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ASSESSMENT OF VEGETATION COVER DEGRADATION AND SOIL
EROSION IN CHUPRENE RESERVE (NORTHWESTERN BULGARIA)
USING REMOTE SENSING AND GEOGRAPHICAL INFORMATION
SYSTEMS

Daniela Avetisyan

Abstract. Vegetation cover degradation and soil erosion lead to processes connected with alternation of landscape
structure and statement of landscape components. Simultaneously, these processes are accompanied by changing of heat
— moisture ratio in landscapes and continuously running drought processes. Variations in solar activity can be
considered as one of the possible factors causing vegetation cover degradation, drought, and desertification. In the
recent study, vegetation cover degradation is assessed using satellite images and the vegetation indices Normalized
Difference Vegetation Index (NDVI), Vegetation Condition Index (VCI), and Normalized Multi-band Drought Index
(NMDI). Vegetation condition is one of the main factors of Universal Soil Loss Equation (USLE) used as basis of soil
erosion assessment. Parallel study of both processes in 2000, 2007, and 2014 allows tracing of their dynamics and
deriving possible trend in their progress.
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1. INTRODUCTION reserves and soil moisture retention capacity;
reduction of soil organic matter; biodiversity loss;
soil structure degradation; etc.[21]

The assessment of potential erosion risk in
Chuprene reserve is of great importance for the
geosystems stability not only in the area of question
but also in the lower located territories, which
actually are subordinate landscapes.

In order to assess the soil erosion risk in
Chuprene reserve, a model-based approach, based
on of the well-known and widely recognized USLE
[24] has been used .It is one of the least data
demanding erosion models and it has been applied
widely at different scales.

Traditional methods of investigation of
vegetation degradation and soil erosion demand
more funds and hardly could be assessed as
temporarily comparable. With development of
remote sensing methods and techniques, it become
possible applied methods of investigation for
different periods of time to be unified. This
distinction makes remote sensing methods especially
valuable.

Aim of this study is assessing vegetation cover
degradation and its impact on increase of soil
erosion risk in Chuprene reserve. In order to achieve
this aim, basic factors causing soil erosion were
taken into account.Among them are USLE factors:
rainfall erosivity, soil erodibility, slope length, slope
steepness, and cover management. Cover
management factor is closely related to vegetation
type, its distribution within territory, and vegetation
condition. In the recent study vegetation condition
and areas affected by drying were determined by

Deterioration of vegetation condition and soil
cover influences important environmental processes
and results into development of negative phenomenon
as drought, soil erosion, environmental degradation,
and desertification.

Vegetation is the one of most important
biophysical indicator to soil erosion. Remote sensing
techniques are employed for monitoring and
mapping of vegetation condition all over the world.
Vegetation cover can be estimated by using
vegetation indices derived from satellite images.
Vegetation indices allow delineation of vegetation
and soil distribution, based on the reflectance
characteristics of green vegetation.

Pronounced drying processes of spruce forests
are observed in the study area. This drying leads to
vegetation cover degradation and increases the risk
of erosion. The drying is caused by brown heart-
shaped rot and it has taken place since 1965 - '66’.
Detailed studies of causes leading to this drying
were conducted also in the middle of the 90’s[1], in
1994 [18], and in 2002 [17].The Lubenova et al’s
study, which is based on Holling model, shows that
spruce ecosystem evolution in the reserve entirely
follows the Holling model. They have observed
three of the phases and predicted the occurrence of
the fourth. This fact was confirmed by our team
during field work in the summer of 2014.

Soil erosion is recognized as one of the most
serious global environmental problems. [13,5]. Soil
erosion causes diminution of root layer depth,
nutrient depletion, reduction of soil moisture
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applying of NDVI, VCI, and NMDI vegetation
indices. They were calculated on the basis of
satellite images acquired in 2000, 2007, and 2014.
Finally, thematic maps showing different degrees of
soil erosion risk were created.

2. STUDY AREA

Biosphere reserve “Chuprene” is selected as a
study area. It occupies parts of the eastern and
northeastern slopes of the West Balkan Mountain.
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The reserve covers 1439 ha and it is located between
1400 and 2004 m a.s.l..(Fig. 1)

Lithological basis of the reserve is represented
by various igneous and metamorphic rocks [2,3].
Prevailing landforms are steep slopes descending
from the main Balkan Ridge, which form steep vales
too. The territory is characterized with moderate
continental climate. The coldest month is February
and the warmest is August. The average annual air
temperature ranges from 5.8 °C for the lowest part of
the reserve to 2.3 °C for the ridge areas.
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Fig.1. Study area

Precipitations are characterized by a clearly
distinguished maximum in May/June and a less
expressed in October/ November. Precipitation
minimums are respectively in February/March and
in August/September. [26]

Dominated soils in the reserve are Cambisols
with their main varieties: humic - dark brown forest
soils, albic - light brown forest and mollic-dark
colored mountain forest soils. There is a small spread
of Umbrosols which occupy the highest areas of the
reserve. Cambisols, developed in the area are
characterized by low-powered humus-eluvial horizon
which thickness ranges between 5 cm and 30 cm.
These soils distinguish with low soil particle density
and crumb structure. Horizon B is low densified, with
slight increase in clay, and crumb or thin blocky
structure. Lithological basis lies at about 55 -70 cm

under subsoil. Humus content in surface soil ranges
from 3.30 to 16.35%. It represents 30-60% of the
whole humus soil content. These soils have got low
water retention and high permeability. [8, 19]

3. METHODOLOGY

For the purpose of the recent study, a
methodology in four steps has been elaborated. It is
presented in (Fig.2) and includes: a selection of
input data; processing of these data; modeling and
discussion of the results.

As input data, terrestrial, GPS, satellite and
analogue data have been used. These data has been
implemented in the processing mode in order to
obtain different output layers for the further
modelling.
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These layers include: raster layers of NDVI,

VCI, and NMDI vegetation indices, and raster and
vector layers, represent the USLE factors.
NDVI provides useful information for detecting and
interpreting vegetation land cover. NDVI measures
amount of green vegetation. NDVI ratio is
calculated by dividing the difference in NIR and red
color bands by the sum of the NIR and red colors
bands for each pixel in the image. Healthy
vegetation absorbs most of the visible light that hits
it and reflects a large portion of the near-infrared
light. Unhealthy or sparse vegetation reflects more
visible light and less near-infrared light. The formula
can be expressed as [10];

NDVI = PNIR —PRED
Pnir TPRED

(1

where pyr and prep indicate the reflectance of the
near infrared and red bands, respectively.

NDVI varies between -1.0 and + 1.0. Negative
values of NDVI (values approaching -1) correspond
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to deep water. Areas of barren rock, sand, or snow
usually show values close to zero (-0.1 to 0.1). Low
positive values represent sparse vegetation - such as
shrubs and grasslands (approximately 0.2 to 0.4),
while high values indicate dense vegetation such as
that in the temperate and tropical rainforests, and
greater levels of photosynthetic activity (values
approaching 1). The typical range of index is
between about -0.1 (for a not very green area) to 0.6
(for a very green area). [14,22]

VCI is a vegetation index adjusted to land
climate, ecology, and weather conditions survey.
This index provides an accurate quantitative
estimation of weather impact on vegetation and also
measures vegetation conditions. VCI makes
available drought studying not only in areas with
well-defined, prolonged, widespread, and very
strong droughts, but also in such areas, characterized
by very localized, short-term, and ill-defined
droughts. The advantages of this index compared to
conventional ground data are in providing more
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comprehensive, timely, and accurate drought
information. VCI can be expressed as [12]:
NDVI — NDVI, ..
Vel = —
NDVIp gy — NDVigiy o 2)

where NDVI is the current value and NDVImin and
NDVImax are the maximal and minimal values of
NDVI for the investigated period.

Normalized Multi-band Drought Index (NMDI)
is widely used for monitoring of soil and vegetation
moisture from space. NMDI is defined as:
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where: p is the apparent reflectance observed by a
satellite sensor in the 0.865 or 0.84 wm , 1.61 or 1.65
um and 2.2 or 2.22 um respectively (depends on the
sensor). Similar to NDWI, NMDI uses the channel,
which is insensitive to leaf water content changes as
the reference; instead of using a single liquid water
absorption channel, however, it uses the difference
between two liquid water absorption channels as the
soil and vegetation moisture sensitive bands. Strong
differences between two water absorption bands in
response to soil and leaf water content give this
combination potential to estimate water content for
both soil and vegetation. NMDI is a function of soil
and leaf moisture content: an increase of moisture is
connected with a reduction of NMDI and decrease
of moisture with high NMDI values. Higher values
of the NMDI indicate increasing severity of soil and
vegetation drought. [16]

For defying of moisture content in the forest canopy,
a quantitative assessment on the base of NMDI has
been introduced. It can be presented as:

(1 — NMDI).100 = moisture content (in %)

A drying process is observed when the forest
canopy moisture is below 80%. For grasslands the
threshold is 25%.

The next step was soil erosion risk modelling.
Models for 2000, 2007, and 2014 were generated.
They depict possible trends of progress of soil
erosion process. For the purpose of this study, USLE
was modified so that each of the factors included in
it has been divided into several classes, representing
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the differences in the rainfall erosivity, soil
erodibility, topographic and vegetation conditions.
Each of these classes is given a weight coefficient,
which ranges from O to 1, and it has been determined
according to the influence of the relevant class for
the development of soil erosion.

Soil erosion is estimated using the following
empirical equation:

A=R-K-L-S-C,

where:
A: Value of the soil loss (t/ha);
R: Rainfall erosivity factor (MJ mm/ha h);
K: Soil erodibility factor (t ha h/MJ ha mm);
L: Slope length factor (dimensionless);
S: Slope steepness factor (dimensionless);
C: Cover management factor(dimensionless).

Rainfall erosivity (R factor) and soil erodibility
(K factor) are the main factors, determining
occurrence and development of soil erosion, caused
by water. R factor represents rainfall erosivity, or the
erosive power of rainfall on the soil regardless of soil
type. [11] The assessment of soil erosivity is
performed on the base of annual and monthly rates of
the number and frequency of intensive rainfalls with
duration T >30 min and of the amount of a single
intensive rainfall with same duration. For the present
study, a map of rainfall erosivity of Vidin Region is
used. According it, the rainfalls in the reserve are
characterized with the highest degree of rainfall
erosivity. [21]. So that, to the whole territory of the
reserve the maximum weight coefficient was given.

K factor represents the soil erodibility, or to
what extent, a specific soil type resists erosive
forces. It is estimated using the relevant information,
proposed by Wischmeier et all [25], which has been
adapted for Bulgarian condition [20] For the present
study a map of rainfall erodibility of Vidin Region
has been used. The soil erodibility in Couprene
reserve is average and average to strong [21]. Thus,
in this case, the weight coefficients are two.

The remaining USLE factors (L, S, C, P) may be
thought of as adjustment factors. USLE was developed
to predict longtime average soil losses in runoff from
specific field areas in specified cropping and
management systems. The L, S, C, and P factors have
been adjust for the real world conditions as compared
to the experimental field plot conditions. [11]

Topographic factor (LS factor) combines slope
steepness and slope length influence on soil loss,
induced by erosion. In order to obtain the relevant
data for estimating this factor, DEM (20 by 20
meters) was used. Hypsometry was used in order to
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obtain a vector line layer, from which the density of
the lines down to each slope and its elevation was
defined. Thus, we defined the length between two
contours with different elevation. In this way, the
length factor was combined that resulted in a raster
grid with cell values indicating the LS factor. The
delivered grid was incorporated in USLE equation.
A weight coefficient was given to each cell value
depending on its role for soil erosion occurrence.

One of the most important parameters in USLE
is C factor. It represents the effect of vegetation and
other land covers types on soil erosion development.
Vegetation cover protects soil by dissipating
raindrop energy before reaching soil surface. C
values depend on vegetation type, stage of growth
and cover percentage [9].Many researchers have
used NDVI to estimate C factor for soil loss
assessment with USLE [6, 23, 15]

For the purpose of the recent study, NDVI has
been divided into several classes representing different

vegetation types and their condition (sparse vegetation,
forests in good condition like the beech forests or
drying forests like the spruce ones, and grasslands).
Weight coefficient was given to each of the classes.
This coefficient represents significance of every single
class for development of soil erosion. Bare soils are
distinguished with the highest weight, and top-quality
forests respectively, with lowest weight.

On the basis of assessments conducted, thematic
maps showing soil erosion degree within the reserve
were generated.

4. RESULTS
4.1. Assessment of vegetation cover condition

For the area in question, NDVI, VCI, and NMDI
are estimated on the base of satellite images,
acquired on 28.06.2000, 10.07.2007, and 04.07.2014.
(Fig.3,4,5)
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Fig. 3. NDVI values for the investigated years

The results show that in 2000 NDVI values
range from -0.28 to 0.69.The areas, distinguished
with values under 0.1 are 5.58% of the reserve
territory. Areas with NDVI values between 0.1 and
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Fig. 4. VCI values for the investigated years

0.4 are 68.86%, with NDVI between 0.4 and 0.6 —
21.84%, and with NDVI above 0.6 , respectively
3.37%. 2007 is characterized with the highest NDVI
values — between 0.10 and 0.75. Areas of barren
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rocks and sands are not observed. The areas with
NDVI values between 0.1 and 0.4 are 5.86 %, these
ones between 0.4 and 0.6 are 70.02%, and very
green areas (above 0.6) are 24.12%.

In 2014 is observed decrease in NDVI values.
This is an evidence for deterioration of vegetation.
Negative values and values above 0.6 are not
observed. The values between 0.1 and 0.4, which
represent sparse vegetation, are 77.9 % and these
between 0.4 and 0.6 are respectively 22.1%.

By applying of an orthophoto and a vector layer
of the vegetation formation, it has been established
that in 2000 the spruce formations are distinguished
with average values of NDVI about 0.25; in 2007
NDVI values increase up to 0.53; while in 2014 they
decrease again to about 0.27. NDVI values are more
stable for beech formation. In 2000 they are average
about 0.58, in 2007 — 0.69, and in 2014 — 0.5.

By applying of VCI, Dillon M. et all [7] suggest
vegetation condition classification as follows: (Table 1)

Table 1 Vegetation Condition in % percent for 2000, 2007, 2014

vCl Vegetation Condition 2000 | 007 2014
0.2-04 |poor 4,58 3.13 53.99

4= 0.6 |fair 32,17 2713 19.63
0.6-08 [good }HEE' 48.75 11.08
0.8-1.0 |verygood | 1508 1998 7.38

From the data presented in table two, it can be
concluded that 2007 is distinguished with best
vegetation condition. In that year, the area with good
and very good vegetation condition was almost 69 %
of the reserves’ territory, while in 2000 it was
around 50%, and in 2014, respectively — below 20%.
In 2014 the area with vegetation, characterized by
poor vegetation condition, significantly increased-
more than 17 times and that one by very poor
vegetation condition- almost 8 times. The worst
conditions have barren lands and affected by
intensive drying spruce forests.

In 2000, largest area have the forest with canopy
moisture  60-50% (47.6% of reserve territory),
followed by these with moisture 40-50 % (around
40%). (Fig. ?) In 2007 largest area have the territories
with canopy moisture between 50% and 60% (47.4%
of reserve territory), followed by these with moisture
between 60% and 70% (43.61). The situation has
been changed significantly till 2014. In that year 96 %
of reserve territory is distinguished with canopy
moisture 20-30%. Forests with canopy moisture
above 40% are not observed. That fact is an evident
that the ecological conditions in the Chuprene reserve
have drastically changed in the last years.

On Fig. 5 are presented the NMDI values within
the reserve territory.
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4.2. Assessment of soil erosion risk

The assessment of soil erosion risk shows that
2000 is distinguished with the highest levels of soil
loss, followed by 2014 and 2007. (Fig.6) In order to
be achieved more accurate estimation of the soil
erosion spatial distribution, the values representing
development of soil erosion processes were divided
into nine categories. The territories with lowest
degree of soil erosion are first category and these
with highest, respectively ninth.
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The model shows that in 2000, largest territory
had third category lands (38.28 % of the reserve),
followed by these of fourth category (25.19 %), and
of second category (21.84%). Only in this year could
be observed negligible small areas of seventh,
eighth, and ninth category. (Fig.7)

5. CONCLUSION

The variations of soil erosion degree in the
three investigated years are result of the differences
in NDVI values, representing the vegetation
condition. The NDVI values are highest for beech
formations, followed by grasslands, spruce
formations, and bare lands. In 2000, the NDVI
values of the spruce formations (around 0.25) were
equal with these for bare lands in 2014. In 2014,
the NDVI values of bare lands were 0.25 again and
these of spruce forests just 0.27. That fact testifies
to the poor condition of spruce formations in
Chuprene reserve. This condition is due to the great
age of these forests and their susceptibility to
different diseases.

In 2007 an improvement of spruce formation
conditions was observed against these formations
of 2000. Probably, this is due to climatic
conditions, which most likely were close to the
optimal for these forests in the relevant year. On
the other hand, climatic conditions are related to
solar activity and its variations. Part of a solar
activity cycle coincides with the data time-span.
The analysis of the factors’leading to vegetation
degradation shows some well-marked quazy-
periodicities in their variability.
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The latter could be interpreted as sub-harmonics
representative for changes in the solar dynamo.
Besides these possible connections, irregular
extremes in the factors’ variability probably are
generated by hysteresis-type phenomena due to geo-
effective elements of the solar spectrum. A possible
chain of influence is traced in the aerosols’ formation.
A more complicated, but realistic scenario includes
electro-dynamical connection between solar wind’s
magnetic field, X-ray bursts and the general
atmospheric circulation, the clouds’ evolution. A
detailed research is going on and the results will be
published in short term.

Other factor, which impact on the soil erosion
development is the topographic factor. Areas,
located on steeper terrain, which in 1997 were
grasslands, nowadays are already bare lands. This
suggests that territories, exposed to deforestation and
characterized by steeper slopes, are very likely to be
transformed into bare lands, while these, located on
gentle slopes - into grasslands. 85% of the reserve
territory is characterized by slopes with steepness
above 15°. This is a prerequisite for increase of the
portion of areas susceptible to soil erosion
development and respectively of these ones,
characterized by high erosion degree.

The degradation of the forest vegetation in
Chuprene reserve in combination with the
topographic features increases the risk of soil
erosion occurrence and its development. In the area,
the most vulnerable territories and landscapes are
these distinguished by lower degree of resistance
such as landscapes, developed on the metamorphic
rocks in the western part of the reserve. [4]

The Chuprene reserve provides the balance in
the lower lying subordinate landscapes. The forest
harvesting in these landscapes and deforestation in
the reserve territories result in the heat-moisture
ratio change, which causes drying of the lands and
desertification in the lower located landscapes in the
longer term. The slope wash erosion intensification
and the rill forming induce irreversible
consequences, which by wash of the organic soil
horizons and general deterioration of the
physicochemical properties of the soil lead to the
same negative result. [4]

Acknowledgments. This study was performed by the
financial support of World Federation of Scientists
within the initiative Monitoring the Planetary
Emergencies.

54

REFERENCES

1. Andreychin I. Who has reservation about
chuprene reserve (Ivan Andreychin). Earth (in
Bulgarian) ,1994.

2. Angelov V., Antonov M et al . Explanatory
notes to the geological map of the Republic of
Bulgaria in scale 1:50000, map sheet k-34-21-06
(Knjazevatc) and k-34-22-a (Belogradchik). Sofia
(in Bulgarian), 2006

3. Angelov V., Antonov M et al .Explanatory
notes to the geological map of the Republic of
Bulgaria in scale 1:50000, map sheet k- 34 — 22 — B
(Gorni Lom).Sofia (in Bulgarian), 2008.

4. Avetisyan D.& B. Borisova. A complex geo-
ecological for landscape planning
purposes in mountain region (in the case of Western
Balkan and Western Fore Balkan mountain areas).
Annuaire De L’Universite De Sofia “St. Kliment
Ohridski” Faculte De Geologie et Geographie. Livre
2 — Geographie. Tome 107,2013

5. Boardman, J.,, D. Favis Mortlock.
Modelling soil erosion by water. NATO ASI series:
Ser. I, Global Environmental Change, 55
Springer,(Eds.) 1998

6. De Jong, S.M., Paracchini, M.L., Bertolo, F.,
Folving, S., Megier, J., De Roo, A.P.J. —Regional
assessment of soil erosion using the distributed
model semmed and remotely sensed data. Catena 37
(3-4), 291-308, 1999

7. Dillon M, mcnellie M & Oliver 1. Assessing
the extent and condition of native vegetation in
NSW. Monitoring, evaluation and reporting
program, Technical report series, Office of
Environment and Heritage, Sydney, 2011

8. Georgiev B . Applied soil science. Sofia (in
Bulgarian), 2005

9. Gitas, 1.Z., Douros, K., Minakoul, C.,
Silleos, G.N., and Karydas, C.G. Multi-temporal soil
erosion risk assessment in . Chalkidiki using a
modified USLE raster model. Earsel Eproceedings
8, 1Pp.40-52, 2009

10. Jensen, J.R. Remote sensing of the
environment: an earth resource perspective. Prentice
Hall, New Jersey,. 2000

11. Khosrowpanah S., L. Heitz, Y. Wen, M.
Park ; Developing a GIS-based soil erosion potential
model of the Ugum watershed. University of Guam

assessment

V.



Ecological Engineering and Environment Protection, No 1, 2015, p. 47-56

Water and Environmental Research Institute of the
Western Pacific. Technical Report No. 117, 2007

12. Kogan F. Droughts of the late 1980s in the
United States as derived from NOAA polar —
orbiting sattelite data. Bulletin of the American
Meteorological Society, 1995

13. Lal, R. Soil erosion research methods. SWC
Society, Ankeny, IA; St. Lucie Press, Delray Beach,
F1.340 pp., 1994

14. Lillesand, T.M, Kiefer, R.W. and Chipman,
J.W. Remote sensing and image interpretation. Sth
ed. New York: John Wiley & Sons, Inc., 2004

15. Lin, C.-Y., Lin, W.-T., Chou, W.-C. Soil
erosion prediction and sediment yield estimation: the
taiwan experience. Soil and Tillage Research 68 (2),
143-152, 2002

16. Lingli Wang and John J. Qu. NMDI: a
normalized multi-band drought index for monitoring
soil and vegetation moisture with satellite remote
sensing. Geophysical Research Letters; Volume 34,
Issue 20, 2007

17. Lubenova M, E. Roumenina, V. Dimitrov.
Study of of Dbiosphere reserve
“Chuprene”by phytoecological methods and spational
modeling.  International ~ Scientific =~ Conference
“D.Yaranov “. Varna (in Bulgarian), 2002

18. Naydenov Y, L. Georgiev et al . About health
of Chuprene reserve. Archive of Chuprene Forestry
Department (in Bulgarian), 1994

19. Radulov K. Soil characteristic of lands in
agro-industrial “Asen  Balkanski”
(Chuprene, with  villages:

ecosystems

complex
Vidin  region)

Protopopintsi, Targovishte, Varbovo, Replyana,
Dolni Lom, and Gorni Lom. Soil and Yields
Programming “ N. Pushkarov”(in
Bulgarian), 1986

20. Rousseva S. S. Data transformation between
soil texture schemes. European Journal of Soil
Science 48:749-758, 1997

21. Rousseva, S., L. Lozanova, D. Nekova et

Institute

all..  Soil erosion risk in Bulgaria and
reccomendations for soil protective wuse of
agricultural land. Part i. Northern bulgaria.

Publishsaiset — Eco; Sofia, 2010

22. Sader, S.A. and Winne, J.C. RGB-NDVI
colour composites for visualizing forest change
dynamics. International Journal of Remote Sensing,
13, 3055-3067, 1992

23. Wang, G.,Wente, S., Gertner, G.Z.,
Anderson. Improvement in mapping vegetation
cover factor for the universal soil loss equation by
geostatistical methods with landsat thematic mapper
IMAGES.International Journal of Remote Sensing
23 (18), 3649-3667, 2002

24. Wischmeier W.H., and Smith D.D.
Predicting rainfall erosion losses — a guide to
conservation planning. U.S. Department of
Agriculture. Agriculture Handbook, No 537, 1978

25. Wischmeier, W.H.,C.B.Johnson, B.V.Cross.
A soil erodibility nomograph for farmland and
construction sites. Journal of Soil and Water
Conservation, 26:189-193, 1971

26. People's Republic of Bulgaria Climate Guide
(1983), vol.3 ;

OLEHKA HA JIETPAJAIUATA HA PACTUTEJIHATA TIOKPUBKA U HA
EPO3UOHHUTE ITPOIIECHU B BUOC®EPEH PE3EPBAT UYIIPEHE
(CEBEPO3AIIA/THA BBJT'APUA) YPE3 U3ITOJ3BAHE METO/IMTE HA
AUCTAHIIMOHHUTE U3CJIEJABAHUA U T'UC

JlaHnena ABETUCSH

Pe3tome. [lerpajanuara Ha pacTUTENHAaTa MOKPUMBKA M BB3HUKBAHETO HAa €PO3HMOHHU MPOLECU BOASAT A0 IMPOLIECUD
CBBP3aHU C M3MCHECHUETO Ha JaHAMAPTHATA CTPYKTYpa U ChCTOSHUCTO HA JaHMA(THATE KOMIIOHCHTH. Te3n Ipolecu
OWBaT CHIPOBOXIAHU OT MPOMECHH B CHOTHOIICHHETO MEXAY TOIUIMHA M Bjara B JIAHOMMAPTHTE W MPOIBIDKUTEIHO
MpOTHYAIM TPOLECH Ha 3acymraBaHe. Karo eawH OT BB3MOXHHUTE (AKTOPUP BOACHIM 0 JACrpajaius Ha
pacTUTENTHOCTTA 3acylIaBaHEe U OMYCTHHSIBAHE MOraT Jla ce€ pas3riiekIaT MU3MEHEHUsATa B MapaMeTpuTe Ha CIbHUYEBaTa
aKTUBHOCT. B HacToseTo u3cienBaHe, AerpajalusTa Ha pacTUTENIHATa MOKPHUBKA € OLICHEHA 4Ype3 M3IMOJI3BaHE Ha
catenuTHU n3oOpaxenus u BererannoHHN uHAeKkcH: NDVI, VCI u NMDI. ChcTosIHUETO HA PACTUTETHOCTTA € €IUH OT



Ecological Engineering and Environment Protection, No 1, 2015, p. 47-56

Bonenure Gakropu Ha USLE, n3non3sano kato 6a3a 3a OlleHKaTa Ha MOYBEHATa epo3us. EJHOBpEMEHHOTO H3CieBaHE
Ha aBata mporeca 3a 2000, 2007 u 2014 r. mo3BoJsiBa MPOCJENsIBAHETO HA TAXHATA JWHAMUKA W W3BIMYAHETO HA
BB3MOXKHA TCHJCHIUS 32 Pa3BUTHETO UM.

KarouoBu qymu: nerpananys Ha pacTUTEITHOCTTA, ITOYBeHa epo3wus, pakropu Ha USLE, ceBepo3ananna benrapus
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