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LAND USE CHANGE FOR FLOOD PROTECTION - A
PROSPECTIVE STUDY FOR THE RESTORATION
OF THE RIVER JELASNICA WATERSHED

Abstract: Serbia’s hilly-mountainous regions are extremely vulnerable to flood-
ing as a consequence of their natural characteristics and human impacts. Land
mismanagement influences the development of erosion processes, and causes soil
degradation that significantly reduces the land’s capacity to infiltrate and retain
rainwater. Inappropriate land use as well as development activities replace per-
meable with impervious surfaces in the watershed. This leads to more rapid run-
off generation and the more frequent appearance of torrential floods and bed-load
deposits on downstream sections. Environmental degradation creates economic-
social problems within local societies which is often followed by depopulation.
Restoring watersheds to their optimal hydrologic state would reduce flood dis-
charge and by increasing groundwater recharge would increase both low-flow and
average discharges in springs and streams. Best management practices could be
developed through the application of specific combinations of biotechnical, techni-
cal and administrative measures, and by using the concept of "natural reservoirs”.
The design of such practices is explored through a case study of the watershed of
the river Jelasnica, southeastern Serbia. Realization of these planned restoration
works should help decrease the annual yields of erosive material by 44.1% and the
specific annual transport of sediment through hydrographic network by 43.6%.
Representative value of the coefficient of erosion will be reduced from Z=0.555 to
7=0.379. The value of maximal discharge Q. \vicir aop=34-17 m?3-s71, before res-

toration, is decreased to Q. .\ (1%)241-22 m3-s7! after restoration, indicating
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the improvement of hydrological conditions, as a direct consequence of land use

changes. Administrative measures are applied through "Plans for announcement

of erosive regions and protection from torrential floods in the territory of Leskovac

municipality”.

Key words: land use, flood protection, best management practices, maximal
discharge

IMPOMEHE HAYUHA KOPUIIREWKHA 3EMJ/BUIITA U OABPAHA O]
MOIITABA - TIPUMEP CJIMBA PEKE JEJJAIITHUIIE

H3Boxa: Bprcko-nmannncka noapydja CpOuje n3I0keHa Cy AeCTPyKTUBHOM JI€jCT-
By IIOIUIABA, IITO j€ IOCIEANNA HUXOBUX IIPUPOJHUX KAPAKTEPUCTHKA U YTH-
naja Jpynackor akropa. Heonrosapajyhe kopuinheme 3emibuiia yTude Ha pa3Boj
epO3MOHMX IpOoIleca yCle]| uera JIoNas3u 0 Aerpajanuje, cMambemba HHOUITpa-
IIMOHO—PETEHIIMOHOT KalaluTeTa, OJHOCHO, ToBehaBajy ce HelpomycHe U ciado
MPOIyCHE Ha padyH NMPONYCHUX NOBpLIMHA. Ha Taj HauMH ce cTBapajy yCIOBH
3a yenrhy mnojaBy OyjUYHHX TOIJIaBa M JICTIOHOBAakE ByUCHOT HAHOCA HA HU3BOJ-
HHUM JleoHnIaMa. Jlerpaianuja 5xuBOTHE CPEANHE CTBapa EKOHOMCKO-COLMjaTHE
mpobJeMe y OKBHPY JIOKATHHX 3ajeJHHIA IITO YeCTO IpaTH Jenomynanuja. Pec-
Taypaluja CIMBOBA, 1O BbUXOBOT ONTHMATHOT XUAPOJIOIIKOT CTama, OU cMamuiIa
MOMIJIAaBHU MPOTHUIA] U MOoOoJbIIaNa OOHABJbAKE PE3EPBH MOA3EMHUX BOAA, y3
noBehame MaJior ¥ Cpelber NPoTHLAja Ha 3BOpUMa U morouuma. IIpakce Haj-
Oosber ympasibama OM ce MOIjie paspaguTH HPHUMEHOM CIEHU(PUIHHX KOM-
61/IHaLII/Ij3. 6I/IOTeXHI/I'-{Kl/IX, TEXHUYKUX U aAMUHUCTPATUBHUX ME€pPAa U KOHLECITa
LIIPUPOIHUX pe3epBoapa”. Kpenpame TakBe Mpakce ymnpaBibama je UCTPAKEHO
Y CTYAMjHU Cllydaja ciauBa peke Jenammuuie y jyrouctounoj Cpbuju. Peanmzamnuja
IUIAHUPAHUX DPEecTaypalMOHUX 3axBaTa Ou Tpebaso Ja J0Bele 1O CMamema
TOIUIIbE TPOAYKIMje epo3noHor MaTepujana 3a 44.1% u cnenunpuyHOT TOIHII-
BEr MPOHOCAa HaHOCAa Kpo3 xuaporpadcky mpexy 3a 43.6%. Pempesenrarus-
Ha BpefHOCT KoepunujeHTa eposuje Ouhe pemykosana ca Z=0,555 ma Z=0,379.
BpennocT MakcuManHor npotuiaja Q- o oy =417 m3s~!, pe pecTaypauu-
jecmamenajena Q- o (1%):41,22 m3-s7! nocye pectaypanmje, ITO yKasyje Ha
1o0oJpIIake XUAPOJIOIKHIX yCIOBa KA0 IUPEKTHY MOCIEANIly IPOMEHEe HauMHa
kopuihema 3eMJbUIITAa. AJMUHUCTPAaTHBHE Mepe ce MpHUMemyjy Kpo3 ,,Ilma-
HOBE 32 MPOrJalllelhe EPO3NOHUX MOAPYYja U 3aIUTUTY O OyjUYHHX IOIIaBa Ha
TepuTopuju onmtHHe JleckoBam .

Kibyune peun: HaunH Kopunrhema 3eMJBHINTA, 3AIITUTA O] [IOIUIABa, IPaKce Haj-

0oJber yIpaBibakha, MAKCUMAJIHU TIPOTHUIIA]

1. INTRODUCTION

Serbia’s hilly-mountainous regions are extremely vulnerable to flooding as a
consequence of their natural characteristics and human impacts.. Soil erosion, torren-
tial floods, debris flows, mud flows and landslides have recently caused significant dam-
age all around the world (Skidmore, Toya, 2007, Napradean, Chira, 2006). Their
cause has often been related to the over exploitation or mismanagement of forest and
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agricultural land, or urbanization. Upper and lower watershed areas both face problems
due to the misuse of the soil. Land degradation in mountain watersheds inevitably leads
to economic-social problems within affected communities and the consequence is often
local depopulation (Ananda, Herath, 2003). The restoration of hilly-mountainous re-
gions should become a key priority for Serbia in the XXI century. The task will involve
the integration of technical, biotechnical, biological, social, economical, administrative
and institutional measures, including political activities.

This paper explains that land use is closely connected to erosion control activi-
ties (Risti¢, Macan, 1997, Bakker et al., 2005), protection from torrential floods,
drinking water supply, rural development, CO, sequestration and biodiversity sustaining
(Risti¢ et al., 2010). It notes that the effectiveness of technical structures in river beds
is very limited, and often insufficient to provide protection from torrential floods. So, it
argues that a higher degree of protection could be obtained through use of the concept of
"natural reservoirs” and the application of BMPs (Best Management Practices) on those
surfaces that act as "sources” of accelerated surface runoff and sediment production. Pro-
tection from torrential floods is beside other measures based on land use changes through
the concept of "natural reservoirs”. The essence of this concept is the necessity to retain
water in soil on slopes instead of running off as a fast surface runoff, minimize erosion
and enable agricultural activities. Each storage component (forest stands; parcels of ar-
able land; pastures; meadows, etc.) represents a kind of reservoir, able to keep and retain
a certain volume of water.

2. STUDY AREA

The investigation was carried out in the experimental watershed of the river
Jelasnica, situated in the southeastern part of Serbia (Figure 1). The total area of the

L " :
< S 9|0 ousmre £
Figure 1. Location of the experimental watershed of the river Jelasnica
Cauka 1. Jlokanuja ekcriepuMeHTaIHOT CIIMBa peke JeramHuie
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Jelasnica river watershed (up to the confluence into the Juzna Morava river) amounts to
30.04 km?. Higher parts of the watershed (600-1,055 m above the sea level) are covered
with high quality beech forest. The land is principally occupied by agriculture, with sig-
nificant areas of natural vegetation and complex cultivation patterns. Non-irrigated arable
land dominates in the middle and lower parts of the watershed (219-600 m a.s.L).

The river Jelasnica and its main tributaries are not regulated and torrential floods
often endanger houses, roads, bridges and arable land (Figure 2). The flood which oc-
curred in May of 2005 destroyed the local road (about 300 m in length), damaged the
foundations of the local bridge and cut 20 households off from the nearest towns (Les-
kovac and Ni§). A similar situation occurred in November of 2007 and November of 2009.
Today, river training works are in progress on the 1 km-long section, through village
Jelasnica (Risti¢ et al., 2006).

Table 1. Current structure of surfaces (land use) in the river Jelasnica watershed
Tadena 1. TpeHyTHa CTPYKTypa MOBpIIKHA (TpeMa HAYMHY KopHInhema 3eMJBHIITA) y CIUBY
peke Jenamnune

Surface type Surface / [loppuuHa

Bpcra nospumnne km? %
Broad-leaved forest 11.92 38.07
lyma aunrhapa
Land principally occupied by agriculture, with significant areas of nat-
ural vegetation 573 1831
3eMJBHIITE KOj€ c€ MPBEHCTBEHO KOPHCTHU 3a MOJHONPHUBPENY, Ca 3Ha- ’ '
YajHUM JICJIOBUMA I10]] TPUPOJHOM BETETAIHjOM
Complex cultivation patterns 6.47 20.66
Mpeska 06paguBHX MOBPIINHA IO pa3IHIUTHM KyJITypama
Non-irrigated arable land

5.61 21.97

OO0paauBO 3eMJBHIITE y IPUPOIHOM PEIKUMY BIIAXKEHA
Discontinuous urban fabric 031 0.99
JIMCKOHTHHYAIHO YPOaHO TKHBO
Total 30.04 100
VYkynHo

This watershed is dominated by continental climate, mountainous type, with
mean annual temperature of air £ =10.7°C. The mean annual precipitation amounts to
P_=649 mm. The current land use and the main hydrographic characteristics of the river
Jelasnica are presented in Tables 1 and 2.

The watershed of the river Jelasnica is characterised by its complex geology (Fig-
ure 3). It is built from Paleozoic stones in the upper part, neogenic sediments in the middle
and lower parts of the watershed and Quarternary sediments in the lowest part of the wa-
tershed. The whole Paleozoic complex, where schists dominate, belongs to the group of
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Table 2. Main hydrographic characteristics of the river JelaSnica watershed
Tadena 2. OcHOBHE Xuaporpadcke KapaKTEpUCTUKE CIIMBA PeKe JemanrHuie

Parameter Mark Unit Value
ITapamerap O3naka Jeaunuua Bpeanocr
Magnitude y fm? 30.04
Bennuuna
Peak point Pp masl. 1051
HajBuma rauka
Confluence point Cu masl 220
Kora ymrha
Length of the main stream I km 13.86
Jly*uHa rmaBHOT TOKa
Absolute slope of river bed Su o 6.0
ATICOTYTHY Haru6 pevHor KopuTa
Mean slope of river bed Sm % 398
Cpenmy Harub peyHor Kopura
Mean slope of terrain Smt o 20.12
Cpenmu Harub TepeHa

water impermeable lithologies. Schists are very erodible under atmospheric and anthro-
pogenic influences. Characteristic erosion forms include gullies (0.5 m to 1.5 m deep) and
accumulation forms (mainly talus piles of small dimensions). The middle and lower parts
of the watershed are built from neogenic sediments. Here the lithology is dominated by
sandstones, gravel, and clays. Most of these Neogenic sediments are permeable or light—
permeable. Landlsides appear frequently on the steep banks of river valleys, with the toes
of the landslide often resting in the river bed. The biggest landslide is registered on the
left bank of the river Jelasnica, (about 290 m long and 150 m wide), 1.5 km from the con-
fluence into the river Juzna Morava (Figure 2).

Soil genesis was influenced by the geological composition of the watershed. Ac-
cording to the soil map (scale 1:50,000, sections Ni§ 3 and 4, issued by Institute for Soil,
Belgrade, 1982), soil types typical for hilly-mountainous regions (Figure 4) are found in
the watershed of the river Jelasnica. These include: eutric vertisol formed on lake sedi-
ments (the lower and the middle part of the watershed; 22% of the total area; high content
of clay and colloidal fractions, with small water infiltration capacity); vertic cambisol
formed on lake sediments (17% of the total area; middle part of the watershed, close to
watershed boundary); eutric cambisol formed on schists (the middle and higher parts of
the watershed; 21% of the total area; porosity in the surface layer amounts to 55% which
decreases with depth); dystric leptosol formed on schists (higher parts of the watershed,
close to watershed boundary; 21% of the total area; present at different altitudes and
slopes, very erodible); silicate litosol formed on schists (the higher part of the watershed;
11% of the total area; small water infiltration capacity); litosol formed on lake sediment
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3 - the bridge)
Cauka 2. Jleonnna pexe Jenamnunne y ceny Jemamnuna (1 - kau3umre, 2 - MOIUIaBJbEHE MOBP-
[IMHe, 3 - MOCT)

(the lower part of the watershed; 6% of the total area); rigosol formed on lake sediment
(2% of the total area).

3. AIM OF INVESTIGATION AND STUDY METHODS

The aim of this investigation is to show how land use changes in the watershed
could cause strong positive environmental impacts through the improvement of hydro-
logical conditions, erosion control and flood protection.

Land use classification was made on the basis of CORINE methodology (1994.)
The consequences of land use changes were analyzed on the basis of field investigations,
usage of aerial and satellite photo images, topographic, geological and soil maps.

Area sediment yields and intensity of erosion processes were estimated on the ba-
sis of the "Erosion Potential Method” (EPM). This method was created, developed and
calibrated in Serbia (Gavrilovi¢, 1972). It is still in use in all the countries that origi-
nated from the former Yugoslavia. The EPM is marked by a high degree of reliability of
calculation of sediment yields, transport and reservoir sedimentation.
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Figure 3. Geologic map of the Jelasnica river watershed
Legend: #,,al - Alluvium & the first river terrace, P1,Q - Sands, sandy-gravelly clay & gravel, MPI - Sandstone,
gravels, clays & sands, M, - Sands, clays, sandstones & marlstones, qCm - Quartz layers, ypCm -
Plagiogranites, SepPt,Cm - Albite-chlorite & epidote-chlorite schist, ScomPt,Cm - Chlorite-seric-
ite schist, SmcoPt,Cm - Muscovite-albite-chlorite-sericite schist, QmuPt - Muscovite quartzites,
SakPt - Actinolite schist; SabmuPt - Albite-chlorite-muscovite schist
Cuauka 3. ['eosionika kapTa ciMBa peke JenamHune
Jlerenpa: ¢,,al - anysnon u npsa pedna repaca, P1,Q - necak, neckoBUTO-IIJbYHKOBUTA [JIMHA U IIJBYHAK,
MPI - nemryap, msbyHax, rJiuHa, necax; M, - mecak, riuHa, neurdap u janopat, ¢Cm - ciojesu
kBapua, ypCm - miarnorpanut, SepPt,Cm - anOuT-XJIOPUTCKH WIKPUIBLM U ENUA0T-XJIOPHTCKH
mKpusbld, ScomPt,Cm - XJIOpUT-cepuIUTCKH mIKpusban, SmcoPt,Cm - MyCKOBHT-aJIOUT-XJIO-
PHT-CEPULUTCKH WIKpPHIbal, QmuPt - MyckoBUTCKH KBapuuT; SakPt - aKTHHOIMTCKH LIKPUJBALL,
SabmuPt - anGUT-XJIOPUT-MYCKOBHTCKH IIKPHIbALL
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Computation of maximal dis-
charge, in the hydrological conditions
before and after restoration of the wa-
tershed, was done using a synthetic
unit hydrograph and SCS methodology
(1979, Chang, 2003). In Serbia, this is
the most frequently used procedure for
the computation of maximal discharg-
es at small, ungauged watersheds. Here
the data was enriched by a regional
analysis of lag time (Risti¢, 2003), in-
ternal daily distribution of precipitation
(Jankovic¢, 1994) and classification
of soil hydrologic classes (Porovi¢,
1984).

The computation was carried
Figure 4. Soil map of the river Jelasnica watershed out fO.r.AMC 11 .(Antecedent Moisture
(1 - Eutric vertisol; 2 - Vertic cambisol, 3 - Eu- Conditions I1I-high content of water
tric cambisol, 4 - Dystric Leptosol; 5 - Lito-  in soil, and significantly reduced infil-
sol, 6 - Regosol) tration capacity). Data about maximal
Cauka 4. [lenonomka kapra ciauBa Jenanrauie daily pre cipitation were provide d from
(1 - eyTpu4HH BepTHUCOI, 2 - BEPTHYHHU KaM- . . . .
a neighboring rain-gauge station - Les-
Ouco, 3 - eyTpUUHU KaMOUCO, 4 - TUCTPU-
9HM JIENTOCOJ, 5 - TMTOCO, 6 - PEroco) kovac (1948-2009).

4. RESULTS

The results of this investigation are related to the current and planned state of the
river Jelasnica watershed following the restoration of degraded surfaces (table 3). Planned
restoration works (Figure 5) involve the reforestation of eroded arable land (0.75 km?),
establishing of forest protective belts (0.06 km?, 1684 m in length, 35.5 m average width)
and silt filtering strips (0.04 km?, 1668 m in length, 24 m average width). Conservation
works are also planned on the existing arable land, which include contour farming and
terracing (5.45 km?). The numbers of livestock on grazing surfaces is limited (1-3 pieces
per hectare, depending on terrain steepness), in order to reduce negative effects such as
compaction of soil surface layer and the reduction of water infiltration capacity.

4.1. Erosion and sediment transport

Some characteristic outputs from these sediment yield and transport computa-
tions are presented in table 4 along with the representative values of the coefficient of
erosion Z, in the conditions before and after restoration of the Jela$nica river watershed
(W,- annual yields of erosive material; Wasp— specific annual yields of erosive material;
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Table 3. Structure of surfaces (land use) in the river Jelasnica watershed after the restoration
Tadena 3. CTpykTypa nmoBpurrHa (IpemMa HaunHy Kopulihema 3eMJBHINTA) Y CIIUBY peke Jemna-
LTHUIIE TIOCTIE pecTaypanuje

Surface type Surface / nonmHHa
Bpcrta nospumune km? %

Broad-leaved forest 11.92 38.07
ywma numhapa
Land principally occupied by agriculture, with significant areas of natu-
ral vegetation . . 565 18.05
3eMJBHIITE KOje Ce IPEBACXOAHO KOPHCTH 3a MOJFONPUBPEY ca 3Hauaj-
HUM AC€JI0BUMA IO NIPUPOJHOM BeFeTaLll/leM
Complex cultivation patterns

5.86 18.71
Mpexa 00paarBUX MOBPLIMHA O] PA3IHYUTHM KYJITypama
Reclaimed non-irrigated arable land

5.45 21.47
MenuopucaHo 00paTuBO 3eMJBUILNTE Y IPUPOTHOM PEKHUMY BIIAXKECHA
Discontinuous urban fabric 031 0.99
JluckoHTHHYanHO ypOaHO TKHBO
Afforested surfaces 075 239
[TomrymibeHe nmoBpiInHe
Forest protective belts ' 0.06 0.19
3aIlITUTHU UIYMCKH M0jaceBH
Silt filtering strips . 0.04 013
Wno-dpunrepcku nojaceBn
Total 3004 | 100.00
YKynHo

W, - annual transport of sediment through hydrographic network; W™ specific annual
transport of sediment through hydrographic network; W, - annual amount of bed-load
sediment; W, _- annual amount of suspended sediment).

bls

4.2. Changes of hydrological conditions

Land use directly affects surface runoff intensity by creating "losses” of precipita-
tion, through the processes of interception, depression storage, evaporation, transpiration
and infiltration. This is illustrated by hydrological analysis of the Jelasnica river water-
shed. From May of 2007, the Jelasnica river flooded three times, damaging the local road,
the bridge and the houses.

The computed values of maximal discharge (for control profile P, in the village
Jelasnica, in the proximity of the confluence into the J. Morava river) are presented in Fig.
6, as hydrographs for different probabilities (p=0.5, 1 and 2%). Comparison of the values
of maximal discharge O, . s vicun 0y =41-22 m3-s7! (after restoration) and O .\ /i %=
=39.98 m*s~! (before restoration) indicates an increase of the recurrence interval from
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Table 4. Characteristic outputs of sediment yields and transport computations in the conditions
before and after restoration works

Tadena 4. KapakTepucTHYHHN pe3yATaTH OpopadyHa IPOAYKIHje U MPOHOCAa HAHOCA Y YCIIO-
BHMa IIPE M M0CJIE pecTaypanuje

Parameter Before restoration After restoration
IHapameTap IIpe pecraypauuje Iloc.ie pecraypanuje
W, [m*] 27631.5 15437.5
Wasp [ km?-year] 910.82 513.9
Wt [m] 11929.6 6730.8
Watsp [m>-km™2-year] 397.12 224.1
Wabis [m*-year™] 2863.1 1615.4
Wass [m?-year™] 9066.5 5115.4
Z 0.555 0.379

(@) (b)

FigureS. Land use in the Watershed of the river Jelasnica (a - before restoration, b - after restoration)
Legend: 1 - Broad-leaved forest, 2 - Land principally occupied by agriculture, with significant areas of natu-
ral vegetation, 3 - Complex cultivation patterns, 4 - Non-irrigated arable land, 5 - Discontinuous ur-
ban fabric, 6 - Reclaimed non-irrigated arable land, 7 - Afforested surfaces, 8 - Forest belts, 9 - Silt

filtering strips
Cauka S. Haunn kopunrhema 3eMJBHINTA y CIUBY peke Jenamuutie (a - mpe pecraypanuje, 6 - mo-

cie pecraypanuje)

Jlerenpa: 1 - myma numrhapa, 2 - 3eMJBHIITE KOj€ C€ TPEBACXOHO KOPUCTH 32 MOJHONPHBPEAY, Ca 3HAYJHUM
JIeJIOBUMa MO/ NPUPOAHOM BEreTalMjoM, 3 - Mpexa oOpaJuBUX MOBPIIMHA IOJ Pa3IdYUTHM
KyJATypama, 4 - 00paarBo 3eMJBULITE y IPUPOTHOM PEXKHUMY BIIAXKEHA, S - THCKOHTHHYAIHO ypOaHo

TKHBO, 6 - METHOPHCAHO 00PaAMBO 3EMJBUILTE Y IIPUPOJHOM PEKUMY BIaXKEHa, 7 - MOMIYMIbEHE
MOBPILHUHE, 8 - IIyMCKH M0jaceBH, 9 - HII0-PUITEPCKH T0jaceBU
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20 years (p=5%) to 100 years (p=1%) as a direct consequence of land use changes. At
the same time, other significant parameters such as physical characteristics of the water-
shed (magnitude, mean slope of terrain, mean slope of river bed) and total precipitation
remained the same. Some characteristic outputs of these hydrologic computations, in the
conditions before and after the restoration, are presented in table 5 (CN - runoff curve
number, Pe - effective rain for probabilities 1, 2 and 5%, T, - rising time of hydrograph,
T, - recession time of hydrograph, 7 - time base of hydrograph). These all indicate more
favourable hydrological conditions in the post-restoration environments.

Table 5. Characteristic outputs of hydrologic computations in the conditions before and after

restoration works
Tabena 5. KapaKTepI/ICTI/I‘IHI/I PE3YITATH XUAPOJIOIIKUX ITpOopavYyHa y yCJIOBUMaA IIPE€ U MOCJIC

pecraypanuje
Parameter Before restoration After restoration
[MapameTap [pe pecraypauuje Ilocae pecraypanuje
CNy, 88 83
Pe,,, [mm] 33.24 26.70
Pe,,, [mm] 27.05 21.36
Peg, [mm] 24.99 19.83
T, [h] 4.51 4776
T, [A] 5.82 6.14
Ty [H] 10.33 10.90

5. DISCUSSION

Generally, flood risk assesment has to include the main natural characteristics of
the watershed, anthropogenically changed characteristics (land use, urbanization, posi-
tion of residental and infrastructure objects), as well as all relevant aspects such as costs
and benefits, water resources management, spatial planning (Plate, 2002, Pettier et al.,
2005).

The geology of the river Jelasnica’s watershed is dominated by water imperme-
able (schists, clays) or light—permeable stones (quartz sandstones). These lithologies lead
to the formation of soil types with low water infiltration capacity (eutric vertisol, vertic
cambisol and lithosol formed on lake sediments; eutric cambisol, dystric leptosol, and
silicate litosol formed on schists), and high erodibility under both atmospheric and an-
thropogenic impacts.

Soil erosion on pastures is often more intensive than on arable land (sheet ero-
sion; appearance of gullies). The initial cause is degradation of the vegetation through
overgrazing, which leads to removal of ground cover, leaving the soil exposed to erosion.
Pasture management has to be supported by restrictions of livestock numbers (optimal
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Figure 6. Hydrographs of maximal discharge in hydrological conditions before (br) and after res-
toration (ar) of the Jelasnica river watershed, for probabilities p=1, 2 and 5%

Cauka 6. XuaporpaMu MakCHMaJTHOT MPOTHIAja y XUAPOIOMIKAM yciaoBumMa mpe (br) u mocie
pecraypauuje (ar) y cnuBy peke JenamHune, 3a BepoBatHohe p=1, 2 u 5%

number of animals per surface unit) and rotational grazing. Reduction of grazing pressure
can lead to the establishment of a better vegetation cover, decreased erosion, increased
interception effect, improved water infiltration capacity and reduced surface runoff.

The current state of erosion processes is represented by the coefficient of erosion
7=0.555 (medium erosion), the annual yields of erosive material ¥ =27631.5 m? and a spe-
cific annual transport of sediment through hydrographic network of W p=397.12 m3-km2,
Restoration works aim to decrease yields of erosive material, increase water infiltration
capacity and reduce flood runoff. The future state of erosion processes is represented with
the coefficient of erosion Z=0.379 (weak erosion), the annual yields of erosive material
W.=15437.5 m? and specific annual transport of sediment through hydrographic network

~ 34 5 1 .
W;nsp’ 224.1 m’-km~*, which suggests a massive improvement.

The effect of the resulting hydrological changes has been estimated by the compu-
tation of maximal discharge under the conditions before and after the planned restoration
of degraded surfaces in the watershed. At the moment, the JelaSnica river watershed is
covered with stable broad-leaved forest on 11.92 km? (38.07% of the total surface). After
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restoration (afforested surfaces, forest belts, silt filtering strips) forest cover will be en-
larged by 0.85 km? (2.8% of the total surface). Reforestation causes a significant increase
in the interception effect (Risti¢, Macan, 2002), by protecting the soil from direct rain-
drop impacts and retarding the forming of surface runoff. Simultaneously, runoff curve
number would be reduced from CN=88 to CN=83, effective rain from Pe,, =33.24 mm to
Pe,,,=26.70 mm and with prolonged time characteristics of hydrograph. Volume of flood
wave will be reduced from W, =0.999-10° m’ to ¥, =0.802:10° m® (for AMC III). Real-
ization of these planned restoration works should help decrease the annual yields of ero-
sive material by 44.1% and specific annual transport of sediment through hydrographic
network by 43.6%. The representative value of the coefficient of erosion (Z) will be re-
duced from 0.555 to 0.379. The value of maximal discharge O, . A vicun 1075417 m3-s7,
before restoration, is decreased to Qo (1%):41.22 m?3-s~! after restoration, indicating
the improvement of hydrological conditions, as a direct consequence of land use changes.
Land use changes will influence time characteristics of the hydrograph (Risti¢, 2003,
Risti¢, 2000).

Administrative measures are applied through "Plans for announcement of erosive
regions and protection from torrential floods in the territory of Leskovac municipality”.
The plans put bans on: clear cuttings; cuttings in protective forests; straight row farming
down the slope; uncontrolled urbanization; overgrazing (articles 15, 30, Water Law, The
Offical Gazette of the Republic of Serbia Ne 54/96). Land owners have the duty to apply
contour farming and terracing of arable land as effective measures of erosion control.

6. CONCLUSIONS

Protection from torrential floods can be enhanced by planned land use change.
This paper calculates the effect of selected restoration measures on the hydological per-
formance of the river Jelasnica, in southeastern Serbia, and shows that modest land use
change may have significant impacts.

Forest vegetation significantly decreases the amount and velocity of surface wa-
ter and intensity of erosion processes, helping the development of soil and its infiltration
capacity. Planting stable forest stands on bare lands and steep slopes is an effective anti
erosive and flood protective measure. Similarly, positive effects can be provided by prop-
erly treating arable land with contour farming and terracing.

The effective revitalization of the Jelasnica river watershed can be based on the
application of Best Management Practices including: technical (river trainning works),
biotechnical (afforestation; forest protective belts; silt filtering strips) and administra-
tive measures, identification of endangered areas, specifying of land use limits (contour
farming and terracing of arable land on slopes; limits for grazing; rotational grazing) and
permanent control by experts.
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INPOMEHE HAYMHA KOPUIIREIA 3EMJ/BUIITA U OABPAHA O] INOIIJIABA -
INPUMEP CJINBA PEKE JEJJAIIHUIIE

Pe3ume

Bpacko-nnaHuHcKa noapydjay ceety 1 CpOuju Beoma cy yrpoxkeHa 1eJI0BabeM epO3HOHUX
Ipoleca 1 4eCTUM TojaBaMa OyjudHHX NoIIaBa. Pa3nosu cy, mopea mpupoIHUX IpeaUCTIO3UIIHja,
HEKOHTpOJIMCaHa ypOaHH3a1Mja ¥ IPEKOMEPHa EKCIIIOATallNja IIYMCKUX U MTOJbONPUBPETHUX 110-
BpIIMHA. MaTepHjaiHe IWTeTe U IyOUTAK ILIOHOT 3eMJBUIITA YTHYY Ha IOrOpIIake COLMjaIHUX
U eKOHOMCKHX yCJIOBa Y3pOKYjyhy CHPOMAaIITBO U IENONYJIalnjy YIpoKeHHX noapydja. [Touetax
XXI Bexa o6enexxeH je HacTojarmbuMa Jja ce Ha IIPHHIHITY OJ[PXKUBOCTH, 3aII0YHE Ca IPOTHBEPO3NO-
HOM pecTaypanujoM JerpaaupaHux OpACKO-INIAHUHCKUX CIMBOBA MPUMEHOM KOHIEHTA ,,[PH-
pOOHUX pe3epBoapa’ Ha MOBPIIMHAMA KOje Cy HICHTH(PHUKOBAaHE Ka0 H3BOPH HAHOCA U MOTJIABHOT
oruIaja. Pa3inunTe NOBPUIMHE U BUX0BA 3eMJBHIITA (IIyMe, 00pauBO 3eMJBUILTE, IUBAJE, M-
LIKAIM, UTH.) IPEACTaBbajy pe3epBoape ca BeoMa JTUHAMUYHUM OWJIAHCOM BOJIE Ha JTHEBHOM,
MECEYHOM, CE30HCKOM WJIM TOJUIIHEM HUBOY. 3alITHTA 0] OyjHYHHUX TIOIJIaBa Ce 3aCHUBA, H3Me-
by ocranor, Ha mpoMeHaMa y HauMHy KOpHIIhema 3eMJBHIITA Ca IMJBEM Jla Ce BOJA 3aJIpKHU y
3eMJBMIITHMA Ha HATHOMMa, CMakbU yJIe0 MOIUIABHOT OTHIIaja, MUHMMHU3HPa HHTEH3UTET €PO3HO-
HUX IIpoLeca 1 oMoryhin oBujambe OpKUBUX MOJbOIPUBPEIHUX aKTHBHOCTH.

ITpumeHna koHIeTITa ,,IPHPOHHUX pe3epBoapa” je 00aBJbeHa Ha EKCIIEPUMEHTATHOM CIIHBY
pexe JemamHuIe Koju ce Hajasu y jyrouctouHoj CpOuju. Y reoJomKoM cacTaBy JOMHHHPA]y
BOJIOHETIPOITYCHE (IIKPHUJbAILl, IITMHA) WIIH CJ1a00 IIPOITyCHE CTeHE (KBApIHU IeIdapH), MTo je yTH-
1ayo Ha GOpMHUpame 3eMJBUIIHUX TBOPEBUHA ca MAJIUM HHOHITPALMOHO-PETEHIIMOHUM Karia-
LHATETOM, KOje Cy BeoMa epOaUOMITHE IO/ yTHIIajeM aTMOCHEPCKIX U aHTPONOTeHUX YHHHIIALA.
Buiu 1es10BH ciiMBa cy NOKPUBEHH KBAJIMTETHUM OyKOBHM IIyMaMa JIOK HajBehn Jieo 3ay3umajy
YCUTHCHE MOJbONPUBPEIHE MOBPIINHE. AKTYEITHO CTakhe €PO3UOHUX IpoIleca je MPeCcTaBJbeHO
koeduirjeHToM eposuje Z=0,555 (ocpenma epo3nja), TOAUIIEKHOM ITPOITYKIIH]OM €PO3UOHOT MaTe-
pujana W,=27.631,5 m* u cneruuyHIM rOQUIIBHM IPOHOCOM HAHOCA Of me=397,12 m3km™2.
Ha ciuBy pexe Jemamnune HUCY W3BO)EHH IIPOTHBEPO3UOHH PATOBHTH TAKO Ja decTe OyjudHe
HoIJIaBe yrpoxanajy kyhe, myTese, MOCTOBE H 00paHBO 3EMJBHUILTE.

HcrpaxuBame HMa 33 LIJb CUMYJIALNjy XM POJIOLIKOT CTaTyca CIMBA Y YCIOBHMA IIOCTO-
jehe m nmanupane cTpykType nospinHa. [IpeaBuhenn pecraypaunoHu pagoBu 00yXxBaTajy Ho-
IyMJbaBae €POAMPAHOr MOJONpUBpenHor 3emibumita (0,75 km?), mogu3ame IyMCKHUX 3ami-
tutHux nojacesa (0,06 km?, 1.684 m nyxune, 35,5 m MpoceyHe MHMPUHE) U YCIIOCTABIbAME UIIO-
¢unrepckux mojacesa (0,04 km?, 1.668 m myxwune, 24 m npoceune mmpune). [penuheno je
(dopMupame Tepaca U KOHTYpHa 06paga KBaJMTETHOT TOJLONPUBPENHOT 3eMibnmTa (5,45 km?).
AIIMUHUCTpAaTHBHE MepeE ce peanusyjy npuMeHoM [1i1aHoBa 3a mpornameme epo3HOHUX MOAPYdja
¥ o10pany oz OyjUYHHUX MOIJIaBa Ha TEPUTOPHjH onuITHHE JIeckoBall, Ha OCHOBY 4era JIOKaJIHa ca-
MOyIIpaBa IpONHKCYje KOPUCHUIIMMa napuena oxpelheHe 3adpaHe 1 Hpenopykxe.

EdexTnnpoMena y HaunHy KopHIIhemha 3¢ MJBUIITA Cy aHAJIN3UPAHU HA OCHOBY TEPEHCKHX
UCTPpaXHBaKa, YHOTpeOe OpTo-)OTO M CATEIMTCKUX CHMMAakKa, TONOrpad)CKUX, reoJOUIKUX U
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neponomkux Mmana. [Ipumemena je CORINE metomonoruja (1994) 3a knacudukanujy HadmHa
kopunrhema sempnmrta. Eposnonu npouecu cy oopahenn npumeHom ,,Metone noTeHnjaga epo-
suje”. [IpopauyH MakCHMaJHOT MPOTHIAja, Y YCIOBHMA Ipe U Mocie u3Bohema pecTaypammno-
HUX pajioBa, 00aBJbEH j€ MPUMEHOM TEOPHj€ CHHTETHYKOT JeAMHUYHOT Xuaporpama u SCS me-
tononoryje, 33 AMC Il (HagmpoceyHu yCIIOBH BIaKHOCTH).

TToBehame mymcknx nospumna 3a 0,85 km? (2,8% yKyIHe MOBPUIMHE) U PUMEHA MPO-
THUBEPO3UOHE arpoTEXHUKE (KOHTYPHA 00paja, Tepacupambe) yTHUY Ha CMalbeHhe epO3HOHE MPo-
NIyKIHje ¥ NOIUTaBHOT OTULAja. [IpoayKiinja v TpaHCIOPT €pO3MOHOT MaTepHjaina Mambu Cy 32 OKO
44,1%, a peripe3eHTaTHBHA BPEAHOCT KOE(PUIINjEHTa epo3Hje peayKoBaHa je ca Z=0,555 na Z=0,379

(cmaba eposuja). Bennunna Makcumanuor npotuuaja Q. =54,17 m*s”! cmameHa je Ha

max-AMCIII (1%)
O v AMCIL (1%)=41,22 m3+s7!, Kao MUPEKTHA MoCcIenna NOBOJBIIAHMX XUAPOIOMKHX YCI0Ba yC-
JIe MPOMEHa y HAaYMHY KOpHIIhera 3eMJbUIITA. 3allpeMUHa NOIUTABHOT OTHIIAja j€ PeAyKOBaHa ca
W 10y =0,999 m**10-% na W, ,, =0,802 m**10". Maxcumanuu npotuuiajnt Q. s ycu o =41,22 m*s™
(mocne pecraypaumje) u Q1 viem (5%)=39,98 m3s~! (npe pecTaypauuje) cy CIAMYHM M yKa3yjy
Ha noehame nospatHor nepuoga ca 20 roguna (p=>5%) Ha 100 roguna (p=1%). Pectaypannonu
panoBu cy nosehanu nHTEpUENTHBHY edekaT, oK je Opoj KpuBe oTHIaja cMambeH ca CN=88 Ha
CN=83, a ebexruBHa xuma ca Pe,, =33,24 mm na Pe,,=26,70 mm. VIcTOBpeMeHO, OCTanM 3Ha-
YajHU MapaMeTpH, Kao MTO ¢y GpU3NIKe KapaKTEPUCTHKE CIMBA U YKYTIHE TTaJaBUHE, OCTAIH Cy
HETIPOMEHEHH.

ITpuMemeHn KOHIENT ,,IPUPOJHUX pe3epBoapa‘, Kpo3 CUMYIHPaHy IPOTHBEPO3UOHY pe-
CTaypalujy ClIBa peke JelanHulie, 1oKas3ao je 3Ha4ajHO CMambeHhe HHTEH3UTETa €PO3HOHUX MPO-
eca 1 yjena HOMJIaBHOT OTHILAja, Kpo3 noBehame OTIOPHOCTH 3€MJBUILITA M H-ErOBOT MHMII-
TPaLMOHO-PETEHIMOHOT KananuTera. Hajoosba npakca ynpassbama AerpajiupaHuM OpicKo-Iuia-
HUHCKUM CIIMBOBHMMA CE OCTBapyje MPUMEHOM crienn(puyHe KOMOUHAIM]e TEeXHUYKUX, OHOTEeX-
HUYKHX, OMOJOLUIKUX U aJIMUHUCTPATUBHHUX MEpa, IITO je HIYCTPOBAHO IPUMEPOM CIIMBA pEeKe
Jenamnune.
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