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EFFECTS OF BIOLOGICAL WORKS WITHIN

THE INTEGRATED WATERSHED MIANAGEMENT
OF TORRENT CATCHMENTS IN THE AREA

OF GRDELICA GORGE AND VRANJSKA VALLEY

(SERBIA)

U(VIINSII BIOLOSKIH RADOVA U INTEGRIRANOM UREBENJU
BUJICNIH SLIVOVA GRDELICKE KLISURE I VRANJSKE

DOLINE (SRBIJA)
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SUMMARY

Integrated watershed management is based on the application of various biological and technical works, and ad-
ministration measure to reduce the degradation process. The paper presents an analysis of the effects of performed
biological works as part of integrated watershed management within the Grdelica Gorge and Vranjska Valley. Ex-
tensive erosion control works were carried out in the second half of the 20th century. As vegetation is one of the
key factors in mitigating the erosion process, the paper presents the trend of connecting the surface with the veg-
etation cover, which results from implemented biological measures. Using multispectral satellite imagery (Landsat
missions) for 1972, 1986, 1996, and 2017, the vegetation index (Normalized Difference Vegetation Index - NDVT)
was analyzed in torrent basins, which were afforested to control severe erosion processes. The increasing trend of
vegetated areas was recorded in period from 1986 to 1996 (very low vegetation coverage 40.19 % in 1986 and 8.19
% in 1996, respectively), which continues to grow until 2017 when the very low vegetation coverage was 0.26 %,

and moderately high vegetation coverage was 50.63 %.

KEY WORDS: integral watershed management, erosion, NDVI, remote sensing

INTRODUCTION
uvoD

Integrated watershed management was defined as an adap-
tive, integrated, and multidisciplinary systemic approach
to improve environmental, social, and economic aspects
(Wang et al., 2016) and preserve and restoring ecosystems
(CCME 2016). This holistic approach includes establishing
legal, administrative, and technical measures (Kostadinov

2008; Borisavljevi¢ and Kostadinov 2012). Kostadinov
(2008) explains an integrated watershed management sys-
tem as an interdisciplinary approach that includes biologi-
cal measures (afforestation, grassing, orchard raising, land
reclamation, etc.), land management measures to improve
and stabilize vegetation cover in all endangered areas, tech-
nical measures, and works or constructions in torrent beds
(Blinkov et al., 2013).
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In the context of an integrated watershed management sys-
tem, biological works are an essential component. The ap-
plication of biological works (mainly different afforestation
methods) creates a protective vegetation cover that protects
the soil from the degradation process (Duran and Rodriguez,
2008). The positive effects of biological works are not evident
immediately after construction because vegetation cover re-
quires a more extended period to establish an assembly that
could resist erosion processes (Kostadinov, 2008).

A traditional method used (e.g., field survey, literature
study, analysis of already existing maps) for vegetation anal-
ysis is time-consuming and often too expensive (Pitt et al.,
1997; Xie et al., 2008). More recently, the effects of affores-
tation (vegetation conditions) can be determined based on
the analysis of satellite images and the corresponding veg-
etation indices (Campbell and Wynne, 2011). This method
offers a faster and economical solution for analyzing the
vegetation condition in the researched area. The remote
sensing method enables the observation of vegetation in
different scales from local (Xiao et al., 2017) to global (Ne-
mani et al., 1996; Wu et al., 2014; Richards and Belcher,
2019), and such data are used in studies of vegetation
change induced by climate change (An et al., 2018), anthro-
pogenic or some other impact (Kumari et al., 2020). In this
way, it is possible to determine potential areas for affores-
tation (Bhagat, 2009), monitor the carbon cycle in nature
(Xiao et al., 2019), forest health (Barka et al. 2018), or the
condition of crops on arable land (Zhang et al., 2014).

On the Republic of Serbia’s territory, the Grdelica Gorge and
Vranje Valley area stands out, which was endangered by ex-
cessive erosion processes in the past due to specific natural
and socio-economic conditions. An erosion map for this
area created in 1953 was the base point for the implementa-
tion of anti-erosion biological work. The map was produced
using the Erosion Potential Method, which is developed
within this research area and it is commonly used and ap-
plicable worldwide (Serbia, Italy, Iran, Greece, China, USA)
(Zorn and Komac 2008; Amini et al. 2010; Tosi¢ et al. 2012;
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Risti¢ et al. 2013; Dragicevi¢ et al. 2018). The erosion coef-
ficient values (Zsr) range from 0.1 to 1.5, i.e., from areas not
affected to areas with excessive erosion (Gavrilovi¢, 1972).

In the 1950s, torrential floods caused a noticeable destruc-
tive effect and side effects on the economy and the environ-
ment (Gavrilovi¢ 1972; Petkovi¢ 1981; Braunovié¢ 2013;
Kostadinov et al. 2018). To reduce the adverse effects of
torrential floods and erosion processes in this area, for the
first time in the Republic of Serbia, numerous biological
and technical works and specific measures against erosion
have been performed within the integrated watershed man-
agement. As part of the biological works, the afforestation
of bare land was performed. The technical works included
the construction of various facilities in the riverbed (dams
and floodgates), while the administrative measures in-
cluded multiple types of restrictions on activities that influ-
enced the development of erosion processes (grazing ban,
ban on cutting leaves). Biological works have enabled the
establishment of vegetation cover able to protect the soil
from erosion processes, while administrative measures have
raised the awareness of local people of the importance of
vegetation in soil erosion protection.

This research aims to analyze the effects of performed bio-
logical works in Grdelica Gorge and Vranjska Valley using
remote sensing data. The Normalized Difference Vegetation
Index (NDVI) was used to detect the change in vegetation
from 1972, 1986, 1996 to 2017.

MATERIALS AND METHODS
MATERIJALI | METODE

Research area — Podrucje istraZivanja

The area of Grdelica Gorge and Vranje Valley is situated in
the southeastern part of the Republic of Serbia (Figure 1)
cover 1784.34 km? and represent two interconnected units
located between 42° 22° and 42° 55’ north latitude and 19°
21° and 20° 00’ east longitude.
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Figure 1. Research area
Slika 1. Podrugje istrazivanja
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This area belongs to the upper basin of the South Morava.
The average altitude is 790 m a.s.1. (above sea level), and the
average angle of inclination is 14.8 °C. The Mediterranean
and continental climate influence the average annual air tem-
perature to be 10.9 °C, and the total annual rainfall to be 672
mm (RHMZ 2011). Grdelica Gorge consists of 137 torrents
of different hydrographic classes, and the Vranje Valley 73
torrents streams. The investigated area’s geological basis con-
sists of crystalline shales, micashists, gneisses, chloritoshists,
quartz shales, phyllite, etc. (Kostadinov et al., 2018).

Grdelica Gorge and Vranjska Valley are characterized by a
mosaic structure of the soil types. Some of them are most
widespread, like Dystric Cambisol, Eutric Cambisol, Haplic
Cambisol, Haplic Vertisol, Ranker, Regosol, and Fluvisol
(Luki¢ 2013; Kostadinov et al., 2018). Most of the biological
works were performed on the Dystric and Eutric Cambisol
(Lukié¢ 2013).

Developed landforms and a rich hydrographic network
through climatic factors affect the weathering of poorly re-
sistant geological substrates, making this area sensitive to
erosion processes. According to the potential vegetation
map (1986), characteristic vegetation communities of this
area are Turkey oak and Hungarian oak (Quercetum frai-
netto-cerris) and Montane beech forest (Fagetum moesiacae
montanum). In the valley of South Morava River, the fore-
sts of pedunculate oak and broom (Genisto elatae-Querce-
tum roboris) and forests of poplar and willow (Salici-Popu-
letum albae) are dominating (Luki¢ 2013).

Within the anti-erosion biological works (afforestation)
which was performed in the 1950s, some other species were
introduced (black and white pine (Pinus nigra and Pinus
strobus), black locust (Robinia pseudoacacia), Turkish hazel
(Corylus colurna), common walnut (Junlas regia)) (Brau-
novic¢ 2013).

Methodology — Metodologija

Remote sensing data were used to analyze the effects of bio-
logical measures of erosion control afforestation. Normali-
zed Difference Vegetation Index (NDVI) reflects the state of
vegetation cover as the essential component of soil erosion
protection. NDVT is one of the most used vegetation indices
(Jiang et al., 2006), which is determined using the near-in-
frared (NIR) and visible red (Red) spectra of radiation.

NDvT = (VIR = Red)
(NIR + Red)

The data for the NDVI calculation were taken from the sa-
tellite images for 1972, 1986, 1996, and 2017. Vegetation
index varies from -1 to 1 (Table 1). Constructed areas, road
networks, barren, and water areas, and the NDVIindex va-
lue are below zero. Investigated area vegetation coverage is
performed based on the table classification (Table 1).

®

Table 1. NDVI classification for vegetation cover (Aquino et al., 2017)
Tablica 1. NDVI klasifikacija za vegetacijski pokrov (Aquino et al., 2017)

Classification criterion

Kriterij razvrstavanja
Bare soil
<
Golo tlo NDVI <0
Very low
Vrlo niska 0 <NDVI<0.2
Low
Niska 0.2 < NDVI<0.4
Motnierately 'Iow 04 < NV <06
Umjereno niska
Moqerately'hlgh 0.6 < NDVI<0.8
Umjereno visoka
High
Visoka 0.8 <NDVI<1.0

Multispectral satellite imagery was downloaded from the
https://earthexplorer.usgs.gov/ server and belongs to vari-
ous Landsat missions. A multispectral satellite image from
the Landsat 1 mission was used for the earliest observation
series. As Landsat 1 mission products are available at the
LITP processing level, a georeferencing method had to be
applied (Campbell and Wynne, 2011). Atmospheric correc-
tion was performed on all satellite images (Landsat 1, 7, 8).
As the first intensive biological works were performed in the
1950s, finding a suitable satellite image from the earliest year
with the least atmospheric and visual anomalies was neces-
sary. The first available satellite images of the study area are
from 1972, and the best images for October in that year.
Since the recording in 1972 is essential as a zero point, the
other recordings were taken for October for an accurate
comparison. Processing of the satellite images, calculations
of the vegetation index (NDVI), and spatial analysis were
performed using ArcMap 10.8.1 (ESRI, Redlands, CA).

RESULTS AND DISCUSSION
REZULTATI | RASPRAVA

This research detected a significant change in vegetation
cover in the studied period 1972 - 2017. The NDVT index
values on intensive or excessive erosion areas for the ob-
served years are shown in Figure 2. Also, Figure 4 shows
the percentage of areas according to different classes of
NDVTindex. According to the results, there is a significant
difference in the NDVTIindex in 2017 compared to the zero
condition (1972).

The extent of the categories of excessive and intensive ero-
sion was shown on the erosion map from 1953 (Figure 3),
which was also the basis for the implementation of planned
biological works to prevent erosion processes. A large part
of erosion control afforestation in the investigated area was
carried out in the late 1950s and early 1960s (Braunovi¢
2013). Beneficial effects of biological works were evident
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Figure 2. Changes NDVI index values during the studied period
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Slika 2. Promjene vegetacijskog indeksa normalizirane vrijednosti tijekom ispitivanog razdoblja

apparent after a longer period. Due to the gradual and slow
development of protective vegetation cover, it is impossible
to notice the full effects of the performed works on the
NDVI from 1972. The map of the distribution of excessive
and intensive erosion from 1970 (Figure 3) confirms the
spatially extensive representation of bare land and areas
with very low vegetation cover (Figure 2).

Low values of the NDVT index indicate bare soil areas and/
or areas where sparse vegetation is present (Table 1) (Aqu-
ino et al,, 2017). The high intensity of the erosion process
in the studied area in the past correlates with the vegetation
cover condition (Figures 2 and 3). In 1972, over 55 % of the
area was in the classes of the bare soil and very low vegeta-
tion cover (Figure 4). Simultaneously, about 50 % of the
area was in the categories of excessive and intensive erosion
(Table 2). According to Yansui et al., 2015 vegetation cover
plays a significant role in protecting soil from erosion. Areas
with low values of NDVTI index completely coincide with
the areas in excessive erosion category, according to the
erosion map (Figure 2 and 3) in 1970.
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According to Wang et al. (2008), afforestation is the most ef-
ficient measure of vegetation restoration and erosion control.
Over time, as a result of afforestation in Grdelica Gorge and
Vranjska Valley, the situation changes by reducing the pres-
ence of areas in the classes very low and low vegetation cov-
erage at the expense of classes moderately low to moderately
high vegetation coverage (Figure 2 and 4). In 1986 changes
in the percentage distribution of areas with higher NDVI
index values were observed, in relation to 1972 (Figure 2 and
4). Namely, during the 1980s, the positive effects of biologi-
cal works became more noticeable. In 1986, there was a slight
increase in areas with very low and low vegetation coverage,
while bare lands were less represented. When compared veg-
etation coverage in 1996 with the previous period (1986)
there was a decrease in the area in the low class, and signifi-
cantly increased the area in the class moderately low (about
30 %). After the performed biological works, there is a
change in the extent of vegetation cover. More precisely, with
the formation of vegetation cover, the classes of lower cov-
erage pass over time into higher coverage classes. In 2017,

2010,

[ | Research area
00 Excessive and intensive erosion

Figure 3. Representation of excessive and intensive erosion (Braunovi¢ 2013)

Slika 3. Rasprostranjenost prekomjerne i jake erozije (Braunovi¢ 2013)



CAKOVIC, M. et al.: EFFECTS OF BIOLOGICAL WORKS WITHIN THE INTEGRATED WATERSHED MANAGEMENT OF TORRENT CATCHMENTS ...

120

AREA (%)

1972

1986

Figure 4. Percentage change of vegetation (NDVI)
Slika 4. Postotna promjena vegetacije (NDVI)

the change was even more noticeable, where moderately low
and moderately high classes occupy the most significant part
of the research area. Also, Figure 4 shows that in 2017 there
is no classes of bare land, as well as very low vegetation cov-
erage. According to Kostadinov et al. (2018), areas under
forests increased by 21.77 % from 1953 to 2016, and areas
occupied by meadows and pastures by 17.64 %.

Restored forest vegetation in Grdelica Gorge and Vranjska
Valley proved to be one of the most effective types of soil
erosion protection because it reduces or eliminates runoff
that leads to erosion (Luki¢ and Dozi¢ 2012; Luki¢ et al.,
2015; Perovi¢ 2015; Perovic¢ et al., 2018). The trend of in-
creasing the area under vegetation, and at the same time
decreasing the erosion process. During the time (from the
1980s till the present), the intensity of erosion decreases
(Kostadinov et al., 2018). In 2010, less than 1 % of the sur-
face was in the classes of excessive and intensive erosion
(Table 2). Studies done in small catchment areas on a Loess
Plateau in China show that soil erosion is inversely propor-

Table 2. Percentage of the area affected by erosion processes ex-
pressed by erosion coefficient (Zsr) for 1953, 1970, and 2010.
(Braunovi¢ 2013)

Tablica 2. Postotak podrucja zahvacenih erozijskim procesima izrazenim
koeficijentom erozije (Zsr) za 1953., 1970. i 2010. (Braunovi¢ 2013)

Erosion Erosion Area
Category Erosion Intensity coefficient Podrucje
Kategorija Intezitet erozije  Koeficijent (%)
erozije erozije (Zsr) 1953, 1970.  2010.
| Excessiveerosion ;o5 544 1937 0.1
Pretjerana erozija
[ I'"te"S."’e Erosion g5 3145 3811 075
Intenzivna erozija
i Mediumerosion o oe opn 1043 746
Srednja erozija
v Weak erosion 0.30 187 1376 4521
Slaba erozija
y  Veryweakeroison o0 y50a gpes 4130

Vrlo slaba erozija

1996

m High

m Moderately High

m Moderately Low
Low

m Very low

m Bare soil

2017

tional to vegetation cover presents (Zhou et al., 2006; Zheng
2006; Zhao et al., 2013a; Zhao et al., 2013b; Zhao et al,,
2018). The same studies also have found that 40 % of veg-
etation cover reduces soil erosion by 62 %, and 54 % of veg-
etation cover reduces erosion processes by 80 % (Wang et
al,, 2015). The trend of reducing bare land areas, i.e., in-
creasing the area under vegetation cover in Grdelica Gorge
and Vranje Valley, is observed from the 1980s until today
(Kostadinov et al., 2018).

This research confirms that biological works can signifi-
cantly influence the improvement of the vegetation cover
condition as one of the leading carriers of anti-erosion pro-
tection. Besides, the research results show that remote sens-
ing methods can be effectively applied to analyze the effects
of performed biological works.

CONCLUSION
ZAKLJUCAK

In Grdelica Gorge and Vranjska Valley, the research results
indicate the success of the integrated watershed manage-
ment works and measures through reduction of the erosion
intensity. The state of vegetation cover for 1972, 1986, 1996,
and 2017 was determined based on the remote sensing data.
The assessment of the state of vegetation for the mentioned
periods was determined using the NDVI index. Based on
the vegetation cover analysis from 1972, about 20 % of the
investigated area was occupied by bare soil, while the ma-
jority part belongs to the class of very low and low vegeta-
tion coverage. The success of biological works can be no-
ticed as early as 1986 when bare soils occupy minimal
values, and the area with low vegetation coverage has sig-
nificantly increased. The growth trend of vegetation cover-
age continues in 1996. Also, in 2017, the most noticeable
change was compared to previous years, where the largest
percentage of the area is moderately high and moderately
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low vegetation coverage. According to the obtained results
of the presented research, it can be concluded that the per-
formed biological works within the integrated watershed
management of torrent catchments in Grdelica gorge and
Vranjska valley significantly contributed to the improve-
ment of the vegetation cover and prevention of erosion pro-
cesses and showed a positive effect.
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SAZETAK

Podru¢je Grdelicke klisure i Vranjske doline (slika 1) je zbog specifiénih prirodnih i socijalno-eko-
nomskih prilika u proslosti bilo ugrozeno procesima prekomjerne erozije. Sredinom prosloga stoljeca
zabiljezene su buji¢ne poplave s izrazenim destruktivnim u¢inkom. S ciljem ublazavanja negativnih
ucinaka buji¢nih poplava i erozionih procesa na ovom podrudju, prvi put u Republici Srbiji, u okviru
integrirane regulacije, izvedeni su brojni biologki i tehnicki radovi i odredene administrativne mjere.
Za ovo podrudje izradena je karta erozije (1953.) (slika 3), koja je bila polazna tocka za planirano
izvodenje protuerozijskih radova. Cilj ovoga rada je analizirati u¢inke izvedenih biologkih radova
metodama daljinskog istrazivanja.

Velik dio protuerozijskog posumljavanja na istrazenom podrudju proveden je krajem pedesetih i
pocetkom $ezdesetih godina prosloga stolje¢a. Za analizu uc¢inaka bioloskih mjera protuerozijskog
posumljavanja u istrazivanju koristeni su podaci dobiveni metodama daljinskog istrazivanja. Iz satelitskih
snimaka za 1972., 1986., 1996. 1 2017. izra¢unat je vegetacijski indeks normalizirane vrijednost (NDVI)
koji pokazuje stanje vegetacije (slika 2), koja je u kontekstu zastite tla od erozionih procesa najvaznija
komponenta. Razdvajanje klasa vegetacijskog pokrivaca na istrazenim povr$§inama provedeno je na
temelju klasifikacije prikazane u tablici 1. Obrada satelitskih snimaka, izra¢un indeksa vegetacije i pro-
storna analiza izvedena je pomoc¢u programskog paketa ArcMap 10.8.1 (ESRI, Redlands, CA).

Kako se pozitivni uéinci bioloskih radova mogu primijetiti tek nakon duljeg razdoblja, a zbog
postupnog i sporog razvoja zastitnog vegetacijskog pokrova na snimci 1972. godine, nije mogucée
primijetiti pune uc¢inke radova izvedenih pedesetih godina prosloga stoljeca. Stoga je 1972. godina
uzeta kao nulto stanje. Sljedec¢e promatrane godine (1986.) primijecene su promjene u postotnoj ra-
spodjeli podrudja s vi$im vrijednostima indeksa NDVI. Na temelju analize NDVI primijecen je
znacajan porast povrsina pokrivenih vegetacijom. Trend povecéanja povrsine pod vegetacijom, a ist-
odobno i smanjenja procesa erozije, primijecen je i 1996. godine (slika 4). U usporedbi pokrivenosti
vegetacije 1996. godine s prethodnim razdobljem (1986.) doslo je do smanjenja povrsine u nizoj klasi
iznacajno povecanja povrsine u klasi umjereno niske (oko 30 %). Na kraju prouc¢enog razdoblja 2017.
godine, najzastupljenija su podruéja s umjereno niskim, umjereno visokim i visokim pokrivanjem
vegetacije. Upravo takav trend povecanja povr$ina pod vegetacijom utjecao je na smanjenje erozijskih
procesa, §to potvrduje ¢injenica da je koeficijent erozije za 2010. godinu iznosio Zsr = 0,24 (tablica 2).
Prema dobivenim rezultatima provedenih istrazivanja, moze se zakljuciti da su izvedeni biologki ra-
dovi u okviru cjelovitog uredenja buji¢nih bazena znacajno pridonijeli pobolj$anju vegetacijskog stanja
i prevenciji erozionih procesa te pokazali pozitivan uc¢inak.




