IPUPOJHHUX yCJIOBA KOja CTBapa HajIo-
BOJbHHjE YCJIOBE 332 HACTAHAK KJIM3UIIHOT Iponeca. Of surtosonike rpalje, creHe Hajnoz-
JIOKHUje KIMKEHY TJa Cy: CUIapH, TEPIUjapHU KJIACTHUYHU CEJUMEHTH M ME€3030jCKU
k1actuyHu cenumenTr. Hajsehu 6poj kiusuinTa jaBsba ce Ha Haru6uma usmely 2° u 10°.
IIITo ce THYe eKCIIO3UIHje, TEPEHN HAJIOAIOKHUJU KIN3UIITAMA OKPEHYTH Cy Ka MpHU-
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cojHuUM cTpaHama (jyr, jyrOHCTOK, jyrosamaz). Kasa je y mutamby 3aKpHB/BEHOCT TEPEHA,
HAjIIOTOJIHUjU Cy BEPTHKAJIHO PABHH a XOPU3OHTAJHO KOHKABHHM M IOTIIYHO JIMHEAPHHU
Tepenu. IIpocTop yZa/beH Of peKa Mame O/ 100 M HAJIOJJIOKHHUJU je KIKemy TJa.
[TospoTIpUBpEIHE TOBPIIHHE IOJJIOKHE CY WHTEH3WBHO] aHTPIIOMPECH]H M KaO TaKBe
IIPEZICTaB/bajy HAjyTPOKEHUjE TEPEHE.

Hacespa Koja cy BpJIO BUCOKO HJIM BHCOKO IOJJIO’KHA HACTAHKY KiIu3HUINTa cy: [1ajex,
Kosja, MupanoBauka Kymna, I'ynujan, LlpHojeBuna, Oxpyriuma, Meprenar, Ciausje,
Jlanunan, Ilny:kuna, Humesan, JaBumosan, Pagmuposan, I'amubabunan, Meuju /o,
Boxxunosan, Benu IToTok, ITanuiysna, Cepspuiika Tomsa, 3opyHoBan, baranosan, Bynu-
HoBail, I'storoBan, Kpue, IToHop, Kpenra, Byuym, Biaxoso, Illectu T'abap, Manojiuiia,
I'ymesarr.

3akspyuak

AHaM30M NPUPOAHUX (TEOJIOIIKH, METOJIOUIKU, pebedHH, XUAPOJIONIKH, KINMATCKH,
6uoreorpadcky) U aHTPOIIOTeHUX (HaMeHa 3eMJBHINTA, YAAbEHOCT [IPOCTOpa Off caobpa-
hajuuna u Hacespa) ycsioBa, f0GHjeHU €y PE3YITATH O YIPOMKEHOCTH CIMBa CBPJBUIIKOT
TUMOKa IIYMCKHM IIOKapyMa U KIM3UIITAMA. 3a IPOLEHY KIM3HUINTA KOPHIINEHEe Cy
metojie: Probability u Landslide Susceptibility Index. KoncraToBaHo je /1a ce BpJio BUCOKA
ITO/IJIOJKHOCT jaBJba ce Ha 29,21% U 3ay3UMa MOBPIINHY Off 212,14 km?2, 0K BHCOKA IIOA-
JIOJKHOCT 3ay3uMa 27,53% IOBpIINHE, OAHOCHO 199,93 km2. OBe kiace jaBspajy ce Ha
TepeHHMa Ha KOjUMa Cy 3aCTyIJbeHH YCJIOBH KOjU HajBHIIE IIOTOAY]y HACTAHKY OBOT IIPO-
meca. Kako 6u ce M3BpIIIIIA 3alITUTA CTAHOBHUILITBA O] IIOCIEAUIIA [IPOIEca KIIIKEHhA
TJ1a, TOTPEeOHO je CIPOBOUTH Mepe NpeBeHIMje U Y IITO Behoj MepH euMuHucaTu dak-
TOpe HacTaHka kiausuinta. O BEJIUKOT je 3Havaja IPUCYCTBO IIIyMCKe BereTanuje Koja ou
y 3Ha4ajHOj MEpH peAyKoBasia OTUIake Boje (Zivkovic et al., 2015).

IIpuMeHOM HHZIeKCa IO/JIOMKHOCTH IIYMCKHM IOXKapHMa JOILJIO Ce /IO Pe3yJsiTara
KOjH IOKasyjy Aa OKo 20,81% TepuUTOpUje IeJIOKYIIHOT CJIMBA IIPHUIIa/a KJIacK BPJIO BHCO-
Ke YTPOXKEHOCTH IIyMCKHM Io)kapuma. To cy yIJIAaBHOM YeTHHApCKe, JIMCTOIAJHE U
MEIIIOBHUTE IIIyMe Koje 3ay3uMajy 3HauajHO MeCTO Y IIPOCTOpY HCTpakuBama. Kitaca Buco-
Ke IIO/IJIO’KHOCTH jaBJba ce Ha 35,73% YKyIIHe IOBPIINHE CJINBA.

Ha oBaj HauuH cy ogpeleHe pU3uYHE 30HE HajBUIIET CTENIEHA, HA KOje 6u Tpebasio
MIPBO OOPaTUTH MAXKIY HPIJIMKOM YCTAHOBJbABakha CUCTEMAa MOHUTOPHHTIA, IIPOTUBIIO-
JKapHUX Iperpeka u canyHo. Ha yrposkeHUM mpocTopuMa MOTY Ce TOCTABUTH CEH30DH
KOju O BpIIWJIM MOHHTOPUHT IIPOCTOPA U YjeTHO Owiau u y30ymUBa4Yu Koju OU manu
CUTHaJI BaTPOTaCHUM U JIOKAJTHUM CIy:kb6aMa 3a cyzbujare U CIipeuyaBarbe OBAKBHX
cutyanuja (Barmpoutis et al., 2020; Dampage et al., 2022). OBakBu ce3HOpHU AU Cy
MMO3UTHBHE pe3yJiTaTe y NpupogHoM mnapky Mapuona y Illnanuju (Molina-Pico et al.,
2016). ITomohy oBux MeToza MorJie 61 fja ce Cpeve NPUPOAHE HENOTO/IE, KOje MOTy Jia
“Majy JaleKoCe)KHe IOoCaefune: of TyOWTKa IIyMcKOr (GOH/A, €eMHUCHje YIJbEH-
nuokcusa y Beh zarajeny atmocdepy, Hapyliapame IPUPOAHE PABHOTEKE, IPEKUAATHE
HOPMAaJIHOT (PYHKIIMOHHCAIa €KOCUCTEMA, TYOUTKA Hacesha /0 OCHPOMAIIEeha 3€MJbH-
miee nokpuske (Taguh, 2020).
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