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M3BoA: 3awTuTa 3em/bUlITa BereTaumjom je npumapHu oaktop 3a dopdy npoTvs BoaHe
eposuje y3 HeONXoAHY NPUMeEHY SUOTEXHUUKUX, TEXHUYKMX, aAMUHUCTPATUBHUX U NAAHCKUX
Mepa. JeaaH of, NPBUX C/IMBOBA KOjU je TPeTUPaH pagoBMMa 3a 3alUTUTY of eposuje n ypehere
dyjuua je cnus MpagallHuyKe peke. OCHOBHM MapaMeTpu 3a NPUKas NPOMEHa XUAPONOLIKOT
cTaTyca 3eM/bULLTa CY CTakbe epo3uje, NpoMeHa KoeduLmjeHTa eposuje, roanLlkba NPoayKUMja
HaHoca, cneundUYHM roanLLIFKBKY NPOHOC HAaHOCa KPo3 Xxuaporpadcky Mpey, BpefHoCT dpoja
KpvBe OTWLaja Kao M BPeAHOCT MaKCMMasHOr npoTuuaja. PafoBM Ha 3aWwTnT of, eposunje
n ypehetrby dyjuua yTMUanu cy Ha cmarberbe BpeAHOCTU KoeduumjeHTa eposuje ca Z=0.99
(jaka eposuja) Ha Z=0.40 (cnaba eposuja), Kao M Ha peayKoBatbe BPEAHOCTU MAKCMMANHOT

npotuuajaca Q =108,12 m3/s Ha BpeaHoCT 4o Q

max(1956)_

=87.2 m?/s.

'max(2014)

KmbyuHe peuu: dyjuyHe nonnase, Kopuwhere 3em/bULLITa, NPOTUBEPO3NOHU PALOBH,

MaKCMMaAHW NPoTULLAj

YBOA

PagoBu y WymapcTBy, NO/bOMNPUBPELM, Kao U
yp6aHUCTMYKe aKTUMBHOCTM Ha civBoBUMMa b6pa-
CKO-MNJIaHMHCKOT Noapyyja mory 6UTM MHULMjaNHK
daKTOp 33 Pa3BOj AECTPYKTUBHUX EPO3UOHUX NPO-
ueca v nojasy byjuuHux nonnasa (Jones and Gra-
nt, 1996; Motha et al., 2003; Troendle and Olsen,
1994; Wipf et al., 2005; Fattorini, 2001). Nopen,
6MONOLKMX, HEONXOAHA je NpUMeHa BUOTEXHUY-
KMX, TEXHUYKMX, aAMUHUCTPATUBHMX, KaO U MaaH-
cKux mepa (Gordon et al., 2008; Jenecek et al.,
2007; Hejduk, Kasprzak 2004; Kvitek et al., 2004;
Risti¢ et al., 2011). YcnocTaB/batbe KBAZUTETHOT
BEreTaLMOHOr MOKPUBAYa jecTe NpeaycnoB 3a CTa-
61NM3aLmjy 3eM/bULLITA, YUME Ce CTBapajy YCI0BMU
3a npeBeHUMjy U 3aWTUTYy og eposuje. Tume ce
ocTBapyje edekaT MHTepuenumje, Kao 1 Nobosb-

Warbe MHPUATPALMOHO-PETEHLMOHOT KanaumTeTa
3emsbuwTta (Ristic, Macan, 1997, 2002). HakoH
MHTEH3MBHOT MOYeTKa NpMMeHe pafoBa Ha ype-
Hetrby ByjuuHux camsosa y Cpbuju, y nepuogy oa
1907-1940, ycnepuo je nepuog, HACKOT MHTEH3U-
TeTa pagoBa, og 1941-1954 (Kostadinov, 2007).
Cneau nepmof, 0O6MMHUX aKTUBHOCTM Ha 3aLUTUTU
oA eposuje M ByjuyHMX Monnasa, Koju Tpaje Ao
cpeaunHe 70-ux roanHa XX seka (Ristic, 2012). Je-
[aH o4, NPBUX TPETMPAHUX C/IMBOBA Y OBOM ne-
pvoay, jecte chue pagawHuyke peke (1956).
Hajsehe nonnase Ha 0BOM C/AMBY gorogune cy ce
1948. roguHe (Kaga je 4HEBHM MAKCUCMYyM Naja-
BMHa M3HOCKo 62,3 mm), 3aTum 1954, 1955, 1963
1 1965. roguHe. byjuyHe nonnase 6une cy Beoma
[ECTPYKTMBHE HA noapydjy rpaga MupoTta, Ha
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No/bONPUBPESHUM MOBPLUMHAMA KOje rpaBuTuU-
pajy npy3n Huw-TMnpot-Aumntposrpag, y oKonum-
HW cena lpagawHULa, Kao n nopeg nyta MNupot—
lpagawHuua.

MATEPHUJAA 1 METOAE PAAA

OCHOBHM NMapameTpu 3a NPUKa3 NPOMEHa XU-
[APO/IOLLKOT CTaTyca 3eM/bULLTA CY CTake eposuje,
BpeHOCT KoeduLmjeHTa eposuje, roguiltba npo-
AyKuuja epo3noHor maTepujana, cneuuduyaH ro-
OMLW K MPOHOC HaHoca, bpoj KpuBe oTULAja Kao
W BPegHOCT MaKcMMasHor npoTuuaja. MNpeameTtHn
C/IMB Ce Hanasu y jyronctodHom aeny Cpbuje (cam-
Ka 1.). (pafallHMYKa peKa je fecHa NpUToKa peke
Huwase, y Kojy ce ynnsa y camom ueHTpy MupoTa.

AHanusmnpaHu cy CBM NapameTpu O, 3Ha4aja
3a carnefaBatbe CTakba CAMBA: XMAPOJOLLKeE, MNe-
[O/I0LLKE U reo/IoLLKe KapaKTepUCTUKe; CTPYKTypa
nospwuHa (HaunH Kopuwhera npocTopa); nusse-
[eHN NPOTMBEPO3NOHM pPagoBu. [IpomeHe HaunHa
Kopuwwhera NpocTopa cy aHaAn3MpaHe Ha OCHOBY
nocrojehe TexHUUYKe AOKYMEHTauUMje U peneBaHT-
HWUX nojaTaKka 3a nepmog 1956-2014, TepeHCcKnx
WCTPaXHUX pajoBa, aHa/M3e CaTe/INTCKUX U op-
TOo-bOTO CHMMaKa. HaumH Kopuwhera npocTopa
je npeactas/beH npumeHom CORINE meTtogono-
rnje (EEA, 1994). MpoayKumja epo3noHor maTe-
pujana n NpoHoc HaHoca cy yTBpHeHU Ha OCHOBY
Metoga MoteHuumjana eposnje-MMA (Gavrilovic,
1972).

lNpomeHe XMAPONOLIKKX YCNOBA Cy cariegaHe
Ha ocHOBY ynopehunBarba BpegHOCTU MaKCMman-
HOr NMpoTMLaja U3 nepuoga npe nNpMmMeHe NpPoTu-
BEpO3MOoHMX pagoBa (1956) n nocne m3Bohera
NPOTMBEPO3MOHUX PagoBa Ha cnBy MpaJalHMYKe
peke (2014). MpopayyH MaKkCMManHOr NpoTMLaja
M3BPLUEH je MPUMEeHOM KOMBUHOBaAHOT NMOCTYMKa
(Risti¢, 2011), Koju ce 3acHMBa Ha cnegehum npo-
ueaypama: SCS metogonormju (SCS, 1979) 3a pas-
ABajarbe ePeKTUBHUX NafasuHa P, of yKynHUX
nagasuHa P ; TeOPUjU CUHTETUYKOT jeAMHUYHOT
XMaporpama 3a AeTepmMuHucarbe BpLUHe opanHaTe
jeaMHUYHOr oTMuaja (o I MpopayyH MmakcMmanHor
npotuuaja 06aB/beH je y3 MPUMEHY PervoHaNTHUX
3aBMCHOCTW: BpemeHa Kallkbera camsa (Ristic,
2003); yHyTap AHEBHe pacnogene nagasuHa (Ja-
nkovic, 1994); knacuduKkaumje XMapPoNoLKNX Kna-
ca 3emsbULuTa (Porovic, 1984).
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Cnuka 1. Monoraj cnmea MNpagallHUYKe peke

Lun/b mcTparkmBarba jecte nNpuKas npomeHa
Koje cy ycneaune Ha camsy ByjudHOr BOAOTOKa,
HaKoH u3Bohera MPOTUBEPO3MOHUX Paf0Ba,
KpO3 Nobosbliuatbe XMAPOIOLKMX YCNOBA Ha C/K-
BY, KOj€ je MOCTUrHYTO NPMMEHOM pajoBa U Mepa
3a 3alWTUTY of epo3nje u ypehere byjuua.

PE3YATATHU NUCTPACKMBAIbA

[naBHe XWAPONOLUKEe KapaKTepUCTUKe cnuBa
MpagalwHUYKe peke NpukasaHe cy y Tabenum 1.

Cnue MpagalwHUYKe peke popmmpa ce 1cnog,
CkyBuje, jeaHor og orpaHaka Crape [lnaHuHe.
MpoTnye Kpo3s atape cena Lobpu o, Huwopa u
lpagawHuLe, Kao n Kpo3s rpag MNupor, y unjem ce
LeHTpy ynuBa y peky Huwasy. OrpaHum Crape
naaHvHe Npunagajy Jypu, n chveBHo noapyyje Mpa-
OALWHWYKE peKe NMpocTMpe ce MpeKko cnojesa jyp-
cke dopmaumje (Kpeuraum, newyapu, nanopum n
rvHumM). Tepuujep je 3acTyn/beH Ha npocTopy
cena MpafjawHuLe (KyTU U UpBEHU neLwyap, KOH-
rNomMepaT, KBapl, KBapuuTv u mogpu dbuauti),
(Gl, 1970).

Hajsehu geo nosplmHe Ha camBy KopuwheH
je kao wymcko (43%) n nomonpuepesHo (42%)
3e-Mm/buLLTE (C/IMKa 2), AOK je NpeocTanu Aeo Cu-
BHe nosLlmMHe (15%) 6una ronet (Kpeurak 1 new-
yap). lWyma pobpor cknona npocTMpana ce camo
Ha M3BOPULIHOM AeNly CAMBA, Kao U Ha MarbuM
nenosMma Kopg pagawHuyke knmcype, Tenasuya,
ucnog Uepuessa 1 MpaguwTta. Octanun Aeo Wwym-
CKOT 3e-MJ/bM1LLUTA NPEeACTaB/bao je HUCKY Aerpaau-
paHy Wy-My Wau WKKapy, ycaen npetepaHe mcna-
e, cevye U Kpecaka IMCHUKA. MNosbonpuBpeHo
3em/buLITe KopuwheHo je 1 Ha HarMbuma sehum
opn,60%, 1 TO 3a cafkby PaTapCKUX KynTypa (nwe-



MPOMEHE XWAPOJOLWKOI CTATYCA CZIMBA YCIEL MPUMEHE MPOTUBEPO3NOHUX PALOBA

Ta6ena 1. XuaponoLuKke KapaKTepucTMKe camea MpajalHUYKe peke

Bpep,Hocr 3a caus

Mapametap O3Haka JepmHunua [pagaliHuuKe peke
MoBpLumrHa camBea F km? 43.85
06um camsa 0 0 42
KoTa Bpxa cnvBa Kv mnm 1234
Kota ywha cavBa Ku mnm 370
Cpeftba HAAMOPCKA BUCUHA Hsr mnm 970
[y>XWHa rnaBHOr TOKa L km 18
ANconyTHM nag ToKa la % 4.8
YpaBHaTK nag ToKa lu % 3.44
Cpegtbn nag camea Isr % 33
F'ycTuHa xuaporpadcke mpexe G km/km? 1.1

HWUUQ, KYKypy3), nocne uunje keTse je dopmupaH
LpHW yrap, jegHy 0o ABe roguHe. JeAuHW BuA
NpoTUBEPO3MOHE 3aLlITUTE KOjU je NpuMernBaH
jecte Tepacuparbe 3emsbulLTa (Ha HMBOY Moje-
OVHAYHUX napuena uaM 40 rpaHuue KynType),
Kako bu ce cmamMo nag TepeHa. HajouyBaHuje
nospuwuHe 50-Mx roaMHa NPOLU/IOr BEKA Ha CNUBY
lpagalwHuyKe peke, bune cy nog nawmaluma u
NMBafama, ca rycTUM 1 BUTaZHUM TPaBHO-Nery-
MUHO3HUM MOKPUBAYeM, rae Huje 6uno nojasa
WHTEH3MBHOI Cnupakba 3em/bUuluTa. Takohe, y
0OBOM nepuoay je rajere oBaua 6uio seoma
YHOCHO M LUMPOKO PacrnpocTparbeHO 3aHMMatbe.
Mocne n3Bohera GUONOWKUX NPOTUBEPO3UOHMX
pafioBa U NpUMeHe aAMUHUCTPATUBHUX Mepa U
3abpaHa, AOoW0 je A0 NPOMEHa Yy HauyuHy Ko-
puwhera npoctopa Ha causy [pagawHuyke
peke. MpoueHaT nog WYMCKUM 3eM/bULLTEM je
nosehaH Ha 55.9%, npema ctawy 13 2014. rogu-
He, 1 To Tako wTo je 30.4% nopg, wymama gobpor
cKnona, a 25.5% nop wymama ca paspeheHum
cknonom. MNMoBpLlKMHe Nog NMBaZama 3ay3umajy
29.7%, nopg, opanmuama 3.5%, nog, nawmaunuma
4.2%, nopg, ronetnma 3.8%, a octanmx 2.9% nosp-
LWIMHEe cy rpafcKa M ceocKka Hacesba. [lpomeHe y
HauMHy Kopuwhera NPOCTOpa jacHO ce yoyaBajy
ynopehuBatem KapaTa HameHe MOBPLUMHA U3
1956. 1 2014. roguHe (cnvke 2 u 3). Npotmueepo-
3MOHM PafloBM Ha camBy MpajallHuuKe pe-Ke (6u-
O/IOLIKU, BUOTEXHUYKMU U TEXHUYKM) BPLUEHU CY Y
nepuoay og 1956-1980 roguHe (cnvka 4), Ha oc-

HOBY MPOjeKTHe AOoKyMeHTaunje n3 1956. rogmHe,
YnpaBa 3a wymapctso HOC, ,MaejHn npojekart:
Cnue peke Huwase — 6yjuua 38aHa MpagallHUYKa
peka“. BMonowKM pagosBu obyxeaTanu cy: pe-
cypekumoHy cevy (180,11 ha), nowymsbaBarbe Ha
jame (109,05 ha), nowymsbaBatbe Ha Tepace (9,7
ha), nowymsbaBatbe Ha rpagoHe (59,35 ha) u me-
nvopaunjy nawrbaka (28,81 ha). BUOTEXHUYKM
pagoBu 06yxBaTaiu Cy: MUKPO-PETEH3UNOHE Moja-

- [——
@ mosompuspeano sevammre u opamme

® ncen

Kpewmanm u rozeTH

Cnuka 2. HaunH Kopuwhena 3embmwta 1956. roa,.

1. noBpLMHEe NoA WYMCKMM 3eM/bULLITEM Ca
WwymamMa paspeheHor cknona u MecTMMMYHO ca
Wwymama gobpor cknona;

2. 3eM/bULUTE Ca UHTEH3UBHOM MO/bONPUBPELHOM
0bpagom, opaHuLEe U aerpaanpaHm nalwHbaum;

3. Hacesba;

4. noBpLUMHEe NOA roneTMma 1 Kpeyrbaumma
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/ peryraumja

W nperpaze
3uauhE OPOTHE COHpaka
7/ KOHTYDHH DOBOBH

nieTepn
/ Tepacmpame
@ nomywbaBame

Cnuka 3. HauuH Kopuwhera 3embuwTta 2014. roa,

1. WyMCKO 3eM/bULLTE ca LWyMaMa Jobpor cKaona;

2. WYMCKO 3eM/bULLTE Ca MECTUMUYHO
paspeheHnMm ckaonom;

3. odyyBaHe iMBaZe M Nawrauy;

AerpagvpaHu nawraum;

5. Hacesba, ypbaHM30BaHO 3eM/bULLITE U
WMHAYCTPUjCKa 30Ha;

6. 3eMsbuLITE NOA UHTEH3UBHOM
no/bonpuUBpPeSHOM NPOU3BOAHOM U YCUTHEHU
nojegMHavYHM Noceam nNog opaHULAMa u
BohraUMMa;

7. ronetn

&

cese (98,1 m?), KOHTypHe poBoBe ca Bohem (89,16
ha), Tapacupatbe (240,5 ha), 6eHu Tepace (346,11
ha) n nnetepe (580 m?). TexHUYKMN pagoBu 0BYX-
BaTanu cy: suauhe npoTtms cnuparsa (3100,0 m3),
NyyHe nperpage (3 Kom.), AenoHUjCKO-KOHCONU-
JaumoHe nperpage (66 kom.) 1 perynaumjy Kopm-
Ta y AYKWUHKM o4, 2,8 Km. MI3BeaeHuU Cy N TEXHUYKKN
pafoBM KOjU Cy C€ OQHOCUAN Ha NonpeyHe objek-
Te, AOK je TeXHWYKaA AOKYMeHTaluja Be3aHa 3a

Cnuka 4. BMONOLWKK, BUOTEXHUUKM U TEXHUYKM
pasfosu Ha camey pagallHUYKe peke

Y34yXHe perynauuoHe pagose, MHoBMpaHa 1978.
roguHe, a pagosu cy nsseaeHn go 1980. roguHe.
Perynaumja lpagawHnyke peke m3BeaeHa je
Kao jegHorybm TpanesHu npodun og KameHa y Le-
MEHTHOM ManTepy. [lenoHWjcKo-KoHconnaaumoHe
nperpaze npojekToBaHe cy y Be/MKom 6pojy Ha
nputokama lpapalwHuyke peke. BehvHa npuTtoka
rNaBHOr TOKa NpeAcTaB/ba japyre, CyBOAO/NMHE U
nospemeHe TOKOBE, MPEKO KOjuUX ce A0 [MaBHOr
TOKa TPaHCMOPTOBasia Be/IMKa KOIMYMHA HaHoca.

MpoayKuuja U NPOHOC HaHOCa

KapaKkTepucTuyHe BpeaHOCTM MpoayKuuje u
npoHoca HaHoca npuKasaHe cy y Tabenu 2. Ose
BPEAHOCTM Cy penpe3eHTaTUBHM MOKasaTe/bu
BpeAHOCTM KoebuumjeHTa eposuje, y ycaosBuma
npe n nocne ussohera pagosa Ha 3alITUTK Of,
eposuje n ypehera byjuua.

Tabena 2. YnopeaHu NpuKas BpegHOCTM NPoAyKLMje M NpoHoca HaHoca 1956. 1 2014. roguHe

Mapametap O3HakKa JepuHuua 1956. 2014.
YKynHa npoayKumja HaHoca - m?3 84 977,56 24 611,39
CneunduryHa npoayKLUMja HaHoca - m3/km?/god 1937,91 561,26
[oAnWHYM NPOHOC HAaHOCa Wp m?3 61 198,24 17 720,20
CneunduryHM NpoHOC HaHoca W, m3/km?/god 13395,63 404,11
foAnWHKW NPOHOC BYYEHOT HaHOCA W, m3/god 25 091,28 3 189,64
foAaMWHKW NPOHOC cycneHA0BaHOr HaHOCca Wsn m3/god 36 106,96 14 530,56
KoeduunjeHT eposuje z - 0.99 0.40
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MpomeHe XMAPONOLIKUX YC/I0BA

MepopasHa BpeAHOCT MaKCMManHOr NpoTu-
uaja, Qg5 = 108.12 m?3/s, Ha camsy Mpagal-
HU4Ke peke (1956. roguHe) gobujeHa je Kao nNpo-
ceyHa BpedHoOCT, npema cnegehum metogama: 4
koeduumnjeHTa;, MoceHTn-jy; KectamH-y; Uckos-
ckom; Menu-jy; KupwrajHep-y. Takohe, nobujeHa
je cpearba BpepHocT 6poja KpuBe oTMUaja
CNsr(1956)=71. MpopayyH makcMmanHor npotuuaja
Ha cnuey MpagawHmyke peke 2014. rogmHe, n3Bp-
weH je Ha ocHoBy KombuHoBaHor metoaa u ms-
HOCM Q014 =87.2 m3/s, OOK cpeatba BpeaHOCT
6poja Kpmee oTuLaja U3HOCH CNsr(2014)=62' Bpeg-
HOCTM MaKCMManHOr OoTULAja U cpefhe BpeaHOo-
cTM 6poja Kpuee oTnuaja (13 2014. roguHe) oaHoO-
Ce Ce Ha yC/IoBe y C/IMBY HAaKOH m3Bohera pagosa
3a 3alWTUTY of epo3uje n ypehere byjuua.

AUCKYCHJA

EdeKTn Koju ce jaB/bajy HAaKOH M3BPLUEHUX pa-
[0Ba Ha 3aWTuUTK of epo3uje 1 ypehery byjuua
cy MHOrobpojHu. CansHo noapydje MpagawHUYKe
peKe Hanasu ce Ha M3pPasnTO NAAHUHCKOM Tepe-
Hy. KynupaHocT TepeHa cnvMBHOT nogpydja noceb-
HO je HaralweHa y cpegtem 1 aowem aeny. Bu-
COK MpoLeHaT NpoceyHor naga AobujeH je ycnen
jaKO MCTaKHYTMX Ta4yaka Ha BOAOAENHULM U BPAO
cTpMor Harnba naaMHa y HenocpeaHOj OKOJIMHMU.
MeTporpadckn cactas je pasnuuuT, jep ce nopes,
Kpeyrbaka y 3Ha4yajHOM MPOLEHTY jaB/bajy newya-
pu, nanopum u ruHum. NpagalHmMyKa Kancypa u
OenoBu cAnBa No BOAOAENHULM CY UCMIPAHU 04,
3eM/bulITa OO Kpeyrbayke nognaore, AOK Cy Ha
OO/IMHCKMM CTpaHama obpa3oBaHe MoBpLUMHE ca
AyBOKMM NefoNOWKUM XOPUM3OHTOM. Ha Kpeydtrba-
4yKoj noasio3m obpasoBaHa je CMOHMLA, Koja je
CKOPO Henponyct/bMBa 3a Bogy. MpucycTBo Kpeya
3eMJ/bULLTY NpYKa cTabuaHocT. CeBEPOUCTOUHU U
JYXXHW Oenosu BOAOAENHULE NPEKPUBEHN CY BpP-
Tayama. Ha nospwmHama Koje cy obpasosaHe Ha
new4yapmMma Kao nNefosoLWKK CNoj 3acTyn/beHe
TMVMHEHe MnecKylle, Ynja je BOAOMNPONYCT/bUBOCT
Mana. OBaKBa reosioLKa Pa3HONMKOCT, Y YCOBU-
Ma MPUMUTUBHUX arpOTEXHUYKUX Mepa, AoBena
je [0 nojaBe MHTEH3MBHUX ePO3MOHMX NpoLeca K
6yjuyHMx nonnasa.
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Cnuka 5. XuaporpamM MakcMMasnHor oTuuaja npe
(1956) n nocne (2014) nssoherba
NpPOTMBEPO3MOHMX PasLoBa

MNoyeTHO cTame epo3noHmx npoueca 1956. ro-
AMHe, penpes3eHTOBaHO je Kpo3 KoeduLmjeHT epo-
3unje Z=0,99 (jaka epo3uja). PagoBu Ha 3alWITUTK OZ,
eposuje u ypehery byjuua yTmuanu cy Ha Bpea-
HOCTM MPOHOCa W NPOAYKLMje HaHOCa, Kao M Ha
BPeAHOCTM NOBPLUMHCKOT 0TULAja. BpegHocT Koe-
duumjeHTa eposuje y 2014. rogmHum usHocu Z=0,40
(cnaba eposuja). Pagosu Ha ypehery cavsa fo-
BE/N CY [0 CMakbeba YKYMHEe roAuLlibe NpoayK-
LMje epo3nOHOr HaHoOCca ca Wgod_(1956)=84977,56 m3
[0 BPeAHOCTU oA, Wgod.(2014)=24611,39m3, n peay-
KOBakba BPeAHOCTU cneunduyHor npoHoca HaHo-

cacaW_ ..,=13395,63 m3/km?/god go BpeaHo-
cTn Wpsp‘(2014)=404,11 m3/km?/god. [obujeHa
BPEAHOCT MaKCMManHor npoTtuuaja of
Q =87,2 m3/s 3Ha4ajHO je HMXa o4, BpeaHo-

'max(2014)
CTM MaKCMMaHOr NpoTULaja Npe NpUmeHe npo-

TMBEPO3NOHMX pajoBa Q _ ...,=108,12 m3/s.
OBaKBe NPOMEHEe Ko, XMAPOOLLIKMX NapameTapa
yKa3syjy Ha edeKTe Koju cy AMPEKTHO Y3POKOBaAHM
NMPUMEHOM MPOTMBEPO3NOHUX PadoBa.

3AKMNYYAK

Epo3sunja 3em/buwTa je npupoaHn deHomeH
NPUCYTaH Ha LENOKYMNHOj NOBPLUMHKU 3eM/be, Ha
UYMjU MHTEH3UTET AMPEKTAH YTULAj UMAjy /byacKe
AKTUBHOCTM.

MpomeHe XMApPONOLWKUX YyCI0Ba CANBA, YCnen,
npMmeHe NPOTMBEPO3NOHUX pPagoBa, MpeacTa-
B/bEHE CYy Ha NpuMepy cnBa MpagalHUYKe pekKe,
Koju je cpeamHom 50-Tux roamHa XX BeKa 6uo
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BUIHO YrpOXKeH npolecMma eposuje, ca koedu-
unjeHTom Z=0,99 (jaka epo3uja) n YyecTum nojaea-
ma byjuuHmx nonnasa. MNocne n3Bohera NpoTu-
BEPO3MOHMX pagoBa Ha CcAuBY, y nocnearumx 30
roguMHa Huje 6Ma0 3HaYajHUjUX MOMNAABHUX AO0-
rahaja. KoebuunjeHT eposunje je peayKkoBaH Ha
BpeaHocT o Z=0,40, WTO KapaKTepuwe cnaby

Ratko Ristic, University of Belgrade, Faculty of Forestry
Sinisa Polovina, University of Belgrade, Faculty of Forestry

eposujy. HaunH Kopuwhetrba 3em/buWTa je 3Ha-
UajHO NPOMEHbEH Ha LLeIOM CIMBHOM MOApPYYjy, a
yyewhe noBpLlwMHaA NoA WYMCKOM Beretalumjom
(wyme pobpor ckiona) je suwectpyko nosehaxo.
Takohe, nosehaHe cy 1 noBpLUMHE NOA O4yBaHUM
NMBajama M nawkbalmMma Ha padyH HanywTeHux
opaHuua, sohrbaka 1 BUHOrpasa.

CHANGES IN THE HYDROLOGICAL STATUS OF THE BASIN DUE TO
THE APPLICATION OF EROSION CONTROL WORKS

Jasmina Radonjic, PWC “Srbijavode’, WMC “Morava” Nis (jasminajass.radonjic@gmail.com)

Abstract: Protection of land with vegetation is the primary factor in the fight against water
erosion with necessary application of biotechnical, technical, administrative and planning
measures. One of the first basins to be treated with works for the protection against erosion
and torrent control is the Gradasnica River basin. The basic parameters to display the changes
of the hydrological status of the land are the state of erosion, the change of erosion-coeffi-
cient, annual sediment yield, specific annual sediment discharge through the hydrographic
network, the value of the runoff curve number and value of the maximal discharge. Works on
protection from erosion and regulations of torrents have influenced the decrease in erosion
coefficient values from strong erosion (Z=0.99) to the value of weak erosion (Z=0.40), as well

as the reduction of the maximum discharge value from Q =108,12m?3/s to the value of

Q =87.2 m?/s.

'max(2014)

max(1956)

Key words: torrential floods, land use, erosion control works, maximal discharge

INTRODUCTION

The works in forestry, agriculture and urban
development activities in the basins of mountain-
ous areas may be the initial factor for the devel-
opment of destructive erosion processes and the
occurrence of torrential floods (Jones and Grant,
1996; Motha et al., 2003; Troendle and Olsen,
1994; Wipf et al., 2005; Fattorini, 2001). In addi-
tion to biological measures, much needed is the
application of biotechnical, technical, administra-
tive and planning measures (Gordon et al., 2008;
Jenecek et al., 2007; Hejduk, Kasprzak 2004;
Kvitek et al., 2004; Ristic et al., 2011). The estab-
lishment of the quality of vegetation cover is a
prerequisite for stabilizing the soil, which creates
conditions for the prevention and protection from
erosion. This achieves the effect of interception,
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as well as improvement of infiltration-retention
capacity of the soil (Ristic, Macan, 1997, 2002).
After intensive beginning of the works on imple-
mentation of the erosion and torrent control
works in torrential catchments in Serbia in the
period from 1907-1940, a period of low intensity
works followed from 1941-1954 (Kostadinov,
2007). The second period of erosion control
works, which is run until mid-1970s of XX century,
was a period of extensive activities for the protec-
tion from erosion and torrential floods, (Ristic,
2012). One of the first treated basins in this peri-
od is the basin of the Gradasnicka River (1956).
The biggest floods in this basin occurred in 1948
(when the daily maximum precipitation was 62.3
mm), then in 1954, 1955, 1963 and 1965. Torren-
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tial floods were very destructive in the town area
of Pirot, in agricultural areas which gravitate to
the railway line of Nis-Dimitrovgrad-Pirot, near
the village of Gradasnica, as well as along the
road from Pirot to Gradasnica.

MATERIAL AND METHODS

Basic parameters to display the changes of
the hydrological status of the soil are the state of
erosion, the value of erosion-coefficient, the an-
nual production of erosion material, specific an-
nual sediment transport, runoff curve number as
well as the value of the maximal discharge. The
basin concerned is located in the southeast part
of Serbia (Figure 1).

The Gradasnica River is the right tributary of
the Nisava River, and it flows into it in the center
of Pirot. All parameters of importance for under-
standing the state of the basin were analysed:
hydrological, pedological and geological charac-
teristics; surface structure (space usage); imple-
mented erosion control works. Changes in the
land use are analyzed on the basis of existing
technical documentation and relevant data for
the period from 1956-2014, field research works,
analysis of satellite and ortho-photo images.

The manner of using the space is presented
using the CORINE methodology (EEA, 1994). Pro-
duction of erosion material and discharge transfer
were estimated on the basis of the “Erosion Po-
tential Method” - EPM (Gavrilovic, 1972).

Changes in hydrological conditions were ana-
lyzed by comparing the value of the maximal dis-
charge from the period prior to the application of
erosion control works (1956) and after the ero-
sion control works in the basin of the Gradasnicka
River (2014). The calculation of maximal discharge
was carried out using a combined procedure (Ris-
tic, 2011), which is based on the following proce-
dures: the SCS methodology (SCS, 1979) for the
separation of effective precipitation P, from total
precipitation P ; theory of synthetic unit hydro-
graph for the determination of peak discharge
ordinate unit q__. The computation of maximal
discharge was based on the regional analysis: lag
time (Ristic, 2003); internal daily distribution of
precipitation (Jankovic, 1994); and classification of
soil hydrologic groups (Djorovic, 1984).

Figure 1. The position of the Gradasnicka River

The aim of this research is to show the chang-
es which followed in the basin of torrential water-
course, after implementation of erosion control
works, through the improvement of hydrological
conditions in the basin, which is achieved by im-
plementing the works and measures for erosion
control and torrential flood protection.

RESULTS AND DISCUSSION

The basin of the Gradasnicka River is formed
below Skuvija, one of the branches of Stara
Mountain. It flows through the villages of Dobri
Do, Nisor and Gradasnica, as well as through the
town of Pirot, where it flows into the River Nisava
in the town centre. Branches of Stara Mountain
belong to Jurassic period, and the basin area of
the Gradasnica River extends through layers of
Jurassic formations (limestones, sandstones, marls
and shales). Tertiary is present in the village of
Gradasnica (yellow and red sandstone, conglom-
erate, quartz, quartzite and phyllite blue), (G,
1970). The main hydrographic characteristics of
the Gradasnica River basin are presented inTab. 1

The largest part of the basin area was used as
forest (43%) and agricultural (42%) land (Figure
2), while the remaining part of the basin surface
(15%) was barren land (limestone and sandstone).
Forest of good set stretched over only to the
source part of the basin, as well as on the small-
er parts near Gradasnicka Gorge, Tepavac and
under Cercelj and Gradiste. The rest of the forest
land was a low degraded forest or thicket, due to
overgrazing, felling and pruning the trees. Agricul-
tural land was used on slopes greater than 60%,
for the planting of field crops (wheat, corn), and
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Table 1. Hydrological parameters of the Gradasnicka River basin

Value for the

Parameter Mark Unit Gradasnicka River basin
Magnitude F km? 43.85
Perimeter () 0] 42
Peak point Kv mnm 1234
Confluence point Ku mnm 370
Mean altitude Hsr mnm 970
Length of the main stream L km 18
Absolute slope of river bed la % 4.8
Mean slope of river bed lu % 3.44
Mean slope of terrain Isr % 33
Density of hydrographic network G km/km? 1.1

after the harvest, bare fallow was formed in the
period of one to two years. The only form of ero-
sion control protection that was applied was ter-
racing of the soil (at the level of individual plots
or up to the borderline of the crops), in order to
reduce the slope. The best preserved areas in the
‘50s in the basin of the Gradasnica River were
covered with pastures and meadows, dense and
vital grass-legume cover, where there was no oc-
currence of intense leaching of soil. In addition,
during this period, sheep breeding was very prof-
itable and of a widespread interest. After per-
forming biological erosion control works and the
application of administrative measures and prohi-
bitions, there have been changes in space usage
in the basin of the Gradasnica River. Percentage
under forest land increased to 55.9%, according
to the state from 2014, in a way that 30.4% is
covered by forests of good set, and 25.5% under
forests with diluted set.

The area covered by meadows occupies
29.7%, arable land is 3.5%, pastures amount to
4.2%, and 3.8% are bare heights, while the re-
maining 2.9% of the area is covered with urban
and rural settlements. Changes in space usage are
clearly noticed by comparing the maps of land
use from 1956 and 2014 (Figures 2 and 3). Ero-
sion control works in the basin of the Gradasnica
River (biological, biotechnical and technical) were
carried out in the period from 1956-1980 (Figure
4), on the basis of the design documentation
from 1956, the Directorate of Forestry NOS, “Pre-
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liminary design: The basin of the Nisava River -
torrent called the Gradasnica River”. Biological
works included: felling of regeneration (180.11
ha), reforestation in pits (109.05 ha), reforestation
in terraces (9.7 ha), reforestation in bench terrac-
es or so-called ‘gradons’ (59.35 ha), melioration
of pastures (28.81 ha). Biotechnical works includ-
ed: micro-retention belts (98.1 m?), contour
trenches with fruits (89.16 ha), terracing (240.5
ha), bench terraces (346.11 ha) and braidings
(580 m?2). Technical papers included: small walls

Figure 2. Land use in 1956

1. area under forest land with forests of diluted set
and sporadically with forests of good set

2. land with intensive agricultural purposes, arable
land and degraded pastures

3. settlements

4. areas under bare heights and limestone
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Figure 3. Land use in 1956

forest land with forests of good set

forest land with sporadically diluted set
preserved meadows and pastures

degraded pastures

settlements, urbanized land and industrial zones
land under intensive agricultural production and
fragmented individual landholdings under arable
land and orchards

7. bare heights

ok wNeE

against leaching (3100.0 m3), arched partitions (3
pcs.), landfill-consolidation barriers (66 pcs.) and
the regulation of the riverbed in the length of 2.8
km. Technical works were performed that were
related to transverse structures, while technical
documentation related to the longitudinal regula-
tion works was innovated in 1978, and the works
were implemented by 1980.

Regulation of the Gradasnica River is designed
as a single trapezoidal profile of stone in cement
mortar. Landfill-consolidation partitions were de-
signed in large numbers on the tributaries of the

\/ \_ TS
A J regulation of the riverbed Rl
m checkdams braidings
small walls against leaching terracing
micro-retention belts @ reforestation

Figure 4. Biological, biotechnical and technical works
in the basin of the Gradasnica River

Gradasnica River. Most of the tributaries of the
main flow are ravines, dry valleys and occasional
streams, through which the large amounts of sed-
iment are transported to the main flow.

Sediment yield and transport

The characteristic values of sediment vyield
and discharge are shown in Table 2. These values
are representative indicators of the value of ero-
sion-coefficient in the conditions before and after
the execution of works on the protection from
erosion and torrential floods management.

Changes in hydrological conditions

Reference value of the maximum flow,
Q056 = 108.12 m?3/s, in the basin of the
Gradasnica River (1956) was obtained as an ave-
rage value, according to the following methods: 4

Table 2. Comparative review of the value of sediment yield and transport in 1956 and 2014

Parameter Mark Unit 1956 2014
The total sediment yield W, m?3 84 977,56 24 611,39
Specific sediment yield asp m3/km?/year 1937,91 561,26
Annual sediment transport W, m?3 61 198,24 17 720,20
Specific sediment transport W, m3/km?/year 13395,63 404,11
Annual discharge of bed-load sediment W, . m?/year 25 091,28 3189,64
Annual discharge of suspended sediment W m3/year 36 106,96 14 530,56
Erosion-coefficient z - 0.99 0.40

197



Jasmina Radonjic, Ratko Ristic, Sinisa Polovina

coefficients; Posenti; Kestlin; Iskovski; Meli; Kirsta-
jner. In addition, a mean value of runoff curve
number CN, o5y = 71 The calculation of the
maximum flow in the basin of the Gradasnica
River in 2014 was made on the basis of the com-
bined method and amounts to Q__ 2010 = 872
m?/s, while for the counted runoff curve is CN_
(2010 = 62- The values of the maximum runoff and
mean values of runoff curve number (in 2014) re-
fer to the conditions in the basin after the execu-
tion of works for protection from erosion and tor-
rential floods.

The effects that occur after the completion of
works on erosion control and regulation of tor-
rents are numerous. The basin area of the Gra-
dasnica River is located in an extremely moun-
tainous terrain. The cone shape of the terrain in
the basin area is particularly emphasized in the
middle and lower part. A high percentage of the
average decline was obtained due to highly prom-
inent points in the basin and very steep slope
angles in the immediate vicinity. Petrographic
composition is different, because in addition to
the limestone, there is a significant percentage of
sandstones, marls and shales. Gradasnicka Gorge
and parts of the basin were washed from the land
to the limestone substrate, while the valley sides
formed areas with deep pedological horizon. On
a limestone substrate, there is the formation of
smonica, which is almost impermeable to water.
The presence of lime in the soil provides stability.
The northeastern and southern parts of the basin
are covered with sinkholes. In areas that are es-
tablished in the sandstone there are pedological
layers of sand clay, whose permeability is low.
This geological diversity, in terms of primitive ag-
ritechnical measures has led to the emergence of
intense erosion processes and torrential floods.

The initial state of erosion processes in 1956,
was represented by the coefficient of erosion Z =
0.99 (strong erosion). Works on protection from
erosion and regulation of torrential floods affect-
ed the value of sediment yield and discharge, as
well as the value of surface runoff. The value of
erosion coefficients in 2014 was Z = 0.40 (weak
erosion). Works on arranging the basin have led
to the reduction of total annual production of
erosion sediment W = 84977.56 m® up to the

a (1956)
value of W, (o1a) = 24611.39m3, reducing the value
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Figure 5. Hydrograph of the maximum runoff before
(1956) and after (2014) performing the
works of erosion control measures

of the specific sediment discharge with W
= 13395.63 m3/km?/year to a value of me_ (o) =
404.11 m3/ km?/year. The resulting value of the
maximum flow Q__ (2014) = 87.2 m3/s was signifi-
cantly lower than the value of maximum dis-
charge prior to application of erosion control
works Q__ (1056 = 108.12 m3/s. These changes in
hydrological parameters directly indicate the ef-
fects that are caused directly by using erosion

control works.

atsp. (1956)

CONCLUSION

Soil erosion is a natural phenomenon present
on the entire surface of the earth, while its inten-
sity has a direct impact on human activity.

Changes in hydrological conditions of the ba-
sin, due to the application of erosion control
works, were presented using the example of the
Gradasnica River basin, which in the mid-50s of
XX century was visibly threatened by erosion pro-
cesses, with a coefficient Z = 0.99 (strong erosion)
and frequent occurrences of torrential floods. Af-
ter erosion control works, the erosion coefficient
was reduced to the value of Z = 0.40, which is a
characteristic of weak erosion. Land use has
changed significantly in the whole river basin
area, and the share of areas under forest vegeta-
tion (forests of good set) was increased manifold.
In addition, there is an increased number of pre-
served meadows and pastures at the expense of
abandoned arable land, orchards and vineyards.
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