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Abstract: This paper presents an assessment of vegetation degradation in the Special Na-
ture Reserve “Brzansko MoraviSte” using Sentinel-2 satellite imagery for the period 2017—
2024. Vegetation condition was analyzed by calculating the NDVI, NDMI, and NDWTI indi-
ces, as well as indicators such as the Vegetation Condition Index (VCI) and the Land Degra-
dation Index (LDI). All indices were derived by processing satellite images in the QGIS soft-
ware. The analysis was carried out seasonally, for four characteristic periods within the year
(March, May, July, and September), while interannual changes enabled insight into the an-
nual state of vegetation. The results indicate that the vegetation cover is generally stable with
a slight positive trend, but with pronounced interannual variations. The most favorable con-
dition was recorded in 2018, while 2022 was identified as a critical year with the lowest VCI
values and the highest spatial heterogeneity, indicating increased vegetation stress. NDMI
confirmed periodic moisture deficits, especially during the summer months, while NDWI
indicated limited dynamics of surface waters. LDI showed that, relative to the baseline year
2017, there was an initial decline in vitality, followed by partial stabilization in the later pe-
riod. A combined risk map based on LDI and VCI identified localized high-risk zones requir-
ing priority management measures. The research confirms that the integration of multiple
vegetation indices represents a reliable framework for monitoring ecological changes and
provides a basis for effective conservation planning and sustainable management of pro-
tected areas.

Keywords: Special Nature Reserve “Brzansko Moraviste”, vegetation indices, Sentinel-2,
risk maps, NDVI, VCI, LDI

Introduction

Vegetation represents one of the most important indicators of environmental status, as it di-
rectly reflects the influence of natural and anthropogenic factors on ecosystems. The impacts of
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climate change and human activities on ecosystems are becoming increasingly intensive, and
thus the conservation of protected areas requires special attention and care in order to preserve
these landscapes.

Anthropogenic activities constantly pose threats by fostering various forms of degradation
caused by changes in land use, pollution, and other land management practices. Land degrada-
tion reduces soil quality, i.e., it affects one or more of its functions (Belanovi¢ Simié, 2022).

The subject of nature conservation in Serbia is the protection of biodiversity (species, hab-
itats, and ecosystems), the preservation of forest, wetland, and aquatic ecosystems and habitats
within agroecosystems, the conservation of genetic diversity, speleological objects, and the pro-
tection of landscapes (Ministarstvo za zastitu Zivotne sredine Republike Srbije, 2009).

One of the last preserved wetland habitats, an old meander of the Great Morava River near
the village of Brzan, has been proclaimed a protected area of great importance, i.e., a Category
I protected area, designated as the Special Nature Reserve “Brzansko Moraviste.” This reserve
was placed under protection as an area of special significance for wetland bird conservation be-
cause it forms part of a migratory corridor, while also providing nesting conditions for many
rare and protected bird species (Vlada Republike Srbije, 2019/2022).

The basic unit of nature protection in Serbia is the protected natural asset. Protected ar-
eas are those with significant geological, biological, ecosystem, and/or landscape diversity,
and for that reason they are declared protected by a legal act (Purdi¢, 2015). One such pro-
tected area is the SNR “Brzansko Moraviste.” It represents an oxbow lake, formed by the nat-
ural cutoff of a meander. The reserve is of high importance for bird conservation, as it consti-
tutes a part of a migratory corridor, while also providing nesting conditions for many rare and
protected bird species. A total of 59 strictly protected bird species regularly occur in this area,
29 of which breed at the site. Furthermore, Brzansko Moraviste is of exceptional importance
as a reproductive center for several amphibian and reptile species (Ministarstvo za zastitu
Zivotne sredine Republike Srbije, 2023).

However, due to changes in water regime, intensive agricultural activity, and potential
climate change, Brzansko Moraviste has become increasingly vulnerable to degradation of its
vegetation cover. Because of its importance for the conservation of birds, amphibians, and
reptiles, it is necessary to conduct a detailed spatial analysis of vegetation condition in order
to identify critical zones.

In this study, multi-year satellite images and vegetation indices such as NDVI, NDWI,
NDMI, and SAVI, as well as condition and degradation indices (VCI and LDI), were applied to
assess the degree of vegetation degradation during the period 2017-2024 in the Special Nature
Reserve “Brzansko Moraviste.” This approach enables monitoring of degradation dynamics and
provides guidelines for ecosystem management and conservation within protected areas.

Materials and Methods

Study Area

The Special Nature Reserve “Brzansko Moraviste” is located in central Serbia, within the
Pomoravlje District. Administratively, it belongs to the City of Jagodina, since most of its
territory lies within the cadastral municipality of MiloSevo. Jagodina is the largest settle-
ment in the Great Morava River basin and the administrative center of the Pomoravlje
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District, with a favorable geographical position and historical significance in the region
(Valjarevi¢ et al., 2020).

Within the area of the Special Nature Reserve “Brzansko Moraviste,” it is prohibited to
carry out activities that may damage populations, communities, and habitats of plant and
animal species, disrupt natural processes and ecological integrity, or significantly and ad-
versely affect the aesthetic and cultural-historical characteristics of the area and the envi-
ronment. In zones designated under the second level of protection, active conservation
measures are implemented to preserve and enhance natural values, particularly through
the management of wild plant and animal populations, maintenance and improvement of
natural habitats, and the traditional use of natural resources.

A smaller part of the reserve extends across the administrative border into the munic-
ipality of Batodina, within the cadastral municipality of Brzan. Thus, the reserve is situated
at the junction between two municipalities.

N

A

Batocina

Jagodina

Fig 1. Geographic location of the Special Nature Reserve “Brzansko Moraviste”

The Great Morava is the main river of central Serbia and plays a significant role in the
formation of fertile valleys and wetland habitats. Its valley provides natural resources and
water surfaces that support biodiversity and agricultural development in the surrounding
area. The favorable relief and fertile soils along the Great Morava Valley enable sustainable
land use, while the river and its tributaries represent a key element for the preservation of
aquatic ecosystems and natural habitats (Valjarevic et al., 2020).

“Moravista” are river lakes, arcuate in shape, which at the beginning of their for-
mation retain the width and depth of the Morava’s riverbed. Brzansko Moraviste is an
oxbow lake formed by the natural cutoff of a meander, with an estimated age of over 130
years. It also has two temporary tributaries, Grabovik and Kovanluk, which carry water
only periodically, during the wet season or occasionally after stronger and prolonged
rainfall (Ministarstvo za zastitu Zivotne sredine Republike Srbije, 2023).

The Pomoravlje area around Batocina belongs to the Great Morava climatic region.
This area is characterized by a pronounced continental climate with dry and very hot
summers, while winters can be extremely cold. Average annual temperatures in the re-
gion are around 11 °C. Precipitation levels are relatively low and do not exceed 650 mm
(Ministarstvo za zastitu Zivotne sredine Republike Srbije, 2023).
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The oxbow lake is surrounded by arable fields, with willows growing along its
edges. The most significant changes in the past decades relate to substantial hydrolog-
ical alterations, primarily the general lowering of water levels. Once well-developed
marsh and aquatic vegetation has now practically disappeared. This can be explained
by the fact that the hydrological regime of the lake has been significantly altered
(Ministarstvo za zastitu zivotne sredine Republike Srbije, 2023).

What was once the main pond in the southern part of the oxbow has now turned into
a shallow area that completely dries out in summer. A somewhat larger water mass remains
in the rest of the oxbow, but during very dry summers, it also completely dries out. This fact
has led to the near absence of aquatic vegetation, with only the species Salvinia natans
being recorded. A total of nine species of amphibians and reptiles have been documented
in the Brzansko Moraviste area (five amphibian species and four reptile species) (Minis-
tarstvo za zastitu zivotne sredine Republike Srbije, 2023).

The management of the Special Nature Reserve “Brzansko Moraviste” has been en-
trusted by the Government of the Republic of Serbia to the Public Enterprise “Zoo” of Jago-
dina. Based on the valorization of the area, it is assessed that the site meets the conditions
for protection, particularly due to its authenticity, representativeness, rarity, and preserva-
tion. The protected natural asset “Brzansko Moraviste” is a slightly modified natural habi-
tat, and to ensure the continued preservation of its natural values, the implementation of
appropriate active protection measures is necessary. For this reason, regimes of protection
level II and IIT have been established. In order to reduce the negative impacts of human
activities in the surroundings of the reserve, the designation of a protective buffer zone has
also been proposed (Ministarstvo za zastitu Zivotne sredine Republike Srbije, 2023).

Data Sources

For the analysis, Sentinel-2 multispectral images (ESA, Copernicus program) with a spatial
resolution of 10 m were used. The time period from 2017 to 2024 was analyzed in total, with
selected images having less than 10% cloud cover. Level-2A (Bottom-of-Atmosphere reflec-
tance) products were used, which contain atmospherically corrected values. The data were
downloaded from the Copernicus Open Access Hub platform. For the calculation of vege-
tation indices, the following bands were used: B4 (red), B8 (NIR), B11 (SWIR), as well as
B3 (green), in accordance with the definition of specific indices.

In order to assess the condition and degradation of vegetation cover in the Special
Nature Reserve "Brzansko moraviste," various satellite vegetation and moisture indices
were applied. The analysis covered the period from 2017 to 2024, with four representa-
tive months observed — March, May, July, and September — which correspond to key
phases of the vegetation cycle. Based on the monthly values, average annual values of
each index were calculated.

All satellite images were downloaded, processed, and analyzed in the QGIS software,
where vegetation indices (NDVI, NDMI, NDWI, VCI, and LDI) were calculated, values were
classified, and thematic maps were created. Statistical analysis of the obtained data (calcu-
lation of seasonal and annual mean values, variations, correlations, and presentation in the
form of tables and graphs) was conducted in Microsoft Excel.
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Vegetation condition represents an important indicator of ecosystem conditions and
the health of natural habitats. By applying modern methods of remote sensing and geospa-
tial analysis, it is possible to monitor forest density, tree structure, and distribution across
large areas. The combination of satellite images, vegetation indices such as NDVI, and GIS
technologies enables accurate determination of vegetation density, identification of land
cover changes, and assessment of the impact of human and natural factors on ecosystems.
Such analysis is particularly important in the management of protected areas, as it allows
the detection of degradation, planning of protection measures, and sustainable use of nat-
ural resources (Valjarevié et al., 2018).

For vegetation analysis and satellite image preparation, various raster processing
methods are used, including the elimination of clouds and haze, which enables accurate
calculation of vegetation indices (Valjarevié et al., 2024).

Metodology
NDVI (Normalized Difference Vegetation Index)

For the assessment of vegetation condition, satellite images and vegetation indices are often
used, such as the Normalized Difference Vegetation Index (NDVI). NDVTI allows the classi-
fication of areas by vegetation density and can be combined with other spatial data, such as
canopy cover maps, for a more precise assessment of biomass and ecosystem health (Per-
matasari Putri Hartoyo et al., 2021).

The Landsat Normalized Difference Vegetation Index (NDVI) is used to quantify veg-
etation greenness and is useful for understanding vegetation density and assessing changes
in plant health ("Landsat Normalized Difference Vegetation Index," n.d.).

NDVI represents one of the most commonly applied indices for monitoring vegetation
condition. Values range from —1 to +1, where higher values indicate dense and healthy veg-
etation cover, while lower values indicate degradation or absence of vegetation.

NDVI = (NIR — RED) / (NIR + RED) (1)
NDMI (Normalized Difference Moisture Index)

NDMI is used for monitoring the moisture content in vegetation. Higher values indicate
well-hydrated vegetation, while lower values may indicate drought-induced stress.

NDMI = (NIR — SWIR) / (NIR + SWIR) (2

According to Rahman and Mesev (2019), NDMI is a marker of canopy moisture con-
tent and therefore its main scope of application is the identification of water stress levels.
A general interpretation of water stress and plant canopy characteristics using NDMI values
is presented in Table 1.

NDWI (Normalized Difference Water Index)

This index was designed to (1) maximize the reflection of water features by using green
wavelengths; (2) minimize the low near-infrared reflectance by water bodies; and (3) take
advantage of the high near-infrared reflectance by vegetation and soil. As a result, water
bodies have positive values and are therefore enhanced, while vegetation and soil generally
have zero or negative values and are thus suppressed (McFeeters, 1996).

NDWI is used for the identification of water surfaces, but also for the assessment of
water content in vegetation.
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NDWI = (GREEN — NIR) / (GREEN + NIR) (3)
LDI (Land Degradation Index)

LDI represents an indicator of land degradation, derived from long-term changes in vege-
tation indices. Positive values indicate stable or improved vegetation cover, while negative
values indicate degradation.

For monitoring land condition and natural resource degradation at the local level, the
Land Degradation Index (LDI) is used, which shows the degree of land degradation and
allows comparative analysis of different areas, taking into account both natural and anthro-
pogenic factors. By applying LDI, it is possible to identify areas with high risk of degrada-
tion and propose measures for preserving natural capital and ensuring the sustainable use
of resources.

For the calculation of the Land Degradation Index, a combination of several vegetation
and moisture indices was applied. The formula used in this research is as follows:

LDI = 0.3 x NDVI + 0.2 x NDWI + 0.2 x NDMI + 0.3 x VCI 4)

This approach provided a synthetic value that integrates different aspects of vegetation
status — biomass density (NDVI), moisture content in vegetation and soil (NDMI, NDWTI),
as well as vegetation condition relative to long-term extremes (VCI).

The weighting coefficients in the LDI formula were defined to reflect the relative
importance of individual indices in the process of vegetation degradation. NDVI and VCI
were given a higher weight (0.3) since they directly reflect the condition and vitality of veg-
etation cover. On the other hand, NDMI and NDWI were given a lower weight (0.2), as they
mainly represent indirect indicators through the moisture content of plants and soil. This
combination allows LDI to integrate both vegetation growth aspects and moisture aspects,
while emphasizing vegetation status as the primary indicator of degradation.

Proposed classification for LDI interpretation

In order for the obtained results to be quantified and interpreted, the index values were
classified into five categories:

e < -30% — strong degradation

e —30% to —10% — moderate degradation

e —10% to +10% — stable

e  +10% to +30% — moderate improvement

e > +30% — strong improvement

The classification was carried out based on the relative change of LDI compared to a
chosen reference point (the starting year of the series or the average for the entire period).

VCI (Vegetation Condition Index)

The Vegetation Condition Index (VCI) is a widely used indicator for monitoring vegetation
condition and drought stress. It compares the current value of the Normalized Difference
Vegetation Index (NDVI) with the range of NDVI values recorded in the same period of
previous years. VCI is expressed as a percentage and shows the position of the current NDVI
value between the historical minimum and maximum values. High VCI values indicate that
NDVI is close to the historical maximum, while low VCI values indicate that NDVI is close
to the historical minimum (UNCCD, 2021).
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VCI =100 x (NDVI — NDVImin) / (NDVImax — NDVImin) (Kogan, 1990) (5)

The Vegetation Condition Index (VCI) compares the current NDVI with the range of
values observed in the same period of previous years. VCI is expressed in percentages and
provides an indication of where the observed value lies between the extreme (minimum and
maximum) values of previous years. Lower and higher values indicate poor and good veg-
etation conditions, respectively. VCI ranges from o for extremely unfavorable conditions to
100 for optimal conditions. NDVImax and NDVImin are the multi-year maximum and min-
imum NDVI for a pixel in relation to specific climatology (Symbiosis Institute of Geoinfor-
matics, n.d.).

Classification of VCI values was applied into five classes:

e  0—-20% — extremely poor conditions / severe degradation
e 21-40% — unfavorable conditions / moderate degradation
e  41-60% — moderate conditions

e  61-80% — good conditions

e 81-100% — very good / optimal conditions

Analytical procedure

e  The calculation of all the mentioned indices was performed in the QGIS environ-
ment using Sentinel-2 imagery.

e  For each month (March, May, July, September), index values were calculated for
the period 2017—2024.

e The obtained values were transferred to Excel, where annual average values were
calculated.

e A correlation analysis was carried out between indices to determine interdepend-
ence.

e Based on VCI and LDI, a risk map was constructed showing the spatial distribu-
tion of degradation risk.

Risk Map

In order to identify the zones most sensitive to vegetation cover degradation, a risk map
was created. For its development, a combination of two indices was applied:

e LDI (Land Degradation Index) — a synthetic index that integrates NDVI,
NDWTI, NDMI, and VCI, reflecting long-term changes in vegetation and land cover
conditions.

e VCI (Vegetation Condition Index) — an index that shows the state of vegeta-
tion relative to extreme NDVI values in the 2017-2024 period, enabling the as-
sessment of annual fluctuations.

Both indices were calculated for the 2017—-2024 period based on Sentinel-2 imagery and

then reclassified into five categories (1 = favorable condition, 5 = unfavorable condition).

After reclassification, the Risk Index (R) was derived as the average of LDI and VCI

classes for each pixel, using a formula in QGIS.

o LDIass + VCligss
2

R
(6)
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The obtained R values were categorized into five risk classes according to
the following intervals:

< R < 1.5 (no risk)

1.5 < R < 2.5 (low risk)

2.5 < R < 3.5 (medium risk)
3.5 < R < 4.5 (high risk)

R > 4.5 (very high risk)

ah

In this way, the final map of the spatial distribution of vegetation degradation risk was
obtained, allowing for the identification of zones with different levels of vulnerability within
the Special Nature Reserve “Brzansko Moraviste.”

The combination of these two indices enabled the delineation of zones according to the
degree of risk:

¢ Lowrisk — areas with stable LDI and VCI values, where vegetation is in favorable
condition.

e Medium risk — areas with moderate index values, which may be sensitive to
changes in climatic conditions and anthropogenic influence.

e High risk — zones with low LDI and VCI values, indicating pronounced vegeta-
tion degradation and potentially threatened ecosystems.

The risk map was created in a QGIS environment by applying classification of index
values and their spatial overlay. In this way, an integrated cartographic representation of
the spatial distribution of degradation risk was produced within the Special Nature Reserve
“Brzansko Moraviste”.

Results

This chapter presents the results of the analysis of vegetation indices (NDVI, NDMI, NDWI,
LDI, VCI), the correlation analysis, and the risk map for the area of the Special Nature Re-
serve “Brzansko Moraviste” in the period 2017-2024. The results are organized by indices,
and are presented both graphically (tables and diagrams) and cartographically.

NDVI

The Normalized Difference Vegetation Index (NDVI) represents the basic indicator of veg-
etation cover density and vitality. NDVI values in the area of the Special Nature Reserve
“Brzansko Moraviste” during the 2017—-2024 period show stable but also seasonally condi-
tioned variations (Table 2).

The average annual NDVI values recorded a slight increase, from 0.54 in 2017 to 0.62
in 2024, indicating relative stability and a possible slight improvement in vegetation con-
dition. This trend is particularly noticeable in the last years of the study, where values in
March and May show higher levels compared to the initial period.

The seasonal dynamics of NDVI show the expected pattern:

e  March records the lowest values (0.23—-0.37), corresponding to the beginning of
the vegetation season.

e  May shows a significant increase (0.40—0.68), but with greater interannual vari-
ation (e.g., lower values in 2017 and 2019, higher in 2018 and 2024).
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July and September reach the highest values (0.68-0.78), corresponding to
the maximum photosynthetic activity and vegetation stability in the summer and

early autumn period.
Table 1. NDVI Index Values
NDVI
Year March May July September Avg
2017 0,23 0,40 0,77 0,73 0,54
2018 0,27 064 0,78 0,70 0,60
2019 0,29 0,45 0,76 0,68 0,55
2020 0,29 054 0,77 0,71 0,58
2021 0,25 052 073 0,71 0,55
2022 0,24 062 0,72 0,72 0,57
2023 0,31 057 068 0,76 0,58
2024 0,37 0,68 0,70 071 0,62
March May July September
1,00
0,80
M _
——— —

0 » 60 /\/\/\/

o /J/——w//

0,20

0,00

2017 2018 2019 2020 2021 2022 2023 2024
Graph 1. Average Monthly NDVI Index Values for the Period 2017—2024

NDVI avc

0.64
0.62
0.60
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0.48
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Graph 2. Average Annual NDVI Index Values for the Period 2017—2024

The displayed NDVI maps for 2017, 2020, and 2024 show the average annual values
for the selected periods and clearly illustrate the spatial distribution of different vegeta-
tion categories.
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Table 2. NDVI Index Classification

Scope Surface Type Description/Interpretation
NDVI
<o Water Negative values — open water, shad-
ows, clouds
0-0.1 Bare soil / sand / rock / snow Areas without vegetation, very poor
Sparse vegetation / degraded Dry grass, sparse low vegetation, aban-
0.1—0.25
surfaces doned fields
0.25— 0.4 Moderate vegetation Agriculture, pastures, low vegetation
0.4-0.6 Dense vegetation Hez}lthy vegetation, forests, intensive
agriculture
506 Very dense vegetation / natural Very healthy vegetation, often un-

forests / wetlands

touched forest areas

Analyzing the NDVI maps for 2017, 2020, and 2024, an increase in water surfaces over
time can be observed, as well as the fact that the majority of the studied area is covered by

A

2 Boundary of the SNR "Brzansko Moraviste"
NDVI 2017
Classification
@l <=0,0000
[ 0,0000 - 0,1000
(] 0,1000 - 0,2500
[ 0,2500 - 0,4000
@3 0,4000 - 0,6000
@ > 06000

Fig 2. NDVI Maps for 2017, 2020, and 2024

healthy and dense vegetation.
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NDMI

The Normalized Difference Moisture Index (NDMI) was used to assess the moisture con-
tent in vegetation.

Table 3. Interpretation of NDMI in Terms of Water Stress Levels and Canopy Cover Characteristics

NDMI scope Surface Cover Description Vegetation Condition / Water
Stress
-1.0 ... —0.8 Bare soil —
-0.8 ... —0.6 Vegetation almost absent —
—0.6 ... —0.4 Extremely sparse vegetation —
—0.4 ... —0.2 Sparse vegetation Severe water stress
-0.2 ... 0.0 Moderately sparse / High water stress / moderate water
exceptionally sparse vegetation stress
0.0 ... 0.2 Moderate / moderately sparse Under high water stress / moderate
vegetation water stress
0.2...0.4 Moderately dense / moderate Under high water stress / under low
vegetation water stress
0.4 ... 0.6 Dense vegetation No water stress
0.6 ...0.8 Very dense vegetation No water stress
0.8...1.0 Full vegetation cover No water stress or occurrence of water
saturation due to excessive water sup-
ply

Source: (P.V. Lykgovyd, V.O. Sharii, 2024)

Table 4. NDMI Index Values

NDMI
Year March May July September Avg
2017 -011 012 012 0,21 0,08
2018 -001 0,20 0,29 0,15 0,16
2019 -011 0,02 032 0,14 0,09
2020 -016 011 031 0,26 0,13
2021 -015 011 029 0,23 0,12
2022 -0,16 018 030 0,21 0,13
2023 -015 011 028 0,24 0,12
2024 -0,09 023 026 0,18 0,14

The average annual NDMI values ranged from 0.08 to 0.16, with a slight increase ob-
served in the more recent years (2020—2024). This indicates that the vegetation in the
study period mostly maintained a stable water status, with a slight tendency for improve-
ment in the final years.
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D Boundary of the SNR "Brzansko Moraviste"
NDMI 2017

Classification
Bl >--0,8000
[ -0,8000 - -0,6000
] -0,6000 - -0,4000
[] -0,4000 - -0,2000
[ -0,2000 - 0,0000
[ 0,0000 - 0,2000
@ 0,2000 - 0,4000
B 0,4000 - 0,6000
@ 06000 - 0,8000
B > 08000

Fig 3. NDMI Maps for 2017, 2020, and 2024

The results show that in March, the index mostly had negative values (from —0.16 to —
0.01), indicating weak to moderately weak vegetation cover under high water stress.

In May, NDMI shows a significant increase (0.02—0.23), but with noticeable variations
between years. For example, in 2019, NDMI was very low (0.02), indicating moderate cover
under high water stress, while in 2024, it reached the highest values of the entire period
(0.23), representing moderately strong vegetation cover under low water stress.

In July, the index reaches its highest values (0.26—0.32), corresponding to moderately
strong vegetation cover with low water stress. Except for 2017, in all other years the values
are relatively stable and without major fluctuations.

September shows moderate values (0.14—0.26), indicating moderate vegetation cover
under moderate to high water stress. These results correspond with the end of the growing
season and the gradual loss of moisture.
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Graph 3. Average Annual NDMI Values for the Period 2017-2024
NDWI

In the study area, all recorded NDWI values were negative (—0.32 to —0.68), indicating
that vegetation and soil dominate within the reserve, while water bodies were not suffi-
ciently present to generate positive index values. This corresponds to the natural charac-
teristics of the area, where water bodies are limited in size and do not represent a domi-
nant landscape element.

The average annual NDWI values ranged between —0.45 (2017) and —0.57 (2018), with
no significant fluctuations in the following years. These results confirm that during the
study period, the vegetation cover was not subject to major changes in water content, main-
taining a stable status with noticeable seasonal oscillations.

Table 5. NDWI Index Values

NDWI
Year March May July September Avg
2017 -034 -0,39 -0,39 -068 -0,45
2018 -036 -0,59 -0,68 -063 -0,57
2019 -037 -046 -0,66 -064 -0,53
2020 -040 -0,53 -0,67 -063 -0,56
2021 -035 -0,50 -0,64 -064 -0,53
2022 -032 -057 -0,62 -0,63 ~0,54
2023 -038 -052 -0,58 -066 -0,54
2024 -041 -0,60 -0,60 -0,64 -0,56
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Fig. 4. NDWI Maps for 2017, 2020, and 2024
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Graph 4. Average NDWI Index Values

The seasonal dynamics of NDWI show that in March, the values were moderately
low (—0.32 to —0.41), reflecting a stable but limited moisture content in the initial phase
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of the growing season. In May and July, the lowest values were recorded (down to —0.68),
indicating increased water stress and reduced water content in plant biomass during the
most intensive photosynthetic activity period. September consistently shows the lowest
values (—0.62 to —0.68), which aligns with the end of the growing season and the gradual
loss of moisture.

The average annual NDWI values ranged from —0.45 (2017) to —0.57 (2018), without
significant fluctuations in the subsequent years. These results confirm that the vegetation
cover during the study period did not experience major changes in water content but main-
tained a stable status with noticeable seasonal oscillations.

LDI (Land Degradation Index)

The Vegetation Degradation Index (LDI) was analyzed in two variants:

e Inrelation to the starting year of the series (2017), which was taken as a reference
point for tracking changes over time, and

e In relation to the average for the entire period (2017-2024), which represents a
neutral baseline for assessing deviations in individual years.

When 2017 is taken as the starting year, all subsequent years show lower LDI values
ranging from —38% to —45% relative to the baseline. This places them in the class of severe
degradation, indicating that after the beginning of the period, there was a sharp decline and
the system did not return to the initial level.

Table 6. LDI Values (2017 as Reference Year)

Year Normalized LDI A relati(\(z)/f)to 2017 Degradation Class

2017 0.769 0% Stable

2018 0.475 -38% Strong degradation
2019 0.423 -45% Strong degradation
2020 0.450 -41% Strong degradation
2021 0.432 -44% Strong degradation
2022 0.431 -44% Strong degradation
2023 0.437 -43% Strong degradation
2024 0.471 -39% Strong degradation

Reference value: 0.769 (2017)
Formula: A (%) = ((LDI_year — LDI_2017) / LDI_2017) x 100

Table 7. LDI Values (Average 2017—2024 as Reference)

Year Normalized LDI Arelative t?, the Degradation Class
average (%)

2017 0.769 +58% Strong improvement
2018 0.475 —2% Stable

2019 0.423 -13% Moderate degradation
2020 0.450 7% Moderate degradation
2021 0.432 -11% Moderate degradation
2022 0.431 -11% Moderate degradation
2023 0.437 -10% Moderate degradation
2024 0.471 -3% Stable
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When the average for the entire period (=0.486) is taken as the reference, a more balanced
picture emerges. In this case:

e 2017 deviates positively by approximately +58%, placing it in the class of strong
improvement;

e 2018 and 2024 have values close to the average (—3% to —4%) and are considered
stable;

e The period from 2019 to 2023 shows deviations of —10% to —13% relative to the
average, indicating moderate degradation.

This dual approach demonstrates that the choice of reference point significantly affects
result interpretation: if analyzed relative to the starting year, a clear deterioration is ob-
served, whereas analysis relative to the average indicates stability with minor fluctuations
and moderate degradation in most years.
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Fig. 5. Comparative View of VCI Index for the Period 2017—-2020
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Fig. 6. Comparative View of VCI Index for the Period 2020—2024
VCI (Vegetation Condition Index)

In the analysis for the period 2017—-2024, the average VCI values ranged from 67.24 (2017)
t079.70 (2018). The lowest minimum values (14.77 in 2022) indicate the presence of local-
ized areas under severe stress, while the maximum values remained stable (81—94), con-
firming that part of the vegetation remained in optimal condition throughout all years. The
standard deviation increased in the later period, suggesting growing spatial variability
within the reserve.
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Table 8. VCI Index Values

Year min max mean stddev
2017. 19,85 81,11 67,24 8,16
2018. 21,08 93,59 79,70 9,68
2019. 25,54 92,99 74,36 11,11
2020. 26,23 92,08 77,02 11,28
2021. 15,06 91,25 73,83 14,29
2022. 14,77 86,99 70,85 13,20
2023. 19,61 90,71 73,13 13,65
2024. 20,48 93,79 77,39 13,30
Risk Map

The analysis of the spatial distribution of vegetation degradation risk for the period 2017—
2024 showed significant interannual fluctuations within the Brzansko MoraviSte Special
Nature Reserve.

In 2017, taken as the reference year, low risk dominated (52.92%), while the share of
medium risk was 6.72%, and high and very high risk were negligible (1.07% in total). This
structure indicates a relatively stable state of the vegetation cover at the beginning of the
analyzed period.

In the following years, a gradual increase in risk is observed. By 2019, most of the re-
serve fell into the medium (35.49%) and low risk categories (18.76%), while high risk
reached 4.28%.

The most critical year was 2022, when the medium risk category dominated with
42.94%, while 15.67% of the area was in the high-risk category and 2.88% in the very
high-risk category. This represents the peak of degradation processes during the entire
analysis period.

In the final years of the analysis (2023—2024), some stabilization is observed: the share
of high risk decreased to 3.81% (2023) and 2.52% (2024), while very high risk remained rel-
atively constant (3.11% in 2023 and 2.46% in 2024). At the same time, most of the area fell
into the low to medium risk categories, indicating partial recovery of vegetation after 2022.

Percentage distribution of risk by year

100
I N N S—
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Risk Categories
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Graph 5. Percentage Distribution of Risk by Year
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Trend of risk categories over time
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Fig. 9. Comparative View of Risk Maps for the Period 2017-2020

556



2022. 2024.
A _ A

o

a2 83 e asem 182 03 o4 asw
——— ———

Fig. 10. Comparative View of Risk Maps for the Period 2021—2024

Summarized for the entire period, the average values show that low risk was dominant
(=50—60% of the total area), while medium risk accounted for 30—40%. The share of high
and very high risk ranged from 5% to 20% in the most vulnerable years. The “no risk” cat-
egory was almost negligible (<1%).

These results indicate that the reserve area is generally in a low to medium risk state,
but with distinct episodes of degradation (e.g., 2022), likely caused by a combination of
climatic extremes and local anthropogenic impacts.

Discussion

The results of the vegetation index analysis in the Brzansko Moraviste Special Nature Re-
serve indicate that the area largely maintained a stable state during the period 2017-2024,
albeit with noticeable seasonal and interannual variations. The main strength of using sat-
ellite data lies in the ability to combine and compare different indices, providing a compre-
hensive picture of vegetation degradation and regeneration dynamics.

NDVI indicates a slight increase in overall vegetation vitality during the observed pe-
riod, with occasional declines in critical years. NDMI confirms that biomass moisture gen-
erally remained at favorable levels, although drier episodes are noticeable, particularly dur-
ing the summer. On the other hand, NDWI shows that the overall extent of surface water
does not follow a significant trend, but it locally affects the regeneration or degradation of
adjacent vegetation units.
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VCI demonstrates that vegetation was mostly in good condition, but certain years ex-
perienced increased stress risk. Notably, 2022 stands out as the year with the lowest aver-
age and the highest spatial variability, likely due to a combination of drought conditions
and anthropogenic pressure. While most years showed satisfactory values, the increased
variability in recent years suggests the presence of localized degradation hotspots.

LDI, observed relative to 2017 as the baseline year, indicates an initial decline in vital-
ity, followed by partial stabilization in subsequent years. It is important to emphasize that
the choice of reference year affects absolute LDI values, yet regardless, the system did not
degrade uniformly; recovery zones and areas of permanent biomass loss are evident.

The risk map, which combines LDI and VCI, allowed the identification of the most vul-
nerable zones. The majority of the area falls into the low to medium risk categories, but
hotspots of high risk were also identified—spatially limited yet ecologically significant. The
highest risk was again observed in 2022, consistent with the results of the other indices.

In a broader context, these results have practical implications for protected area man-
agement. Spatial analysis of the indices allows for precise localization of degradation zones,
which can support planning of conservation measures such as water regime restoration,
monitoring of critical areas, or mitigation of agricultural pressure. Moreover, it is evident
that climatic extremes (e.g., the 2022 drought) have a decisive impact on vegetation dy-
namics, which is particularly relevant in light of climate change projections.

Conclusion

The study of vegetation degradation in the Brzansko Moraviste Special Nature Reserve
using satellite indices enabled a comprehensive assessment of dynamics during the pe-
riod 2017—2024.

NDVI, NDMI, and NDWI showed that biomass remained largely stable, vegetation
moisture varied but stayed within functional limits, and surface water did not exhibit a sig-
nificant trend of change.

VCI identified critical years, with 2022 representing the highest risk of degradation.
LDI indicated that the initial decline relative to the 2017 baseline was partially mitigated in
the later period, although the degradation process was spatially uneven.

The risk map revealed that the majority of the area falls under low to medium risk, but
localized high-risk zones exist and require priority protection.

These results confirm that integrating multiple indices (NDVI, NDMI, NDWI, VCI,
LDI) provides a reliable approach for assessing vegetation status and detecting degrada-
tion. Such analysis not only allows reconstruction of past conditions and trends but also
provides a practical basis for future conservation and management measures.

Overall, it can be concluded that vegetation in the Brzansko Moraviste Reserve re-
mained relatively stable during the observed period, with noticeable short-term stress
phases and localized degradation zones. The main challenges in the coming period will re-
main climatic extremes and anthropogenic pressures, which may increase degradation risk
but can be timely identified and mitigated through systematic monitoring.
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Ancrpakr: Y pajy je mpukazaHa IpolieHa Jerpazaiuje Bererauuje y CrerpjasHom
pesepBary npupo/ie ,bp3aHcko MopaBuinTe” IPUMEHOM CATEJIUTCKUX CHUMaKa Sentinel-2
3a IepPHOJL 2017—-2024. rofuHe. Crame BereTanyje aHAJIM3UPAHO je PadyHAaHmeM HHJEeKca
NDVI, NDMI u NDWI, kao u mokasaTesba Kao IITO cy UHZEKC crama Beretanuje (VCI) u
uHJeke gerpasnanuje 3emspuinra (LDI), cBu oBH uHAeKcH J00HjeHH cy o6pazom
CaTeJIMTCKUX CHUMaka y Qgis mporpamy. AHaju3a je CIpOBe/ileHa CEe30HCKH, 32 YeTHPH
KapaKTEPUCTUYHA ITepro/ia y roauHu (MapT, Maj, jysa u centeMbap), 10K cy Mehyroaumime
npoMeHe oMoryhrle cTuname yBUa Y TOJUIIIEbE CTathe Beretanuje. PesysnraTu ykasyjy za
j€ BereTalyioHy IOKpUBAY YIJIABHOM cTabmIaH ca 61aruM O3UTHUBHUM TPEHJIOM, aji U ca
u3pakeHNM MelyroauuimbuM Bapujanujama. HajnoBosbHUje crambe 3abesexeHo je 2018.
TO/IMHE, JIOK je 2022. uJieHTU(HUKOBAHA KA0 KPUTUYHA IO/IMHA CA HAJHUKUM BPEeTHOCTHMA
VCI u HajpehoM poCcTOpHOM XeTeporeHolly, ITo yKasyje Ha moBehaHu cTpec Bereraiyje.
NDMI je noTBpAMO MepuoguyHu eUINUT BJare, HAPOUUTO y JIETEHUM MeCeIuMa, /0K je
NDWI yka3ao Ha orpaHUYeHy JUHAMUKY HOBPIIHHCKUX Bozia. LDI je mokasao a je y oHOCY
Ha 0asHy 2017. FOAWHY JOLUIO /IO IIOYETHOT Iajda BUTAJIHOCTH, ajdd U JAeJTHUMHYHE
crabunuzanyje y kacHujeM nepuoay. KombuHoBaHa pusuk mama Ha ocHoBy LDI u VCI
naeHTUGUKOBAIA je JIOKAJM30BaHe 30HE BHCOKOT PU3UKA KOje 3aXTeBajy MPUOPUTETHE
Mepe yIpaBJbama. VcTpakuBame NOTBpl)yje /1a MHTerpanuja BUIlle BereTalliOHUX HH/IEKCa
TIpeJiCTaB/ba NOY3/jaH OKBUP 32 Ipaherme eKOJIOMIKUX IPOMEHA U Jiaje OCHOBY 3a e(pUKaCHO
IJIaHUPakbe 3aLITUTE U OJIP’KHUBO YIIPaB/bakbe 3alITHNEHNM [oIpydjuma.
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YBOa

Bereraiuja mpejictaB/ba jelaH O/ HajBa’KHUjUX MHIUKATOPa CTakba JKUBOTHE CPEIUHE,
jep IMPEKTHO ofipakaBa yTHIIAj MIPUPOJHUX U aHTPOIIOTeHUX (PaKTopa Ha €KOCUCTEME.
CBe je WHTEH3WBHHUjU YTHUIQ] KJIMMATCKUX IIPOMEHA U YOBEKOBE AKTHUBHOCTH Ha
€KOCHCTEME, TE OUyBamhe 3alITHNEHNX MO/IpyYja 3aXTeBa OCEOHY MaXKEby U HET'Y KaKo Ou
ce OBH IIpeJieId CadyBaJIH.

AHTpOTIOTEHEe AaKTUBHOCTH KOHCTAaHTHO IIPE/CTaBJbajy IIPETEHE 32 pPa3BHUjarbe
Pa3IMYUTHX 00JIMKA JIerpajjalije n3a3BaHux IPOMEHOM HaunHa Kopuiiherba, 3aral)emem
U JpYyrUM MepaMma VIpaB/bakha 3€MJBUIITHUM IPOCTOpPOM. Jlerpajanuja 3eMJbHINTA
HapylllaBa HEeroB KBAJIHUTET, OJHOCHO YTHUYE HA jefHY WJIM BUIIE HHEroBUX (YHKIMja
(Benanosuh Cumuh, 2022).

IIpeamer 3arrure npupose CpOuje jecte 3amrrura GruoanBep3uTeTa (BpCTa, CTAHUIITA
nu eKOCI/ICTeMa), 3allITUTa NIyMCKHUX, BJIAXKHUX U BOJCHUX €KOCUCTEMA U CTAHUIITA YHyTap
arpoeKOoCHCTEMA, OUyBathe reHeTCKe PA3HOBPCHOCTH, CIIEJIEOJIOIKIX 00jeKaTa U 3alITUTa
npezesa (MUHHECTAPCTBO 3a 3ALITUTY KUBOTHE CPEAUHE, 2000).

JeIHO Of1 TIOCTIEIEbIX OUyBaHUX MOYBAPHUX CTAHUIIITA, CTAPH MeaHziep peke Besmke
Mopage ko7 cena Bp3an, nporsamaga ce 3amTiheHIM MOAPYYjeM O] BEJIMKOT 3Hauaja,
onuocHo II kareropuje xao CrenujasiHu pesepBaT IPUPOe MOJ uMeHOM 'Bpsancko
mopasumite'. CrenyjaiHyu pesepBaT Hpupofe 'Bp3aHcKo MopaBuilTe' CTaB/ba Ce IOJ
3AIITUTY Kao MOZpy4Yje 3HAYAJHO ca acleKTa 3allTUTe NTHIAa MOYBApuUIla jep je /eo
Kopuziopa Murpanuje, aau obe3behjyje u ycioBe 3a THexlere MHOTHX PETKHX U
samTuhenux Bpera nruna (Biaga Pemybsnke Cpouje, 2019/2022).

OcHOBHA jemuHuIa 3amtute npupoae Cpbuje jecte 3amTuheHO TPUPOTHO J00PO.
3amrtrheHa mozpydja cy MOApydYja Koja HMajy U3PasKeHy TeoJIONIKy, OHOJIOIIKY,
€KOCHCTEMCKY ¥/WJIN TPEAEeOHYy Pa3HOBPCHOCT M 3060r TOra ce akTOM O B3allTHTH
nporaiiaBajy 3amrtuhenum (Byphuh, 2015). JeHO 07 TAKBUX 3aIITHNEHNX MOApyYja je
CPII Bp3ancko mopaswuiirre. OHO MpeicTaB/ba MPTBAjy, HACTATY MPUPOJHUM IpecerarmbeM
Bpata Meanjpa. Iloxpydje CrienujayiHOT pe3epBara mpupoye ,, bpaancko Mmopasuinre” nma
BEJIMKY 3HAUaj €A acleKTa 3allTHTe ITHIA, jep YMHHU JIe0 KOPHIopa MUTpalyje, alu U
0be36elyje ycitoBe 3a THEXKIEHe MHOTHX PETKUX U 3aIITHheHnX Bpcra. Ha oBoM mpocTopy
penoBHO 60OpaBH 59 CTPOro 3amITHNEHNX BPCTa NTHUIA, O] KOJUX Ce 29 U THE3IU Ha OBOM
Jokanurery. Mcro Tako, BpsaHcko MopaBuInTe je M 0] M3Y3€THOI 3HaYaja Kao
PENpPOyKTUBHYU LIEHTap 3a BHUIIE BpCTa Bojpo3eMana u rMuzaBana (MuHHCTApCTBO 3a
3AIITUTY JKUBOTHE CPEJIUHE, 2023).

Mehytum, ycen mpoMeHa y peXHMY BOJOCTaja, WHTEH3UBHE II0JHOIPUBPEHE
AKTUBHOCTH U TOTEHIMjATHUX KJIMMATCKUX I[IpOMeHa, Bp3aHCKO MopaBuiluTe je cBe
HOJVIOXKHU]€e ZIerpaZjaliiji BereTallFiOHOT ITOKpHBaya. 300T CBOje BXKHOCTH U3 aCIleKTa
3aIITUTE TNTHIA, BOZO3eMala Y TI'MH3aBalla, HEOIXOAHO je CIPOBECTH JETa/bHY WU
MIPOCTOPHY aHATIN3Y CTakbha BereTalyje, Kako 61 ce uaeHTUDHUKOBaIe KDUTHYHE 30HE.

Y oBOM pajzy MpUMEHEHHU Cy BUILIETOAUIIHY CATEIUTCKA CHUMIIM U BEreTalluoHU
uHAekeu kao mro cy NDVI, NDWI, NDMI u SAVI, kao 1 HHAEKCH CTamka U Ierpajiaiije
— VCI u LDI, ca nmwmbeM Jja ce TPOIEHU CTEIIEH Jlerpajialiije BereTamuje y mepUoay o
2017. 10 2024. roguHe Ha nojpydjy CherujasHor pesepmara mnpupoje ,bpszaHcko
mopasuiiTe‘. OBaKBUM MPUCTYIIOM Mpyka ce MoryhHocT 3a mpaheme AMHAMUKE
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Jlerpazianyije ¥ JOHOIIekhe CMEepHUIIA 32 yIpaB/balbe U 3aLITUTY €KOCHCTEMA YHyTap
3amTrheHuX MoApyyYja.

Marepujaiu 1 MeTO/ie

IIpocmop ucmpadxcusaroa

CrenvijaytHu pe3epBar Mpupoze , bp3aHCKO MOpPABHIITE” CMEIITEH je Y IIEHTPATHOM JIEJTy
Cpbuje, y oxsupy Ilomopasckor okpyra. TepuTtopujanHo mpumaza rpagy JaroguHu, ¢
0631poM Ha TO /ia ce BehrHa Herose MOBPUIMHE HAJA3U YHYTAP KaTacTapCcKe OIIITHHE
MuwuiomeBo. JaroawHa mpencraBba Hajsehe Hacesbe y cinuBy Bemmke MopaBe u
a/IMUHUCTPATUBHU IleHTap [ToMOpaBCKOT OKpPyTra, ca OBOJAHUM reorpadCKUM [0J10KajeM
W MICTOPHjCKUM 3Ha4ajeM y peruosy (Valjarevié et al., 2020).

Ha mnozapyujy ChermujamHor pesepBara mpupoze 'Bp3aHCKO MOpaBHINTE', HHje
JI03BOJbEHO 00aB/baTU Pa/I0Be U AKTUBHOCTHU KOje MOTY OLITETUTH IOILyJIallyje, 3aje/IHIIIe
¥ CTAHUIITA GMJBHUX U KUBOTHIGCKUX BPCTa, HAPYIIUTH IPUPO/IHE MPOIIECe U eKOJIOUIKY
[[EJIOBUTOCT IMOApYYja WJIA 3HAYajHO HEMOBOJPHO YTHIATH HA €CTETCKa U KYJITYPHO-
HCTOpHjcKa obesiexja MoApydja M JKMBOTHY cpeawHy. Ha moBpmnHama Ha KojuMa je
yTBpheH pexxum 3saimrrure I crerneHa, CIPOBOAU Ce aKTHBHA 3alITUTA P OUyBamba U
yHampeljerba IPUPOJHUX BPETHOCTH, MOCEOHO KPO3 Mepe yIpaBibaiba IOMyJanpjama
JUB/bUX OW/baKa U JKUBOTHIGA, O/IPJKABalbe U IMOOOJBIIAIGE YCJIOBA Y MPHPOAHUM
CTAHUIITHMA U TPAJUIIMOHATIHO KOpHUIlThere IPUPOJHIX Pecypca.

Mamu Jle0 pesepBaTa INpesasyd aAMUHHCTPATHBHY TPAHMIy W IIPOCTHPE Ce Ha
ozipyyjy oniutuHe barounHa, y oKBUpY KaTacrapcke onmitrHe bp3aH. Pesepsar ce, nakie,
HaJIa3¥M Ha KOHTAKTy M3Mel)y /iBe OIIITHHE.

Ca. 1. I'eoepagpcku noaoxcaj Cneyujartoz pesepsama npupode ,,bpsarcko mopasuiume”
(noznedamu y eHaneckoj eep3uju mexkema, cmp. 539)

Besnrika MopaBa mpejicTaB/ba IJIaBHy peKy neHTpaine Cpbuje v MMa 3HA4YajHY YJI0Ty Y
dopMupamy IIOHUX JOJMHA U BJIAYKHUX CTaHUIITa. FbeHa fjorHa 06e36eljyje mpuposte
pecypce U BojieHe TIOBPIIUHE KOje Mo/Ip KaBajy OMOUBEP3UTET U Pa3BOj MOJLOIIPUBPEE Y
okosninHH. IloBOo/baH pesbed M IUTOHA TIA Ay:K JoauHe Benuke Mopase omoryhasajy
OZIP?KUBY YIIOTPeOY 3eMJBUIITA, JIOK PEKY U IbeHe MIPUTOKE YNHE KJbyYHUM eJIEMEHTOM 3a
ouyBarbe BOJIEHUX eKOCHCTeMA U MpUpoAHuX ctaHuITa (Valjarevic et al., 2020).

MopasuiTa cy peyHa jezepa, JIyIHOT 0DJIMKa, KOja Ha CAMOM II0YETKY CBOT HACTaHKA
3a/Ip2KaBajy LIUPUHY U TIyOuHYy Kopruta Mopase. Bp3aHcKo MOpaBUINITE je MPTBaja, HacTaIa
HIPUPOJHUM IIpecellalbeM BpaTa MeaHZpa, udja je CTapoCcT IPOIekheHa Ha MPeKo 130
roauHa. Bp3aHCcKo MoOpaBUINTE MMa U /IBe IpUBpeMeHe mpuToke I'paboBuk u KoBaHiyk.
Hbuma Bozia Teue caMo EPUOIUIHO, Y BpEMeE BIIaJKHE Ce30H€, WU IOBPEMEHO HAKOH jaunX
U IyroTpajHux najasuHa (MUHUCTAPCTBO 3a 3aAITUTY JKUBOTHE CPEUHE, 2023).

ITomopaBbe 0k0 baroumHe Hanasu ce y OKBUPY BETHMKOMOPABCKOT KJIMMATCKOT
peruona. OBo moApyyje KapakTepuille U3paKeHa KOHTHHEHTATHA KJIMMa €a CyBUM U BeoMa
TOILUIUM JIeTUMa M 3UMaMa Koje MOry fa Oyay Beoma xiaznHe. IIpocedHe ropwmiiibe
TeMIIEpaType Y OBOM peruoHy ce kpehy oxo 119C. KosnunHe nafjaBuHa cy peJIaTHBHO MaJjie
¥ He npesiaze 650 mm (MUHHCTAPCTBO 3a 3aIUTHUTY KUBOTHE CPENNHE, 2023).
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Bapa je ca cBuX CTpaHa OKpY:KeHa bHUBaMa OKO Koje pacty Bpbe. HajkpynHuje u
Haj3HAUYajHUje NPOMeHe Y MPETXOAHNX HEKOJIUKO JEelleHuja Koje Cy ce Jiecusie TU4y ce
3HAYAjJHUX XUAPOJIOUIKUX ITPOMEHA Yy CMUCJIY OIIITEr CMambUBamba HUBAO Boje. Hekazna
jako mob6po pasBHjeHAa MOYBApHA OJAHOCHO BOJIEHA BeTeTalHja JlaHAC je IPAKTUIHO
MOTIyHO Hectasia. OBO ce MOKe 00jaCHUTH YHILEHHUIIOM /Ia je BOJHHU PEXUM y 0BOj 6apu
JlaHac 3HATHO n3MemeH (MUHHICTapCTBO 32 3allTUTY *KUBOTHE CPEJIUHE, 2023).

Hekana riaBHa Gapa Ha jyry MpTBaje, aHac je NMPETBOpeHa y Iinhak KOju JIeTH
MOTIIyHO npecy1iyje. Herito Buille BojieHe Mace HAJIa3u Ce y OCTAJIOM /ieJly MPTBaje, ajiu U
0OBa BOJ]a TOKOM jaKO CYIITHUX JIeTa IOTIyHO npecyiyje. OBa YHbeHUIIA I0BeJIA je 10 Tora
Jla aHac BOJIEHA BereTaryja IpPakTUIHO OJICYCTBYje, a OeJIe)KMMO caMo IPUCYCTBO BPCTE
Salvinia natans. Ha mpoctopy Bp3aHckor MopaBuilTa 3a0eyIeXKeHO je YKYIHO 9 BpCTa
BO/I03eMaBIIa ¥ TMU3aBaria (IeT Bpcra Bofo3eMalia 1 4 Bpere rmusasara) (MuHHCTapCTBO
3a 3aIITUTY )KUBOTHE CPeJUHE, 2023).

VYupasspame CrenujaTHUM pe3epBaToM INpHpoje ,bpsancko mopasumre, Biama
Peny6stiike Cpbuje moBepruia je JaBHOM npexnysehy ,3oo0somku BpT* u3 Jaroxuue. Ha
OCHOBY BaJIopH3anuje mpocropa Bp3aHckor MopaBHINTa IPOLERYje Ce 1a OHO HUCITyHhaBa
YCJIOBe 32 3aIUTUTY [TOCEOHO IeHeNr HheroBy ayTeHTUYHOCT, PENPE3eHTATUBHOCT, PETKOCT
M OYYBAHOCT. 3amTUNeHO MPUPOIHO /100po ,Bp3aHcko MopaBHINTE® je y Mamwoj] MepHU
U3MeHeHO MPUPOJHO CTAHUIITE U 3a [jajbe OUyBalbe IHherOBHX IPUPOJHUX BPEAHOCTU
HEOIXOHO je cmpoBoljere oxroBapajyhux Mepa akTuBHe 3amrture. M3 Tor passora
ycrocTaB/beHa je mpuMeHa pexxuma II u III cremeHa 3amTure. Y IWBY CMarberma
HETaTUBHUX YTHUIIaja YOBEKOBUX AKTHBHOCTH y OKOJIMHHU pe3epBaTa Ipejiake ce U
OJIpeKUBakbe 3aIUTUTHE 30He (MUHUCTAPCTBO 32 3AITUTY JKUBOTHE CPEZIHE, 2023).

H3eopu nodamaxa

3a ananusy cy kopuiitheHu Sentinel-2 myntucnekrpanau caumiu (ESA, Copernicus pro-
gram), IPOCTOpHE Pe30JIyIrje 10 m. YKYITHO je aHATU3UPaH BPEMEHCKU [IEPUOJ, Off 2017.
JI0 2024. TOAWHE, IpU YeMy cy ofabpaHHM CHUMIHU ca obsavHoirhy mMamoMm of 10%.
Kopumrthenu cy Level-2A! (Bottom-of-Atmosphere reflectance) mpoaykTu, koju caapixke
aTmMocdepcku kopuroBase Bpeanoctu. [lofatke cam mpeyseo ca Copernicus Open Access
Hub niardpopme. 3a o6pauyH BereTariuoHux uHAekca kopuirthenu cy 6eunosu: B4 (red),
B8 (NIR), B11 (SWIR), xao u B3 (green) y ckyiamy ca nepUHHUIIOM TOjeAMHUX UHAEKCA.
[ToTeHIMjaTHO MPUCYCTBO 00JIaKa, CEHKY M M3MAIJINIe KOHTPOJIUCAHO je KOpUIhemeM
Scene Classification Layer-a (SCL) koju je meo Sentinel-2 Level-2A npousBoza. CHUMITH ca
YOUEHHMM MMPUCYCTBOM OBHUX KJIaca HUCY Y3UMAaHU Y aHAJIU3Y.

Y mwby HpolleHe CTamka U JIeTpaJialiije BEreTallOHOT ITOKPHBAaua Ha IIPOCTOPY
CrenjastHOT pesepBaTta npupose ,bpsancko MopaBuinTe” kopuitheHU €y PasjIMUUTH
CATEJINTCKU BETeTAIlOHU U MH/IEKCHU Bjlare. AHaIN3a je 00yXBaTIIIa IEPUOJ Of] 2017. 10
2024. TOJIUHE, IIPU UeMY Cy ITOCMaTpaHa YeTHPH Pelpe3eHTaTHBHA Mecela — MapT, Maj, jyJi
U centeMbap — KOju OAroBapajy KJbydHHM (azaMa BereTallMoOHOT nuxiyca. Ha ocHOBY
MeCeYHUX BPETHOCTH U3PaUyHaTe Cy U IPOCEUHE FOUIIIIHE BPEIHOCTH CBAKOT HH/IEKCA.

! Tlomany HUBOA 2A cy IOJAIY BUCOKOT KBJINTETA I/le Cy UCKJbyueHHU edekTu aTMocdepe Ha CBETJIOCT
Koja ce pediekTyje o7 MOBpIIMHE 3eMJbe U JocieBa 0 ceHzopa. [loanu cy JOCTYIIHU IIMPOM CBETA
ox mapra 2017. rogune (Copernicus Data Space Ecosystem, 2024).
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CBU caTeJIUTCKY CHUMIIM Cy TIpey3eT, obpaljenu u aHanusupanu y nporpamy QGIS,
T7ie Cy u3padyHaBaHH Bereranuonu unjaekcu (NDVI, NDMI, NDWI, VCI u LDI), BpieHa
knacubduKanyja BpegHOCTH U wuspaleHe TemaTcke Kapre. CraThcTHYKa aHaIM3a
nobujeHNX TMozpaTaka (padyyHame Ce30HCKUX U TOAUIIBUX CPEAbHX BPETHOCTH,
Bapujalyja, Kopejandja U IpUKa3 y BuAy Tabera u rpadukoHA) CIpoBefieHA je y
nporpamy Microsoft Excel.

Crambe Bererariyje IIpe/icTaB/ba BOKAH UH/IUKATOP EKOCHCTEMCKHX YCIOBA U 3/IpaBiba
NIPpUPOAHUX CTAHUIITA. HpI/IMeHOM CaBpEMEHUX MeToJa Ja/bUHCKOI' CEH3WHra Hu
reomnpocropHe ananr3se moryhe je mpaheme rycruse myma, CTpyKType 1 pacrozee apeeha
Ha BeJINKUM TepuTopujama. KomOHHaIja caTeTMTCKUX CHIMAKa, MH/EKCa BereTanuje Kao
mto je NDVI u GIS texHosoruja omoryhasa npernusHo ofpeljuBatbe rycTuHe Bereraiyje,
naeHTH(UKAIjy TPOMeHa y IOKpHUBavy TjIa U IIPOIeHy YTHUIAja JbYACKUX U IPUPOIHUX
daxkropa Ha ekocrcreme. TakBa aHaIM3a je MoceOHO 3HAYajHA Y YIIPaBJbaby 3alITHNEHNM
noapyJyjuMa, jep omoryhaBa youaBambe Jerpajainyje, IUIAHHPAame Mepa B3alllTUTE U
OZIp2KMBO Kopuitherwe mpupoHux pecypea (Valjarevié et al., 2018).

Memodoao2uja

3a aHayIM3y Bereraryje 1 MPUIPEMY CATEJIMTCKUX CHUMAaKa KOPUCTE Ce Pa3/IMIUTE METOZIE
pacrepcke obpaze, ykpydyjyhu eluMuHAIuMjy objaka M u3MarJuie, mro oMoryhasa
TIpeIU3HO U3pavyHaBambe BereTalinonux uuzjekca (Valjarevic et al., 2024).

NDVI (Normalized Difference Vegetation Index)

3a MpoIeHy CTama BEreTalyje YecTo Ce KOPUCTE CATESINTCKA CHHUMI[A M BEreTalloHU
uHJIeKcH, kao mto je Normalized Difference Vegetation Index (NDVI). NDVI omoryhasa
wiacuuKanujy MOBPIIMHA [0 TYCTHHU BereTalyje U KOMOWHOBale ca JPyruM
MIPOCTOPHUM MMOJAIIMa, KA0 LITO Cy KapTe IOKPOBA KPOIIHH, PA/IX IPENU3HHU]E TPOIeHe
6uomace u 3/1paBiba ekocucrema (Permatasari Putri Hartoyo et al., 2021).

Jlan/caToB HOPMAaJIM30BaHU WHIEKC padnuke Bereranuje (NDVI) ce kopucru 3a
kBaHTUGUKALM]y 3e€JleHWIa Bereranije W KOPHUCTAaH je 3a pa3yMeBame TIyCTHHE
BereTallyje 1 mpoIeHy IpoMeHa y 3/ipaBJby 6msbaka (Landsat Normalized Difference Veg-
etation Index, n.d.).

NDVI npezcrasspa jejad o7 Hajuelnrhe NprMemBUBaHUX HH/EKCA 3a Ipaherbe crama
Bereranuje. Bpegaocru ce kpehy oz —1 10 +1, Ipy YeMy BHUIIIEe BPEJHOCTH YKa3yjy Ha IycT
U 3/1paB BETeTAlMOHM IIOKPHBAY, /JIOK HIDKE BPENHOCTH YKasyjy Ha Jerpajialiyjy N
OJICYCTBO BeTeTaluje.

NDVI = (NIR — RED) / (NIR + RED) (1)
NDMI (Normalized Difference Moisture Index)

NDMI cy»xu 3a mpaheme caaprkaja Bjiare y Beretanuju. Buiite BpeTHOCTH yKa3yjy Ha 106po
XHU/IPUPAHy BereTanyjy, 0K HIDKe BPEIHOCTU MOTY YKa3UBaTH Ha CTPEC U3a3BaH CyIIIOM.

NDMI = (NIR — SWIR) / (NIR + SWIR) (2

IIpema o6jamrberby Rahman u Mesev (2019), NDMI je mapkep cazap:kaja Bijare y
KpOIIIEh1 OMJbaKa M CTOTA je HerOB IVIABHU OOMM IIPUMEHE U/IeHTU(UKAIja HUBOA BOAHOT
crpeca. Omiure TyMadere BOZHOT CTpeca U KapaKTEPUCTHUKA KPOLIe OU/bKe MOMONy
NDMI BpegnocTu mpukazaHo je y Tabemnu 1.
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NDWI (Normalized Difference Water Index)

OBaj UH/IEKC je ocMUIILBeH /1a (1) Makcumusupa pedJieKcrjy Bojie KopulthemeM 3eIeHUX
TQJIACHUX [y»KWHA; (2) MHHUMU3Upa HUCKY peduiekcujy OmKmer HWHOpPAIpBEeHOT
3payerha OJl BOJEHUX ejieMeHaTa; U (3) HMCKOPHUCTU BUCOKY pedJieKcHjy OJIIDKEer
uHGpaAIpPBEHOT 3paverma Of] Bereramuje W 3emsbuinTa. Kao pesyarar Tora, BoJeHU
eJIeMEHTH UMajy IIO3UTHBHE BPEITHOCTH U CTOTA Cy II0jaYaHH, IOK BereTanuja 1 3eMJbUIITE
0OMYHO MMajy HyJITe WJIN HETaTUBHE BPEJHOCTH U crora cy norucHyte (McFeeters, 1996).

NDWI ce kopucTH 32 WIeHTHGUKAIU]Y BOJIEHUX IOBPIIHUHA, &JIA U 32 IPOIEHY BOJHOT
ca/ipkaja y BereTauju.

NDWI = (GREEN — NIR) / (GREEN + NIR) (3)
LDI (Land Degradation Index)

LDI nmpejcraBba UHIUKATOP Jlerpafalivje 3eMJbHINTA, U3BEIEH HAa OCHOBY JIyTOPOYHHX
TpOMeHa BereTalMOHNX WHAeKca. [103UTHBHe BpPEOHOCTH YKa3yjy Ha CTabwiaH WA
1060JBIIIAH BEreTAIINOHN IIOKPUBAY, IOK HETaTUBHE YKa3yjy Ha JIerpaialujy.

3a mpaheme crama 3eMJBHINTA U JleTpasialiije MPUPOJHUX pecypca Ha JIOKAITHOM
HuBoy kopuctu ce Land Degradation Index (LDI), koju mokasyje cTeleH Jerpajiaiuje
TepeHa W oMoryhaBa yHOpeHy aHAJIN3Y Pa3JIWIUTHX HoZApydja ysumajyhu y ob63up
npupozHe u anTpororeHe dakrope. IIpumenom LDI-a mory ce unenTrudukoBaT 061aCTH
ca BHCOKMM PH3UKOM Of JieTpajialiije M IPEIJIOKUTH Mepe 3a OYyBame IPHUPOIHOT
KaIuTasaa 1 Ofp>KUBO KOpHIITheme pecypea

3a mu3pauyHaBame HHZEKCcA Jerpajjanije 3eM/bUINTA IPUMeReHa je KoMOuHaIja
BUIIE BEreTAlMOHUX U WHJeKca Biare. ®opMysa Koja je KopuinrheHa y OBOM
HCTPaXKUBamy IJIACH:

LDI = 0.3 x NDVI + 0.2 x NDWI + 0.2 x NDMI + 0.3 x VCI (4)

OBaKBUM IIPHCTYIIOM /T0OMj€HA je CHHTEeTHYKA BPETHOCT KOja UHTErPHIIE PA3JIIIUTE
aclieKkTe cTarba BereTanuje — rycTuHy O6womace (NDVI), caap:kaj Bjiare y BereTanuju U
semspHiTy (NDMI, NDWI), Ka0 1 cTame Beretanuje y omHocy Ha myropoute ekcrpeme (VCI).

Texxuncku koedbunujentu y dopmynu 3a LDI geduHMCcaHN Cy TaKo Ja oApakaBajy
peJIaTUBHY 3HA4aj OjeTMHUX UHEKCca Y poIiecy Aerpazaiuje Bereramnuje. NDVI u VCI
nobujajy Behy TexxuHy (0.3), jep JUPEKTHO OfpaXkaBajy CTalbe U BUTATHOCT
BereTanoHor nokpusava. Ca apyre crpane, NDMI u NDWI nobujajy Mmamwy TeXUHY
(0.2), jep yriaBHOM IpezicTaBJbajy MHAUPEKTHE IOKa3aTe/he KPO3 Ca/ipikaj Bjare y
6mpKaMa U 3eMsbHINTY. OBakBa koMOuHanuja omoryhaea sja LDI UHTerpUIle U acleKTe
BereTaloOHOT pacTa U aclleKTe BJIaXKHOCTH, aJIU Y3 Harjlacak Ha BereTal[oOHU CTaTyc Kao
IIPYMAapHU UHAUKATOD Jerpajaruje.

IIpemsior kimaca 3a uHTepnperanujy LDI-a. Jla 6u ce mo6ujeHH pe3yaTaTh MOTJIU
KBaHTUGUKOBATH U TYMauUTH, IPUMeeHa je Kiacudukanuja BpeJHOCTH MHeKca Ha
IeT KaTeropuja:

e < —-30% — jaka zerpazianuja
e  —30% 1o —10% — ymepeHa Jierpajanyja
e —10% 10 +10% — cTabWIHO
e  +10% 110 +30% — yMepeHO MoGOJbIlIabe
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e > +30% — jako mo0OoJbIIaEbe

Knacudukanuja je ypah)eHa Ha ocHOBY pesatuBHe mpomene LDI-a y omHocy Ha
n3abpaHy pedepeHTHy TauKy (IIoueTHa TOAMHA CEPHje WA IIPOCEK 3a IIe0 TIEPHO).

VCI (Vegetation Condition Index)

Vegetation Condition Index (VCI) je mupoxo xopuithen uHukaTop 3a npaheme crama
Bereraiuje u crpeca yciez cyure. On ynopeljyje Tekyhy Bpemsoct Normalized Difference
Vegetation Index (NDVI) ca pacriorom NDVI BpeHOCTH 3a0€JIE3KEHUX Y HCTOM IEPUO/Y
nperxonuux roguHa. VCI ce u3paskasa y MpoOIEHTHMA U [IOKa3yje mosiokaj Tekyhe NDVI
BpeAHOCTH M3Mel)y MUHUMAaTHIX U MaKCHMaJIHUX MCTOPHjCKUX BpenHoctu. Brucoke VCI
BPEIHOCTH yKa3yjy 71a je NDVI 6,113y “CTOpHjCKOT MakcuMyMa, ok Hucke VCI BpemHOCTH
ykagyjy za je NDVI 6su3y neropujckor muauMyma (UNCCD, 2021).

VCI =100 * (NDVI - NDVI min) / (NDVI max - NDVI min) (Kogan, 1990)  (5)

NHpeke crama Beretanuje (VCI) ymopelhyje tpenyrar NDVI ca pacioHOM BpeAHOCTH
nmpuMeheHUX y HCTOM Ilepuofy mnperxonHux roawHa. VCI ce mspaxkasa y % u Jaje
IIPEZICTaBy O TOMe I/ie ce TpuMeneHa BPEAHOCT HaJIa3yu U3Mel)y eKCTPEMHUX BPEIHOCTH
(MI/IHI/IMaJ'IHe nu MaKCI/IMaJ'IHe) y NIpeTXOAHUM rognHaMa. Hipxke u Bumie BPE€AHOCTHU yKasyjy
Ha Jone U J0Opo crame Bereranuje, pecrnekruBHo. VCI Bapupa o] O 3a HU3Y3€THO
HEIMOBOJbHE YCJIOBe 710 100 3a onTtuMasiHe. NDVI max u NDVI min cy BHUIIETrO U
MaKCUMaJHU 1 MUHUMaTHA NDVI 3a mMUKces y OAHOCY Ha CHelubUIHy KJINMAaTOJIOTH]jy
(Symbiosis Institute of Geoinformatics, n.d.).

ITpuMemeHa je kiacuduKarija BpeIHOCTH HH/IeKca Ha 3 KJlace:

e  0—20% — eKCTPEeMHO JIOIIIH YCJIOBH / jaKa Jierpajaruja
e 21— 40% — HEIOBOJHHU YCJIOBY / yMepeHa Jierpajianyja
* 41— 60% — yMepeHU yCI0BU

e 61— 80% — mobpu ycioBu

e 81-100% — BpJIo 00pPHU / ONTUMATTHHU YCIIOBH

AHarumuuku nocmynaxk

e UspauyHaBame CBHX HaBeleHHX WHAekca BpiieHo je v QGIS okpyxkemwy,
kopurtheweM Sentinel-2 cHuMaxka.

e  3a cBaku Mecel] (MapT, Maj, jyJI, cenTeMbap) U3padyHaTe Cy BPeTHOCTH HHAEKCA
3a IIepUoj 2017—2024. TOJUHE.

e Jlobujene BpemHOocTu cy mpeHemneHe y Excel, rie cy uspauyHarte mpoceune
TOZIUIIIEbE BPEJHOCTH.

e lzpaljeHa je kKopesanuoHa aHaMM3a uU3Me)y HMHJEKCA Paaul yTBpH)HUBarba
Mel)ycobHe 3aBUCHOCTH.

e HaocuoBy VCI u LDI koHcTpyHcaHa je Maria pu3uKa Koja IIpruKasyje IpoCTOPHY
pacnoziesly pu3uKa o7 ierpazarje.

Mana pusuxa

VY mwwy upentTudukanyje 30Ha Koje Cy HAjOCET/bUBHjEe HA JETPAJIALN]y BETeTalIOHOT
moKkpuBaua, uspahena je kapra pusuka (Risk Map). 3a meHy uspamy mpuUMembeHa je
KOMOMHAIIMja /IBa UHJIEKCA:
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e LDI (Land Degradation Index) — CHHTETHUYKH HMH/IEKC KOji HWHTEIPHUIIE
NDVI, NDWI, NDMI u VCI, u Koju ofjpakaBa JyrOpOYHe IPOMEHE Yy CTaIby
BereTaque U 3eMJbHUIITHOT IIOKpHUBayva.

e VCI (Vegetation Condition Index) — wuHAEKC KOjU IpHKa3yje CTambe
BereTanyje y OHOCY Ha ekcTpeMHe BpesHoct NDVI y mepuoay 2017—-2024, u
KOju omoryhasa IpoIieHy TOMIIEFIX OCIIIIAIT]a.

O6a uHzEKCca Cy M3padyyHaTa 3a Mepuoj 2017—2024. TOAWHE Ha OCHOBY Sentinel-2
CHHMAaKa, a 3aTUM peKIacudUKOBaHA y IeT KaTeropuja (1 = IIOBOJHHO CTame, 5 =
HETOBOJbHO CTaIbe).

HakoHn peknacuduxkanyje, naaekc pusuka (Risk Index) usBezieH je kao mpocek kiaca

unzekca LDI u VCI no cBakom nukceity, npumeHoM ¢opmye y QGIS-y:

o L-Djr.'fas.w + chr.'fas.v
2

R
(6)

HO6I/IjeHe BPE€AHOCTU MHEKCa R KaTeropucatne Cy y €T Kiaca pu3uka, ImpemMa CJ'[e}IehI/IM
HUHTEpBaInMa:

1.0 < R < 1.5 (6e3 pusuka)

1.5 < R < 2.5 (HU3aK pU3HUK)
2.5 < R < 3.5 (cpenmu pU3uK)
3.5 < R < 4.5 (BUCOK pHU3UK)
5. R = 4.5 (BpJyi0o BUCOK PHU3HK)

@b

Ha oBaj HauuH f06ujeHa je ¢pHUHATHA Mama IPOCTOPHE PacIiofieie pU3uKa Jierpajaiuje
Bereranyje, Koja oMoryhaBa H3/Bajarbe 30HA €A PA3IMIUTHAM CTEIEHOM YTIPOXKEHOCTU
yaytap CPII ,,bp3aHcko MopaBuIiTe”.

Komb6uHamuja oBa iBa MHIEKca oMoryhuia je u3/iBajame 30Ha IIpeMa CTelleHy pU3HKa:

e Hwusax pusuk — moapydja ca crabwinuM BpeaHoctuma LDI u VCI, rze je
BereTaluja y IOBOJbHOM CTAbY.

e Cpeamu pU3HK — NIOZpyYja ca YMEPEHUM BPEIHOCTHMA HH/EKCA, KOja MOTY
6UTH OCceT/bHBa HA IIPOMEHE Y KJIIMMATCKUM YCJIOBHMA M AHTPOIIOTEHOM YTHIIA]y.

e Bucok pusuk — 30He ca HuckuM BpemHoctuMa LDI u VCI, koje ykasyjy Ha
H3paXkeHy Jlerpajialiyjy BereTalMOHOr IIOKpUBAaua U IMOTEHIUjaJIHO YTPOXKeHe
eKocucTeMe.

Nspazna kapre pusuka ypahena je y QGIS okpyxemy, IpUMEHOM KiiacHbUKAIHje
BPETHOCTH MH/IEKCA U FBbUXOBUM IIPOCTOPHUM IpekjanameM. Ha oBaj HauuH 106ujeH je
WHTerprcaH KapTorpadcky IpHKa3 MPOCTOPHE pacliofieie pUusuKa Jierpajaluje YHyTap
CrenujayiHOT pe3epBara Ipupose ,,bpsancko MopaBumite®.

PesyiaraTu
Y oBOM TOIVIaBJ/bYy NMPUKA3aHHU Cy PE3yJITAaTH aHAIW3e BereranvioHux wHpekca (NDVI,

NDMI, NDWI, LDI, VCI), kopenanuoHe aHaJIU3€e U KapTe pu3rKa 3a mpoctop CrienujasrHor
pesepBara mpupoze ,bpsaHcko MopaBumTe® y ImepuoAy 2017—2024. Pesynratu cy
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OpraHU30BaHU II0 WHAEKCHMA, IPHU YeMy Cy INpeICTaBbeHH U rpabuduku (Tabene u
JiFjarpaMu) U kapTorpadcku MpuKasu 1001jeHUX BpeJHOCTH.

NDVI

HopwmanmuzoBanu unzekc Bereranuje (NDVI) npesicraB/ba OCHOBHH HH/IUKATOP TYCTUHE U
BUTQJIHOCTH BETeTAI[OHOT MOKpuBava. Bpemnoctn NDVI-a Ha moapydjy CrenujasiHor
pesepBara npupoze ,bp3aHcko MopaBHUINTE” y MEPUOAY 2017—2024 IOKA3yjy CTAOWIIHE,
aJIv ¥ Ce30HCKU yCJIoBJbeHe Bapujanyje (Tabena 2).

ITpoceune roauime BpeaHoctu NDVI-a Gesnexe 61aro mosehame, ca 0.54 y 2017.
TOJIMHHU Ha 0.62y 2024. TOAWHY, IIITO YKa3yje Ha peJIaTUBHY CTAOMJIHOCT ¥ Moryhu 6Jiar
Halpenak y cramy Bereraruje. OBaj TpeHZ je HAPOYHTO YOUJBHMB Y IOCJIEJHBUM
roJlHHaMa UCTPaXKHUBaha, I'/le BpEAHOCTH y MapTy U Majy Oesiexe BUIIH HUBO Y OZHOCY
Ha IMMOYETHU IIEPUOA.

Cesoncka auHamuka NDVI-a mokasyje ouekuBaH obpasarr;

e Mapr Genexxu HajHWKe BpeAHocTH (0.23—0.37), LITO OArOBapa MOYETKY
BEreTaI[OHe CE30HE.

e Maj mokasyje 3HauajaH pact (0.40—0.68), ayiu ca Behum Bapujarujama usmely
roauHa (HIIP. HUYKE BPEAHOCTH Y 2017. ¥ 2019, BUIIE ¥ 2018. 1 2024).

e Jya u cenTeMOap JOCTIDKY HajBuille BpeaHoctu (0.68-0.78), mTo oxrosapa
MakcuMyMy (OTOCHHTETCKE aKTUBHOCTH U CTA0OMIHOCTH BETETALIV]E Y JIETEHEM U
PaHOj jecermeM Mepuoy.

Tabena 1. Bpednocmu NDVI undekca (noenedamu y eHaneckoj 8ep3uju mexcma, cmp. 545)

I'paguxon 1. IIpoceure meceure spedHocmu NDVI unoekca 3a nepuod 00 2017. 00 2024. 200uHe
(noznedamu y eneneckoj sep3uju mekcma, cmp. 545)

I'paguron 2. Ilpoceure 2oduwirbe spedHocmu NDVI undekca 3a nepuod 00 2017. 00 2024. 200uHe
(noznedamu y eneneckoj sep3uju mekcma, cmp. 545)

IIpukazane kapte NDVI uHzekca 3a 2017., 2020., ¥ 2024. TOAUHY TI0Ka3yjy pOceYHe
TOZIUIIEE BPETHOCTH 32 U3abpaHe IepUo/ie U jJaCHO IIPUKAa3yjy I7/ie ce ¥ IIPOCTOpy Hatase
onpeljeHe KaTeropuje BereTaimje.

Tabena 2. Kaacugukayuja NDVI undexca (noeaedamu y eHeneckoj 8ep3uju mexkcma, cmp. 546)

Cauxka 2. Kapme NDVI undekca 3a 2017., 2020., u 2024. 200uHy (no2aedamu y eHaneckoj eep3uju
mekcma, cmp. 546)

Ananmusupajyhu kapte NDVI umzekca 3a 2017., 2020., U 2024. TOAUHY MOXKeE Ce
youuTy noBehame BOIEHUX IIOBPIINHA KPO3 BPEME, Ko U Jia HajBehH /1e0 HCTPasKUBAHOT
[IOJIpy4ja YMHU 37JpaBa U IycTa BereTanyja.

NDMI

HopmanuzoBanu unzekc Biaare (NDMI) kopumrheH je 3a mpolieHy caapikaja Biare y
BEreTanyju.

Tabena 3. Humepnpemayuja NDMI-ja y cmucay Husoa 800HO2 cmpeca u Kapakmepucmuka
noxpuserHocmu kpowme. Hzeop (P.V. Lykgovyd, V.O. Sharii, 2024) (no2aedamu y enaneckoj 8epauju
mexkcma, cmp. 547)

Tabena 4. Bpeonocmu NDMI undexca (noenedamu y eHaneckoj 8ep3uju mexkema, cmp. 547)
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IIpoceune ropuime BpengHocT NDMI-a kperasie cy ce y pacloHy 0.08—0.16, ipu
JeMy je yOwbHB OJiar mopacT y HOBHjUM roguHama (2020-2024). OBo ykasyje aa je
Bereralyja y HCTPAKUBAHOM IIEPUO/Y YIJIABHOM OJIp:KaBajia cTabuiaH BOJHU CTATyC, V3
61ary TeHZIeHIIHjy T000JbIIaha Y 3aBPIIHIM FOAMHAMA.

Cauxa 3. Kapme NDMI undekca 3a 2017., 2020., u 2024. I'o0uny (noeaedamu y eHaneckoj eepauju
mexcma, cmp. 548)
Pesysrraty okasyjy /a je y MapTy UHZIEKC Hajuenrhe nMao HeraTUBHe BpegHOCTH (07
—0.16 10 —0.01), IITO yKa3yje Ha c1ab 70 yMepeHO ¢y1ab BereTaloOHU IOKPUBAY IIOJ,
BHCOKHM BOJJHUM CTPECOM.

Y wmajy NDMI OGenexxu 3HauajaH mopact (0.02—0.23), aqd ca HU3PAUKEHUM
Bapyjanujama usMmel)y ronusa. Tako je y 2019. ronuan NDMI 6uo Bpito Hu3ak (0.02), mTo
yKa3syje Ha ymepeH Nnokpueay nod 6UCOKUM 800HUM CMPecoM, IOK je 2024. JOCTHrao
HajBUIIIE BPEAHOCTU Yy IEJIOKYITHOM Iepuoay (0.23), IITO IPEJCTaB/ba YMeEpPeHO jax
8e2emayuoHU NOKpUBAy N00 HUCKUM 800HUM CIMPECOM.

V jysly MHZIEKC TOCTIDKE CBOje HajBHIIe BpEHOCTH (0.26—0.32), IIITO OATOBapa YMepeHO
Jjaxom eezemayuoHoM noOKpueauy ca HUcKUM 800HUM cmpecom. V13y3eB 2017. TOAUHE, Y
CBUM OCTJIMM TOZITHAMA BPEHOCTH Cy PEeJIaTHBHO CcTabMIHe U 6e3 Behux ocIiwianmja.

Cenrrembap mokasyje ymepeHe BpemHocTu (0.14—0.26), mrto ymyhyje Ha ymeper
8e2emayuoHU NOKpusay nod ymepeHum 00 8UCOKUM 800HUM cmpecom. OBU Pe3YJITaTH Cy
y CKJIaZly ca 3aBpIIETKOM BEreTal[IOHOT IIMKJIyCca U IIOCTEIIEHUM I'YOUTKOM BJIare.

I'paguron 3. Ilpoceure zoduwirbe epedHocmu NDMI undexca 3a nepuod 00 2017. 00 2024. I'oduHe
(noznedamu y eneneckoj sep3uju mexkcma, cmp. 549)

NDWI

Ha ucrpaskuBaHoM mozpyyjy cBe 3abesiexxeHe BpeHocTri NDWI-a 6uste cy HeraTuBHe (—
0.32 710 —0.68), 11ITO yKasyje Zja yHyTap pe3epBara JOMIHIPA BETETALK]ja U 3eMJBHIITE, T0K
BOJI€HE TIOBPIIKHE HUCY OIUIE Y IOBOJPHOj MEPHU 3aCTYIUbEHE /1a OU reHeprcasle O3UTHBHE
BpenHOCTH HHAeKca. OBO je y CKJIaJly ca IPUPOJHUM KapaKTepUCTHKaMa MoApydja, Tie Cy
BOJI€HA TeJIa OTPaHIYEHOT 0OUMa U He IIPEZCTaB/bajy IOMUHAHTAH eJIEMEHT I1ej3asKa.

IIpoceure roauiite BpegaocTd NDWI-a kperase cy ce uzMmel)y —0.45 (2017) u —0.57
(2018), 6e3 3HaUajHUX OCITUJIAIIMjA Y HApEAHUM roguHama. OBH pe3ysITaTu MOTBpYYjy Aa
BEreTalliOHN ITOKPUBAaY Yy WCTPAXKUBAHOM IIEpHOZYy HHje OWO mOIokaH Behum
mpoMeHaMa y BOZHOM cazp:Kajy, Beh je oap:kaBao crabuiaH CTaTyc ca yOUbHBUM
CE30HCKUM OCLHIAIFjaMa.

Tabena 5. Bpeonocmu NDWI undekca (no2aedamu y eHaaeckoj 6ep3uju mexkcma, cmp. 549)

Cauxka 4. Kapme NDWI undekca 3a 2017., 2020., u 2024. I'oduny (nozaedamu y enzaeckoj 8epauju
mekcma, cmp. 550)

I'paguxon 4. IIpoceune epednocmu NDWI undexca (noenedamu y eHaaeckoj eep3uju mexcema,
emp. 550)

Cezoncka guHamuka NDWI-a nmokasyje fja ¢y y MapTy BPEITHOCTH YMEPEHO HUCKe (—
0.32 10 —0.41), IIITO O/IpakaBa CTabWIaH, aJIM OTPAaHUYEH CAJIPIKaj BJIare y Mo4eTHoj ¢pasu
BETeTaINOHOr [UKIIyca. Y Majy U jyiy Oesexe ce HajHMKe BpenHOCTH (10 —0.68), mro
VKasyje Ha I0jayaH BOJAHHU CTPEC M CMameH BOAHU Cazpikaj y OMJBHOj OMOMAacu TOKOM
HajUHTEH3UBHUjer mepuosia (oTocuHTETCKe aKTUBHOCTH. CenTeMbOap KOH3UCTEHTHO
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Oenexxu HajHIKE BpegHocTH (—0.62 10 —0.68), mTO je y CKIaAy ca 3aBPIIETKOM
BereTanroHe CE30HE U ITOCTEIIEHUM I'y6I/ITKOM BJIare.

IIpoceure roaviie Bpeaaoctd NDWI-a kperase cy ce uzmel)y —0.45 (2017) u —0.57
(2018), 6e3 3HAUajHUX OCIIUIAIMjA Y HApeMHUM roguHama. OBu pe3ysrratu HOTBPYyjy aa
BEreTAlOHN IMOKPHWBAY Yy WCTPAKUBAHOM IEPHOAY HHje OWO MO[IokaH Behum
mpoMeHaMa y BOJHOM Cajip:kajy, Beh je ofp:kaBao crabmiaH CTaryC ca yOUbHBHUM
CE30HCKUM OCLJIaIjaMa.

LDI (Land Degradation Index)

WHpekce nerpaganyje Bereranyje (LDI) aHasu3upaH je y Be BapujaHTe:
e Yy OIIHOCY Ha MOYETHY FOAUHY cepHje (2017), Koja je y3eTa kao pedepeHTHA
TayKa 3a nmpaherme mpoMeHa Kpo3 BpeMe, U
e Y OAHOCY HA IPOCEK 3a IEeJIOKYITHU Iepuoj (2017—2024), KOj! ITPEJICTaBIba
HEYTPaJIHy OCHOBY 3a IPOILIEHY O/ICTYTIaba OjeTHAYHHIX [O/IHHA.

Kazma ce 2017. roguHa y3Me Kao IIOYETHA, CBe HapefHe TOJUHE IIOKasyjy HIKE
BpengHoctu LDI-a y pacnony ox —38% 10 —45% y omHocy Ha mosjasHy Taduky. OBo HX
CBpCTaBa y KJIacy jake Jlerpazaliyje, ITo yKasyje /1a je HAKOH ITI0YeTKa IePHO/Ia JOIIJIO JI0
HAIJIOT [1a/1a ¥ Z]a Ce CUCTEM HUje BPaTHO Ha IOYETHU HUBO.

Tabena 6. Bpeonocmu LDI undexca (2017. 200una kao peepenmma) (noeaedamu y eHeneckoj
eep3uju mexcma, cmp. 551)
PedepenTHa BpeZHOCT: 0.769 (2017).
®opmyia: A (%) = (LDIrox — LDI2017) / LDI2017) x 100

Tabena 7. Bpeonocmu LDI undexca (npocex 2017. — 2024. 200uHa xao peghepenmna) (noenedamu y
eHaneckoj eep3uju mexkema, cmp. 551)

Kama ce 2017. romuHa y3Me Kao IOYETHA, CBe HapeIHe TO/MHE TOKa3yjy HHUMKe
BpenHoctu LDI-a y pacriony og —38% n0 —45% y ozmHOCy Ha mosasHy Tadyky. OBoO mx
CBpCTaBa y KJIacy jake Jierpajiaiyje, IITo yKasyje Jia je HaKOH IoueTKa epuoza OO0 J0
HArJIOT TaJia U JIa Ce CHCTEeM HUje BpaTHO Ha MOYEeTHU HUBO.

Cauxka 5. Ynopeouu npuxas LDI undekca 3a nepuod 00 2017. — 2020. 200uHe (nozaedamu y
eHaneckoj eep3uju mekema, cmp. 552)

Cauxka 6. YnopedHu npuka3 LDI undekca 3a nepuod 00 2020. — 2024. 200uHe (no2aedamu y
eHzneckoj eep3uju mekema, cmp. 553)
C apyre crpaHe, Kajia ce Kao pedepeHTHU y3Me MpOCceK 3a Ieo mepuos (=0.486),
nmobuja ce n3basaHCUpaHUja CIUKA. Y TOM CIIy4ajy:

e 2017. O[CTylla IMO3UTHBHO 3a OKO +58%, INTO je cBpcTaBa y Kjacy jakor
100OJbIIIALA;

e 2018. 1 2024. UMajy BPeAHOCTH OJIHCKe IpoceKy (—3% 10 —4%) U OLierby]y ce Kao
crabuiHe;

e  Iepuoj o7 2019. 10 2023. MOKa3yje OACTyIarma of, —10% 10 —13% y ogHOoCy Ha
IIpOCeK, 1To yiyhyje Ha ymepeHy aerpagarujy.

OBaKBUM JBOCTPYKHUM IIPHUCTYIIOM ITIOKA3aHO je 1a u360p pedepeHTHE TauKe 3HaYajHO

yTU4e Ha UHTEPIpEeTAlujy Pesy/Tara: ako ce [ocMaTpa y OJHOCY Ha IOYETHY TOAUHY,

youaBa ce jacHO IOTopIIarbe, IOK aHAJIN3a Y OAHOCY Ha ITPOCEK YKasyje Ha cTabMIHOCT ca
6J1aruM oCIIUIAIljaMa U yMepeHy JIeTpasiaiyjy y BehiuHU roJiHa.
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V(I (Vegetation Condition Index)

Y ananu3su 3a mepuoz 2017—-2024, mpoceune BpeaHoctu VCI kpeTasie ¢y ce y UHTEPBAJIY Off
67.24 (2017) no 79.70 (2018). HajH:ke MUHUMAaTHE BPeTHOCTU (14.77 Y 2022. TOAUHH)
yKagyjy Ha IIOCTOjatbe JIOKAIM30BAHUX 30HA I10/] H3PA3UTUM CTPECOM, JIOK Cy MAKCUMAJTHE
BpeaHoCTH Ourie crabmwine (81—94), mrto motBpljyje 1a je y CBUM rofijiHama /Ieo Bererarje
0CTao0 y OITUMATHOM cratby. CTaHzap/Ha [eBrjaruja ce nopehasasia y KacCHHUjeM HEPUOY,
o ynyhyje Ha pacryhe mpocropHe pasiivke yHyTap pesepBara.

Cauxka 7. Ynopeonu npuxas VCI undexca 3a nepuod 00 2017. — 2020. 200uHe (noz2aedamu y
eHa/1ecKoj 8ep3uju mexcma, cmp. 554)

Cauxa 8. Ynopednu npuxas VCI undexca 3a nepuod 00 2020. — 2024. 200uHe (nozaedamu y
eHenecKoj sep3uju mekcma, cmp. 554)

Tabena 8. Bpeonocmu VCI undekca (nozaedamu y emeneckoj 8ep3uju mekema, cmp. 555)
Mana pusuxa

AHanu3a MpocTopHe paclo/iesie pU3KKa JIerpajjanije Beretanyje y mepuoay 2017—2024
ToKa3asia je 3HauajHe Mehyroauiime ocmianyje yHytap CPII ,,Bp3aHcko MOpaBHIITE".

¥ 2017. roguHM, Koja je y3era Kao pedepeHTHa, JOMUHHUPAO je HU3aK PU3HNK (52,92%),
JIOK je yZieo cpeAber PU3UKa U3HOCHO 6,72%, a BUCOK U BPJIO BHCOK PU3HK OWIIH cy
3aHeMapsbuBH (1,07% ykynHO). OBa CTpYKTypa yKasyje Ha PeJIaTUBHO CTaOWMJIHO CTambe
BereTaIFIOHOT IOKPHBAaYa Ha OYETKY AaHAJIM3UPAHOT [IEPHO/IA.

Hapemaux roHa youasa ce nmocrerneHo nosehame pusuka. Beh 2019. rogute Hajsehun
Jleo pe3epBarta 610 je y kareropujama cpeamer (35,49%) 1 Huskor pusuka (18,76%),
JIOK je BUCOK PU3MK JIOCTHTao 4,28%.

Hajkputnunuja je 6uia 2022. roAWHA, Kaja je KaTerophja cpeamer pUu3uKa
JIOMUHMpAIa ca 42,94%, 0K je 4ak 15,67% MOBpIINHE OUIO y KATErOpUjH BHUCOKOT
pu3HKa, a 2,88% y Bp/10 BUCOKOM pu3uky. OBO IpezicTaB/ba BPXYHAI] JerPaIalliOHHIX
[poIieca y YNTaBOM IIEPUO/LY aHAJIU3E.

VY 3aBpIIHUM ToAMHaMa aHaauze (2023—2024) youaBa ce M3BECHA CTabWIM3aIiuja:
y/1e0 BUICOKOT pU3HKa CMarbeH je Ha 3,81% (2023) u 2,52% (2024), TOK je BPJIO BUCOK PU3UK
0CTa0 PeJIaTUBHO KOHCTaHTaH (3,11% y 2023, OMHOCHO 2,46% y 2024). McTOBpeMEHO,
HajBehu eo mozapyyja je 610 y KaTeroprjaMa HU3aK A0 CPEeTHH PUBHK, IIITO YKa3yje Ha
JIeTMMUYAH OMTOPaBaK BereTalyje HakKOH 2022. TOJUHE.

I'pagukon 5. IIpoyenmyanHa pacnodeaa pusuka no 200uHama (no2aedamu Yy eHaneckoj eep3uju
mekcma, cmp. 555)

I'paguxon 6. Kpemare kamezopuja puduxa kpo3 epeme (no2aedamu y eHaneckoj eep3uju mexkcma,
cmp. 556)

Cauka 9. YnopedHu npuka3 mana pusuka 3a nepuod o0 2017. — 2020. 200uHe (nozaedamu y
eHeneckoj eep3uju mekecma, cmp. 556)

Cauxka 10. YnopeOHu npuxkas mana pusuka 3a nepuoo o0 2021. — 2024. ['odune (nozaedamu y
eHa/ecKoj eep3uju mexkema, cmp. 557)

CyMupaHo 3a I1eo Iepuoj, IPoceyHe BPeJHOCTH MTOKa3yjy /Ja je HU3aK PU3HUK OU0
JOMUHAHTaH (= 50—60% YKyIHe HMOBPIIKHE), IOK je CPeJbH PU3HK YHHUO 30—40%.
Y1eo BHCOKOT U BPJIO BHCOKOT pu3uKa kpehe ce ox 5% 10 20% y HajyrpokeHUjUM
roguHama. Kareropwuja ,,6e3 pusuka“ roToBo je 3aHeMapsbuBa (<1%).
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OBu pe3yJsiTaTH yKasyjy Jia je MpOoCTOp pe3epBara YIJIaBHOM y CTakby HHCKOT O
cpeamber pu3HKa, ajli ca U3Pa3UTHM JIETPA/IAIlOHIM ermu3ozamMa (HIIp. 2022) Koje ¢y
BEepOBaTHO YCJI0BJbEHE KOM6I/IHaHI/IjOM KJIMMATCKHUX EeKCTpemMa u JIOKQJITHUX
aQHTPOIIOTeHUX yTHIIAja.

Huckycuja

Pesynratu ananuse uHaekca Bereranyje y CPII ,Bp3aHcko MOpaBHUIITE” TOKa3yjy Aa je
IIPOCTOP y MEPUOAY 2017—2024. TOJUHE YIJIABHOM 3a/Ip)Kao CTabIUIHO CTambe, aju ca
YOWBHBUM CE30HCKMM ¥ MehyromumsuMm Bapujanujama. Hajseha cuara mpumene
CaTeJINTCKUX IT0/IaTaKa oIjiesia ce y MOoryhHOCTH J1a ce pa3jINIuTH HHAEKCH KOMOUHY]Y U
ynopelyjy, uume ce mobuja cBeoOyXBaTHHMja CJIMKA JMHAMHUKE Jerpajandje u
pereHepanyje BereTaryje.

NDVI ykasyje Ha 6iyaro noBehame YKyImHe BUTAJIHOCTH BereTallje TOKOM
ITOCMATPAHOT IIEPHO/IA, Y3 N0jeHe [a/I0Be Y KPUTUYIHUM roguHama. NDMI je motBpano
Jla ce BJIAXKHOCT y GOMAacH yIJIaBHOM O/ip»KaBasia Ha IIOBOJBHOM HUBOY, HAKO CE YOUaBajy
CylIHUje enmu307ie, HapOYHuTO y JieTeM mepuony. C apyre crpane, NDWI mnokasyje na
VKYIIHAQ PaclpOCTPA-EHOCT ITOBPIIMHCKUX BO/Ia HEMa 3HAYAJHUJU TPEH]| IPOMeHa, aylu
JIOKQJTHO yTHYe Ha pereHeparijy Wil Aerpafanyjy CyCeTHUX BereTaIl[OHUX [IeTMHA.

VCI je moka3zao /ia je Bereralyja yrjiaBHOM y T06POM CTakby, aJIH /Ia IIOCTOje TOJIUHE ca
noBehaHuM pu3UKOM 07 cTpeca. [ToceOHO ce M3ABaja 2022. roAWHA, Kaja je 3a0esierxeH
HajHIDKU TIPOCEK U HajBeha mpocTOpHa BapUjabWIHOCT, IITO je BEPOBATHO IMOCITIEAMIIA
KOMOHMHAIMje CYIIHHX yCJIOBA U aHTPOIOreHor mnputucka. Vako je BehmHa ropuHa
ToKa3asia 3a710BoJbaBajyhe BpeHOCTH, ToBehaHa BapyujabHUIHOCT ¥ MMOCIEAHHM TOHAMA
ymyhyje Ha ToCTOjarbe JIOKATHUX JKAPHUIIITA Ierpajialyje.

LDI, mocMaTpaH y OZHOCY Ha 2017. TOAMHY Kao 6a3Hy, yKasyje Ha MOYETHH Maj
BUTAJHOCTH, HAKOH Yera CJIeJiy JIeJIMMUYHA cTa0wIn3amuja y KacHujuM roauHama. OBzie
j€ BayKHO HAIJIACHTH Jia 1300p pedepeHTHe rofinHe yTHUYE Ha arcoIyTHe BpeaHocT LD,
anu 6e3 003upa Ha TO, youaBa ce JIa CUCTeM HUje paBHOMEPHO JIeTpaZipao, Beh Aa mocroje
30He OITOPaBKa U 30HE TPAjHOT rybuTKa 6riomace.

Kapra pusmka, koja komb6unyje LDI u VCI, omoryhmna je wumentuduxaiujy
HajyrpokeHujux 3oHa. Hajpehu ;ieo moapydja npumasa KaTeropujyu HUCKOT IO yMePEHOT
pHU3UKa, aJIU Cy YOU€eHa U JKAPHIITA BUCOKOT PU3UKA, KOja Cy IPOCTOPHO OTpaHIYeHa ain
€KOJIOIIKH 3HauajHa. HajuspakeHuju pUBHK je Takole JeTEKTOBAH Y 2022. TO{UHH, IIITO
jey ckiajy ca pe3yJsiTaTUMa OCTaINX HHIEKCA.

Y mmpeM KOHTEKCTY, OBH Pe3YJITaTH HMajy IMpakTHUYaH 3HA4aj 3a YIIPaBJbambe
samTuheHnM mozpydjeM. IIpocropHa aHanmsa WHAEKca oMoryhaBa Ipenu3Hy
JIOKAJIM3aLKjy 30HA JIeTpaJialdje, ITo MOXKe ITOMONY y IJIaHUPAKky Mepa OdyBarba, Kao
ILITO CY PECTUTYIIVja BOJHOT PEKMMA, MOHUTOPHHT KPUTUYHUX JIEJIOBA WIH YOJIaKaBabe
arpapHor mpurucka. Takole, TOKa3aHo je ja KIMMATCKU eKcTpeMu (IOIyT CyIIHe 2022)
UMajy pecyZiaH yTHUIIAj Ha AMHAMUKY BETETAIIH]€, IIITO je PEJIEBAHTHO y CBETJIY MPOjeKITHja
KJINIMATCKUX ITPOMeEHA.
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3axk/pyuak

HcrpakuBame gerpajaiuje Bereraiuje y CPII ,BpsaHcko MopaBuiTe mpUMeHOM
CATEJIUTCKUX WHZEKCA OMOryhmio je cBeoOyxBaTHY MPOLEHY JUHAMUKE Y IIEPHOAY 2017—
2024. TOAUHE.

NDVI, NDMI u NDWI nokasasu cy /ia je 6rnomaca yrjiaBHOM cTabuIHA, J]a BJIAYKHOCT
BereTalyje Bapupa aji ocraje y rpaHunama (GyHKIMOHAIHOCTH, /IOK [TOBPIIIHHCKE BOJIE
HeMajy U3pa’KeH TPEH | IPOMeHa.

VCI je unenTrdUKOBAO KPUTHYHE TOZIHE, IPH YeMy je 2022. IIpeZicTaB/bajia Hajehn
PHU3UK OJI lerpajalyje.

LDI je ykasao /ia je OYETHH I1aJ] y OZHOCY Ha 06asHy 2017. JeIUMHUYHO YOJIaKeH y
KaCHHUjeM POy, y3 IPOCTOPHY HEPAaBHOMEPHOCT IIPOIIeca.

KapTa pusuka mokasasa je 1a HajBehu /1eo mpocTopa IIPUIa ia HUICKOM JI0 YMePEeHOM
pU3UKY, aji Ja IOCTOje JIOKAJIM30BAaHE B30HEe BHCOKOT PHU3UKA KOje B3aXTeBajy
TIPUOPUTETHY 3AIITHUTY.

Pesynraru moTBphyjy /1a uHTerpanyja suie uaaekca (NDVI, NDMI, NDWI, VCI, LDI)
IIpeJicTaBsba M0y3/1aH MPUCTYII Y NPOLEHN CTama BeTeTanlje U JeTeKIUjU erpafarnuje.
OBaxkBa aHaJII3a He caMo J]a OMOryhaBa peKOHCTPYKIIH]y IIPOIILJIOT CTamka U TPEH/0BA, Beh
IIpy’ka ¥ IPAKTHYHY OCHOBY 3a Oyayhe Mepe ouyBara U yIIpaBJbarba.

V menuHU, MOXKe ce 3aK/ByunTH Ja je Bereranuja y CPII ,BpsaHcko MopaBuiire” y
IIOCMAaTPaHOM IIEpHOZy 3a7[pKajla PeJIaTHBHY CTaOWIHOCT, Y3 YOUWbHMBE KpPaTKOTpajHe
crpecHe ¢dase U JIOKTHe 30He Zierpaganyje. Hajehu nsazoBu y HapeJHOM IIEPHO/Y OCTajy
KJIIMATCKU €KCTPEMHU UM aHTPOIIOTEHH YTUIAjH, KOjU MOT'Y II0javyaTH PU3UK Jlerpajanyje,
aJTH KOjH Ce KPO3 CHCTEMATCKU MOHUTOPHHT MOTy 6J1arOBPEMEHO YOUHUTH U YOJIaKUTH.

Cyxob uHTepeca: AyTopH U3jaBJbyjy 1a HeMa cykoba HHTepeca.

Hamomena wusnmaBaua: Cprcko reorpadcko /pyIITBO OCTaje HEYTPATHO II0 HUTAY
jypucaukigje y 06jaB/beHIM MalaMa 1 HHCTUTYITHIOHAJTHUM Be3aMa.
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JIuTeparypa (nornenary y eHriieckoj BEp3ujH TEKCTa)

574



