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Abstract: Tourism is an indicator and the consequence of the development of many countries. Among the priority
areas of the tourism strategy are high mountain areas with complex ecosystems. Mountain tourism in Serbia, as
well as continental country is one of the leading forms of tourism through various projects stimulated by the state.
In the last ten years, build up and expand the ski slopes of Stara planina in eastern Serbia, leading to various,
mostly negative changes in the environment. This paper analyzes the changes in the forest areas of the site Babin
Zub in years 2000 and 2013, using satellite imagery (Landsat 7 and Landsat 8) and remote sensing software. We
used unsupervised multispectral analysis resolution 30 m and obtained data on forest areas. The aim is to draw
attention to the change of vegetation cover and degradation of forest areas. Following to the experiences of the
world's ski resorts, the paper presents the opportunities and examples of restoration of ski runs, and sustainable
forest management in the studied highland area.
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Introduction

In the 21st century, the urban population of Europe, for its vacation destination and
recreation facilities chooses places with preserved and extraordinary nature. Most visited are
natural areas with good geographical setting and transport accessibility. However, there are
cases of a large number of tourists in isolated areas as evidenced in the national parks of
Sweden and Finland (Wall Reinius, S. Fredman, P., 2007). Growth of visitors is recorded in
destinations where special interest tourism dominates. Some research suggests that forms of
adventure tourism (camping, biking, fishing, horseback riding, kayaking and hiking)
practiced 23.2% of tourists in Europe (Stowell, S. et al., 2010). Protected places are
trademarks and markers which countries emphasized their competitiveness in the tourism
market (Deng, J. et al., 2002; Leiper, N., 1990). In most European national parks, reserves
and nature parks, management and protection regime including level or zones is practiced
(Bos, J., 1993; Fancy, S.G. et al., 2009; Lausche, B., 2011; Sabatini, M. et al., 2007; Hall,
O.E. et al., 2000). Impact assessment are performed, through sector analysis, to evaluate the
impact on environment (air, water, soil, noise level and analysis of waste) (Filipovi¢, D.,
2014). With engaging in protection of natural areas, national and local institutions,
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according to the "top-down" system (Gertler, M.S., et. Al., 2000; Haas, G.E. et al., 1987;
Rodriguez, I. et al., 2014) accept responsibility to manage and potential conflicts between
the previously developed branches of economy and tourism in the same territory (Needham,
M.D. & Rollins, R.B., 2005; Roehl, W.S. & Fesenmaier, D.R., 1987; Williams, P.W. et al.,
1998). The construction of tourist infrastructure, which includes the importance of
influences on the overall geographical features is either limited to the periphery of the
protected areas or completely prohibited. Castellani & Hall (2010) propose a methodology
Sustainability Index for the planning, investment and increased efficiency in the peripheral,
undeveloped and protected mountain areas. The methodology includes 20 environmental,
economic and demographic indicators that could be applied to any potential tourist zone or
center (Castellani, W. & Sala, S., 2010).

Many authors emphasize the negative effects of tourism in protected areas with a
significant concentration of tourism (Geneletti, D., 2008; Mosimann, T., 1985: Rixen, C. et
al., 2003; Wang, Y. et al., 2009; Watson, A., 1985). The consequences of the properties and
the physiognomy of the landscape become visible to the scientific community and the public
and the media as well. The initiatives of the local community and in particular the non-
governmental sector are trying to stop these processes. Since the environmental problems
can be sorted out almost everywhere, conflict situations have become a global problem
(Sala, O.E. et al., 2000). However, this problem involves specific, local solutions, adapted to
each area.

Practice of construction of ski runs within the limits of natural resources has been
known for fifty years, and the first complex scientific analysis of environmental impacts
occur in the seventies of the 20th century. Analyzing the papers in which authors deal with
conflict situations where the environment is threatened by tourist infrastructure in Europe, it
is possible to make a unique locations inventory. Geneletti (2008) analyzes a series of
factors upon which indicates the impact of the future construction of ski runs in the Italian
region of Trentino. Caprio et. al. (2011) suggest the vulnerability of habitats of birds after
construction of ski slopes as well as on the models restoring habitat through the
revitalization of autochthones vegetation cover.

In paper of Mosimann (1985), after a complex analysis, he pointed out the summary
results of 200 field research on the impact of ski trails on the bedrock, the soil cover and
vegetation in the central Swiss Alps. Analyzing geomorphological, soil, biogeographical and
anthropogenic indicators of the ski trails, the author raises a few axioms about the impacts
on the environment (Mosimann, T., 1985). The research scope and patterns of changes in
vegetation cover is established regional geographical context of protected natural resources
for a better understanding of the ecosystem within the wider area. Specified changes should
be guidelines are entities that manage protected natural assets such as nature parks and
national parks.

Tradition of problems on Stara planina

Stara planina lies in the middle of the Balkan Peninsula. In eastern Serbia is part of
the vast Carpatho-Balkan mountain system which continue in Romania and Bulgaria. It
extends from the saddle Vrska Cuka in the north to the peak of Srebrna glava on the south
(1,933 m) and it's framed by valleys of Trgoviski Timok, Beli Timok, Visocica, as well as
the state border with Bulgaria. Direction is approximately east - west-northwest. The
mountain is dissected by numerous, short valleys. In addition to fluvial, on a smaller
expanse represented as karst and nival relief forms. Although its height exceeds 2,000 m,
vertical intentedness of mountain is not expressed and the main mountain ridge has no
prominent peaks. The maximum height of the Stara planina, Serbia, has MidZor peak (2,169
m). Immediately below Midzor is Babin Zub, mountain ridge above sea level 1785 m
characterized by sandstone cliffs. Geological distinctiveness of the mountain and ridges,
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particularly Babin zub are red Permian sandstones, represented over a large area (MiSi¢, V.,
1996).

The problem of this study are: first, the use of high mountain area and second,
changes in the vegetation cover of Stara Planina in Serbia caused by the construction of the
ski runs after year 2000. This problem has been the subject of many scientific papers and
media before the start of the ski center. On the tourist market of Serbia it is obvious
initiative of public and private investors for building new or expanding existing capacities.
In the mountains the planning and implementation of projects often come out of the
normative framework, as was the case with the ski center on Stara Planina.

Stara Planina declared as Nature Park in 1997, a regional plan was adopted in 2005.
After the beginning of construction of ski center on the site of Babin Zub 2006, without full
planning documents, about 50 NGOs joined in the protection of natural values and cultural
heritage of Stara Planina. The operation is, in addition, include the Government of Serbia,
bringing the Regulation on Community development of mountain tourism in 2007 (SI.
Glasnik RS, 85/2007), which is in breach of several national laws and international treaties.
Numerous entities including company "SrbijaSume" (national forest management) gave
support to NGO sector.

The arguments against the construction of the ski resort were scientifically justified
and documented in numerous studies by local authors, who pointed to the negative
consequences to the natural environment (deforestation, increased erosion). The
construction of ski runs was followed by the construction of access roads, water supply and
sewage, electrical power grids and water reservoirs for the artificial snow. In 2010, Law on
Protection of Nature was amended (S1. Glasnik RS, 88/2010) to allow the construction in the
second and the third zone of the Nature Park (Environmental justice atlas, 2015; Stankov, U.
et al.,, 2011). After the advent of mass tourism on Stara Planina, possibilities for the
development of sustainable and alternative forms of tourism have been analyzed (Dragovi¢,
R. et al, 2011; Miliji¢, S. et al., 2010; Miljkovic, Lj. & Bugaji¢, M., 2004; Stankovi¢, S. M.,
1994; Stankov, U. et al., 2011). Papers of Niki¢ (2007), Risti¢ et al. (2007, 2009, 2012),
Bjedov et al. (2009), Susi¢ and Djordjevi¢ (2013), summarize the impacts of the
construction of ski center on Babin Zub. They points to the degradation of the geological
and soil composition, forest fragmentation, loss of habitat of native species and are listed
models revitalization of land and vegetation as a prerequisite to stop erosion and improve
estetetike landscape.

In the period from 2006 to 2013 in the locality of Babin Zub was built 8 runs with
accompanying ski lifts, access roads, installations and bases. Of these two (Konjarnik 1 and
2) are placed in the source of Zubska river and the remaining 6 on the mild slopes of the
peak Babin Zub. Ristic et al. (2012) distinguish several categories degradation processes as
a result of the construction of ski center:

1. Erosion processes (specific erosion of 133,023.20 m*/km? in the five-month period
April - September 2007 is among the largest ever recorded in the world; Developed system
of gullies, from which are the biggest ones reached a depth of 4 m and a width of 7 m ),

2. Deforestation (decrease of forest cover from 83.05% to 61.02% in one year,
reducing the area under pasture 0.04 km2)

3. Hydrological processes (increased runoff caused by the reduced capacity of land
for water retention, frequent floods and floods of river Zubska)

4. Aesthetic degradation (unattractive, devastated landscape, with fragmented forests,
particularly noticeable in the period without snow).

Ristic et al. (2009) presented series of models for the restoration of eroded areas on
the ski slopes, according to which the works were performed in the period 2007-2009. years.
The same authors conclude that the entire project of construction of ski center on Babin Zub
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missed the best management practices (Best Management Practices) and analysis of the
impact on all levels of planning and technical documentation.

Failure to follow the already established protection zones in the nature park is
pointless in sense of nature protection. All three advantages of zoning have been canceled
(Haas, GE et al., 1987; Walther, P., 1986): 1. Efficient management and decision making, 2.
Smaller conflicts in land use because the spatial hierarchy have been established,
3.Communication with public or the transparency of decisions.

Based of findings in the field, we started from the premise that revitalization of
vegetation cover failed to Babin Zub and the analysis of satellite imagery can create a
database to analyze changes in favor of all the research so far. Assuming that the satellite
and GIS tools have limitations, we present a simple method for the detection of changes in
vegetation cover but also points to its changes. The aim of this study is to set model of
future changes of quantitative and qualitative composition of the vegetation in the area of
Babin Zub based on the analyzed data. Tasks of paper include: 1. analysis of vegetation
cover before the construction of the ski center, 2. analysis of vegetation cover after
construction, 3. anticipation of future processes in the vegetation cover.

Methods and materials

The subject of this paper is the alpine region of the Old Mountain, located in the
area of the springhead of Zubska River. Extents of the area of interest are within longitude
626970 and 634350 and latitude 4805580 and 4801650 in UTM 34N projection WGS84
datum. The size of the raster pixel used for the analysis 15m. Chosen multi-criteria method
is suitable and confirmed in vast number of national and regional studies of vegetation
change (Huzui, A. E. et al., 2012; Jia, K. et al., 2014; Wang, Y. et al., 2009). The application
of Remote sensing methods has fundamental and applicable note in the exploration of the
erosion expansion caused by the reduction of the vegetation cover (Mustafic, S., et al.,
2007).

In order to perform quantitative analysis of the terrain, digital elevation model
(DEM) was generated using Geomedia Grid software. Isolines (equidistance 5 and 10 m)
from the Old Mountain master plan raster data were digitized and then interpolated for the
generation of 5Sm pixel DEM. Ruggedness index has been used to perform the quantitative
analysis of the terrain, and the obtained data represent the ratio between the slope line and
its length. Ruggedness index imparts the objective quantitative analysis of the topographic
heterogeneity of the terrain (Riley, S. J. et al., 1999). The modelling of the Ruggedness
index was performed using QGis module, and then exported as raster data.

Figure 1. Ruggedness index calculation matrix
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The model represents index values for each cell of DEM computing the difference between
the central cell and 8 neighbouring cells (Figure 1):

TRI = V(((ell1(0,0) - elll(-1,-1))}) + ((ell1(0,0) - ell1(0,-1))%) +((ell1(0,0) - ell1(1,-1))%) +
((ell1(0,0) - ell1(1,0))) + ((ell1(0,0) -ell1(1,1))%) + ((ell1(0,0) - ell1(0,1))%) + ((ell1(0,0) —
ell1(-1,1))) + ((el11(0,0) - ell1(-1,0))%) (1)

where TRI is the Terrain Ruggedness Index and ell is the elevation of the cell.

Afterwards, the ratio of the single cell according to the mean value of all cells is
determined. The results are classified into 7 classes: Level, Nearly Level, Slightly Rugged,
Intermediately Rugged, Moderately Rugged, Highly Rugged and Extremely Rugged (Figure
2).High erosion is expected in the areas with high index values, while low index values
represents the areas of accumulation. The Ruggedness Index is potential indicator of the
erosion hazards in basin.

The changes in forest areas were analysed using satellite data from Landsat 7 and
Landsat 8 satellites (years 2000 and 2013 respectively)downloaded from the USGS server
(USGS, 2014). After the area of interest has been defined, atmospheric and topographic
correction of images were applied to neutralize influence of haze, clouds, aerosols from the
air and topography. Corresponding metadata was used to complete these corrections: central
coordinates, accurate date and time of corresponding footage for calculating sun position,
whereas for sensor calibration were used minimum and maximum radiance for each band.
For topographic correction of the imagery, Aster DEM from USGS server was used (USGS,
2014). Afterwards, the pan sharpening method was used to obtain 15m footage of analysed
area.

The unsupervised multispectral classification was used to categorize pixels of area
of interest into 5 classes: dry pastures and bare soil, pastures, deciduous forest, coniferous
forest and mixed forest. Classes were categorized using different combination of digital
numbers (DN) from the pixels from the area of interest based on different spectral
reflectance (Hajek, F., 2008). Spectral pattern and recognition pattern pixel by pixel
(Milanovi¢, M., Poti¢, 1., 2014) was applied in further procedure. ISODATA method of
unsupervised classification was used to group the pixels into clusters, from starting 20
classes to final 5. Recognition of classes and classification into corresponding final class
was performed by comparison with data of other source for the area of interest such as
spatial plans, ortho-photos, other satellite images and topographic maps.

As stated by Campbell (2002), the advantages of this model are: a. No detailed
prior knowledge of the region is required, but interpreting the results requires knowledge of
the region, b. The opportunity of human errors is minimized, c¢. Unique classes are
recognized as distinct units.

— Unsupervised classification classifies the classes according to their similarities in
the spectral values, so that, some pixels are classified within the data that do not
necessary related to the informational categories which the analysts interested in.

— Unsupervised classification is not suitable to generate a specific menu of
informational classes due to the analyst limits the menu of classes.

— Due to the change of the spectral properties of specific informational classes over
time, the relationships between the spectral classes and the informational classes
are not constant which means that these relationships for an image cannot be
extended to another.
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Results

Data comparison of the land cadastre from period prior and after ski-run represent a
change in spatial distribution of detected spatial data in studied Old mountain area. The
Ruggedness index map with devastated zones is shown in Figure 2. The values of
Ruggedness Index in the ski-run area are from nearly levelled to highly rugged. High values
of the index are located in the areas near peaks (Babin Zub), rocks, river valley and all other
places where altitude is drastically decreased. Low values of index occur at the river
confluence and lowlands.
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Figure 2. Ruggedness index of the BabinZub area

The coverage of the research area is 2.917,33 ha. Vegetation cadastre with 5
classes is shown in the Table 1 and Figures 3 and 4. Comparing the results, significant
changes are easily noticeable and obvious: the dry pastures and bare soils area are increased;
pasture and forest cover areas decreased.

Table 1. Vegetation cadaster of the research area

2000 2013
Class

Area (ha) % Area (ha) %
Dry pastures and bare soil 163,2 5,5 1.208,5 41,4
Pastures 557,8 19,1 1574 5,3
Pastures, dry pastures and bare soil (sum.) 721,0 24,7 1.366,0 46,8
Deciduous forest 1.587,3 54,4 1.405,3 48,1
Mixed forest 520,3 17,8 112,8 3,8
Coniferous forest 88,6 3,0 33,0 1,1
Forest (sum.) 2.196,2 75,2 1.551,2 53,1

Total | 2.917,33 1000 [ 2917,33 [ 100,00

Source: an independent analysis of the results.
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Figure 3. Vegetation cover on the area of interest, august 2000.

The most evident changes are noticeable in the access roads areas, building
construction areas (hotel), ski-lift areas and ski-run areas. Linear deforestation is present in
the north and northwest Aspect areas of the Zubska River valley, where the ski-runs
Konjarnik 1 and 2 are located (Figure 4-1). Coniferous forest in the zone of the Babin Zub
hotel is completely destructed whereas deciduous forest was fragmented with the
constructed access roads, ski-lifts and ski-runs (Figure 4-2). The third vegetation devastation
area is the access road in the zone called Leskovac (Figures 4-3).

— e — - e . T,

Figure 4. Vegetation cover of the area of interest with the construction zones (1, 2 and 3), august 2013.

31



Discussion and conclusion

Changes in vegetation cover the site of Babin Zub on Stara Planina followed the
changes in the way the management of this natural park. Despite the vague need for
construction of accommodation capacities in this sensitive area, without significant tourist
demand, introducing new norms into laws on nature protection and investments created a
winter tourist center whose construction is followed by many difficulties and future
operations hinder the negative effects of natural processes. Instead a good example of
sustainable tourism, the Stara Planina has already become an example of inadequate land
use and degradation of vegetation. Unlike the world famous destinations that have
endangered the number and arrangement of tourists (eg. Anthropogenic pressure in the
Himalayas, Fuji and Chamonix) and an element of demand, studied area is limited factor of
tourist offer.

In this paper, has been used methodology to explore the risks and consequences of
the construction of the ski slopes provided by spatial plan. Because of the simplicity and
speed of obtaining results, the methodology can be used to analyze the impact on different
regions. Size of ruggedness index and changes in vegetation cover confirm the sensitivity of
high mountain area of Stara Planina. At locations with a high amount of this index, there
was a change in vegetation cover due to anthropogenic influences. As in previous studies of
Babin Zub, the results of this study confirm the expansion of areas under loose soil and
reducing the area under pastures and forests. Recovery of vegetation is only possible in the
long run.

Table 2. Comparison conclusions about the causes and consequences of the ski slopes in relation to the
results of T. Mosiman's (1985) and assumptions of Risti¢ et al. (2012)

Axioms Natural conditions and consequences of the
construction of ski center Babin Zub

Ski slopes Konjarnik 1 and Konjarnik 2 (item 1 in
Figure 4) are located in concave, linear valley on the
northern, cold exposures.

The most intensive erosion occurs in long, concave
linear valleys, which are humid throughout the year.

High values of the erosion occurring on the ground According Risti¢ et al. (2012), is the erosion in areas

which is built of greenschist and red sandstone.

without vegetation are 14 times higher than in those
with natural vegetation cover.

Ski slopes with an inclination angle of more than 25%
have increased the amount of erosion. On such grounds
should be avoided any changes.

The average angle of inclination of the valley of Zubska
river in which they built two ski slopes is 47.57%
(Risti¢ et al., 2012).

Larger intensity of erosion occurs on ski slopes longer
than 180 m.

Length of ski slopes on Babin Zub are 213-1.134 m.

Increased erosion slows or prevents the development of
vegetation cover.

On Babin Zub is recorded specific erosion of
133,023.20 m3/km?2 in the five-month period.
According to Ristic, it is one of the greatest amount of
erosion ever recorded in the world.

Artificial snowing extended retention of snow on the
slopes and thus shortens the growing season.

For the purpose of snowing the ski center Babin Zub
was built water reservoirs and thus stimulated the use of
artificial snow.

Defragmentation vegetation in small isolated areas
separated by zones with increased swelling (gullies).

Fragmented forest area are visible in Figure 4.

The possibility of restoration of eroded areas at
altitudes between 1600-2200 m is possible only if the
intensity of erosion is minimized.

The restoration of eroded areas on Babin Zub is
performed and the terrain between 1,600 and 1,725 m
above sea level, where the erosion intensity was
multiplied.

We believe that the necessary revision of the Master Plan of Stara Planina in order to

limit the skiing and similar activities in the zone where the sensitivity is lower. In addition to
effects on the vegetation cover and the environment, should be considered the socio-

32



economic impacts on the wider region. On the other hand, the built accommodation
capacities can be used for specific forms of tourism, with some more specific engagement of
the local population, and also suitable for sensitive areas: ecotourism, forms of adventure
tourism (hiking, climbing, horse riding, paragliding, mountain biking, etc.).

Instead of the classic conclusion on the causes and consequences that led to
the degradation of vegetative cover, the authors have opted for a table in which the
crosschecked presented axioms and the facts on the basis of previous and results of
this work.
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INPOMEHE Y BETETAIIMOHOM IIOKPUBAYY HA CTAPOJ IINTAHUHU: KA
OJAPKNBOM YIIPAB/JbABY CKHJAJIMIITUMA Y OCET/bUBUM
MMPOCTOPUMA

UBAH [TOTURT', MAPKO JOKCUMOBUR', PAIKO T'OJIR'
'Vuusepsumem y Beoepady — Ieozpagpcku paxynmem, Cmydenmexu mpz 3/3, Beozpad, Cpbuja

Caxerak: Typusam je ImOKa3aTe/b W IIOCIHCAMIA DPAa3BHjEHOCTH MHOTMX JpkaBa. Meljy mnpuopurernma
TYPUCTHYKHX CTPaTeryja Cy BUCOKOIUIAHWHCKH IPOCTOPH Ca KOMIUIEKCHUM €KOCHcTeMUMa. IInaHuHCKH Typusam y
CpOuju, KOHTMHEHTANIHOj IpPXaBH, jeé jelaH O OCHOBHMX OOJMKAa Typu3Ma M, KpO3 pPa3lIM4UTE IIPOjeKTe,
CTHUMYJIMCAH je O] HALMOHAIHHUX BIIACTH. Y TIOCICABUX AECET FOIUHA, H3rPajiba U IHpewke ckujammmTa Ha Ctapoj
IUTAHWHU Y UcTo4HOj CpOMju JI0BENH Cy 10 MHOTHUX, YIJIABHOM HETaTHBHUX IPOMCHA y KMBOTHO]j cpeauHu. OBaj
paj aHaIM3Upa MPOMEHE Yy BEreTallOHOM INOKpHBady Jiokanutera babun 3y6 Ha CTapoj IUIaHMHH, Yy TIEPHOALY
n3mehy 2000 u 2013. roxune, xopumhemem catenurckux cHuMmaka (Landsat 7 u Landsat 8) u GIS codrsepa.
Kopuuhena je HeHaareana My ITHCIIEKTpaIHa aHanu3a pesonynuje 30 m u gobujenu nogamu o Bereraunju. Liuss
paza je yKa3suBame Ha IIPOMEHE Y BEreTAllMOHOM IOKPHBAaYy H HCrOBY JETPajalHjy ITyTeM pPEaTHBHO
jemHocraBHOr Meroza. McTpaxyjyhinm HCKycTBa CBETCKMX TYPHCTHYKHX ILICHTapa, y paay Cy HPEACTaBJbCHH
npuMepH ¥ Moryha pelema OOHaBIbamka CKHjalMINTa M OAPXKUBOT YIIPaB/bamba IIyMaMa y BHCOKOIUIAHWHCKOM
HPOCTOPY.

KJ’by‘lHe pe'm: BEre€TallMOHU TIOKpHUBaAY, CATEJIUTCKA CHUMAK, )Jerpa)launja, CTapa IIaHWUHA, CKI/IjaJ'II/IIHTC
YBoa

V¥ 21. Beky ypOaHO cTaHOBHUINTBO EBpone 3a cBOja HCXOAUILNTA OAMOpPA U peKpeanuje
Oupa mpocTope BaHpeAHE ouyBaHOCTH mpupoxe. [Tocehenuje cy mpupoaHe 30He ca AOOpHM
reorpa()ckuM 1oioxajeM u caoopahajHom npucrynaudomthy. Mehyrum, uma ciydajeBa 6opaBka
Beher Opoja Typucra y H30J0BaHHM MNPOCTOpPUMA O YEMYy CBEAOYE HAIMOHAIHU IMapKOBH
[IBencke u @uncke (Wall Reinius, S. & Fredman, P., 2007). Cee nocehenuje cy u aecTuHaIM]je
y KOjuMa JOMUHUpajy crnemuduunu obnuuu TypusMma. llojenuna ucTpakuBama ykasyjy Ja
aBaHTYPUCTHYKE OOJMKE TypusMa (KaMIloBame, OWIMKIN3aM, IClame, jaXame, KajakalliTBo,
nemayeme) ynpaxwasa 23,2% typucra y Espomu (Stowell, S. et al., 2010). IIpocropu ca
3amTHhEHOM TPHUPOJIOM CYy M 3alITUTHH 3HAKOBH, MapKepH KOojuMa MApKaBe HMCTHYY CBOjYy
KOHKYPEHTHOCT Ha TypuctuukoM Tpxxumity (Deng, J. et al., 2002; Leiper, N., 1990). YV Behunu
€BPOINCKMX HAalMOHATHHWX IIapKOBa, pe3epBaTa M MAapKoBa INPHPOAE IOCTOjH OPTraHU30BAHO
YIpaBJbambe U PEKUM 3aIUTHTE O] HEKOJIMKO HUBOA, 0JHOCHO 30Ha (Bos, J., 1993; Fancy, S. G. et
al., 2009; Lausche, B., 2011; Sabatini, M. et al., 2007; Sala, O. E. et al., 2000). Kpo3 cexTopcke
aHaJIM3e M3BOJIE CE IPOIIEHE YTHIIaja Ha )KUBOTHY CPEAUHY (KBAIUTET Ba3ayXa, BOJE, 3¢MJBHIIITA,
HUBO Oyke M aHanm3a kapakrepuctuka otmana (Filipovié, D., 2014). 3amTutoM NpUpOIHUX
LIeJINHA, HAallMOHAJIHE U JIOKAJIHE MHCTUTYIH]e, 110 CHUCTEMY ,,0103r0 Ha pone (Gertler, M. S. et.
al., 2000; Haas, G. E. et al., 1987; Rodriguez, 1. et al., 2014) npuxBarajy OATrOBOPHOCT Ja
yIpaBJbajy U HNOTEHIMjalHUM KOH(IUKTUMA u3Mehy paHuje pa3BUjeHMX NPHUBPEIHUX IpaHa U
Typusma Ha ucroj teputopuju (Needham, M. D. & Rollins, R. B., 2005; Roehl, W. S. &
Fesenmaier, D. R., 1987; Williams, P. W. et al., 1998). U3rpaamwa Typuctuuke HHPpacTyKType
KOja mojjpa3yMeBa 3HauajHe yTHUIldje Ha CBEYKYIHA reorpadcka odesexja je Wi orpaHHyYeHa Ha
nepudepHe nenose 3amTuhenux nobapa mnm normyHo 3a0pamena. Castellani & Sala (2010)
IpeIay MeTonosorHjy MHaekca OAp)KMBOCTH 3a IUIaHUpame, MHBECTHpame U moBehame

T ipotic@gmail.com
Pan je mpommpeHa Bep3uja HCTpaXkHBarba MPE3CHTOBAHOI Ha MehyHapomHOM HaydHOM ckymy ,,Geographical
research and Cross-Border Cooperation within the Lower Basin of the Danube — The third Romanian-Bulgarian-
Hungarian-Serbian Conference®, onpxane 18-21. cenrembpa 2014. romune y Bemukom ['pamumry (CpebpHo
jesepo) y Cpbuju. Pang je meo uctpaxkuBama Ha mnpojekty 176008 mon HasuBom ,,Pa3BojHu mporpamu
pesuTanmsanyje cena Cp6uje” MuHHCTApCTBA IPOCBETE, HAYKE M TEXHOIOMIKOT pa3Boja Pemyomuke Cpowuje.
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epukacHOCTH y mnepupepHUM, HEpa3BUjeHHM M 3alITHNCHUM IJIAHWHCKHM MOJpYyYjUMa.
Mertononoruja ykibydyje 20 eKOJOIIKHX, EKOHOMCKHX U JIeMOrpa)CKuX IOKaszaTesba KOju Ou
MOJIM OUTH MPUMEHEHH Ha CBAaKy MOTEHIMjaIHy TypHCTHUKY 30HY uiu 1ieHrap (Castellani, W.
& Sala, S., 2010).

Bpojun ayropu HarnamaBajy HETaTHBHE TOCIEAMIE Typu3Ma Ha 3amTHheHuM
[pOCTOpUMa ca HM3pakeHOM KoHLeHTpauujoMm Typusma (Geneletti, D., 2008; Mosimann, T.,
1985; Rixen, C. et al., 2003; Wang, Y. et al., 2009; Watson, A., 1985). [Tocieaune y cBojcTBUMA
n (U3MOHOMUjU Hpenesa NOCTajy BUIJBUBE KAaKO HAaydHO] 3ajeJHHUIM TaKO M jaBHOCTH U
Meavjuma. VMHUIMjaTHBe JIOKaJIHE 3ajeHHIIe M MOCEeOHO HEBJIAJAMHOT CEKTOpa MOKYIIABajy Ja
3aycraBe nmoMeHyTe mpouece. bynyhu na je mpoGneme xuBoTHe cpenmHe moryhe u3aBojuTu
TOTOBO CBYJa, KOHQJIMKTHE CUTYyalldje cy mocraie riiobdannu npodiem (Sala, O. E. et al., 2000).
Melytum, oBakaB mpoOiieM mojpazyMeBa clenuUyHa, JIOKaJHA Pellekha, IPUMEpeHa CBaKOM
IPOCTOPY.

ITpakca u3rpagme CKM cTa3a y OKBUPY IpaHMIA IPUPOAHUX HoOapa je mos3Hara Beh
neseceT TOAMHA, a IPBEe KOMIUIEKCHE Hay4yHE aHalHM3€ YTHIaja Ha )KUBOTHY CPEAUHY IOjaBIbY]jy
ce cegamaecetux roauHa 20. Bexka. AHanusupajyhu pagoBe y KojumMa ce ayTropu OaBe
KOHQJIUKTHUM  CHUTyaljaMa TA€ je IKMBOTHA CpEAMHA  yIPOKEHa  TYPUCTHYKOM
uHdpactpykrypom y EBpomu, moryhe je HampaBUTU jeJUHCTBEH MHBEHTap Jokauuja. Geneletti
(2008) ananu3upa cepujy akTopa HAaKOH Yera ykasyje Ha yruuaje Oyayhe usrpaime cku craza y
utanujackoj peruju Tpentuno. Caprio et. al. (2011) yka3yjy Ha yrpoKEHOCT CTaHUINTA NTHLA
HAKOH U3IPajibe CKU CTa3a ald U Ha Mojelie OOHaBJbalba CTAHUIITA KPO3 PEBUTAIM3ALU]Y
AyTOXTOHOT BETETAI[OHOT IIOKpUBAaYa.

VYV pagy Mosimann-a (1985), HakoH KOMIUIEKCHE aHalM3€e MCTAKHYTU Cy 30UpHU
pesyntati 200 TepeHCKHX HCTpaKMBamba YTUIIAja CKHM CTa3a Ha CTEHCKY IOJJIOTY, MEAOJIOMIKH
IOKpUBAY U BereTalyjy, y nenrpanaum Annuma IlIsajuapcke. Ananusupajyhu reomopdoionixke,
nenoJomke, ouoreorpadcke ¥ aHTPOIIOTEHE MOKa3aTesbe M3TPaAbe CKH CTa3a, ayTop IMOCTaBsba
HEKOJIUKO aKCHOMa O YTHIajuMa Ha JKUBOTHY cpenuny (Mosimann, T., 1985). HcrpaxuBameM
obuMa u oOpasama NpoOMEHa y BEreTalliOHOM IIOKPHBAdy YCIIOCTaBJba CE€ PETHOHAIHO-
reorpa)cky KOHTEKCT 3amTuheHuX NpUPOAHUX Aobapa 3a 00oJbe pasyMeBambe E€KOCUCTEMA Y
OKBHUpY IIUpEr mpocropa. YKa3aHe NMpoMeHe Ou Tpebano Ja cy cCMepHHIE CyOjeKTUMa KOju
yIparbajy 3amTHNeHNM OPHPOAHMM JOOpPHMa MHONIYT MAapKOBa MHPHPOAC M HAHOHATHHX
[IapKoBa.

Tpaguuuja npodjaema Ha CTapoj NJIaHUHI

Crapa miaHuHa ce TPOCTUPE Y ILIEHTPAIHOM Jeny balkaHCKOr moiyocTpBa. Y HCTOYHO]
Cpbuju neo je npocrpanor KapmaTcko-6aikaHCKOr cUCTeMa IUIAHWHA KOjU CE€ HAcTaBibajy Y
Pymynuju u Byrapckoj. [Ipyxa ce ox npeBoja Bpika uyka Ha ceBepy 110 Bpxa CpeOpHa riiaBa Ha
jyry (1.933 m), a yoxBupena je nonunHama TproBumkor Tumoxa, benor Tumoka u Bucouuna,
Kao U JIp’KaBHOM rpaHuIoM npeMa byrapckoj. [IpaBai npyxama je MpUOIMKHO jyrOUCTOK —
ceBep-ceBeposzanai. IlmanunHa je aucenupana OpojHuM jgoiauHaMa kpahux peka. Ocum
(GyBHjaTHUX, HA MamkbeM TPOCTPAHCTBY 3aCTYIJLCHU CY KPAILIKH U HUBAJIHH OOMUIHM pesbeda.
HNako BucuaoM mpenaszu 2.000 m, BepTHKaIHA AUCELUPAHOCT INIAHWHE HHje H3PAXKEHA a TIIABHU
IUTAaHUHCKH IpebeH HeMa JOMHHAaHTHUX BpxoBa. Hajeehy Bucuny na Crapoj mnanunu, y Cpouju,
uma Bpx Muyop (2.169 m). HenocpenHo ucnox Munopa je babun 3y0, miaHuHcku rpebGeH
HagMopcke BucuHe 1.785 m KapakTepucTHYaH IO OcCTemanuMma oj mnemdapa. [eonomika
creuu(UUHOCT IUIaHWHE U noceOHO rpebeHa babunor 3y0a cy LpBEeHHM NEPMCKM IeHIYapH,
3aCTYIJBCHU Ha BeNMKO]j noBpiuHy (Mumuh, B., 1996).

ITpoGaem oBor paga cy: 1. xopuiliere BUCOKOIUIAHUHCKOT IIPOCTOpa M 2. IPOMEHE y
BereraiioHoM nokpuBady Crape [Tnanmne y CpOuju yclOBJbEHE M3TPaIHbOM CKH CTa3a IMOCie
2000. rogune. OBaj npobiiem je Ono MpeAMET MHOTUX HAayYHHX PaJioBa U MEAMjCKU je aKTyelaH
U3 Meproja mpe MoYeTKa U3rpanme cku neHTtpa. Ha Typuctuakom tpxumry Cpbuje youasa ce
WHLMjaTUBAa jaBHUX W IPUBATHUX HHBECTHTOPA 3a HM3TPAAKOM HOBUX WIM HPOLIMPUBAEKEM
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nocrojehux kamanurera. Ha riaHMHama IIaHUpame W pealin3alija npojeKara 4ecTo u3iase u3
HOpPMAaTHBHMX OKBMPA, LITO je OMO cilyuaj U ca cKu LeHTpoM Ha CTapoj IIaHUHU.

Crapa mnaHvHa je mapkom npupoje npornameHa 1997. roaumHe, a NMpOCTOPHH IUIAH je
ycBojeH 2005. HakoH nodeTka U3rpaimbe CKU LEHTpa Ha JokanuTeTy babun 3y6 2006. roaune,
0e3 KOMIUIETHE IUIAaHCKE IOKyMEHTalWje, y 3aliTUTy NPHUPOAHUX BPEIHOCTH M KYITYPHOT
Hacneha Crape mmaHMHe yKJbydmiIo ce oko 50 HEBIAJMHUX OpraHM3aldja. Y YIpaBJbame Ce,
nonatHo, ykipyumna Bnama CpOuje, monocehu YpenOy o mporpaMmy pasBoja IUIAHHHCKOT
typusma 2007. rogune (Cn. rmacuuk PC, 85/2007) uume je mpekpliuia HEKOIMKO aoMahux
3akoHa U MehyHapoHuX yroBopa. [Toapiiky HeBIaIWHOM CEKTOPY Aalk Cy OpOjHH Cy0jeKTH Kao
u xoMnanyja ,,CpOujairyme”, HallMOHAIHA Cilyx0a 3a ynpaBibambe LIyMaMa. APIyMEHTU IPOTUB
W3rPa/Il€ CKU LIEHTpa Cy OWJIM M Hay4dyHO ONpaBAaHu y OpojHUM cryadjama aomahux ayropa,
KOjU Cy YKa3WBaJIM Ha HETaTHBHE MOCIEAWIIE y HPHPOJHO] CPEAUHH (KpUeme IIyMma, T0jayaHa
eposuja). M3rpaamy CKH CTa3a mpartwia je W H3rpajmha MNPUCTYIHUX IyTEeBa, BOJIOBOAA H
KaHAJIU3aIHje, eIeKTPO-CHEePreTCKe Mpexke U BOJHE aKyMynanuje 3a morpebe ocHexaBama. Y
toky 2010. rogune je u3memen 3akoH o 3amtutu npupoze (Ci. rmacuuk PC, 88/2010) kako 6u
ce oMmoryhuna usrpaamwa y npyroj u tpehoj 3onu Ilapka npupoae (Environmental justice atlas,
2015; Stankov, U. et al., 2011). Hakon mnojaBe macoBHor Typu3ma Ha Crapoj IJIaHWHH,
HCTpaXxyjy ce MOryhHOCTH 3a pa3BOj OAPXKUBHX OIHOCHO ANTEPHATHBHHX OOJHKa TypHU3Ma
(Dragovi¢, R. et al, 2011; Miliji¢, S. et al., 2010; Miljkovi¢, Lj. & Bugaji¢, M., 2004;
Crankosuh, C. M., 1994; Stankov, U. et al., 2011). ¥V pagoBuma Hukuha (2007), Puctuha u np.
(2007, 2009, 2012), Bjenos u ap. (2009), Hlymuha u Hophesuha (2013), cymupanu cy yTuuaju
U3rPa/Ile CKU 1IeHTpa Ha baObuHoM 3y0y. Yka3zaHo je Ha Jerpajialyjy reoJOUIKOT U MeA0IOIIKOT
cacTaBa, (pparMeHTAIMjy IIyMe, HECTAHAK CTAHHINTA ayTOXTOHUX BPCTa M HABEJCHH MOJIEIU
peBUTANM3ALMje 3EMJBHMINTA M BEreTalyje Kao IMPETIOCTaBKe 3aycTaBbalkbha C€po3Hje H
Hno00JbIIaka ECTETETHKE MPeJieNa.

VY nepuoay 2006-2013. romune, Ha nokanurery babun 3y0 msrpaheno je 8 craza y3
npatehe cku 1udToBeE, IPUCTYIIHE yTeBe, HHCTananuje u 6ase. Ox tora ase (KowapHuk 1 u 2)
Cy CMEIITeHe y M3BOPHIITY 3yOCKe peKke a ocTainux 6 Ha OJaKuM majuHama Bpxa baOuH 3y0.
Risti¢ et al. (2012) u3znBajajy HEKOJIMKO KaTeropuja Ipoleca Aerpajaluje Kao HOCIeHUIly
U3TrPabe CKU IEeHTpa:

1. Eposuone npoyece (cnenuduuna eposuja ox 133.023,20 m’/km’ y NETOMECEYHOM
nepuony anpui — cenremdap 2007. rogune je mely Hajehnm 3a0eneXeHUM HMKaga y CBETY;
Pa3Buo ce cucreM japyra oJ] Kojux cy oHe Hajehe nocturie 1yOuHy oJ 4 m u IHUPUHY 01 7 m),

2. Jlegpopecmayujy (cMameme HIyMcKOr HokpuBada ca 83,05% na 61,02% 3a jeony
rOIMHY, CMabEeHhe MOBPIIKMHA o] ManmanumMa 3a 0,04 kmz),

3. Xuodponowrxe npoyece (moehame OTHIAja HW3a3BAHO CMAKEHUM KalaluTETOM
3eMJBHILTA 32 33IpKaBamke BojIe, uecte Oyjule u norase 3yOcke peke),

4. Ecmemcky Oeepadayujy (TYpUCTHYKH HETNPHUBJIAYaH, pa3opeH Mpeneo, ca
(parMeHTHpaHHUM IIyMaMa, TIOCeOHO YOUBHUB y IIEpPHOLY O3 CHera).

Puctuh u ap. (2009) cy u3Henu 1 HU3 MOJIENa 3a pecTaypaiujy epoAUpaHuX MOBPIIMHA
Ha CKM cTa3aMa IOpeMma Kojuma cy usBohenu pamosu y nepuony 2007-2009. romuna. Hctu
ayToOpH 3aKJbydyjy lla Cy LEJIOKYITHOM MpOJjeKTy H3rpajme CKH ILeHTpa Ha babuHom 3y0y
HenocTajanu Ilpakca HajOoJber ynpaBibama (Best Management Practices) u ananuse yruuaja Ha
CBHM HHMBOHMA IUIAHCKE U TEXHUUYKE JOKyMEHTalHje.

HenomrosameM Beh yTBpheHNX 30HA 3aIITHTE y TapKy IPHPOJE OOCCMHUIIJBEH j& CMUCA0
3amrTuTe npupoje. [loHuTeHe ¢y cBe Tpu mpenHocTH 3oHHpawa (Haas, G. E. et al., 1987,
Walther, P., 1986): 1. ebuxacHO ymnpaB/bamke U JOHOLIEHE OJUIyKa, 2. MamkbU KOHQIUKTH Y
kopuiihewy 3eMJBHINTA jep je YCIOCTaBJbEeHA IMPOCTOPHA XHjepapxuja, 3. KOMyHHKaldja ca
jaBHOINY, OHOCHO TPAHCHAPEHTHOCT OJUTYKA.

Ha ocHOBy yTBpheHor crama Ha TepeHy, IMOLIUIM CMO OX TPETHOCTAaBKE Ja
peBUTANM3AlMja BEreTAIIOHOT MMOKpUBaya HHje ycrnesa Ha baOuHoM 3y0y M Ja ce aHalu30M
CaTeNMTCKUX CHHMaka Moxke (opMupary 0asa rmojaTaka 3a aHANIU3y IPOMEHA, Y NPUIOT CBHM
JIOCaJallllbUM  UCTPOKUBaWkUMa. Y3 TMpernoctaBky naa careaurcku u [HC amatm umajy
OrpaHHYEHba, INPEACTAB/bAMO jENHOCTAaBaH METOA 32 YOYaBame IPOMEHA Yy BETETal[HOHOM
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MOKPHBady ajd MCTOBPEMEHO yKa3yjeMo Ha meroBe mpomene. Llusb oBOr pama je ma ce Ha
OCHOBY aHalM3MpaHUX IOJaTaka IOCTaBH Mojed Oyayhie nmpoMeHe y KBaHTUTATUBHOM U
KBaJIMTATHBHOM CAaCTaBy Bereraluje Ha mpoctopy babuuor 3y6a. 3amanu paaa ykmbydyjy: 1.
aHaJIM3y BETETAlMOHOT MOKpHBAaya Mpe WU3TPajlme CKHU IeHTpa, 2. aHAIU3y BEreTalMOHOT
MMOKpHUBaua 1ociie u3rpame, 3. npeasuhame Oyayhux npoieca y BereTaiioHOM IOKPUBavy.

MeTtonoJoruja u kopuimhenu noganu

Crynuja ciydaja je BUcokormianuHcku npoctop Crape IInanune, y u3Bopuiry 3y0Ocke
pexe. Ilporexe ce Ha y OKBHpY IpocTopa ca kKoopauHarama 626970 u 634350 reorpadcke
nyxuae u 4805580 u 4801650 reorpadeke mmpune y UTM 34N npojexuuju, naryma WGS84.
Benuuuna nukcena je 15 m. M3aOpanu Merton je mogecaH u mnoTepheH y OpojHUM
UCTpaXXMBakbUMa HANWMOHATHMX W PETHOHANHHMX CTYAWja cilydaja BereTaldje Ha OCHOBY
BpPEMEHCKe cepHje carenuTckux cHumaka Landsat catenura (Huzui, A. E. et al., 2012; Jia, K. et
al., 2014; Wang, Y. et al., 2009). IIpiumeHna TeaeqeTeKIMOHUX METoJa UMa (YHIAMEHTAIHH H
aIIMKaTUBaH 3HAa4aj y HCTPAXXUBAKY MOCIEHIA IPOMEHA y BETeTallMOHOM HMOKPHBAdy Kao IITO
je nosehame eposuje (Mycraduh, C. u ap., 2007).

3a morpebe paja M3BeACHA je KBAaHTHTATHBHA aHAIN3a TepPeHa y3 IOMON JUTHTAIHOT
MoJlesia TEepeHa Koju je Jo0ujeH MojeloBameM Yy mnporpamckoM mnakery GeomediaGrid.
Kopumhenu cy BucuHcku noganu us ,,Macrep miana Crapa [Inanuna® (Mountain master plan...,
2010) rpoe je para exkBUAMCTaHLA u3oxuicu Ha 5 u 10 m. HakoH BexTopuzauuje H30XUICU
MPUCTYIHIIO CE€ pacTepckoj oOpaau 100HjeHHX BEKTOpa ca BEJIMYMHOM THKcea o1 5 m. Ypahena
je uHTepnonanyja u3Melhy noOMjeHMX Tadaka M T€HEpPHUCAH JAWTUTAHU MOJEN TepeHa ca
penatuBHOM mnpenu3Homhy on 5 m. KBanTturarnBHa aHanmu3a TepeHa je ypahena momohy
,,AHJIEKCA pallwlabeHOCTH (BpieTHOCTH; ruggedness index) koju mpeacTaBjba OJHOC Haruba
MajiiHe M HeroBe ayxuHe. MojenoBame uHAeKkca je u3pahero y QGis-u y3 momoh momyna
»Ruggedness Index’’. HMHnekc mnpyxka OO0jeKTUBHY KBAaHTHTaBHY aHaiu3y Tomorpadcke
xereporeHocTH pesbeda (Riley, S. J. et al., 1999).

Cauka 1. MaTpuua 3a H3pauyyHaBame HHIEKCA Pall4ambeHOCTH pesbeda

Mopgen mnokasyje BpeAHOCTH MHJAEKCA 32 CBaKy heiujy IUTHTAIHOI MOAENa TepeHa
(Cnuka 1) Tako mro pauyHa pa3iuky nzmely nenrpanue hemmje n 8 cycennux henuja:

TRI = V(((ell1(0,0) - ell1(-1,-1))%) + ((ell1(0,0) - ell1(0,-1))%) +((ell1(0,0) - elll(1,-
1)’ + ((ell1(0,0) - ell1(1,0))%) + ((ell1(0,0) -ell1(1,1))®) + ((ell1(0,0) - ell1(0,1))}) +
((el11(0,0) — ell1(-1,1))?) + ((ell1(0,0) - ell1(-1,0))?))
rze je: TRI — Manexc pamranamenocTr pesbeda, ell — Hanmopcka BucuHa henuje.

Haxon Tora ce oapelyje ogHoc henuje npema cpelimboj BpEJHOCTU 3a LIy IPOy4aBaHy
noBpiuHy. JloOujeHn pe3ynraTu ¢y nojiesbeHn y 7 kinaca: 1. ypaBmbeHO, 2. YIIIaBHOM ypaBHCHO,
3. cmabo pamrwiameHo, 4. yMEPEHO palIwIamkeHo, 5. PalIwIameHo, 6. BeoMa pallwIamkeHo, 7.
EKCTPEMHO palnwiamkbeHo. 3a mpocrope ca Behom Bpeanomhy mHaekca odekyje ce mosehana
epos3nja, OOK cy obmactH ca MamoOM BpemHOmNy NOIOXHH akymynanuju. VHIekc
palIdIakbeHOCTH je TMOTCHIMjallHu TI0Ka3aTesb €pO3HOHOr Xa3apia y OaceHy ako ce y3My
YHHUOLIM pPEYHE epo3Hje.

ITpoMene y 3eMJBHIIHOM MOKPHBady Cy aHAIM3HPAaHE Y3 IIOMON MyITHCHEKTPATHHX
caTelUTCKUX CHUMaKa ca carenuta Landsat 7 u 8, cHuMIbeHUX y aBrycry Meceny 2000. u 2013.
roauHe. CHUMIIM Cy TIpey3eTH ca cepBepa amepuukor reosomkor uHerutyra (USGS, 2014).
HakoH ozpehuBama obnactu IpoydaBama U3BpIIEHE Cy aTMOc(hepcka U Tonorpadcka KOpeKIuja
CHMMaKa Kako OM ce HeyTpaiucao yTullaj marie, o0iaka, MpallMHe W JPYTUX aepocoyid W3
Ba3lyXa, U UCIpaBUJA IpellKka Koja ce Jo0uja Ha CHUMKY 300T IIACTUYHOCTH peJbeda.
Meranonauy KopuIIheHH 3a KOpeKnuje Cy: LeHTpanHe KOOpAMHATe CHUMaka, TadaH DaTyM U
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BpeMe 3a ojipehuBame Mo3uifje CyHIa. 3a KaauOpalujy CeH30pa je 3a CBaKU KaHan KopuiiheH
oaropapajyhu Mera mHojaTak Koju IpHUKa3yje KOIMYMHY pajaujauuje kaHana. Tomorpadcka
kopekuuja je usBpuieHa nomohy ASTER aururanHor mojena TepeHa IMpey3eTor ca cepBepa
(USGS, 2014). ITocnenmu Kopak Openpolecupama CHIMakKa je 6uo usomrpasame (PanSharpen),
rzie cy 10OUjeHrn CHUMIIM TPOCTOpHE pe3odyipje 15 m.

3a kareropuszanujy InMKcena KopumheHa je HeHaariaegaHa —Kiacudukanuja
MYINTHCTIEKTPAITHUX CHEMaka. Jlo6mjeHo je 5 kmaca: CyBH NaNIlmald U 3eMIBHINTE, MAIImbAL,
JHUCTONAJHA, YETHMHApCKa U MELIOBUTA IyMa. 3axBajbyjyhu pas3sIuuuTO] CHEKTPAIHO]
pediiekcuju KaHana, Kiace Cy KaTeropu3oBaHe KoMmMOuHamujom BpemHocTH mnukcena (Digital
Numbers — DN) (Hajek, F., 2008). [Jasbe je npumemeH criekTpaiHu odpasar (pattern) u obpasar
nperno3HaBama (spectral pattern recognition), kKako O ce MPHUCTYIUIIO H3/BAjalby — HUKCENL NO
nukcen (Munanosuh, M., ITotuh, 1., 2014). I'pynucameM nukcena y KiacTepe je o IOYETHUX
20 mobujeno konayHumx 5 kimaca momohy meroma ISODATA (Iterative Self-Organizing Data
Technique) (Memarsadeghi, u gp., 2007). Pa3BpcraBame mMKcena Yy KOHauHe Kjace U
yTBphUBame MCIPABHOCTH UCTUX je ypaheHo mopehememM ca moganmma w3 APYrux U3BOpa Kao
LITO Cy OIPOCTOPHU IIJIaH, OpTOGOTO CHUMAK, CATEIMTCKU CHUMAK Behe IPOCTOpHE pe3oiryLuje u
Tonorpadcka kapra.

[Ipennoctu oBor metona, npema Campbell-y (2002) cy canpkanu y cinenehem: a. Huje
HEONIXOJHO TIPETXOAHO TO3HAaBame IMPOCTOpa HCTpaKWBama, alM je 3a MNpHKa3 pes3ynrara
HNOTPeOHO YIO3HABAWkE Ca MPOCTOPOM; 0. JbyJCKE IPELIKE Cy CMabeHe; B. JEIUHCTBEHE Kilace ce
IPEro3Hajy Kao NoCeOHe jeIUHULIE.

- Henanrmemana xnmacuukanuja pasBpcTaBa Kiace IpeMa CIHYHOCTHMA CIEKTPATHHX
BPEIHOCTH TaKO Jia C€ HEKH MHKCEIM CBPCTaBajy Yy KaTeropuje KojumMa MOXKAa He
OpuUnaznajy.

- Henanrnemana knacuukanuja HHje TOTOJHA 3a CTBapame CHEHU(UYHUX JIACTA
nHpopMaoHuX Ki1aca 300r orpaHuydanajyher Opoja kiaca koje oapelyje aHanuTHyap .

- 30or mpoMeHa y CHEKTpalHUM KapaKTepUCTHKaMa HWH()OPMAIHMOHMX Kaca TOKOM
BpeMeHa, OHOC u3Mely cleKTparHuX U HHGOPMAIMOHHX KJlaca HHje MCTU IITO 3HAYU
Ja Cy moOWjeHH TOJal BAIMIHM caMO 3a IaTH MEepUOJ W CHAMAaK Te ce He MOTy
KOPHCTHUTH 32 aHAIN3y APYTHX CHUMAaKa.

Pe3yaraTu

VYnopehuBame nomaTaka 0 3eMJBHIIHOM MOKPUBAYY IIPE M TIOCIE U3TPAIHE CKU CTa3a
npyxa nHPOpMaIFje 0 MPOMEHaMa y TIPOCTOPHOM Pa3MelITajy Y OKBHpY mapka npupojae Crapa
wianvHa. Ha cnuim 2, UCTakHyTa je KapTa pallwiambeHOCTH pesbeda 3a 03HAUYCHOM 30HOM
JeBacTHPaHOCTH. VIHAEGKC paIlvwIakbeHOCTH CE Yy OKBHPY CKHjamumra Kpehe ox yriaBHOM
YpaBmBEHOT 10 BeoMa palndiamkeHor. Behe BpeqHocTH HHIEKCA Ce jaBibajy y o0acTuMa BpXoBa
(babun 3y0), nuTHIA, TyrMX PEYHHUX, KOHKABHHX JOJIMHA, OJHOCHO TaJ0Ba INie Cy NMPOMEHE Y
BUCHHH JJpaMaTHIHO MeHajy. Marme BpeAHOCTH Cy Ha ymhiMa peka, epo3MBHIM NPOLIMPEHIMA
U [0 TEMEHUMA [UIAHHHA.

Cauka 2. Unaexc pamriameHocT pesbeda badunor 3y6a

VYKyIHa MOBPIIMHA UCTPaXXUBAHOT mpoctopa je 2.917,33 ha. ¥V TabGenu 1 npukasane cy
HOBpIIMHE NET U3BOjEHUX TUIOBA BereranuoHor nokpusada 2000. u 2013. roguse. 3HauajHe
IpOMEHe y UCTPaXMBAHOM NEPHOJY Cy JTaKO yOU4JbHBE: TEPEHH MO CyBHM MANIHaldMa U TOIHM
3eMJpHIITEM cy yBehaHu 7,4 myTa, TEPeHHU O] NallllhballiMa Cy YMambeHH 3,54, a moj uymom 3a
1,44 myra. OuuriaeqHo je Aa cy IPOMEHE MILIE Yy NpaBly HoBehama MOBpIIMHA IOJ CYBUM
MAIIKBAIMA U 3¢MJBOM Tj. CMamkeiy MOBPIIMHA MO ITyMOM ¥ HPHPOIHUM MAIIHAIMA.

Tabena 1. Iloppumnaa no Tumy Bereranuje 2000. n 2013.rogune ( M3Bop: camoctanna obpana 100HjeHHX
pesysnrara. )
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Cauka 3. Bererauuonu nokpusay badunor 3y6a y asrycry 2000. roaune

[IpomeHne cy HajuzpakeHHje, OJJHOCHO HajBUIJbUBHjE HA IIPOCTOPHMA TJE je A0UuUIo 10: 1)
U3rpajbe NpUCTYNHUX caoOpahajHuna, 2) usrpaime XoTena, 3) uUsrpaame cku nudrosa, 4)
U3Tpajme CKU cTasa. IIpBo, Ha MPOCTOpHMA Ca CEBEPHHM H CEBEPO3aNaJHUM EKCIO3UIHjaMa y
nonunu 3ybcke peke, riae cy usrpahene cku craze Kowapuux 1 u KomapHuk 2, BUIJBUBA j€
nuHeapHa aedopecranyja. [pyro, Ha mpoctopy u3rpaheHor xorena ,,badun 3y0“ Ha JaOyukom
PaBHHIITY, YETHHAPCKA IIyMa je YKIOHEHA Yy MOTIIHOCTH JOK je JIUCTOIanHa (parMeHTHpaHa
MPUCTYITHUM IYTEBHMA, JKMYapaMa M CKHM crazama ka Bpxy baOun 3y0. Tpehe, BuisbuBa je
nedopecranyja Ha nokanurery JleckoBall, Kyza je TpacupaH npuctynsu nyt (Ciuxe 3 u 4).

Canka 4. Beretanuonu noxpusayd badunor 3y6a y aBrycry 2013. roaune
JluckycHnja M 3aKJby4aK

[Ipomene y BereranyioHOM NOKpHBauy jokanutera badun 3y0 Ha Crapoj [lnanuHu kao
Ja Cy TpaTwie MpOMEHe y HAadlHy yIpaBjbakba OBHM MapkoMm mpupoae. M mopex HejacHe
notpede 3a M3rpakboM CMEIITAjHUX KalaluTeTa Ha OBOM OCETJBUBOM IPOCTOpY, 0e3 3Ha4yajHe
TYPUCTHYKE IOTPaXKE, YHONICHEM HOBUX HOPMH Y 3aKOHE O 3allTHTH MPUPOJE H
WHBECTHIMjaMa, JOLUIO C€ O 3UMCKOT TYPHCTHYKOT LEHTpa 4YWjy U3Tpajmy MpaTe MHOTE
temkohe a 1ajbu paj OTeKaBajy HETaTUBHE IOCIEIULE IPUPOAHHX ITpolieca. YMECTO IpuMepa y
NorJiey pa3Boja OAp>KUBOT TypusMma, CTapa mimaHuHa je Beli mocTana MpHMep HeaJaeKBaTHOT
kopumhema 3eMJBHINTA M BETETALMOHE Jerpajandje. 3a pPasiauKy OX CBETCKH IT03HATHX
JIECTHHALMja KOje Cy YrpoxkeHe OoOMMOM M pa3MelITajeM TYpUCTa (HIp. aHTpOIOIpecuja y
obiactn Xumanaja, @ynu u [1laMoHN) OJHOCHO €IEMEHTOM TPaXHe, POyYaBaHU MPOCTOP je
JMMUTHUPAH O] CTPaHEe aKTepa MOHY/Ie.

VY 0BOM pajly NpUMEHEHA j€ METO/O0JIOTHja KOjOM CY MCTPAXKEHU PHU3HMILIU U TOCIEHIIC
M3rpajiibe CKUjaIHIITa MPETIOCTaB/bEHUX MPOCTOPHUM IIIAHOM. 300T jeIHOCTABHOCTH U Op3HHE
noOujama pe3ynTara, MeTOJI0NOrHja MoXe OMTH ynoTpeOJbeHa 3a aHAIM3Y YTHIAja Ha PAa3IIMUUTe
peruje. Pe3ynTati HHACKCA PANIWIAalheHOCTH U IIPOMEHE Y BEreTal[iOHOM MMOKPHBavy MOTBPYYjy
OCETJBUBOCT BHCOKOIUIaHMHCKOr mpoctopa Crape mianuHe. Ha nokanmjama ca BHCOKHM
M3HOCOM HHJIEKCa JIOLUIO je U 10 MPOMEHA Y BEreTallMOHOM MOKPHBAdy MO YTUIAjeM YOBEKa.
Kao u y mnperxomuuMm crynujama o babuHom 3yOy, pesynTatd OBOT paia TOTBphHYyjy
NPOLIMPHUBALE TMOBPIIMHA IOJ PACTPECHTHM 3eMJBHINTEM HAa padyH MNalllbaka W [IyMma.
OO0HaBJbambe Bereraimje je Moryhe camo y ay>keM BpEMEHCKOM MEPUO/TY.

Munubsea cMO Ja je HeomxogHa peBu3uja Mactep ruana Crapa IJIaHHHA y LHIJBY
OrpaHMYaBarba CKUjallKUX M CIMYHUX aKTHBHOCTH Ha 30HE IJIe j€ OCETJBUBOCT TEpPEHa Mamba.
OcuM mocnequna MO BEreTAllMOHM IOKPUBAY M IKHBOTHY CpEeIUHy, Tpeda pa3MOTpUTH
COLIMOEKOHOMCKE yTHIIaje Ha mupy perdjy. Ca npyre cTpane, u3rpal)eHH CMEIITajHA KalaluTeTH
Cce MOTY HCKOPUCTUTH 3a creuuduuHe OONMKe TypU3Ma, ca KOHKPETHHjUM aHTaKOBambeM
JIOKQJIHOT CTAHOBHMIITBA, a YjeIHO TIIOJECHE 3a OCETJbUBE IPOCTOPE: EKOTYpU3aM,
aBaHTYPUCTUYKU OONHUIM (LeNIavyehe, Meharmbe, jaXxambe, NapariiajIuHr, IaHHHCKH OUIMKIN3aM
U CIL.).

YMecTo KIacMYHOT 3aKjbydKa O Y3polMMa W MOCIeAWIaMa KOjH Cy JOBEIU [0
Jlerpajanrje BEereTallMoOHOT IOKpHBava, ayTOpH Cy C€ OIpelenuyiud 3a Tabeny y Kojoj cy
YHaKpCHO TPEICTaBJbeHE 3aKOHUTOCTH M YHELCHHUIIE HA OCHOBY JIOCAAIBHX U PE3yNTaTta OBOT
pana.

Tabena 2. Komnapanuja 3ak/by4aKa o y3poluMa U IMocJeIuaMa u3rpaame cKi €Ta3a y 0JHOCy nmpemMa
3akonuToctuma T. Mosimann-a (1985) u npernocraBkama Ristié et al. (2012)
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