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Abstract: This paper analyses the state of erosion intensity in the Vlasina River Basin, the
right tributary of the Juzna Morava River. To determine the erosion intensity (Z) and
sediment production, the Gavrilovi¢ method was used, in combination with the bare-soil
index (BSI), with the application of geographic information systems (GIS) and
multispectral satellite imagery. An erosion coefficient of 0.31 has been identified in the
territory of the Vlasina River Basin, which has an area of 1,061.72 km2. The prominent
vertical fragmentation of the relief, large amount of precipitation in the source parts,
density of the river network (1.65 km/kmz), which is above the average river network
density in Serbia, as well as inadequate land exploitation, are the main reasons why it is
necessary to monitor the erosion intensity in the Vlasina River Basin. The annual
production of the sediment is 462,496.30 m3, while the value of specific sediment
production is 435,47 m3/km?2/year. This study represents the attempt to apply modern
technologies to dietermine the intensity of erosion in the Vlasina River Basin, and the
results obtained could be used for more adequate management of land and water
resources, sustainable planning of the forest ecosystems and environmental protection.
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Introduction

Soil erosion is the global soil degradation problem that causes significant environmental
and socio-economic problems (Eswaran et al., 2001; Gomes de Souza et al., 2018;
Ighodaro et al., 2013). The main consequence of land degradation is a significant decrease
of its productivity, which directly affects the percentage of the agricultural population in
the area (Alam, 2014; Balasubramanian, 2017). Land erosion is one of the most significant
forms of land degradation in the Republic of Serbia. Approximately 86% of its territory
has the potential for land erosion of varying intensity, to occur. Stronger categories of
erosion affect more than 35% of the territory of Serbia south of the Sava and Danube
rivers (Lazarevi¢, 1983; Dragicevié et al., 2011; Risti¢ et al., 2012; Kostadinov et al., 2018).

In order to improve the management of the soil erosion process and help decision
makers to take appropriate remediation measures and mitigation strategies, the first step
is to monitor and assess the condition, so as to obtain adequate and reliable information
on land erosion under the conditions of the current climate and land exploitation (Yin et
al., 2018; Blanco & Lal, 2010; Kirkby et al., 2008). With the development of different
software, depending on the size of the database and the availability of the satellite images,
it is possible to determine the erosion intensity and the total deposition production
through GIS software packages, and then double check the obtained results in the
fieldwork.

Sudden degradation of the terrain and intensification of soil erosion in the Vlasina
River Basin began in the mid-19t" and early 20t century, when the agricultural
production was dominant. The greatest attention to the study of soil erosion in this basin
was provided only after the great flood that occurred in 1988. The rainfall in certain places
in the basin reached up to 220 mm in 4 hours (Gavrilovic et al., 2004). In many places in
the Vlasina River Basin, the river has taken bridges, destroyed homes and damaged
hundreds of acres of farmland.

The inadequate land exploitation, i.e. tillage at high slopes (over 25%), contributed to
the faster runoff of atmospheric water, and thus to the intensification of the process of soil
erosion (UroSevi¢ et al., 2016). Looking through history, the land exploitation has
changed significantly and thus the degree of erosion that has become more intense with
the increase in cultivated ploughed land.

Materials and methods
Study area

Vlasina River Basin covers an area of 1,061.72 km2 and covers the south eastern part of
Serbia, while territorially covers the municipalities of Surdulica, Crna Trava, Vlasotince,
Babusnica, Gadzin Han, Leskovac, Pirot and Bela Palanka. West of Vlasotince, Vlasina
River flows into the Juzna Morava River. In physical-geographical terms, the basin
extends from the LuZnica River Basin, across valley of Gornje Zaplanje and one part of the
Suva Mountain in the north, up to Vlasina Lake and surrounding terrain in the south. The
Vlasina River flows from the artificial reservoir - Vlasina Lake, and flows into the Juzna
Morava River as its right tributary. The total length of Vlasina River is 65.9 km. The
largest part of the geological base of the Vlasina River Basin belongs to the Serbo-
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Macedonian mass, formed in the Palaeozoic (Carbon-Perm). The most represented rock
complexes the metamorphic rocks (49.31% of the total surface area) while the rest of the
basin is mostly covered by the tertiary clastic sediments and mesozoic carbonate rocks.
This basin is mostly of hilly-mountainous character, except for the Gornje Zaplanje, the
Luznica Valley and the north-western part of the basin, which is the part of the Leskovac
valley. The altitude varies from 233-1,707 m, the mean slope of the terrain in the basin is
13° and is one of the main causes of the higher erosion coefficient in the past, when the
agricultural production was very prevalent on the higher slopes of the terrain, which later
on led to serious consequences. In the source parts of Vlasina River Basin (1,254 m)
during the period 2010-2016, the mean annual temperature was 7.54°C, and the
precipitation was 922 mm. At significantly lower terrain, in Vlasotince (271 m), for the
period 2011 — 2014, the average annual temperature was 12.4°C and the annual rainfall
was 729 mm.

LuZnica ———
Viasina
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[ = )
Fig. 1. Map of the geographical location of the Vlasina River Basin
Methodology

Previous studies have attempted to estimate the soil erosion only on the basis of terrain
slope and vegetation index (Hazarika & Honda, 2001). However, one of the best ways to
combine DEM and satellite images in the land erosion research is to correctly classify
erosion-related spatial parameters, represented through a smaller number of classes
(units) (Milevski et al., 2007). More recently, there are numerous methodologies and
models for mapping the soil erosion and producing the maps of erosion. The empirical
models are more focused on modifying the transport of erosion and sediment at the basin
level (Lovri¢ & ToS$i¢, 2018; Ananda & Herath, 2003; Verstraeten et al., 2003). The
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Gavrilovi¢ method belongs to the group of regional methods, and has been characterized
in the world literature as a semi-quantitative method (de Vente et al., 2005). The practice
has shown that the analytical method is long and impractical for exploration in larger
catchments, and for this reason, the synthetic method was applied, which is incomparably
faster, while maintaining the accuracy of the analytical method. Quantitative values of
erosion coefficients have been used to extract erosion intensity across classes or categories
(Tosié et al., 2012).

The risk of erosion was analysed on the basis of the method of Gavrilovi¢ (1972),
according to which the total production of sediment in the basin is calculated according to
the following formula:

Wg0d= T- Hgod' T - \/2_3 F, where

Wooa - total sediment production (m3/year), T - temperature coefficient, Hgoa — average
annual rainfall in mm, Z - erosion coefficient, F - catchment area in km?2

Establishing the change in the intensity of land erosion through the Gavrilovié
method provides the possibility to determine each of the above factors that appear in a
given formula (Mustafi¢, 2012).

The temperature coefficient (T) is given by the following formula (Gavrilovi¢, 1972):

T= }i+ 0.1, where
10

t - average annual temperature (°C), for the period 1981-2010, was obtained by analysing
the dependence of changes in temperature with changes in altitude on the basis of data
from relevant meteorological stations, based on the following formula:

t=-0.006-H +13.32,

where is t the average annual temperature, while H represents the value in meters
obtained through the digital elevation model (DEM).

The average annual precipitation of Hgd was obtained by analysing the dependence
of the changes in precipitation from the relevant precipitation stations for the period from
1981-2010, on the basis of the following formula:

Hgod = 0.283 - H + 511.9,

where Hgod is the average annual rainfall and H (m) the value obtained through the digital
model of altitudes.

The erosion coefficient (Z) is calculated on the basis of the following formula
(Gavrilovi¢, 1972):

Z=Y-X- (¢ ++I), where:

Z - erosion coefficient; Y - coefficient of land resistance to erosion; X - coefficient of land
protection from atmospheric factors and erosion; ¢ - coefficient of type of the erosion; I -
average drop in surface area for which the erosion coefficient is calculated.

The coefficient of land resistance to erosion (Y) was acquired by analysing the basic
geological maps of the SFRY for the area of the Vlasina River Basin, in the ratio of
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1:100,000. Depending on the degree of resistance of the geological strata, the coefficient is
classified 0.1-1, where the most resistant rocks (limestone, dolomite) have the smallest
coefficient. The loose soil that is most susceptible to erosion has the highest coefficient.

Tab. 1. Coefficient of land resistance (Gavrilovié, 1972)

Erosion resistance coefficient of the substrate Y
Loose land 0.8-1

Skeletal and rocky soil 0.7

Impermeable and impervious rocks (slats, flysch, rocks) 0.6
Permeable and impervious rocks (sand, gravel, loess) 0.5
Semi-permeable rocks 0.4
Impermeable and resistant rocks 0.25

Permeable and resistant rocks 0.1

The coefficient of the land protection from the atmospheric factors and erosion (H)
was achieved by the processing and analysis of the geospatial database on the land
exploitation methods (Corine Land Cover), issued by the European Environment Agency
(EEA). In the range of 0.1—1, the highest coefficient is assigned to the areas without
vegetation, where many types of erosion dominate. The forests of good assemblage, due to
extremely developed root system, absorb a large amount of rainfall, which would cause
the material to be rinsed and carried away in the less resistant terrains.

Tab. 2. The coefficient of the land purpose

Substrate protection coefficient

Avreas without vegetation 1
Plough-land with plowing up and down the slope, vineyards | 0.9
Plough-land with plowing along the contour lines 0.8
Multiple-land crop rotation 0.6
Secondary/degraded pastures 0.4
Secondary/degraded forests 0.3
Meadows 0.2
Forests of good assembly 0.1

The coefficient of erosion type (¢) was determined by using the bare-soil index (BSI).
For the purpose of obtaining the said index, the multispectral satellite images of the
LANDSAT 8 satellite that belongs to the Geological Topographic Institute of the United
States (USGS) were used. The remote detection technique has unparalleled advantages
and potential in the field of regional land erosion assessment (Vrieling, 2006; Le Roux et
al., 2007; Guo & Li, 2009; Mutekanga et al., 2010; El Haj El Tahir et al., 2010). This index
(BSI) makes it easier to calculate the erosion coefficient. The bare-soil index is obtained
by the following formula:

(B6+B4)— (B5+B2)

BSI = (B6+B4)+ (B5+B2) ’

where B6 is the shortwave infrared spectral channel (SWIR 1), B4 is the red spectral
channel, B5 is the near infrared spectral channel (NIR), and B2 is the blue spectral
channel.

The average surface slope (the terrain slope) VI, is obtained from the one-hundred-
meter digital elevation model (DEM) in the form of a percentage expressed in decimal
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notations. As the slope increases, the stability of the slopes decreases, the intensity of
erosion increases, and the likelihood of torrential floods rises (Novkovi¢, 2016).

Specific annual production of erosion deposits in the basin (Wo) is attained when the
total production of erosion sediments is divided by the basin area, and is expressed in
m3/km2/ year.

Results and Discussion

According to previous surveys carried out in 1966 (BauueroBuh, 1966), the average
erosion coefficient (Z) in the Vlasina River Basin was 0.47. During this period, the forest
ecosystems comprised 30% of the catchment area, while the quarter of the total
catchment area was under arable land. Field investigations with an aim to produce the
Erosion Map of Serbia (Lazarevi¢, 1983) during the period 1966-1971, determined the
erosion coefficient at the value of 0.55. From 1966-1988, the percentage of arable land
increased from 25% to 44.8% of the total catchment area, which caused the great
degradation of the terrain and preceded the great flood that had occurred in 1988, when
one third of the catchment area was exposed to severe storms and rains of catastrophic
proportions (Gavrilovic el al., 2004). During 1995, the value of the erosion coefficient was
0.42, and with the emigration of population and reduced agricultural production, the
erosion in the Vlasina River Basin began to weaken. The average erosion coefficient in
2016 was 0.38 (Urosevi¢ et al., 2016).

As it is well known, the erosion intensity is constantly influenced by natural factors,
while anthropogenic influence is expressed through modification of process intensity. The
relief directly affects the surface and linear erosion by its decline and slope length, while
altitude and exposition indirectly influence through modification of climate elements. The
height of the relief is significant for water erosion, since it indirectly influences the
amount and shape of precipitation, as well as the temperature regime (Lazarevi¢, 1975).
Due to the extremely large slope of the terrain in most parts of the basin and considerable
fragmentation of the relief, the surface erosion and linear erosion have a great influence to
the increase of the erosion coefficient. Exposition of the topographic surface also
indirectly influences the modification of micro-climatic conditions. As a result of extended
insolation and the higher intensity of the solar radiation, there is a higher evaporation on
the slope sides exposed to the Sun and, consequently, less water draining (Group of
authors, 1990). The process of water erosion is mainly influenced by the climate elements
of precipitation and temperature. The precipitation affects it by its shape, duration and
intensity, as well as its schedule throughout the year. At higher altitudes in the Vlasina
River Basin, the average annual precipitation exceeds 900 mm. The air and land
temperatures modify the effect of precipitation (Lazarevi¢, 1975). The average annual
temperature in the basin varies from 7.5-12.4°C, depending on the morphometric
characteristics of the area that is researched.

Unlike natural conditions, the method of land exploitation represents the
anthropogenic factor that significantly affects the degree of erosion. Land erosion is one of
the more serious problems of rural agriculture (Ighodaro et al., 2013). In this sense, man
is the only factor that can cause and prevent more intensive erosive processes by changing
the plant cover, processing of the productive layer or changing the morphological
characteristics of the relief.
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Fig. 2. Map of land purpose; terrain slope map; geological map; map of the degree of the terrain
denudation (BSI)

Large areas under forest ecosystems may be noticed on the land purpose map, where
erosion does not generally present a problem. Compared to 1996, when forests covered
only 30% of the basin area, this percentage today amounts to more than 56% and is the
consequence of properly implemented anti-erosion measures of afforestation, but also
decreased agricultural activity. In the northern part of the basin, the agricultural parcels
are largely represented, as well as agricultural areas with natural vegetation, which are
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most vulnerable to erosion due to anthropogenic activity and devastation of the surface
cover. The slope of the terrain in the central part of the basin is slightly higher than in
other parts, while the extent of the terrain denudation is highest in the northern and
western parts of the basin. The accelerated erosion is very much influenced by the land
cultivation, because the soil breaks down, the oxidation of organic matters accelerates, the
absorption reduces due to compaction caused by ploughs, machinery, etc. (Group of
authors, 1990). It is not uncommon for corn to be cultivated on the same field for years
with ploughing in the direction of the slope. It is well known that ploughing along the
contour lines reduces erosion by 2.5 times or even up to 5 times (Lazarevi¢, 1975).

The erosion map (Fig. 3) shows that the loss of land is not as intense as it was during
the 1960s, 1970s and 1980s of the last century, but that there is a decrease in the intensity
of the process. The largest areas of the basin are characterized by very weak and weak
erosion.

Legend
[ Very weak erosion

I \Veak erosion
[ Medium erosion
[ intensive erosion
- Excessive erosion

Fig. 3. Map of the land erosion for Vlasina River Basin

The average erosion coefficient is 0.31, that is, it belongs to the II erosion category,
which indicates that the process of the intensive erosion of the land has been stabilized in
the most parts of the Vlasina River Basin. The medium, intensive and a very small

24



percentage of excessive erosion occur in the northern part of the basin, where agricultural
parcels and agricultural areas with natural vegetation are represented. In areas where the
erosion intensity is medium, intensive or excessive, the appropriate anti-erosion measures
should be applied, while in places where erosion is very weak and weak, the state of
occurrences and processes should be monitored and controlled. By means of using the
geographic information systems, it is possible to identify the areas that are at risk of a
greater erosion degree and which could impair the quality of nearby surface waters.

Tab. 3. Types of erosion and share in the total area

Type of erosion | Area (km?) | Share in the territory (%)
Very weak 248.11 23.37
Weak 676.84 63.75
Medium 80.26 7.56
Intensive 56.40 531
Excessive 0.11 0.01
Total 1,061.72 100.00

It is important to note that the reduced anthropogenic activity (caused by
depopulation and migrations) resulted in a lower intensity of erosion. The 2011 census
found that the population decreased by as much as 48%, where the rural population
decreased by 70% while the number of households declined by 32% during the period
from 1948-2011 (UroSevi¢ et al., 2016).

0,6 _ 0,55
0,47
0,5 1 0,42
0,38
0.4 1 0,31
0,3 -
0,2 -
0,1 -
0 . . . . .
1966 1971 1995 2016 2019

Fig. 4. Comparative analysis of average erosion coefficients for the period 1966 — 2019

The annual production of erosion sediment in the Vlasina River Basin is 462,496.30
m3, and the specific production of sediment is 435,47 m3/km2/year. This data shows how
much the specific production of sediment decreased in comparison to 1966 (790
m3/km2/year), and during 1971, the specific production of sediment was 1,353.6
m3/km2/year). Nowadays, the intensive sediment production occurs in the northern part
of the basin, where the erosion coefficient is the highest.
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Conclusion

Based on the obtained data, it can be concluded that the state of erosion intensity in the
Vlasina River Basin is satisfactory and significantly better than in the previous period. The
analysis of natural conditions (geological foundation, slope of the terrain), satellite
images, as well as the temperature and amount of precipitation in this area, revealed that
out of 1,061.72 km?2 of surface, about 12.88% of the territory belongs to medium, intensive
and excessive erosion. For example, in 1995, the same types of erosion covered 85.9% of
the catchment area. The average erosion coefficient (Z) which is now 0.31 indicates a
gradual decrease in the intensity of soil erosion in this area. As much as 924.95 km?2 today
belongs to the category of weak and very weak erosion, and in very places where forest
ecosystems are most represented and where anthropogenic impact is minimal.

The increased intensity of erosion occurs in a smaller area in the northern part of the
basin, where anthropogenic activity is present and followed by more intensive cultivation
of the agricultural parcels. The highest degree of sediment production is also represented
in the northern part of the basin, where the population density is the highest. In most
parts of the basin, due to the large expanse of forests, the intensity of erosion is generally
weak, so that there is no major land loss. In places where the deforestation process is
identified, afforestation of the terrain with proper selection of species should be carried
out in order to avoid the increased erosion. For better and higher-quality management of
the environment, it is necessary to constantly update the database with regular
measurements of various parameters, so that the insight into the state of natural
processes and phenomena is more accurate and efficient in preventing and mitigating the
natural disasters. In the Vlasina River Basin, the negative natural growth and emigration
of the local population will cause less and less environmental degradation in the coming
period.

© 2019 Serbian Geographical Society, Belgrade, Serbia.
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ITPUMEHA I'1C-a Y AHAJIN3U NTHTEH3UTETA EPO3UJE Y

C/INBY PEKE BJIACUHE

AncrpakT: Y 0BOM paJly aHAIM3UPAHO je CTame WHTEH3WTETa e€PO3Hje y CIHBY PeKe
Biacune, mecue mputoke JyxHe Mopase. 3a onpehuBame uHTEH3WUTETa eposuje (Z) u
npoAykIyje HaHoca kopuinheH je meroy lasprioBnha y KOMOUHAIMH ca WHEKCOM
oronuhenoctn 3emsbuinta (BSI), mpumeHoMm reorpadckux HHPOPMALMOHHUX CHCTEMA
(TUC) u MyATHCIIEKTPATHUX CATEJIUTCKUX cHUMaka. Ha teputopuju civuBa Biacune koju
“Ma TOBPIIMHY Of 1.061,72 km?2, uaeHTH(UKOBaH je KoepHIMjeHT eposuje Of 0,31.
V3packeHa BepTHKAJIHA pAIIWIAeHOCT pesbeda, BeJMKA KOJMUUMHA IIaflaBUHA Y
W3BOPUIIHUM JIeJIOBUMa, TyCTHHA pedHe mpexe (1,65 km/km?) koja je usHaz mpocedne
ryctuHe peuHe mpexe y CpOuju, Kao M HeaZleKBaTaH HAuUMH KOpHUIIhema 3eMJbUIITA
Mpe/ICTaBJbajy IVIABHE pasjiore 360T KOjUX je HOTPeOHO IMPATUTH UHTEH3UTET epo3Hje y
By Biacune. Toguinsba OpoAyKIHja HAHOCA U3HOCH 462.496,30 m3, 0K je BPEJHOCT
cnenuduyHe NpoAyKIUje HaHOcA 435,47 m3/km2/god. OBaj pax mpejcraB/ba IOKYIIAj
NMpUMeHe CaBpeMEHUX TEeXHOJIOTHja 3a ojpehHBarbe HWHTEH3WTETA epOo3Hhje y CIIUBY
Bnacune, a mo0ujeHH pe3yJTaTH Ce MOTY KODHUCTHTH 3a aJ/IeKBaTHUje VIIPaBIbaAhe
3eMJBHIIHMM ¥ BOJHHUM DECypCHMa, OJDPKHBO IUIAHUPAME MIYMCKUX €KOCHCTeMA H

3alITUTy XUBOTHE CpeJUHE.

Ksbyune peumn: meros laBpuioBuha, xoepuIujeHT eposuje, WHIEKC OTOJIUNEHOCTH

3eMJBHIITA, IPOAYKIHja HaHO A, CIUB Briacuue
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Eposuja semspHINTa TpeEJCTaB/ba IVIOOAJTHU NPOOJIEM Jlerpajanyje 3eMJbUIINTA KOjU
y3pOKyje 3HauajHe eKOJIOIIKe U cOoIlno-eKOHOMcKe mpobieme (Eswaran et al., 2001;
Gomes de Souza et al., 2018; Ighodaro et al., 2013). [1aBHa moc/eaua Ierpazauje
3eMJBUIITA je 3HAUAjHO CMAamerhe HeroBe MPOJyKTUBHOCTH, a TO MHAUPEKTHO yTHUE HA
6poj MOJHOTIPUBPEAHOT CTAHOBHUINTBA Yy TOj obsactu (Alam, 2014; Balasubramanian,
2017). Epo3uja 3emspbHInTa IMpezcTaB/ba jeZlaH Of] Haj3HAUYAJHUjUX OOJIMKA Jerpajianuje
3emsbuinTa y Penyosuiu Cpouju. [Ipubimkao 86% mweHe TEPpUTOPUje MMa MTOTEHIH)aT 3a
[0jaBy €po3uje 3eMJ/BUIITA PA3JIMYUTOr WHTEH3WUTETA. JaunM KaTeropujama eposuje
3axBaheno je Buiire oz 35% Tepurtopuje Cpbuje jyxuo o Case u Jlynasa (Lazarevié, 1983;
Dragicevi¢ et al., 2011; Risti¢ et al., 2012; Kostadinov et al., 2018).

Kako 6u ce mo0oJspIlajio ympaBJbalbe IMPOIECOM €PO3Uje 3eMJBHINTA W IIOMOIJIO
JIOHOCHOITMA OJIyKa 3a IpeAy3uMaibe OAroBapajyhux mepa caHalldje W CTpaTeruje
ybajkaBarba MOC/IeINIA, IPBU KOpaK je mpaheme u mpoleHa crama. Tume 0u ce 00w1e
aJleKBaTHE U [0y3/aHe HHGOPMAIHje 0 €PO3UjH 3EMJBHUIITA ¥ YCIIOBIMA CA/IAIIIEbe KIIUME
u xopumrhema 3emspuinta (Yin et al., 2018; Blanco & Lal, 2010; Kirkby et al., 2008).
Pa3Bojem pazinuuTux cobTBepa, y 3aBHCHOCTU O] BeJUUMHe 6a3e mopaTaka M JOCTYI-
HOCTH CATEJIUTCKUX CHUMaKa, Moryhe je kabunerckum pazsom nomohy I'MIC codrBepekux
MakeTa OJ[pe/JUTH HHTEH3UTET ePO3Hje U YKYIIHY MPOAYKIIH]y HAaHOCA, a 3aTUM TEPEHCKUM
HCTpaKUBabUMa IPOBEPUTH JI0OOUjeHe pe3yJITare.

VY cnuBy BiacuHe Harsia ferpajanyja TepeHa U NHTEH3UBHUPAbE €PO3Uje 3eMIBHUINTA
T0YeJIo je CPeIMHOM 19. BeKa Kaja je Ouia IOMUHAHTHA TOJbONPUBPENHA TIPOU3BOHA.
HajBeha makmba HCTpasKiBamby epo3Hje 3eMJBUIIITA y OBOM CJIMBY ITOcBeheHa je TeK HaKOH
BeJIMKE IIOIUIaBe Koja ce gorogwia 1988. roxuue. KosmunHa mazaBiHa y MOjeAUHUAM
MecTHMa y CJIMBY M3HOCWJIA je U 70 220 mm 3a 4 carta (Gavrilovic et al., 2004). Ha
MHOTHM MeCTHMA y CIHBY BiiacuHe peka je ofHesa MOCTOBe, HUIITHIIA Kyhe U oLITeTiia
CTOTHHE XeKTapa 00pairBOT 3eMJbUIIITA.

HeanexBatan HauuH KopHIinhema 3eMJBHINTA, Tj. 00paja 3eMJbHINTA HA BEIUKUM
Harubuma (mpexo 25%), AonpuHesa je Op:keM OTHUIaly aTMocdepcke BOJe, a TUME U
WHTeH3UBUpamwy mporeca eposuje 3emsbuinra (Urosevié et al., 2016). I'memajyhu xpo3
HCTOPH]jy, HAUMH KOpHUITNema 3eMJbUIITA Ce 3HAYajHO MEHhAo, & CAMUM THM U CTEleH
epo3uje Koju je ca moBehameM IOBPIIMHA 107 OPAHUIAMA I10CTaja0 HHTEH3UBHUjU.

Marepujaiu u MeTojie
ITpocmop ucmpaxcusaroa

CnuB BracrHe mMa HMOBpIIMHY 07 1.061,72 km? u 3axBaTa jyroucrousu zeo Cpbuje, a
TepuTOpHjaTHO obyxBara omnmtuHe Cypaynuny, Lipay Tpasy, Biracorunne, babymHuiy,
laguu Xan, JleckoBan, ITupor u Beiy Ilamanky. 3anaguo ox Biacormuina, Biacuna ce
ynuBa y Jyxxay MopaBy. Y dusuuko-reorpadCckoM IIOTJIeZy, CJIUB Ce IIPOCTUPE Of
Jly:kHUuKe KOoTiIMHe u [opmer 3amiama Ha ceBepy, 0 BilacHHCKOr je3epa M OKOJIHOT
TepeHa Ha jyry. Pexa BiiacuHa uctude 13 Bemrayke akymysianuje — BiacuHckor jesepa, u
ynuBa ce y Jy:xkHy MopaBy Kao BbeHa JieCHa NIPUTOKA. YKyIIHA Ay>KHHA BiracuHe m3HOCH
65,9 km. Hajsehu jreo reostonike moziore ciuBa Biacute mpumaza Cpricko-MaKeI0HCKO]
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MacH, HacTajoj y majeo3ouky (kapboH-mepm). Haj3acTyIybeHUjU CTEHCKU KOMILIEKC CY
meramopdHe creHe (49,31% yKyIHe MOBPIIHHE), JOK je OCTaTaK CJIWBa YIJIABHOM IIpe-
KPUBEH TEPLUHjapHUM KJIACTUYHUM CeAUMEHTHMA U Me3030jCKUM KapOOHATHUM CT€HAMa.
OBaj ciuB je HajBehuM /estoM Op/CKO-IUIAaHWMHCKOT KapakTepa, ocuM [opmer 3aruiama,
Jly:kHWUYKe KOTJINHE W CEBEPO3ala/HOT Jiejla CJINBA KOjU IMpeZCTaB/ba /1e0 JlecKoBauKe
kotsinHe. HasiMmopcka BECHHA Bapupa o7 233 710 1.707 M, CPeibi HATUb TepeHa y CIUBY
u3HOocU 13° W TIpeZACTaB/ba jeZlaH O TJIAaBHUX y3poKa Beher koedwuiujeHTa eposuje y
MPOLILJIOCTH, KaJla je MOJbOIPHUBPETHA MPOU3BOba HA BehuM Harubmma TepeHa Guia
BeoMa 3aCTyIUbEHA, IIITO je KaCHHUje 0BEJIO /10 BEJTUKHUX MOCTIEAUIa. Y U3BOPUIIIHOM JETY
ciauBa Biacune (1.254 m) TOKOM IepHO/ia 2010-2016., Cpe/iiba TOAMIINEA TEMIIEpATypa
usHocuna je 7,54°C, a BHCHHA MajaBHHA 922 mm. Ha 3HATHO HMXXEM TepeHy, Y
Biacotuniy (271 m), 3a mepuoj; 2011-2014. U3MEPEHA je CPE/Eba TOAMINERA TEMIIEPATYPa
o071 12,4°C, a roguImkba KOJIMYMHA aJaBUHA 729 mm.

Ca. 1. Kapma zeoepagcxoe nonodxcaja causa Baacume (cmp. 19)
Memoodoao2uja

VY mpeTXofHUM HCTPaKHMBAKbHMa HAIMPAB/HEHU Cy MOKYLIAJU [ja Ce epo3Uja 3eMJBHILITA
MpOIIEHN caMO Ha OCHOBY Harumba TepeHa u Beretamuonor wHpaekca (Hazarika & Honda,
2001). Mehytum, jeman ox Hajbo/pMx HauwmHA 3a KoMOuHarujy DEM # caTeIuTCKHX
CHHUMAaKa y UCTPAKUBAKy €pOo3Hje 3eMJbUIITA jecTe IPaBUIHA KIacu(HUKAIFja IIPOCTOP-
HUX IIapaMeTapa Be3aHUX 3a epo3Hjy, MPeJICTaB/beHa KPO3 MamH Opoj kiiaca (jeuHuIa)
(Milevski et al., 2007). Y HOBHje Bpeme mocToje GpOjHE METOZOJIOTHjEe W MOMAETU 3a
KapTUpambe epo3uje 3eMJbHIITA U U3Pa/ly Kapara epo3uje. EMIUPHjCKu MOJIeu Cy BHUIIE
¢oKycupaHu Ha MOJIEJIOBalb€ TPAHCIIOPTa €PO3Uje U ceAMMeHaTa Ha HuBoy ciuBa (Lovrié
& Tosi¢, 2018; Ananda & Herath, 2003; Verstraeten et al., 2003). Meroz I'aBpuiosuha
MPHUIIa/a TPYIH PETHOHATHUX METOZA, U Y CBETCKO] JINTepaTypH OKAapPAKTEPHCAH je Kao
nosty-kBauTuTaTuBHU Metoz (de Vente et al.,, 2005). IIpakca je mokasama pga je
AHAIUTUYKYA METOZ AYT U HEMPAKTUYaH 33 HCTPAXKIBAha Y BENUM CJIMBOBHMA, Te CE U3
HaBEeZIEHOT PAa3Jiora MPUCTYIIMJIO CHHTETHYKOM METOZY, KOjH je HeylopeauBo OpikH, a
[IPH TOME je 3a/PKa0 TAYHOCT AaHAJTUTUYKOT MeTofa. KBaHTHTaTHBHE BpeAHOCTH Koedu-
nyjeHTa epo3uje ynorpebsbeHe Cy 3a H3/iBajalbe MHTEH3UTEeTa epo3Hrje KPo3 KJiace WU
kateropuje (Tosié et al., 2012).

VYrposkeHOCT epo3MjoM je aHaJIM3MpaHa Ha OCHOBY Meroze IaBpmtoBuha (1972),
IpeMa K0joj ce YKyITHA IPOAYKIHja HAHOCA Y CJIUBY padyyHa rnpema GopMyJsIu:

Wgod:T-Hgod-n-\/?-F,meje

Wgod — yKynHa mpoaykuuja HaHoca (m3/god), T — TemnepaTtypuu xoedunujeHT, Hgod —
CpeArba TOAUIIHA KOJIMYNHA aJJaBUHA Y mm, Z — KoeduIujeHT eposuje, F — noBpmuHa
ciauBa y kmz2.

YrBphuBame IpoMeHe HHTEH3WTETA epo3rje 3eMJbHINTa Ipeko [aBpuioBuheBor
MeToZja Ipy’ka MOTyhHOCT JeTepMHUHAIMje CBAKOT Of HaBeleHUX (GakTopa KOjUu y JaToj
dopmynu durypupajy (Mustafic, 2012).

Temmnepatypuu koedunujent (T) qobuja ce mo popmysu (Gavrilovié, 1972):

t .
T= fﬁ + 0,1, rzeje
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t - cpeama roguimiba Temmepatypa (°C), 3a mepuox 1981-2010., Ao0HjeHa aHATHU30M
3aBHCHOCTH [IPOMEHA TEMIepaType ca I[POMEHOM HAJMODPCKE BHCHHE HA OCHOBY
T0/IaTaKa ca peJIeBAaHTHUX METEOPOJIOIIKUX CTAHUIIA, HA OCHOBY dopMyJIe:

t=-0,006- H + 13,32,
I7ie je t — cpenma ToAWIIbA TEMIIEPATypa, AOK H mpencraB/ba BpeJHOCT y MeETpHMA

JlobujeHa mpeKo AUTHTATHOT Moziesia BucuHa (DEM).

Cpenmpa TOAulIkba KOJIUYHUHA TaziaBuHA Hgod M0OUjEeHA je aHAJIN30M 3aBHUCHOCTU
MpOMeHa KOJMYHWHE MaflaBiHa ca PEeIEBAHTHUX MaJaBUHCKUX CTAaHMIIA 3a Hepuon 1981-
2010., Ha OCHOBY (opMmyie:

Hgod = 0,283 - H + 511,9,
e je Hgod — Cpesiba rofiuiima KOJIMYMHA MafaBunaa, a H (m) BpeaHocT 1o0ujeHa mpeko
JIUTHUTAITHOT MOJIeJIa BUCHHA.
Koedunujent eposuje (Z) pauyna ce Ha ocHoBy dopmyie (Gavrilovié, 1972):
Z=Y-X-(p+VD),rneje:

Z - xoeduiujeHT eposuje; Y - KoepUIHjeHT OTIIOPHOCTH 3€MJBHINTA HA €po3ujy; X -
KoeduIjeHT 3armTHheHOCTH 3eMJ/bUIITa 01 aTMochepuInja U eposuje; ¢ - KoeUIHjeHT
BHU/Ia epo3uje; | - cpe/ibu a7 IOBPIIKMHE 32 KOjy ce N3payyHaBa KOe(HUIIHjEHT epo3Hje.

Koedunujent ormopHocTH 3eMsbHINTa Ha eposujy (Y) mobujeH je aHaIm3oM
OCHOBHUX reosiomkux kapata COPJ 3a npocrop ciuBa Biacune, y pasmepu 1:100.000. ¥
3aBHCHOCTH OJf CTEIIEHA OTIIOPA I'e0JIOIIKeE IT0/JIoTe, KoeUIIjeHT je kiacudukoBaH 0,1 —
1, IpU YeMy HajMamH KoeUIUjeHT MMajy HajOTHOpHUje cTeHe (Kpeumak, JO0JIOMUT).
HajBehu koedbunujeHT MpHUIAZa pPACTPECHTOM B3EMJBHINTY KOje je HajIomIOKHIje
epo3uju.

Tab. 1. Koepuyujenm omnoprocmu semmuwma (Gavrilovié, 1972)

KoedunujeHT 0TIIOpA MO/JIOTE O €PO3Hje Y
PactpecuTto 3emspuInTe 0,8-1
CKeJIETOHU/IHO U CKeJIETHO 3€MJBUIIITE 0,7
Henpomnyct/buBe U HEOTHOPHE cTeHe (IIKPUIbIH, GJIHII, CTEHE) 0,6
IIpomycT/briBe U HEOTIIOPHE cTeHE (IIeCAK, IIJbYHAK, JIEC) 0,5
IMosynporycTibiBe cTeHe 0,4
HermporycT/buBe 1 OTIIOPHE CTEHE 0,25
IIponyct/prBe U OTIIOPHE CTEHE 0,1

Koedunujent 3amruhenoctn 3emsbuinTa 07 arMocdepuiinja u eposuje (X) mobujen
je obpazioM m aHATIU30M I'eOIIPOCTOPHE Oase MoJjaTaka 0 HAUMHY KOpUINhema 3eMJBUIITA
(Corine Land Cover), usgate on EBporicke areHiyje 3a 3aITHTY JKUBOTHE cpenuHe [EEA].
V¥ omcery 0,1-1, HajBehu koebunujeHT nonesbyje ce moBpIIMHaAMa Oe3 Bereranuje, rze
JIOMHHUDPAjy MHOTH BHUOBHU eposyje. Illyme mobpor ckiona 300T HM3y3€THO pa3BUjEHOT
KOPEHOBOT CHCTeMA ancopOyjy BEeJTHKY KOJTUINHY aJaBUHA, KOja OM HA Mame OTIIOPHUM
TepeHNMa U3a3BaJia CIINPAbEe U OHOLIEhe MaTepHjasia.
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Tab. 2. Koegpuyujenm HameHe 3empuiima

Koedunujenr 3amruheHoOCTH 0710Te X
[ToBpuinHe Ge3 Bereraiyje 1
Opanutie ca opameM y3 ¥ HU3 IaIUHY, BUHOTPagu | 0,9
OpaHuile ca opambeM 10 U30XUIICH 0,8
BumenossHU 1I10/10pET 0,6
JlerpasiupaHu nanimanyu 0,4
Jerpanupase nyme 0,3
JluBage 0,2
IIIyme mobpor cksomna 0,1

Koedurujenr Buma eposuje (¢) oxapeheH je momohy wuHAeKca OroauheHOCTH
semspuinTa (BSI). 3a motpebe o6Hujarba IOMEHYTOT HHEKCA, KOPUIITNEHH CY MYJITHUCIIEK-
Tpasiau carenutcku cHuMIu LANDSAT 8 catennTta, Koju npunazaa I'eosomkoM Tomo-
rpadpckom uHctuTyTy CAJl (USGS). TexHuKa JaJbUHCKE JETEKIHje MMa HEYIIOpe/UBe
MPEAHOCTH U TOTEHIHjajl y pajy peruoHaHe mporeHe eposuje ia (Vrieling, 2006; Le
Roux et al., 2007; Guo & Li, 2009; Mutekanga et al., 2010; El Haj El Tahir et al., 2010).
OBum wuHzaekcoM (BSI) osakmiano je pauyHamwe KoedulujeHTa eposuje. HHIEKC
orosirheHOCTH 3eMJbHINTA 106Hja ce GopMyIoM:

(B6+B4)— (B5+B2)

BSI = eerbos (B5+B2)

rae je B6 — kparkorasacHu uH@panpsenu crnekrpannau kaHan (SWIR 1), B4 — mpBenu
CIIEKTPJIHU KaHas, B5 — Giucku nHdpanpseHu cnekrpaianu kaHaia (NIR), B2 — miasu
CIIEKTPAIHU KaHAJI.

Cpemsu may oBpiHHe (Haru6 Tepena) V1, 106HUjeH je U3 CTOMETapCKOT TUTHTATHOT
mozena Bucude (DEM) y Buy mpolieHaTa U3paskeHuX y OOJIMKY JeluMaHor 3amuca. Ca
noBehameM Harvba TepeHa cMarbyje ce CTabHIHOCT IaANHA, PacTe NHTEH3UTET epO3Hje,
Beha je BepoBaTHOha mojaBe Oyjuunux momwiasa (Novkovié, 2016).

CroenvduyHa TOAUIIHA TPOAYKIHja epO3HOHNX HaHOca ¥ cauBy (Wgodsp) m00Hja ce
KaJa ce YKy[HA MPOAYKIMja €pO3MOHMX HAaHOCA IIOZEIHM Ca MOBPIIMHOM CJIHMBA, a
n3paxana ce y m3/km2/god.

PesysTaTtu U JUCKycHja

ITperxonuuM uctpaxkuBamuma (Bandyerosuh, 1966), cpenmu koedunujert eposuje (Z2) y
cmuBy BiiacnHe n3HOCHO je 0,47. Y TOM HEPHOAY, IIYMCKHU €KOCHCTEMHU OOyXBaTaau Cy
30% TepuTOpHUje CIINBA, IOK Ce IO OPaHUIlaMa HaJIa3WIa YeTBPTUHA YKYIIHE OBPIINHE
cmBa. TepeHCKUM HCTpaXKMBamuMa y Huiby uspane Kapre eposuje Cpouje (JIazapeBuh,
1983) TokOM Iepuoza 1966-1971. onpeljeH je koedunujeHT epo3uje y BpeJHOCTH OF, 0,55.
VY nepuony on 1966. 1o 1988. roguHe, mpolieHaT opaHulia ce nosehao ca 25% Ha 44,8%
VKyIIHE IOBPIIIHE CIUBA, IIITO je Y3POKOBAJIO BEJIUKY JIETPAZalijy TepeHa U IIPETXOAIIIO
BEJIMKOj IOIVIaBU Koja ce gorojauwia 1988. roguHe, Kaja je jemna TpehuHa ciauBa Guia
H3JI03KeHA jaKoj OJIyjU U KUIIH KaTacTpodanHux pa3mepa (Gavrilovic et al., 2004). Tokom
1995. TOAWHE BpeAHOCT KoedHIMjeHTa epo3uje u3Hocwia je 0,42. Ca eMurpanujom
CTAHOBHHUIITBA U CMAamEeHEM 0JbONIPHUBPEHE IIPOU3BOAILE, €po3Huja y CINBY Biacune je
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moyesna na cinabu. Cpenmu kKoedHIMjeHT eposHuje y 2016. TOJUHU HU3HOCHO je 0,38
(Urosevit et al., 2016).

Kao mTo je mo3HaTO, HA MHTEH3UTET €pO3Wje YTUUy NPUPOAHU (AKTOpH, JOK je
AQHTPOIOTeHH YTUIIA] U3paKeH Kpo3 MoANGbUKAIMjy HHTEeH3UTeTa mponeca. Pesbed Hero-
CpeIHO yTUYe Ha MOBPIIMHCKY U JIMHU]CKY €pPO3HUjy CBOjUM IAZOM U AY:KHMHOM Harmuoba,
JIOK BUCHHA U €KCIO3UIMja ITOCPEIHO YTUYY Kp03 MOAUMDUKAIM]Y eleMeHATa KJINMe.
Bucuna pespeda nMa 3HaUaj 3a BOJIHY €PO3HUjy KOja ce u3parkaBa IOCPETHUM YTHIajeM Ha
KOJIMUMHY U OOJIMK MafiaBiHA, Kao U Ha TemnepatypHu pexkum (Lazarevié, 1975). 360r
HU3y3€THO BEJIMKOT Harmba TepeHa y BeheM Jeyy CIMBa U 3HATHE PAlIWIAKEHOCTH
pespeda, MOBPIIMHCKA U JIMHUjCKA €pO3Kja NMajy BeJIMKH yTUIA] Ha noBehame Koeduu-
jeHTta eposuje. Ekcriosunuja tonorpadcke MOBPIIHHE TaKOlje TOCPEAHO YTHUE HA MOIH-
(uKoBame MUKPOKJIMMATCKUX YCJIOBA. YCJIeJ AyKer OCyHUYaBama M jauer WHTEH3UTETa
CYHYeBOT 3pavera, Ha IPHCOJHUM CTpaHaMa je Behe ucmapaBame, a THME U Mambe
cauBambe Boze (Group of authors, 1990). Ha mporiec BogHe eposuje, 0/ KIUMATCKUX
esleMeHaTa HajBehu yTHIA] UMajy maJaBuHe U TeMIepaTypa. [lajaBuHe yTudy 00JIHUKOM,
TpajareM M MHTEH3UTETOM, Ka0 U PacIopeZoM Y TOKy roauHe. Ha Behum HaaMopcKum
BHCHMHAMa y CJIUBY BiiacuHe, MpocevHa roAMIIKHA KOJTUIMHA [TaJJaBUHA [IPesIa3u 900 mm.
TeMmmepatype Bazayxa U 3eMJbHINTA, MOAUGUKY]Y yTunaj magaBuna (Lazarevié, 1975).
IIpoceuHa roAMIIba TEMIIEpATypa y CJIUBY Bapupa of 7,5 10 12,4°C y 3aBUCHOCTU OF
MOpPGhOMETPHjCKUX KapaKTEPUCTHUKA UCTPAXKUBAHOT HOAPYYja.

3a pasyiuKy Of MPUPOAHHUX YCJIOBA, HAUYMH KOPHUIINema 3eMJbUINTA NPEeZACTaBba
aHTporioreHd (akTOp KOju OHUTHO yYTHYE Ha CTemnmeH eposuje. Eposuja 3emsbHIITA
Mpe/cTaB/ba jefan of 030upHUjuX mpobsema mosborpuspesie (Ighodaro et al., 2013). ¥
TOM CMUCJTy, YOBEK je jeIMHU (PaKTOp KOjU MOXKEe Jla MU3a30Be U CIIPeYd MHTEH3UBHUjE
€pO3UBHE MpoIlece MPOMEHOM OUJPHOT MOKpPHBada, 00PaJIoM MPOAYKTUBHOT CJIOja VIH
MebambeM MOP(DOIONIKAX KAPAKTEPUCTHKA pesbeda.

Ha xapTu HameHe KOpHIlhema 3eMJBUINTA MOTY Ce NMPUMETUTH BEJIHKe MOBPIIHE
TIO/T IIIYMCKUM €KOCHUCTEMUMa, T7Ie epOo3Uja YIJIABHOM He MPeACTaBsba MpobieM. Y ogHoCcy
Ha 1996. TOANHY, Kajia cy IIyMe MOKpHUBaje caMo 30% TePUTOPHje CJIMBA, JaHAC Taj y/Ie0
u3HOCH BHIle oA 56%. To je mocieaua MpaBUWIHO CIPOBEAEHUX aHTUEPO3UBHUX Mepa
TOIIIYMJbaBakha, aJIM U CMaberha MOJbOIIPUBPEIHE AKTUBHOCTH. Y CEBEPHOM JIeJTy CJIUBA Y
BEJINKOj MEPH 3aCTyIJbeHE Cy IIOJhONIPUBPEJHE IIapliesie, Koje cy 300r aHTPOIOTeHOT
JleJioBakba U JieBacTalldje IOBPIIMHCKOI IOKpHUBaya HajyrposkeHuje eposujoMm. Harub
TepeHa y IEHTPAJIHOM JieJly CIMBa HeITo je Behu y ofHOCYy Ha Jpyre JejIoBe, 0K je
CTelmeH OroJnheHOCTH TepeHa HajBehu y ceBepHOM U 3amalHOM Jiesly CJInBa. YOp3aHy
€po3Hjy HajBUIIlE MOTIIOMaXKe 06pajia 3eMJBHUIIITA, jep ce 3eMJbHINTE pa3buja, yop3asa ce
OKCH/Iallija OPTAHCKHUX MaTepHuja, CMambyje yiujame 360r cabujama Koje n3a3uBajy IUIyT,
mamute, Ut (Group of authors, 1990). Huje pemak ciydaj ma ce Ha HCTO] HUBHU
roHaMa Taju KyKypy3 ca opameM y mpaBily Haruba maauna. [To3HATO je ja opambe 1o
M30XUIICH YMarbyje epo3ujy 3a 2,5 MyTa, a 4ak u 7o 5 myta (Lazarevi¢, 1975).

Ca. 2. Kapma Hamene kopuuwthersa sempuiuma; kapma Ha2uba mepeHa; 2e040WKA Kapma; kapma
cmeneHa ozoauhenocmu mepena (cmp. 23)

Ha xaptu epo3suje (Ci1. 3) MOXKe ce YOUUTH /1a TYOUTaK 3eMJbUINTA HUje MHTEH3UBAH
Kao IITO je TO OMO C/Iydaj TOKOM 60-HUX, 70-UX U 80-UX IOAMHA IIPOULIOT BEKA, OTHOCHO
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Jia je MPUCYTHO CMaberhe NHTeH3uTeTa rnporieca. Casia ce CJIUB yIJIaBHOM OZIJIMKYje BeoMa
c1aboM U cs1aboM epO3UjOM.

Ca. 3. Kapma epo3suje 3emauwma 3a caus Baacute (cmp. 24)

Cpenmpu KoedUIMjeHT epo3Hje H3HOCH 0,31, OAHOCHO mpumaza Il kareropuju
epo3uje, IITO TOBOPH Jia je MpolleC MHTEH3WBHE epo3Uje 3eMJBUINTA CTabWIN30BaH Y
HajBehem pneny ciuBa Biacune. Cpenmba, jaka U eKCIIeCMBHA €po3dja Ce y MajioM
MIPOLIEHTY jaBJbajy Y CEBEPHOM JIeJIy CJIUBA, I7ie CY 3aCTyIUbeHE MOJbONPUBPEAHE Mapliesie
¥ TOJHOIPUBPE/IHE IOBPIIMHE Ca NPUPOAHOM Bereranujom. Ha mpocropuma rae je
WHTEH3UTET epo3Hje CpelrbH, jak WM eKcllecHBaH Tpeba HMpPUMEHHTH ojroBapajyhe
aHTHEPO3UBHE MepE, 0K Ha MeCcTHMa I/ie je epo3Hrja BeoMma cyiaba u ciaba, moTpeOHO je
MPAaTUTH U KOHTPOJIUCATH CTAIbE M0jaBa U mpolieca. YnoTpeboMm reorpadckux nHbopma-
IHOHUX cHcTeMa Moryhe je wuaeHTH(UKOBATH IOApYyYja Koja Cy YyrposkeHa Behum
CTEIIEHOM €po3Hje, U Koja OW MOIjIa HApyUIUTH KBAJUTET IMOBPIIMHCKUX BOAA KOje ce
Hasiaze y 6JIM3UHHU.

Tab6. 3. Tunosu epo3uje u yoeo y YkynHoj nospuiuHu

Tun eposuje | IMospmuua (km2) | Yaeo y repuropuju (%)
Beoma ciaba 248,11 23,37
Cnaba 676,84 63,75
Cpenma 80,26 7,56
Jaka 56,40 5,31
ExcriecuBna 0,11 0,01
YxynHO 1.061,72 100,00

BakHO je HATIOMEHYTH /A je CMamheHa aHTPOIOreHa aKTUBHOCT (YCJIOBJ/bEHA JIETIOIy-
JIAIMjOM ¥ MUTpalpjaMa) yTUIlaaa Ha Mabd MHTEH3UTeT eposuje. [Tomuce cTaHOBHUIIITBA
3a 2011. TOAUHY OTKPHO je /a ce Opoj CTaHOBHUKA CMAambUO 3a Yak 48%, mpu uemy ce y
PYpPasHOM TOAPYYjy OpOj CTAHOBHUKA CMambHO 3a 70%, 0K je Opoj momahuHcTaBa omao
3a 32% ToxoM neprosa 1948-2011. (Urosevic et al., 2016).

Ca. 4. YnopedHna anaausa cpedrwux koeguyujeHama eposuje 3a nepuod 1966-2019. (cmp. 25)

Topgumrsa MPOAYKIKja ePO3UOHOT HAHOCA Y CIIUBY BiiacuHe nsHocu 462.496,30 ms3, a
cnenudUYHA MPOAYKIMja HaHOCA U3HOCU 435,47 m3/km?/god. OBaj mogarak rosopu o
TOME KOJIMKO ce crenuduyHa MPOAYKIHja HAHOCA CMAbIJIA Y OZHOCY Ha 1966. (790 m3/
km?2/god), a Tokom 1971. ronuHe cnenudUYHA TPOAYKIHja HAHOCA U3HOCWIA je 1.353,6
m3/km?2/god). Tanac, NHTEH3UBHA ITPOAYKIIHMja HAHOCA jaBJba CE Y CEBEPHOM JIeJTy CJIVBA,
rzie je koeduIujeHT epo3uje Hajpehu.

3axspyuak

Ha ocHOBY /106MjeHIX II0AaTaKa MOXKeE Ce 3aKJbYUNTH /1A je CTarkhe NHTEH3UTeTa eposuje y
cnuBy peke Biacune 3a0BosbaBajyhe u 3HaTHO 60Jbe Y OAHOCY Ha NPETXOJHU IIEPHOA.
AHaMM30M TPHUPOJHUX YCJIOBa (TeOJIOLIKE IOJJIore, HAaruba TepeHa), CaTEeIUTCKUX
CHHMaKa, Kao ¥ TeMIIepaType U KOJIUYMHE [1a/IaBUHA HA OBOM IIPOCTOPY, YCTAHOBJBEHO je
ma o 1.061,72 km? moBpiiuHe, OKO 12,88% TepuTOpHje IpUINasa CPErb0j, jakoj U
€KCIIeCHBHOj epo3uju. IIpumepa pasu, HCTH BUJIOBU €PO3HUje CY 1995. TOANHE TOKPUBATIN
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85,0% Tteputopuje ciauBa. Cpenmu koeduiujeHT eposuje (Z) KOju cafa U3HOCH 0,31
[MOKa3yje Ha IOCTENEHO CMAamhehe NHTEH3UTETa €PO3Hje 3€MJBHUINTA HA OBOM IIPOCTOPY.
Yak 924,95 km?2 fmanac mpumaja KaTeropuju ciabe u Beoma cjiabe eposuje, © TO Ha
MeCTHMa I7Ie Cy HajBHIIEe 3aCTYIUbEHU IIYMCKU €KOCUCTEMU, a I7Ie je AaHTPOIIOTEHU YTHIA]
MUHHMAaJIaH.

ITojauaH MHTEH3UTET €PO3Hje jaB/ba Ce HA MAab0j IOBPIINHY y CEBEPHOM JIEJTy CJIHBA,
I/le je MPUCYTHA aHTPOIIOTeHA aKTUBHOCT NpaheHa WHTEH3UBHUJOM 00paJioM IOJBOIIPUB-
penuux napiena. Hajeehu creneH npoaykipje HaHOCA TaKohe je 3aCTYIUbEH y CEBEPHOM
JleJly cJIMBa y KOjeM je TYCTUHA CTaHOBHHMINTBA HajBeha. Y BeheM /ety ciivBa 360T BEJTMKOT
MPOCTPAHCTBA IllyMa, MHTEH3UTET €pO3Hje je YyIyIaBHOM cj1ab, Tako /Ja He moctoje Behu
ryounu 3emsbuinta. Ha Mectuma rze ce uaeHtudukyje npoiiec aedopecraiije, moTpebHO
je M3BPIINTH MOIIyMJbaBathe TePEHA y3 MPaBIWIAH 0/1abup BpCTa, KaKo He OU JOIIO 710
mojauaHe epo3uje. 3a KBAJIUTETHUje U 00J/be VyIpaB/balbhe KUBOTHOM CPEAUHOM,
HEONXOAHO je CTajJHO aKypupatu 0a3y IoAaTaka pPeJOBHUM MepemHMa Pa3TuIUTHX
mapamerapa. Tako 6u yBUJ| y CTalmbe MPUPOAHUX IIpolieca W IojaBa OGMO MPEIU3HUJU U
edukacHUju y cmpeuaBamy W yOJsiakaBamy IPHUPOIHHUX Hemoroza. Y cyiuBy Biacune,
HeraTHBaH MPUPOJHU MPUPAIITAj U eMUTPAIH]ja JIOKAJTHOT CTAHOBHUIIITBA ycIoBUhe cBe
Mamby Jerpajialiijy >KUBOTHE CPEZUHE Y HAPETHOM MEPHUO/Y.
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