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Cazkerak: Y pany Jar je nmperiex Hajehux momrasa y nepuoxy 1999 —2009. r., koje cy 3abenexxeHe Ha IPOCTOPY
Bojsoaune u nentpanse CpOuje. 3a 13 XuAPOJOLIKHX CTaHMIA, HA KOjUMa Cy 3a0ele)KeHe BElUKe MOIUIaBa y
pa3sMaTpaHOM NEpUOJy, U3pauyyHaTe Cy BepoBaTHOhe mojaBe TuUX NoIUaBa. [IpumeHOM Teopuje BepoBaTHOhe u
MaTeMaTH4Ke CTaTHCTHKE ypaljeHe Cy aHaumM3e BPEMCHCKHX CepHja MaKCHMAIHHX IIPOTHIAja W BOAOCTAja, U
nobujeHe cy Teopujcke GyHKIHMje pacmoene HojaBe BEIUKUX BOJa, HA OCHOBY KOJUX Ce JOIUIO 10 00e30eheHocTH,
TO ject BepoBaTHohe mojaBe moruiaBe. Hajuemhe HajOosbe ciarame ca eMHOUPUjCKOM (YHKIMjOM pacnopene cy
nmate Jlor-ITupcon III u Iupcon III pacnionena. Pesynratu oBUX ImpopadyHa MOTY CIy>KUTH 32 JUMEH3UOHHUCAHE
XUAPOTEXHUUYKHX objexara 3a 3alUTHTY Of HoIuiaBa. HajBakHHjU y3pOK IOIUIaBa , 3a0ee)KEHNX y OHOM MEpHOLY,
Omm cy ToIUbCHE CHera M MHTeH3uBHE kumie. Takolje, y pamy je JaTa aHaian3a Cajallier CTama 3alITHTE Of
[0IUIaBa U [PaBLH Pa3Boja 3aIITHTHUX Mepa y OyayhHocTH

KibyuHe peyu: nomaBe, MaKCUMaJIHM BOJIOCTAjU U NPOTHLAJH, pyHKIHMja pacmoese, Mepe 3aliTHTE O TOIIaBa
YBoa

CraTHCTHYKM TOAAIM TOKasyjy Aa Cy Hajuyemiie NPUPOIHE HEMOroje: IOIUIaBe
(40%), Tpomckm mwmkiuoHH  (20%), 3emiborpecu  (15%) wm  cyme (15%)
(IaBpunosuh, Jb. 2007). 3a pa3nuky oI HEKHX OPYTUX €JIEMEHTApHHUX HENOoroja Koje ce
HATJIO jaBJbajy W KPaTKO TPajy, MOIJIaBa je HEMmoroJa Koja MoXe J1a Tpaje MPIINIHO AyTOo (U
BHUIIIE MECEIN) Y3 00yXBaTame BENMKUX MOoBpIuHA. LllTeTe 0o BUX Ccy BpIO BEIHKE, jep Cy
TIOpe]] peKe M y BbUXOBHM JI0JIMHaMa HajBehe KOHIeHTpalyje CTAHOBHUINTBA M MIPUBPEIHNX
objexara, Hajrymrha nH(pacTpyKTypHa Mpexa, Kao ¥ HajIIOAHHU]e 3eMIbHIIITE.

VY Cpbuju je moraBama moTeHIujanao yrpoxkero 10968 km? mro 3axsara 12,4%
teputopuje. Hajpehe noruiasue noppmmse cy y gomuuu Tuce (2800 km?), Cage (2243 km?),
Benuke Mopase (2240 km?) u Jlynasa (2070 km?) (Faspunosuh, Jb. 1981.). [TnaBmema y
nonvHu Tuce ce jaBibajy 300r Manmx IajoBa KOPUTA, TEOJIOIIKE MOAJIOre W IIHUPOKE
anmyBWjaiHe paBHH. Y poinHaMa Case u JlyHaBa moruiaBe Cy NpeANCIIOHNPaHe MaJaBuHaMa,
T ¥ KOMHIMICHIWjOM TIOIUTaBHUX Tallaca HBHXOBHX mpuToka. CimB Bemuke Mopase je
HApOYUTO YIPOKeH OYjUYHHM TMoIUIaBama, Koje ce (opMHpajy y KpaTKOM BpPEMEHCKOM
HEPHOLY, IITO X YAHU HENIPEABUANBHM U Pa30PHHM.

Kaga je ped o HacTaHKY TOIUTaBa HE CME CE€ M3Y3€TH HH aHTPOIIOTEHH YTHI], KOjH je
cBe Behn. Heneramna rpanma ctaMOeHnX o0jekaTa y OMU3MHE peka, OCTaBJhamka CIUIaBOBa
n kapuha y peyHMM KopuTHMa (Ha IMOjeAMHHM MecTUMa y3 omreheme Hacuma Koju cy
n30yIIeHH OBOJMMA) CYy CaMO HEKH O] y3poKa Koju yBehaBajy pH3HKe O IOIJIaBa WM
nosehaBajy mweHe mocnenuie. Yecta je ¥ mojaBa fa Cy pacKpuyeHe IIyMe Y CIMBOBHMA
OyjuuHMX TOKOBa, IITO MoBehaBa MojaBy M3HEHAHNX, PA30PHUX MOIUIABA.
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IIperaen Behux nonnasa y nepuoay 1999-2009 roguna

VY mocnenmsoj ACLEHUjH PErHCTPOBaHO je BHlIe nmoruiaBa Behux pasmepa y Cpouju,
koje hie Outn mpeameT aHamm3e y oBoM paay. Ore cy ce morommie 1999, 2000, 2005, 2006,
2007. m 2009. r. Hajeeha momnasa necuna ce y mposehe 2006. r., 3a Kojy ce Moxe ce pehn u
ma je Owra jemHa ox Hajehmx moruraBa y CpOmju 3a0enekeHa y WHCTPYMEHTAITHOM
TIEpPHUO.Y, jep je Ha MHOTHM peKaMa TaJa JOCTUTHYT arlCOIyTHH MaKCUMYyM BOAOCTaja.

Ha cnuBoBmMa rmaBHux mputoka Bemmke Mopase y jyay 1999 r. morogmne cy ce
BenuKe OyjudyHe IOIUIaBe, MPHU Y€MYy jeé OCMOpPO JbYAHM H3TyOHWJIO XHMBOT, omTeheHo je
JICCETHHE XMJba/lla CTAMOCHHX M HEKOJHUKO CTOTHHA MPUBPEIHUX oOjekarta u omHeTo 30
MOCTOBa y CIMBOBHMa 3amanHe Mopage, Jacenurie, Kyopiauie u Jlenenune (Milanovié,
A. et al. 2008). Jyicke nomaBe, U3a3BaHe BEIWKUM KOJIMUMHAMA Ia/IaBHHA, 3aXBAaTHIIE CY
CBe JIeBE W TNojeAnHE JnecHe nputoke Benmke Mopase, a Hajsehe mTere nperprena je
Hlymanmuja (CmenepeBcka [lananka, Bemuka Ilnana, Jaroguna, baroumna, Kparyjesar,
Apanhenosan, Pexosan, Kpymesan, KpasmeBo n Muanenosam). Hajsume mnanaBuna
M3JTyYWIIO Cc€ Ha MPOCTOpY IIaHUHE PyHUK, Ma Cy Ha MOjeANHNM CTaHUIaMa y TOj 001acTH
perucTpoBaHe JAHEBHE KOJMYMHE TMa/IaBUHE KOje cy Omile maneko M3Haj mpoceka. Tako je
10.7. makcumym 3abenesxeH Ha M. c¢. Kparyjesai. 87,6 mm (Mwuranosuh, A. 2006), a Ha M.c.
CwmenepeBcka [lamanka 66,5 mm (Auhenkosuh, I'. 2000). CBe Hampe HaBEACHO yCIOBUIO
je popMupame MOIUIaBHOT Tanaca ca KyIMHHAIHjoM BoJocTaja y mepuoxay 10-14.7. Tako je
10.7. na Jlyromupy xoa Majypa 3a0enexeH MakCUMaJIHU BojtocTaj o1 455 cm, Ha PaBanuim
kox Rympuje 330 cm, Ha Jacenumm kog Cmenepescke lamanke 385 cm, a Ha Jlemenum xox
Barounne 545 cm. Ha KyOpmmaunmm kox CmenepeBcke [lamanke makcuMyM je 3abemneskeH
11.7. n n3nocwo je 344 cm, a na benuu kox JaroauuHe MakcuManHu Bojxoctaj of 316 cm
perucrpoBan je 15.7. (Xuaponoumku rogummak 1, 1999). Tana je Ha Jlenenuny 3abenexena
u HajBeha ammuiTy 12 BostocTaja y Toky jenHe roaute og 405 cm (Munanosuh, A. 2007a).

Hajrexxe nmocnenuue noruraBa ouine cy y Cmenepesckoj Ilananmm, rae cy ce usnuie
Jacennna n KyOpiiauna 300r HefoBosbHE nponycHe Mohu KopHuTa M npoboja HacuIaHa Ha
BuIle Mecta. Bomoronu y cinuBy Jlenenune cy 3a BpeMe OBOT JIETHCET IJbYCKa M3a3Bald U
IojadaHy epo3rjy 3eMJBHINTA Ha OBOM IPOCTOPY, Kao U 3arahema m3Bopa. (Munanosuh, A.
20076). Nznune cy ce u Jlyromup (nomnnassbeHa je 6mna Tpehnna rpaga Jarogune), PecaBa
(y mompyyjy Csunajuma), PaBanumna (y hynpuju), Lprnma (y [Hapahunry) n JoBanoBauka
peka (y hwuhesrry). Mepe onmbpanHe on momaBa Cy pasiIHYMTO Tpajaje: Ha JaceHWIn
(pemoBHe- 7 manHa, BaHpemHe- 2 nmaHa), Ha KyOpmHunm (pemoBHe- 2 maHa), Ha JlemeHuIm
(penoBHe- 6 maHa, BaHpenHe-3 naHa), Ha benumu (pegoBHe Mepe- 3 1aHa, BaHpeane- 1 naH),
a Ha Jlyromupy (pemoBHe- 2 nmaHa, a BaHpeane- 1 man). CBe 0BO yka3syje Aa ce NOIUIaBHU
Tajac Harjo jaBuO M Op30 MOBYKAO, IITO Takolje ykasyje Ha OyjHuapcKu KapakTep IMOIJIaBe.
OcHM HaBeJeHUX NMPHUPOAHUX (hakTOpa Ha momase y jyay 1999 r. yrunanu u HealleKBaTHO
m3rpaljeHu cucrem 3a on0paHy, HEJOBOJBHO OJIpXKaBame CHCTEMa, Kao M U3Tpajmba
cTaMOEHHX M Ipyrux oOjekara y onmusuau peke (Munanosuh, A. 2006).

Y maprty u anpuiy 2000 r. kao mocJequIa HArJIOT TOIJBCHA CHera Ha 0OpOHIMMa
Kapriata u ucToBpeMeHNX MHTEH3MBHHX I1aJlaBHHA jaBHWJIE Cy C€ BeJMKe Boje Ha Tucu u
Tamumry. Bpennoctn mapaBuna cy Owmine Behe o1 mpocedHHMX 3a Taj NEpUOJ TOJUHE H
HajBehe cy 3abenexeHe y CeHtu (ODHEBHH MakcuMmyM ox 17,8 mm 3abemexeH je 6.4.) u
Jamm Tomuhy (mHeBHHM MakcumyMm ox 11,8 mm 3abenexen je 3.4.) (Mereopomomku
rogummak, 2000). Kako je o6jaBibeHo vy HenmesbHUKY BojBomuna ox 18.4.2000 r., morutaBHA
Tanac Ha TaMHuITy KpeHyo je MOYeTKOM amlpHiia Ha PyMYHCKO] cTpaHH (THe je mpobujeH
HACHII Ha HEKOJIMKO MECTa, Ia je Boaa moruiaBmia oko 5000 ha u 4 cena) u HacTtaBmo n1a ce
mmpu ka bamary. Hajrexxa cutyammja Omia ja Ha Tepuropuju ommruHe Cedam, Tae Cy
NoTUIaBJbeHa TpU ceocka Hacesba boka, Konak u Ulypjan. [TonnaBama je 6110 yrpoxxeHo u
Hacesbe Jarra Tomuh. JlyOuna Boze ce kpetana ox 70 cm kon boke u Konaka 10 rotoBo 2 m
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y 3o0uu lllypjana. Kako Ou ce cnpedmio najke mMpemne MOIUIABHOT Tajlaca, MPOCEYEH je
HacuIN XeJIe3HWUKe npyre 3pemaHuH - Bpman ko cena boka u Boja ce ycMmepuna npema
peunt bp3asu (BozmocTtaj oBe peke je Ono HHM3aK), OJHOCHO Jajke Ka KaHaimy Jlynas-Tuca-
HynaB. EBakyamnmje Boje W3 MOIUIAaBJREHOT MOApYydja Tpajajiia je IyHHX Mecell aHa.
3a0enexxeHn MakCUMaIHU BogocTaj Ha Tamurny koxa Jame Tomuh 6mo je 8.4. u u3HOCHO je
822 cm (Xugpomnourku rogummsak 1, 2000).

Y wucrom mnepuoay 3alenexeHa Cy W u3IuMBama Tuce Ha Tepuropuju Cpbuje.
Bonocraj Tuce je 22.4. xon Hosor KnexeBua nocturao 866 cm (XuApoJIOMIKH TOIUIIEHAK
1, 2000). Y oBoM mepuoy Mepe peoBHE oa0paHe of moriaBa Ha Tucu Tpajane cy 61 man
kox Hosor Kuexesna u 44 nana kox CeHTe, a Mepe BaHpeIHE onOpaHe yak 28 jaHa KoOJ
Hosor Kuexesna, onHocao 18 nana kox Cenre. Ha Tamuiy cy oBe mepe kpahe Tpajaie, na
j€ Taxko peJjoBHa Mepa ox0paHe o] noruiaBa Tpajana 26 gaxHa xoj Jame Tomuha n Ceuma, a
Mepe BaHpeaHe of0paHe camo | jaH.

Toxom 2001. u 2002 r. morommie Cy ce MoIuIaBe Mamux pasMepa. Hajsehe cy oune y
jyny 2001 r. y cmmBy peka Jamap, Xnpasuja, Itmpa u JlecHmuka peka, kama cy
noriaBjbeHe ommtrHe Jlo3uuna, Jbybosuja, Kpynam, Manu 3Bopauk u Illabam, kako je
o6jaBmwina Bnama Peny6muke CpoOwuje (http://www.srbija-info.yu/vesti/2001-06/22/25422).
Toxom mnomnaBe omreheHo je M BHIle MOCTOBAa M jaJoBHINHA OpaHa pyIHUKa Benmku
Majnan. Ilocrojana je onacHOCT Jia ce U3 Bbe CBaKOI MOMeHTa y J[prHy M3nujy TOHE pa3HuX
OTpOBa Kao IITO Cy LIWjaHWA, HMHK-CyJIdar 1 0J0BO. MakcUMaHi BOJOCTA] Ha Jajpy Kox
Jlemnune 3abenexeH je 21.6.u nznocuo je 406 cm (Xunposowku rogummak 1, 2001).

Jok ce sero 2002. v y EBponm 3aBpmmiio MO3HATMM AYTrOTPajHUM KHIIaMa H
katactpodannum nomaBama y Hemauxkoj, Yemrkoj, Ayctpuju, Pycuju, Pymynunju, Uranuju
n lIBajuapckoj, y Cpbuju Hucy 3abenexxeHe mormiaBe Behux pasmepa. BojBonmna Huje
rMajia TOTOBO HHKaKBe INTETE Off MOIUIaBa, a HajBehe OyjudHe MoriaBe AOTOAHIE Cy ce Y
jyny 2002 r. y cimBy pexe MuaBe. Kako je o6jaBmo I'mac jaBHoctm 13.6.2002 1., 300T
OOMITHIX NaaBHHa (TOKOM 48 cati mano je oko 130 I/m* kume y IerpoBity Ha Miasu) koje
Cy u3a3Bajie nomaBy eBakyucano je 800 sbyau, a omrehenu cy u sokanHu myteBu. Hajpehe
mrere nperprene cy 4 ommuTtuHe bpanuueBckor okxpyra: IlerpoBany Ha MnaBu, Mano
Lpuuhe, XKaryouna u Iloxapesan. Makcumannu Bomoctaj Muase, kox Bemukor Cena
3abenexeH je 12.6. u n3nocuo je 600 cm (Xunposomku rogummak 1, 2002). Pey je o Behem
U3JIMBamY, jep je TpaHuIia BaHpeIHe oJ0paHe oJ rmoriaBa Ha oBoj ctanunu 400 cm.

Bucoke nHeBHe Temmiepatype TOkoM Tpehe nekame mapra y KOMOHMHAIMjU ca
KUIIHUM TI3laBUHaMa TIPOY3pOKOBAJE Cy WHTEH3MBHO OTAallamkbe CHEXHOI IOKpHBAda y
obnactu KapraTta n Harim mopact BOAOCTaja, Ma je modeTkoM ampuia 2005 r. momwio mo
KOHIICHTPHCAakha BENWKe KOJMMUMHE Boje Ha Tamwumry. 3Bannyan noganu PXM3-a mokasyjy
na je 3a 2 mana (18. u 19. 4.) y ropmem cnuBy Tamumma mano ox 40-75 mm magaBuHa, a y
cmuBy [opmer bereja 50-75 mm. V ucto Bpeme Bomocraj koj cranune Jamra Tomuh je
yop3ano pactao (oxko 10 cm/h) (Mwuopamosuh, M. u mp. 2007). IIpo6ojem Hacuma Ha 3
MECTa, Ha JeCeTaKk KWJIOMETapa Of I'paHMIle HAa PYMYyHCKOj ctpanu, 20.4. je IOuUI0 10
n3nuBawa Boje Tamumia. Y PymyHuju je Taga momnaBibeHo oko 5000 xyha u 40000 ha
opanuna (Mwunopamosuh, M. u ap. 2007), a momnaBHH Tanac je 3axBatuo u CpOwujy.
[MorenrmjanHo je Omwia yrpoxena mopiiuHa oa oko 50000 ha ca oko 20000 ctaHOBHUKA y
ommuruHama Ceuams 1 XKutumre u nmpocrop oko 35000 ha u 14000 cTaHOBHUKA Y ONIITHHU
[Mnanpumre (Milanovié, A. et al 2008). ¥V mupy npaxmerma BOAE U3 YIPOXKEHOT MOJpyYja
U3BPIIICHO je Mpocelame JecHor Hacuma y3 Tamumn xon Jame Tommha Ha 5 MecTa M Ha
[Tnosuom berejy xox Mehe. HakoH mro je BogoCTaj O1nao, mo4eno je NCTUIamke MOoIIaBHe
Boze y peky Tammm. Kako je o0jaBibeHO Tama y aHeBHOM nucty Bpeme ox 28.4.2005 r.,
HajTekKa cuTyanuja ouna je y Hacesby Jama Tomuh, rae je ucesbero ceux 1000 ctaHOBHHKA,
a oko 150 xyha ce cpymmio. Bpenroct Bomoctaja on 846 cm, koju je m3MepeH Koj Jame
Tomuha 20.4. 6mma je Hajpeha 3abenekeHa y WHCTPYMEHTAIHOM IIEPHOLY HA OBOM
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BOJOTOKY. O BEJIMYMHM MOIUIABE CBEIOYE M IOJAIM Ia Cy Mepe peloBHE Oa0paHe Of
norutaBa koj Jame Tomuh Omite npornamene Henpekuaao 102 nana, ox pedpyapa 1o jyHa,
a xox Ceuma 21 nman y mapty u 49 mana TokoM ampuia u Maja. Banpeane Mepe o moriasa
Tpajarne cy 3 mana xox Jame Tomuh u 2 mana y Ceumy. Takohe, 300r BHCOKOT BOJOCTaja Ha
Tucu 6mo je yrpoxeH u Jy)>KHOOAUKH OKPYT.

Benuke mrere mperpnena cy u Hacesba y ciuBy Jy:xHe Mopase, ycnen Oyjudne
noruiaBe y nepuoay 11-16. maja 2005 r. Kako je o6jaBuo nHeBHHM JicT ['11ac jaBHOCTH 01
10.5.2005 r, Komucuja 3a mporeHy IuTere yTBpAWwiIa je na Cy HajBehe moriaBibeHe
nospmHe y Humkom oxpyry (Anekcunan, Hum, [loseeBan, Pakam u Mepommna), y
Jabnannukom okpyry (Jleckosan, bojuuk, Mexnseha u Bnacorunue), y Pacuackom okpyry
(KpymeBan, AnekcanapoBanm u Tpcrenuk) u y Tommmukom okpyry (PKurtopaba).
Makcumanau Bozoctaj 9. mMaja kox Mojcuma Ha JyxxHO] MopaBu m3HOCHO je 456 cm
(rpanutia BaapenHe ogOpane of momiasa je 400 cm).

OOuHe MajaBuHE U OTallamke CHEra OMIIM Cy Y3pOIM BEMKUX ToIuiaBa y Hemaukoj,
CnoBauxoj, Yemkoj u Ayctpuju Tokom Mapta u anpuiaa 2006 r. (I'aspunosuh, Jb. 2007).
VY wucrom nepuony y CpOuju cy 3abenexeHe morutaBe HajBehux pasmepa y MpPOTEKIIO]
neuennju (1999-2009 r). Ox 10 no17.4. Ha uenom toky ynasa kpo3 CpOujy BoocTaju cy
MIPEBa3UIIUIN UCTOPUjCKE MaKCHMyMe- y 3eMyHY je M3MepeH A0 caia HajBehn Bomocrtaj on
783 cm (16.4.), xoju je mpeBaswIa3uo MPeTXoaHu pekopx u3 1981. rogmue ox 757 cm.
ATICOITyTHO MaKkcHMallHe BPEJHOCTH BOJOCTaja 3alelie)xeHe Cy W Ha cTaHullama baHaTcka
[Mananka, 954 cm (16.4.) u Bemukom ['pagumry, 960 cm (15.4.). Ha Tucu xon Hosor
KnexeBna Bomoctaj je m3Hocuo 949 cm (21.4.), a mperxomnu MakcuMyM o 912 cm
3abenexen je 1970 r. U Casa je y beorpamy oGopwia pexopn u3 1981 r., kama je
3abenexeno 718 cm, jep je 2006 r. mocturna 738 cm (16.4.). (Xumpoomku Toauimak 1,
2006). OBaKBHM BpEeIHOCTHMA BOAOCTaja YMHOTOME Cy JOIPHHENE NMaJaBHHE Y CIMBOBUMA
HynaBa, Cape, Bemnke Mopase u Tuce, uuje cy BpemHocTH Omie nameko Behe of
HOpManHUX y neremOpy 2005 r. u mapty 2006 r. (Mikhailov et al. 2008). Tor nponeha cy
Ha TpuMep, 3abelekeHe MOBWIICHE BPEOHOCTH NagaBMHAa y beorpamy (y mapry je
3abenexeno 104,4 mm, a y anpmiry 97 mm kumie (Merteoponomku roguiimak, 20006)).

HusBonno ox XE ,/Bepman II* nmommase cy yrposune KinagoBo u Herotuncky
HHU3HUJY, @ KaCHUjE je IONUIO 0 KaTacTpoQalHuX IOIUIaBa y LeloM npuodbaby JlyHaBa Ha
teputopuju Byrapcke u PymyHwuje. 8. ampuia je mpornaiieHa BaHpeqHa oj0paHa oj
TrorutaBa Ha 1es1oM Toky Jlynasa kpo3 Cp6owujy, Ha Tucu, Tamumry, Cau no ymrha pune u
Hpunn no bagosunana. Penosue mepe ondpane ox nomiasa Ha JlyHaBy Koj 3eMyHa Tpajaie
cy 52 nana, ox MapTa J0 Maja Mecella, a BaHpeaHe Mepe 36 maHa TOKOM ampuia ¥ Maja. U
Ha Casu xon beorpana je 6mio, peoBHe Mepe oOpaHe oA TorIIaBa Tpajaie cy 53 naHa, a
BaHpenHe 37 mana. CimdHO je OWilo M Ha OCTaJMM CTaHMIAMA y CIIMBOBHMA OBHX peKa.
Tana je u caobpahaj kako Ha /[yHaBy, Tako n Ha Tucu 6no npeknnyt. Ha Tucn xox Cente
3a0enekeH je UCTOPHjCKH MakcuMyM of 926 cm, koju maneko mpesasmnazu 630 cm. IIpu
oBOM BozocTajy (630 cm) ce 3aycraBipa mioBuada Tucom (Ypomer M., Omokossuh M,
2008).

[TomnaBe cy perucTpoBaHe Ha TEPUTOPHjH BHUIEe ommTHHA: Yy AmatuHy, CoMOopy,
BorojeBy, 3pemannny, beounny, Cenrn, Tuteny, Ceumy, XKabmy, HoBom Cany, baukoj
Mamanmn, Wnahuju, beorpamy, 3emyny, I['pomkoj, CmenmepeBy, Bemmkxom I'pamumry,
Tony6uy, Herotuny u np. Y Pacunckom okpyry Takolje je 6mio noriaBibeHo 10-Tak cena,
a npopaauia cy u OpojHa kiamu3umirta. [lomiaBama je 6uno ykynHo yrpoxkeHo 213 Haceswa, a
eBakyucaHo je oxo 1000 spyan (HajBumie y ommrtuHM [pouka), mpema nucawy [naca
jaBHocTH y anpuity 2006 r. Hajyrpoxkenuju je 6o Cpeamo0aHaTCKu OKPYT, ca CEANIITEM y
3pewannny. Ha npocropy beorpaga momnuto je mo m3nmuBama JlyHaBa y 3emyHy, HoBom
Beorpany u Benukom cenmy m CaBe Ha mpoctopy keja Ha HoBom Beorpamy, kon Cajma,
He06ojmmne kyne na Kanemernany, Ha npoctopy Uykapune n Octpyxunne. Huso [lyHasa u



97

CaBe je pacrao Opsunom oxn 1 cm/h (http://www.beograd.org.yu). 3axBaspyjyhm
onrosapajyhuM mepama onbpaHe o moiulaBa (JAKOBH ca IIECKOM IIOCTaBJbaHH Cy Ha
MHOTUM JIOKalijama y rpajay) HHUje IOIUIO JI0 HW3JMBama KaTacTpo(dalHUX pas3Mmepa.
ITomnage cy 3abenexene u 'y cnmuBy Miage (y Koctonmy u cenmuma Massypesan 1 bpanapair)
u 'y ciuBy Jangpa ( Hu3BoaHo ox Jlosuuie y ceny ['opwmu Jagap).

Canka 1. lynas koa 3emyHckor keja 'y anpuity 2006 r. (poro M. MususojeBuh)

HcroBpemeHO ca BEJIMKHMM IOIIaBamMa JOIUIO je U JI0 TojaBe kiusuira. LlenTap 3a
IIMBWJIHO-BOjHE OJfHOCE y cBOM Jnucty Onmdpana u3 maja 2006 r. je 00jaBHO 11a je Te TOAMHE
Ha Tepuropuju Cpbuje peructpoBaHo je ykymHO 3069 kiam3umiTa, Koja Cy HEMOCPEIHO
yrposmia 966 Hacesba. OHa cy mpe cBera Jionupana y neiaom ciuBy Mopase u Komybape, a
JEAHUM JIETIOM M y CIMBOBHMA CAaBCKMX IPHUTOKa y MauBaHckoM OKpyry. Kimsumra cy
omrermia 2300 ctambenux objekara, 639 myrtesa u 17 MocToBa y neHTpanaoj Cpouju

VY nepuoay 25-27. HoBembap 2007 r. Beiuke moriaBe 3axBaruie cy jyr Cpowuje,
Hapo4uTo CiMB peke Brmacuue. Tomsseme CHera KOjU ce 3aApiKao y BUIIMM IUIAHUHCKHM
JIeTIOBMMa HM3a3Balio je 3acuheme 3eMJBHINTAa BOJIOM M NOAM3aEke HHBOA IOJ3EMHHUX BOAA.
OcuM Tora jgouuio je a0 OOMJIHMX MafaBuHa TokoM 48 catm y ciuBy Jyxue Mopage,
JIOCTHraBIIKM MHTE3UTeT on 47 mm/nan y JumurpoBrpany, 56 mm/nan y JleckoBuy u 24
mm/nan y Humy (Meteopononiku roaumimak, 2007). Makcumaniu Bogoctaj Ha Brnacuuu
kox Brmacotunia 384 cm 3abenexen je 26.11., na Jabnanunu xon Ileyewmesne 379 cm —
27.11., Tomnmwm xox Joseeua 291 cm — 27.11., na Jyxuoj Mopasu kox Mojcuma 471 cm
— 29.11. Kao nocnienuia tora IONUIO je 10 OyjUYHMX MoIUiaBa y ciuBy JyxHe Mopase u
meHnx npuroka: Torumrne, Berepanne, Humase, Bnacune, Kocanune, Jabnanute u ITycte
peke. IlommaBe cy 3axBatmie ommruHe baOymmuiy, bemy [lamanky, [umutposrparn,
Hoibesan, Jlebane, Jleckosar, [Tupot u Brmacorunme. Kako je o6jaBuo nHeBHH et By
26.11., 6yjune cy oxHene 13 MOCTOBA M OIITETHIIE BEIMKU OpOj IyTeBa. Y MHOTUM MECTUMA
cy m3Bopu mmjahe Boxme W BomoBomHHM cHcTeMH Omnm 3arajenu, a y Jlebany cy ce
akTuBUpana u knusumra. Hajpehe mommaBe u mrere 3a0enexeHe Cy y ciuBy Bracuae,
noceOHo y cenuma: Illumasa, Cpenop, Homanuna, Kononuuia, l'opmu Opax, [Ipucujan,
bossape n Kpymiesuna. PenoBHe n BanpenHe Mepe og0paHe of IoIuiaBa Cy KpaTKo Tpajaje,
cBera HeKoJiMKo fana. Tako cy Ha JyxHoj Mopaeu kog Mojcuma peioBHE Mepe Tpajaie S5, a
BanpenHe 2 nana. Ha KocoBy u Metoxuju y uictoM nepuopy, kako je objasuo PTC 26.11,
Ouna cy nomnasibeHa cena y ommtuHaMa KocoBo Ilosse, Byuutph, IlomyjeBo, nenosu
Ipumrrrae u Hacespa y CpoOuiy.

[Toyerkom HoBemOpa 2009 r. BesmKke TOIUIaBe 3axBaTwiie Cy 3MaTHOOpCcKu U Pamkn
OKpyr. Ycien Kuile, Koja je HenpeKuIHO nHajgana oko 20 caTu Ha IOjeAMHHM MECTHUMa
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IUTAaHWHCKE peKe cy HaOyjase W m3a3Balie moriaBe y Yxwuiy, Apwby, [loxern, Cjenunm,
Hosom Ilazapy, Ilpujenospy, HoBoj Bapowm, [Ipubojy u Pamkoj. Ha mereoposnorikoj
cranunu 3narudop 7.11. 2009. 3abenexeH je ancogyTHH JHEBHH MakCUMyM IajJaBUHA 32
oBaj mecer— 90,1 mm (Meteoposomku rogummak, 2009). Uzmmne cy ce peke Benuku P3as,
‘hBeruma, 3anagna Mopasa, ['onujcka Mopasuna, Jlum, MunereBka, buctpuiia, 30mHuna,
KpatoBcka peka u BeHKH Opoj OyjHuapCKuX MOTOKA.

Kaxo cy o6jaBunm meauju 7.11., a mely wuma u Tenesusuja PTC, y Hohu usmelyy 6 n
7.11. BenMka KOJIMYMHA BOJE 3ajeHO ca JpBHMa, TIPambeM W OCTaJIMM OTIaJHUM
MaTepHjaiuMa ce Ipesiuiia Mpeko OpaHe Ha pery DeTnmu ko YXkwHla, 1a je MoruiaBbeHo
HEeKOoJIMKO Kyha m pecropana mopen OpaHe y rpaiy, Kao M NPUTPaJCcKo Hacesbe Typwuua.
Behnna kyha u o0jexara, koje cy Oniie noraBibeHe, Cy usrpaljeHe y aqyBHjaTHUM paBHUMA
Berume, Benukor P3aBa m Mopasuiie, Tako ¥ /1a HE YyAH YUBEHHUNA Ja Cy Oam oHe Ouie
Ha yaapy BozeHe ctuxuje. [loctaBspa ce U IUTamke OATOBOPHOCTH HA/JICKHUX CITY>KOH, KOje
HHUCY OJTaTOBPEeMEHO OTBOpHIIE UcIycTe Ha OpaHu. Vet u3Bop je 00jaBuo U 1a je y Apmby
300r HaOyjane peke Bemmkn P3aB mormaBibeH W perHOHATHH BOJOBOJHH CHCTEM ,,P3aB™.
OueBuny U3 Apusba TBpJE Jia je OBa MOIUIaBa [0 CBOjOj BEJIIMUMHM OHJa CIMYHA OHOj W3
1965 r., Mmoxnaa vak u Beha, kana je 3a0eeeH MakCUMAaIHU NpoTuiiaj ox 260 m’s, (rTo
no ypahenum npopauynuma oxarosapa 100-roguimmoj Boam). Tek kajg Oyay o0jaBibeHH
nojany o 3abeNieKeHNM BOJIOCTajuMa M NPOTHLajuMa oBe noruiaBe Mohu he na ce oxpenn
meHa BepoBaTHoha mojaBe. Ha crmukama 2. m 3. mpukaszaHa je jelHa MCTa JICOHHIA TOKa
P3aBa 3a Bpeme norutaBe y HoBeMOpy 2009 r. u 3a Bpeme MaJux BoJa.

[IpopauyHn MakcHMaTHUX MPOTHULAja M BOLOCTaja 3a Benuku P3aB kox Apwiba, kao
u 3a jom 3 craHuue y cinuBy [ onmjcke Mopasuiie Mory ce nponahu y pagy M. Ypomesa
(Ypomes, M. 20076). Benuku P3aB mma nipoGiiema 1 ca MajauM BoJaMa, YHje je N3ydaBame
3Ha4YajHO 3a (YHKIHOHHCAE-¢ BOJOBOJHOT cHcTeMa ,,P3aB“. IIpopauyHn yHyTaproIuIIme
pacrozene OoTHLAja, MHHUMAJIHUX NpoTHIaja Bennkor P3aBa n kBanmTera Boa y OBOM
cmBy mathm ¢y y  pamoBuma  M.Ypomea  (YpomeB, M. 2006 u
VYpome, M. 2007a). Cse oBO yka3yje Ha HOTpeOy 3a HM3rpaamy OpaHe ,, Apuibe” Ha
npodury CBpaykoBO, Koja OM MMaja CE30HCKHM KapakTep peryiucama oTHiaja P3aBa koja
O0u yOmaxuna mnocieAuie MakCUMalHUX W MHHUMAaJIHUX MpoThIaja) u o0e3deauia
HECMETaHH PaJi pETHOHAIHOT BOJOBOAHOT cucTema ,,P3aB®. Ha ciouxama 2. u 3. npuka3aHa
je jemHa ucTa AcoHMIa ToKa P3aBa 3a Bpeme moriaBe y HoBeMOpy 2009 u 3a BpeMe Majmx
BOJIA.

o
S

Cuamka 2. [TonsiaBa Ha Besiukom P3aBy ko Cauka 3. Beauku P3as koj IlleBesba 3a
IlleBesba HoBeMGap 2009 (poto Oramesnh I'.) BpeMe MaJjux Boza (poro Ypomes M.)

VY Tloxeru je mouuio 1o u3nuBama 3amnagHe Mopase u [onujcke Mopasuie, na cy
cena TarojeBunia u IlpujanoBuhu npeTBOpeHa y ,,MOYBapHYy MmycTour”. Yciea H3jiuBamba
Jluma Ounu cy momaBibeHu u AesioBu [Ipuboja u Ilpujenospa, a HA MOAPYYjY ONIITHHE
Hose Bapomm axtuBupaHo je 11 xnm3umra, Koja cy 030MJBHO yrpo3wia Ha JIeCEeTUHE
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cTaMOCHUX M IIOCIOBHUX OOjeKara, IPEKHHYyJa HEKOJIMKO JIOKAIHHUX IyTeBa W 3aMyTHIA
u3BopumTa. Y okonuHu CjeHHIe peddle Cy ce yciel BeIMKUX MaJlaBHHa MPEeTBOpHIC Y
Oyjurie Koje cy HOCWJIE CBE MpeJ cOOOM M TOM IPIJIMKOM j€ HacTpagajia jemHa ocoba.
Hapounto cy 6mna yrpoxena cena Jlonume, Baba n Kymannta.

Haxanoct, oBo Huje Ouna jenuHa moriaBa mpouute roguae. Kpajem jyna 2009 r.
Bpmauka bama ¥ OKOIMHa Haceshba HAIUIA Cy CE TOJ BOJOM YCIiel OOHJIHHX MaJaBUHA W
u3nuBawa peke ['ou. Kako je o6jaBuiia HoBUHCKA areHnuja MoHao 26.6., TOKOM HOIUIaBe je
omteheHO WM MOTMYHO YHUINTEHO 20 JOKATHHX MOCTOBa, a jeqHa ocoba ce yToImiia y
peru I'pagan. Takobe, kpajem menemOpa monuio je o usnuBama LlpHor Tumoka, ma je y
OMIITHHHM 3ajevap yBeleHa BaHpeIHA Mepa 0J0paHe O/l MOoILIaBa.

MeTon 3a npopayyH BepoBaTHOhe nojaBe BeJIMKUX BOJA

XUIPOMETEOPOIIONIKE BEINYUHE CY PE3YyNITaT HEMOCPEIHOT OCMaTpama WIH Meperma
HEKOT' XHAPOJIOMIKOT MJIM METEOPOJIOMIKOr mpoleca. TH pe3ylNTaTH ce MOTY OJHOCHUTH Ha
TpEeHyTHa Mepema WK Cy Iocieulia HeKe o0pase, Kao KapaKTepUCTUYHE I0jaBe yHYTap
onpeheHor BpeMeHCKOr Ieproa; AaH, Mecel] U roguHa. CBPCTaHu y XPOHOJIOIIKOM HH3Y 110
BpEeMeHy, OBaKO JOOHMjeHH TOJaly MPeACTaBbajy BPEMEHCKY CepHjy pa3MmarpaHe
XHIPOJIOIIKE 1ojaBe.UsaHOBH OBako (OpMHUpaHe BPEMEHCKE CepHje Cy CllydajHe BEIUYHHE
(cmyyajHO TPOMEHJbMBE) KOje ce TmpwiarohaBajy 3aKOHMMa TEOpHUje BepoBaTHOhe u
MaTeMaTuyke CTaTHCTHKe. 3a OleHy BepoBaTHohe mojaB/bMBama  pa3MarpaHe
XHJPOMETEOPOJIOIIKE MojaBe (y HalleM ciydajy BeJMke Bozae) y OymyhHocTH kopucre ce
BPEMEHCKE CepHje pErHCTPOBaHE Yy MPOLUIOCTH. IlapaMeTpu TEOpHjCKHX (YHKLH]ja
pacroiernie oLeYjy ce Ha 0a3u paclooKHUBOT HH3a MOAATaKa U3 MPOLLUIOCTH, PH YEMY Ce
npernocraBba Jga he mapaMeTpw pasMaTpaHe CIyYajHO INPOMCHJBHBE BAXKHTH U Y
oynyhaoctu (ITpoxacka, C. 2003). Y oBoM paay H3BpIICHA je CTaTHCTHYKa aHamm3a 3a 13
XHAPOJIOIIKAX CTaHWIA, Ha KOjUMa Cy ce y MOCICHBUX JeceT roAuHa rojaBmie HajBehe
momaBe y CpOuju, Tako mTo cy GopMHpaHe BPEMEHCKE CepHje MAaCUMAaTHHUX TOIHIIEHIX
MPOTHIIaja ¥ BOAOCTAja.

IIpe Hero mTO Ce NPHCTYNH IPOpPadyHy BepoBaTHOhE II0jaBE MaKCHMAaIHHX
NpOTHIIaja ¥ BOAOCTAja, HEOMXOMHO j€ MCIUTAaTH KOJIMKO j€ BPEMEHCKa cepuja
PETHCTPOBAHOT y30pKa pENpe3cHTaTUBHA 32 MPEACTaBJbAE pa3MaTpaHor Mpoleca Y
nenuHu. [IpumMeHa mMaremMaTHuke CTaTUCTUKE W Teopuje BepoBaTHohe mojpasymeBa ja cy
YJIAHOBH PACIIOJIOKUBE BPEMCHCKE CEpHje MAaKCUMAHUX MPOTHIAja M BOJOCTaja CIy4ajHE
BesJiMunHe. 300r Tora je HEONXOJHO Ja ce MpOBepH Ja JIM Cy WIAHOBH (OpMHUpaHEe
BpeMEHCKe cepHje MehycOOHO 3aBHCHM WM HE3aBUCHH (CIIy4ajHH). 3a aHaAIU3y
CITy4ajHOCTH CepHja MaKCHMAJHUX TOAWIIBbUX MPOTHUIIaja KOPHUIINEHH Cy TECT Y3aCTOIHUX
pasnuka (Tect Hejmana) u TecT cepurjaiiHe Kopenanyje mpBor pesa (TecT AHAEPCOHA).

3aTHM ce TpHUCTYIa HCIHUTHBAKY CTAllMOHAPHOCTH CTaTUCTHYKHX Mapamerapa
M0jeTMHIX CEKBeHIN (hopMHpaHEe BPEMEHCKE CepHje, OJHOCHO JIa JIX je BpEMEHCKa cepuja
xoMmoreHa. Ilocrojame BEIITAYKMX HWHTEPBEHIHMja Yy CIMBY HMa 32 IOCJEIHILY
MoAnGUKaIHjy IPOCEYHUX MPOTHULAja, OXHOCHO BOAOCTAja Y OJHOCY Ha NPHPOAHO CTAambe.
OBO 70BOAM [0 TaKO3BaHE HEXOMOTCHOCTH MECEYHHMX M TOMUIIBUX XUIPOJIOUIKHUX Cepuja.
J1o HEXOMOTE€HOCTH XHUAPOJIOUIKUX ceprja Moxe MTohu u 300T IpoMeHa y IPUPOIH (ITYMCKH
MOoXap, MacoBHA ceya NIymMa WM MOIIYMJbaBame), ajd U Kao IOCIEIUIa CHCTEeMAaTCKUX
rpelraka OpuiInKoM oOpanme momaraka Mepema (IIpoxacka, C. 2003). 36or Tora je
HEONXOJHO Ja, Mpe HEero IITO Ce OJpPEeAd MPOCEYHA BPEJHOCT M OCTAIM CTATUCTHYKUX
mapaMeTap, HCIUTa HBUXOBa XOMOIEHOCT. Y OBOM paay 3a TECTHPAamEe XOMOTCHOCTH
cpenmux BpeaHocTH KopuiiheH je CTYIGHTOB t-TeCT, 3a TECTHPame XOMOTCHOCTH
nucnepsuje @unrepos F-tect, u 3a dyHKIMjy pacnozesne naBep3Hu trect Wilcoxona.
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Iocne mpoBepe CIy4ajHOCTH M XOMOTCHOCTH BPEMEHCKE CepHje IMpUCTyNa ce
MpopavyHy EMIHPHjCKe pacmojeie W Tmapamerapa (YyHKIHje pacroiesie BepoBaTHOhe.
3atuM ce BpIIM TPOpadyyH TEOPHJCKUX pacroiesia, TO jecT ofpehyjy ce BpemHOCTH
MPOTHIIAja WM BOJOCTAja 3a1aTe BepoBaTHONE MojaBe WM 33/1aTOT MOBPATHOT mepuoma. Y
OBOM pajy je W3BpLICH MPOpadyyH MaKCUMaJHHUX MNpPOTHIaja M BOJOCTaja 3a TCOpPHjCKE
¢dbyHKIMje pacmozene BepoBaTHohe koje ce Hajuemnhie KOPHUCTE y XHAPOJIOIIKO] MPAKCH:
Hopwmanna, Jlor-Hopmanna, ['ymb6enosa, Tpomapamerapcka rama pamomena — Pearson 111,
Log-Pearson III pacnogmena. Tectupame carmacHocTH (npunarohaBama) eMIUpHjcKe H
Teopujcke (GyHKIHMje pacroere BpieHo je momohy x Tecra, KonmMoropos-CMHpHOB TecTa
n tecra Kpamepa-Museca. Ha ocHOBy pe3yiraTa OBHX TECTOBa BpIIM ce€ KOHAa4daH H300p
MepoJaBHE TeopHujcke (YHKIHje pacmojaeie. 3a YCBOjeHy pacloieny padyHajy ce
oarosapajyhu HHTepBaJIK MOBEpEHAa.

Kao npumep, opae he 6utn nprkazana nmpopadyH BepoBaTHoha 1mojaBa BETUKUX BOAA
peke dyHnaB kox 3emyHa. AHaJIOTHO OBOMe, ypal)eH je u mpopadyH 3a octayiux 12 cTaHuIa.
Hajnpe cy ncnimcann MmakcuManHu BogocTaju 3a mepuox 1960-2006 r. 3atim cy n3padyHaTH
OCHOBHM CTaTHCTUYKH mapameTpu: Xu=559cm, S,=85.6 cm, C,=0.153, C=0.835. Huz ce
npoBepasa Ha xomoreHoct nomohy Crynenros t-trect, @umiepoB F-tect, n nHBep3HOT TecTa
Wilcoxona (U). {obujene cy cnenche Bpeanoctu: F = 1.586 < Fy,. =2.505,t=1.012 <t =
2.024, U, = 175.284< U = 223 > U, = 353.716, mTo 3Ha4M Ja je OBaj y30paK XOMOTCH.
Haxon tora ce npucrtyna n3zpadyHaBamy BepoBaTHoha rojaBa. MakcMMaiIHN BOZOCTajH CY
nopehaHu 10 BENWYMHHM M M3padyyHaTa je eMIHUpHjcka (QyHKIHja pacrojene 1o (GpopMyiu
Kpunkn m Menkespa P,=m/(N+1). A 3atum cy wu3padyHaTe M BpPEOHOCTH TEOPH]jCKHX
¢ynakumja pacopene: Hopmamaa (XN), Jlor-Hopmanaa (XLN), I'ymbenoBa (XG), [Mupcon
I (XP3) u Jlor-ITupcon III (XLP3) (tadena 1.)

Tabeua 1. Teopujcke pyHkuuje pacnoaena MakcuMajJHuX BogocTaja lynasa koja 3emyHa

P(x) XN XLN XG XP3 XLP3
[%] [cm] [cm] [cm] [cm] [em]

99.99 240 320 372 377 376
99.9 294 351 391 390 392
99.8 312 362 398 395 399
99.5 338 378 409 404 408
99 360 393 419 413 417
98 383 409 429 423 428
95 418 434 447 441 445
90 449 458 465 460 463
80 487 489 489 486 488
70 514 512 508 507 508
60 538 533 527 527 527
50 559 553 545 548 546
40 581 574 566 569 567
30 604 598 590 594 591
20 632 627 621 626 623
10 669 669 671 674 673
5 701 705 720 718 720
2 736 749 782 771 781
1 759 780 829 810 827
0.5 781 809 875 846 873
0.2 807 846 937 893 934
0.1 825 873 983 928 982
0.01 879 958 1138 1038 1146

YHopeaHu NpHUKa3 TEOPUjCKUX M eMIupHjcke QyHKIMje pacriojerne MpruKasaH je Ha
cmny 3. Ha ancuim cy aate BpeXHOCTH 0a3pasMepHe CTaHIapAHE ClydajHe NMPOMEHJBHBE
HOpMaITHe pacrojeie Z, a Ha OpJUHATH BPEAHOCTH BomocTaja (cm).3a ogabup MepomaBHE
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TEOpHjcKe (YHKIMje pacroiele HEONMXOJHO je W3BPIIUTH TECTHPAKmE CarjacHOCTH
TEOPUjCKUX U eMITupHjcke pacrozene. CBu TeCTOBH cy paljeHu 3a npar 3HadajHoctu 0=0.05.

Bpensoctn y° Tecta cy ciuenehe: 3a Hopmamny pacrogeny y° > %o 7.45>5.99
(xumore3a ce He mpuxsara), Jlor-Hopmanny - x2< xzkm, 1.51<3.84, I'ymbenoBy - x2< szm’
4.05<5.99, Tlupcon III - x2< szm’ 3.74<3.84, Jlor-ITupcon III - x2< X2km, 2.47<3.84. Tlpema
pesynraruMa ¥~ TecTa CBE TEOpHjcKe pacmonenie, ocuM Hopmanne, cy carjiacHe ca
EMITHPH]CKOM PACIIOJICIIOM.

Bpennoctu Komoropos-CmupnoB tecta cy cneaehe: 3a Hopmanny pacnogeny Dipax
= 0.139, 3a Jlor-Hopmanay D,,.x = 0.117, ['ym0enoBy Dy = 0.083, Iupcon I D,y =
0.089, Jlor-ITupcos III D, = 0.083. Bpennoct Dy, 3a oBaj Hu3 m3nocu 0.201, o 3Hauw na
CBE pacrofienie HCMymaBajy ycioB Dp..<Dy, TO jecT carigacHe Cy ca eMIIHPHjCKOM
pacrozienom.

Bpennoctn Tecra Kpamep-Museca cy cnenehe: 3a Hopmanny pacmopermy No’=
0.185, 3a Jlor-Hopmanny Nw’=0.120, I'ym6enoBy No?=0.062, ITupcor I Nw?=0.067, Jlor-
Mupcon No’=III 0.061. Ce oBe BpemHOCTH Cy Mame 01 N’y T.J.HOCTOjH CArTacHOCT
CBUX TCOPHjCKHUX M EMITUPH]CKE pacIoiere.
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Canka 4. EMnupujcka u Teopujcke kpuse o0e36eeHocTH MaKCHMAJHUX FOAMIIBLUX BOJOCTaja
peke J/lynap ko1 3emyHa 3a nepuoa 1960-2006 r.

Cynehn mnpema BpemHOCTHMa TecTOBa HajOOJBY CarjiacHOCT ca EMIIMPHjCKOM
pacrionennom uma Jlor-Ilupcon III pacnoxmema. 3najyhm koja je Teopumjcka QyHKIHMja
pacriozienie MepoJiaBHa, MOXe ce H3padyHaTH BepoBaTHoha mojaBe moruraBe u3 2006.
roguae. Makcumanan Boaoctaj ox 783 cm mpema Jlor-Ilmpcon III pacmomenn uma
BepoBatHohy mojase P = 1.94%, nnu noBpatHu nepuon ox 52 rogune. Ha ocHoBy ypahernx
aHanm3a Moke ce pehu xa je oxn 13 mpoydaBaHnX CTaHMIA, BUX 6 UMaiIo MeponaBHy Jlor-
Iupcon III pacnogemny, 5 - [Tupcown 11 paconeny u mo jenwy Jlor-Hopmanny u I'ymbenoBy.
OBO yKa3dyje Aa ce TOIWIIM MAaKCHUMAaJIHH BOJOCTajU W TPOTHHAjU ce yrimaBHOM (11
CTaHMIIA) TIOKOPABA]y TPOIIapaMeTapCcKOj raMa Pacioelu.

Haxanoct, 10 JnaHac mojanmd O HM3MEPEHHMM MaKCUMalHAM MPOTHLAjuMa U
BojocTajuma Ha berumu u Bennkom P3aBy HUCY IOCTYIHU, TaKo Jia c€ HE MOXKE TOBOPUTH
0 BepoBaTHOhama II0jaBe OBE IMOIUIaBE, OJHOCHO Jia JIU Cy TO XWJbaIyrOJHWIIbE,
CTOTOJIMIILE, MEJIECeTOTOUIIBE BOAC, WTHA. JeIWHM JOCTYHNHM IOJald Ha CajTy
PenyOnuukor XuapoMETeopONIONIKOr 3aBojia OMIIM Cy TMOAAIM O BOJOCTAjy 3a CTaHHILY
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KpatoBcka crena Ha 3amagHoj MopaBu mo wmsnacky u3 lloxemke KOTiamHE. 3a OBY
ayTOMATCKy CTaHHILy [OCTOje MOJIAlM O BOAOCTAjy ca CBaKkM car. AHanu3upajyhu mwux, BUau
ce ma je morasa opfe moyena 06.11.2009. y 23.00 ca 293 cm, a MakCHUMaJIHU BOJIOCTa] O
719 cm gocturma 7.11.2009 y 17.00. Axo Taj BogocTaj mogamo Ha Koty ,,0° Bogomepa of
290,44, nobujamo na je tepen y [Toxerikoj KOTIMHM OWO TIaBJbeH 10 297,63 m H.B.

VY Tabenu 2. MpEeACTaBIbEHU CY PE3yJITATH MIPOpaYyHa BEIUKUX BOAa 3a 13 cTaHuIa U
onpehene cy BepoBatHolie nojasa mormiasa y nepuoay 1999-2009. r.

Tabesa 2. BepoBaTHoha nojaBa Betnkux nomjiasa 'y Cpouju y nepuoay 1999-2009 roaune

T'opuna Peka Cranuna Q max nau H max P (%) | T(roguue)
1999 Jacenuia CwmenepeBcka [lananka 385 cm 6.96 14
1999 Jlenenuna Barounna 545 cm 1.23 81
2000 Tuca Cenra 3400 m®/s 2.73 37
2000 Tamumm Jama Tomuh 822 cm 3.09 32
2005 Tamum Jaa Tomuh 846 cm 1.97 51
2006 JlyHas Besnau 7960 m’/s 1.53 65
2006 JlyHas Borojero 8630 m’/s 1.91 52
2006 JHyHas Hosu Can 745 cm 2.20 45
2006 JlyHaB 3emyH 783 cm 1.94 52
2006 JyHaB CwMmezepeso 845 cm 1.50 67
2006 JyHaB Benuko I'paguire 960 cm 0.92 109
2006 Casa Beorpan 738 cm 2.15 47
2006 Tuca Cenra 3720 m’/s 1.12 89
2007 Bracuna Bracotunne 384 cm 2.51 40
2009 3. Mopasa | KparoBcka cTeHa 719 cm 7.02 14

Y3pouu nonjasa u nojesia npeMa y3poxKy

Bemuke Bome Ha pekaMa jaBibajy ce Kao HOcieia OpOJHUX AMPEKTHUX U
WHAUPEKTHUX (akTopa. Y mupekTHe ¢axTope yOpajajy ce: KOIWYMHA W3Iy4YeHe KUIIe U
OTOIUBEHOT CHETa, JIeH, KIM3UIITA U KOMHIUACHIHM]a BEMKNUX BOJA, a Y HHIUPEKTHE: Harub
TepeHa, Npe3acHheHOCT 3eMJBHINTAa BOJOM, HMOBE3aHOCT BOJOTOKA Ca HM3JAaHH, I'€OJOLIKH
cacTaB M MENOJOMIKH IOKpUBAaY, HENOBOJFHO JIOLMpAame IPHBPENHHX ofjekarta H
undpacrpykrype (I'aBpunosuh, Jb. 1981.). Benrke Bozie Ha pekama ce MOTY jaBUTH U YCIIe]l
pyliema OpaHe Wil HACHIIA, YCIIel 3ayCTaBJbatbhba U HArOMIJIaBamka JIPBETa U APYror KPyTOr
ornana (HeJOBOJbHA MporycHa Moh MOCTOBa- MOCEOHO HAa MajMM BOAOTOLMMA y ypOaHHM
30HaMa, W CJ1.), Kao W ycies IrojaBe BeTpa Ha ymhuma Behux peka u Mopa (ca yTuuajem
mme) (ITpoxacka C., 2003).

Anammsupajyhn y3poke Hacranka 10 Behux moruaBa y CpOuju y MpOTEKIO]
JICICHHUj,MO’KE CE 3aKJbYUUTH JIa je KOJI CBUX IJIaBHU (DakTOp Omiia MHTEH3MBHA KOJMYMHA
na/laBMHa, Hajuemhe y3 TOIUbEHE CHera, Maja HH Jpyre y3poke He Tpeba 3aHemaputn.Ha
OCHOBY OcTaJIuX (pakTopa, MoXke ce pehu na je ox ykymHor 6poja ouo:

- 5 moruTaBa W3a3BaHMUX KHIIIOM W HATIUM oTamameM cHera (Mapt-ampui 2000 r. y
cmuBy Tamumia n Tuce- xuma u otamame cHera, jyH 2001 r. y cnuBy Jampa- MHTEH3UBHE
kumie, anpmi 2005 r. y couBy Tamumia u Tuce,- kuma u otaname cHera, anpui 2006 r. y
cmBy [lynaBa, Case, Tuce, Tammmma, [lpune- ycimex ortamama CHEra, KdIle U
KOMHIM/ICHIIU]e BEJIMKUX BOoAa, jyH 2009 r. y cnuBy 3anajne MopaBe- HHTEH3UBHE KHIIIE).

- 5 Oyjuannx morutasa (jyn 1999 r. y cnmuBy Benuke Mopage, jyn 2002 r. y ciuBy
Muage u Benuke Mopage, maj 2005 1. y cnuBy Jyxxae Mopase, HoBemOap 2007 1. y ciuBy
Jyxue Mopage, HoBeMOap 2009 r. y ciuBy cnus Hetume, P3aBa u 3anagne Mopase).



103

IMocaenune momnsiaBa u radesa HajBehHX nmpema nocjaeauuamMa

W3 rogune y roamHy IuTeTe oX IomuiaBa cy cBe Behe. Pasnor Tome je pamumHo
nosehame BpegHOCTH no0apa Ha TMOAPYYjUMa ITOTCHIHjAIHO YIPOXKEHHM IIOIUIABOM U
TexHHYKOM HemoryhHourhy na ce cBa Ta moipyuyja 3aiTure rpal)eBUHCKMM paJoBUMA..
VYcoBu 071 KOjUX 3aBHCH BUCHHA IITETa Cy: 1. XHIPOJIOIIKO-XUAPAYINYKHA U TOIOTpadCKu
ycnoBy; 2. cramkbe u3rpaljeHocTn u kopuiihema MOIUIaBHUX MOBPIIMHA; 3.BPEJHOCT J00apa
W3JI0KEHHUX ToruiaBaMa; 4. noba roauHe (Kajxa je y NMuTamy MOJBONPHUBPENA); 5. CTambe H
OpraHu3aIlyja 3allTUTe O MTeTHOT JejcTBa nomtasa(badosuh B., Bpyk C., 1982).

[Tocnennne moruiaBa Cy BHIIECTPYKE W MOTY ce€ carjiellaTH ca BHIIE acleKkara:
(U3HOHOMCKOT, JeMOrpad)CKOr, EKOHOMCKOT, COLMjaJTHOT, EeKOJIOLIKOT, 3IPaBCTBEHOT,
ricuxoomkor (I"aspunosuh, Jb. 2007).

duznonoMcke mocneuie MaHH(ECTyjy ce Kpo3 NpoMeHe H3riena M CTPYKType
JKUBOTHE cpeamHe. Mema ce pesbed, 3acumajy peyHa KOpUTa W adyBHjalHE DPaBHH,
nperpalyyjy peke u popmupajy jesepa, HACTajy MpoMeHe y KopHuIIhewy 3eMbuiiTa. 1 Tokom
rope HaBeICHMX IMOIUIaBa Takole je MomuIo 10 M3BECHUX (PM3MOHOMCKHX MPOMEHA, KOje ce
npe CBera orlie/iajy y 3acHiarmy OpaHHIa CTEPUIIHIM HAHOCUMA, KakaB je OUo Clly4yaj TOKOM
cBUX OyjUYHUX TOIUIaBa y ciuBy Bennke Mopage.

Jlemorpadcke TOCHEOUIIE CYy pErucTpoBaHe Kpo3 10-Tak XpTaBa TOKOM OBHUX
normiaBa. Ocam ocoba je cTpagano TokoM Oyjudnux mnoruiasa y lllymamuju 1999 r, no jenna
y okoinHU Bpmauke Oame u CjeHurie y jyHy, oqHOCHO y HoBeMOpy 2009 r. C 003upom na
cy xmwipazie kyha omrehene TokoMm momasa, y u3BemTajuMa je 3a0eNeKeHO /1a je BEIHKH
Opoj Jeyau mpuBpeMeHO HcesbeH. HajcnmkoButuju mpumep 3a To je ceno Jama Tomwmh,
onaxuie je cux 1000 cTaHOBHMKA €BaKyHCaHO TOKOM M3inBama Tamumia y anpuiay 2005 r.

O eKOHOMCKHM U COLMjaJJHUM HOCIenIaMa MOCeOHO ce MOXKe TOBOPHTH, jep Cy OHE
BEJIMKHX pa3Mepa, Kao IITO ce MOXe BUIETH H3 Taberne 3, Koja je (popMHpaHa Ha OCHOBY
CBHX HaIlpeJl HaBeJCHUX HAyYHHX H3BOpA U MeIuja.

Ta6ena 3. Ilocaeauue nonapa y Cpouju y nepuoay 1999-2009 r.

Iomnaspenn | IlomraBibene
cTaMOeHH ¥ | TOJbONPUBPEIHE
TIPUBPEIHU noBpuiuHe (ha) /
Tlepuon Crnus o0jexkTn /| TlosponpuBpeHe
Cpyuiern MOBPIIHMHE YIPOXKECHE
cramMOeHu noa3eMHuM Bojama (ha)
00jeKkTn
Anpun 2006 r. Jynas, CaBa, Tamwum, Tuca, Bemauka | 6 000 111503 /112173
Mopasa
Jyn 1999 r. Benuka Mopasa 10 000 30 000
Maprt-anpun 2000 r. | Tuca, Tamuin 5000 /434 13 000
Amnpuin 2005 . Tamum, Tuca 5000/ 150 4 600/ 85 000
Jyn 2001 r. Janap, XKnpasuja, llItupa u Jlecanuka p. | 2 400 10 000
Hosembap 2007 r. Jyxxaa Mopasa, Bnacuna, Jabnanuna 2 000 3000
Jyn 2002 . Benuka Mopasa, Miasa 1000 10 000 / 50 000
Maj 2005 . Jy)xHa Mopasa 400 5365
Hosem6ap 2009 r. 3anmagHa MopaBa, berumwa, B. P3zas, | 365 2000
Mopasuna
Jyr 2009 r. 3anagHa Mopasa 200 1000

Kako je o6jaBuo nmct ExoHomuct y janyapy 2010 r, Komwucuja 3a yrBphuBame
HITeTa of elIeMeHTapHuX Heroroaa npu Biagu Cpbuje o6jaBmia je na cy mrere of moriaBa
2009 r gocturne 3 munujapae auHapa (oxo 30 munrona EYP), a na je Bmaga u3 Oyyera 3a
caHupame IuTera u3asojuiaa 105 munmona auHapa (1,05 munmona EYP). Hajeeha mirera
3a0eexeHa je TokoM morutaBa u3 2006 r. u mporemeHa je Ha 35,7 munrona EYP. Tlomiasa
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m3 anpmna 2005. romuHe y UeHTpamHOM baHaTy HaHena je INTETe NPUBATHO] CBOjUHH,
MOJHOTIPUBPE/IM U jaBHO] UH(PACTPYKTYpH y YKYITHOM H3HOCY 01l 0Ko 12,6 munuona EVP
(http://www.odrzivi-razvoj.sr.gov.yu/lat/strategije.php#10). Enemenrtapue Hemnorome u3
2006 T. cy ce HemOBOJHHO O/Ipa3Wiie M Ha MOJFOPHBPEAHY MIPOU3BOARY, TOCEOHO HA CETBY
Koja je Tpebasia qa ce obaBu Ha 2,5 muinoHa ha, jep je 300T MIaB/beHha U YIPOIKCHOCTH O
MOJI3eMHUX BoJla OWJIa 0JI0KeHa, IpeMa u3BeTajy IIpuspente komope Cpouje.

[lojemuHayHO 1O ONIITHHAMA Yy MPOTEKJIO] NCICHHUjU BEIMKY MATEpPHjaHy IITETY
300r mIaBibea Kyha, WHIYCTPHjCKHX IIOCTPOjeHa, MOJHOIPUBPEIHE MEXaHu3aluje |
opanunna umaia je Cmenepencka [lamanka Tokom mormiaBe Jacenune n KyOpmnune y jymy
1999 r. u umsHocuna je oxo 20 muimona EYP (Bapra, C. m ap., 2001). Lenokynau
WHJIYCTPUjCKH KOMIUIEKC OWO je MoJ BOJIOM, LITO je JOHEKJe MOCIeIUla H HealeKBaTHOT
MPOCTOPHOT pa3MeIlTaja MPUBPEIHNX O0jekaTa, KOjH Cy y HENOCpeAHO] ONM3MHM peka.
Benuka matepujanna mreta (ox oko 6 mmanoHa EYP) Hacrana je mocne OyjudHe moruiaBe
Bnacunae y ommrtuan Bnacotmrne y HOBeMOpy 2007 T, jep je OTHETO BHUIIE JIOKATHUX
MOCTOBA, IyTeBa " MTOTIJIaBJHCH BEJIHKHU 6poj nomahmHCTaBa
(www.scopesserbia.org/1/12/2007). Tlpouemena mrera y ommtuau Cedar TOKOM IOILIaBe
Tamuia y anpuiy 2000 r. 6una je oko 3,4 miumnona EYP (Bapra, C. u ap. 2001).

Exouomike nocneuie nomiaBa MaHA(pECTYjy ce Kpo3 HapyllaBambe KBAIUTETa BOJC
U 3emsbHmiTa. YecT je ciiyyaj y TpaJCKUM HacejbuMa Jia TOKOM IIOIUIaBe J0Ja3H [0
U3JIMBaKka KaHaau3aumje, omrehema BogoBoaa U 3araljema Bome 3a muhe. Yciuen u3rpanme
rpazoBa Ha Op3WHY HHjE€ pElaK Cliydaj Ja Ce KaHaJu3allMoHa Mpeka Be3yje 3a CHCTEM
eBaKyanuje Opackux, OyjudHnX NOTOKa, mTo onrtepehyje otnname. Kao mpumep 3a To, Mory
ce HaBecTH nomiase u3 Maja 2005. 1 HoBemOpa 2007 1. y cinuBy JabiaHuIe y J1eCKOBaYKHM
MIPUTPAJICKMM HaceJbMMa. 300T n3nBamba peke Jabmanuie u 0BOTHHUX KaHana. Mcra mecTa
cy 6mna o0a myTa moriaBibeHa. Vako je HakoH IpBe TOIUIaBe HajaBJheHO BUXOBO YHIINCHE
y ypeheme, y HapenHe ABe TOIMHE HUINTA HUje YUHEeHO. Takole, n MaTepHjaiHa mrera y
noraBama Ha Tamumy u Tucu Onna OM najneko Mama Ja je aaeKBaTHO OIp)KaBaH CUCTEM
kaHama JI-T-JI, jep je 300T BUIIETOAWIIE-ET 3aCTOja Y OApKaBamby OBE KAHAJICKE MpEKe
0/IBOherhe MOTIIaBHOT Tajlaca WIIUIO CIOPHj€ OJ1 MPOjeKTOBAaHUX MOTYhHOCTH cHCTeMa.

Ha moBpmmHama 3axBalieHMM IIOIIaBaMa YBEK IIOCTOjH BEJHMKA ONACHOCT OJ
n3bujarba enuaeMuja 3apa3Hux U apyrux oonectu. IlommaBue Boje yecto 3araljyjy OyHape
ca nujahoM BOJIOM W CTBapajy MOroJHE YCJIOBE 32 pa3Boj MH(EKTHMBHUX OOJECTH, Ma ce
UCKJbYYY]y ¥ TPaJCKH BOJOBOAM. JelaH of] MprMepa je U BOJOBOJHU CUCTEM ,,P3aB“ TOKOM
ToIUIaBa MpOIlIe TOAMHE, Kaja je 0o MoIuIaB/beH BOJI03aXBaT M LIPITHA CTAHUIIA U3 KOTa Ce
BOJIOM cHabzeBajy Apwbe, [loxera, Jlydanu, Yauak u [opmu MwunaHoBal, ma cy OBH
rpagoBu Owim Oe3 mujahe Boge m3BecHO Bpeme. [loceOHY 3a0pHHYTOCT M3a3BANO je U TO
mTo je Oyjulia oJHeNIa MHOILITBO JWBJBHMX AEMOHH]ja, IIa je MOCTOjajla OmacHoCT of Beher
3aral)era Bo/ie M 3eMJBHIIITA.

3amTnTa 071 MOMJIaBa

3amTHTa O MOIUIABA IIPEACTaBJba BaXKaH CEIMEHT KOMIUIEKCA pajoBa W Mepa
BE3aHUX 3a YNpaBbalbe PEYHHM CIMBOM. TOKOM JocaJalller pa3Boja OBe 00JacTH
BojompuBpene, Ha mnoapydjy CpOmje je mpeBacXxogHO NPUMEEHHMBAH MPUHIMI "6opbe
npomug nonnasa”, KOju je MoApa3yMeBao M3TPaby 3HAYAaJHUX W CKYyNHUX WHBECTHIIMOHHUX
oOjexata (OpaHe, akyMyJaIyje, HaCUIIH, Peryjairja BOIOTOKA, PACTCPETHN KaHAIH U Jp.),
panu o0e30ehema cUrypHOCTH 3a Jbyle W J00pa Koja ce Hajlase y IUIaBHHM 30Hama.
[puniun "6opbe npomue nonnasa” O0WO je, MO TOCICABUX ACLCHHja NPOIUIOr BeKa
Hajuenthe MPUMEHUBAH U y CBETY., KaJia je yBeIeH HOBH -"xcusemu ca noniaéama’. OBaj
HOBU KOHIICTIT TEXHU ycarjallaBamby 3axTeBa "XyMmaHe" KOMIIOHEeHTe (3amTure pobapa u
JbYJICKMX JKMBOTAa) M "€KOJIOIIKE" KOMIIOHEHTE (OUyBame WIIM TOHOBHO YCIIOCTaBJbAHC
npupoIHUX (YHKIMja B pecypca muaBHOT noapyydja) (Bapra, C. u np. 2001). ¥ CAl-y je,


http://www.scopesserbia.org/

105

Ha TpuMep, 1968 r. TOKpeHyT KOHIIENT Na peka "mpebda oa ouwe " 1 na 00IACTH IIIABIbEHE
20-roauiImbuM BoJilaMa He Tpeba ITHUTHTH, Beh Tek oHe rie ce nomase forahajy pehe on
Tor neprona. Kako Ou cipeunnu u3rpaamy Hopesq peka y oBuMm obmactiuma, Korrpec CAl-
a je nmoHeo HamuoHamHM mporpam ocurypama OJ IIOIDIaBa ca Pa3IM4UTUM CTONaMa
OCUTypama y 3aBUCHOCTH OJ1 CTeNeHa pusuka of noruiaBa. AreHuuja ®EMA (Denepanna
ATeHIIMja 3a OMAcCHOCTH O] €JIeMEHTapHUX Hemorona) je ypamamiaa 3a CAJl xapre 30Ha
xazapaa ox norwtasa ca 100- rogumimsuM Bogama. OcUrypame je 3aBUCHIO OJ] 30HE Te Ce
o0jexTn Hanmaze. Ha Taj HaumMH je cnpedyeHa W M3rpajma o0jekara Koju OW ce Hala3wii y
30nM 20-romnmmux Bona (Keller, E et al. 2008).

U nopen unmeHuIe aa Cy 3a 3alITHTY O] IOIJIaBa U3rpajeHu HacUIH Ty )KUHE CKOPO
3500 km, ma cy perynucaHa Koputa OpOjHMX BOZOTOKa, Kao M Ja 39 mocrojehmx
aKyMyJjlangja M pereHsuja y Behoj Wiam Mamoj MepH ydecTByje y OoJOpaHH Of IOIUIaBa,
caJanime cTamke 3amTuTe oj noriasa y Cpouju Huje 3agoBosbaBajyhe. Hajupe, Bemuku geo
TEPUTOPHjE je jOII YBEK peanHo yepodcer noniasama. VI TaMo The cy CHCTEMH 3aIlTHTE
nsrpal)eHu, nomeHyujainyu pusux O TUIaBJbEHHa IMOCTOjH, jep YeCTO 3aITUTHIHOOjeKaT HICY
onrosapajyhiu (muMmeHsuje oOjexata, OOJEKTH HHUCY IOBE3aHM Yy 3aTBOPEHE LICIMHE MU
rabapuTi, KBATUTET M BpcTa yrpaljeHor martepujaia HUCY 3anoBoseaBajyhu). [lopexn Tora,
BUILIETOIUIIIEHA PEyKIIMja yjarama Y PeJOBHO O/IpJKaBame 3allITATHUX o0jeKara je JoBena
JI0 3HATHOT CMambeHmha CUTYPHOCTH 00jeKara, 1a caMiM THM U CTETIeHa 3aIUTHTE Y OJAHOCY Ha
panuje crame. [loceOHO je, 300T HealleKBaTHOT OJpXKaBamba M KopHihema peuHrx KOpuTa,
YIPOKEHO MPHOOAJbe BOJOTOKA Ca OyjHYHUM XHUPOJIOMIKAM PEKUMOM.

Onmre crame ¥ HUBO M3rpaheHoCTH cucTeMa 3a oAOpaHy oJ IoIuiaBa je Oosbe y
npuobaspy [lynasa n Case, y ogHocy Ha ocraine jaenose Cpouje, a noceOHo ITomopasibe,
KOje je y TIPeTXO/IHOM IEepUoy OHJIO MOTIYHO 3aroCTaBJbeHO Kaja je y MHTamy U3rpalba
cHUCTEMA 3a 3aIITUTY O MOIUIaBa M YHYTpalllkux Bojaa. Y mepuony ox 1994. no 2004. r.
NPaKTUYHO je MPEKHHYTa rpajiiba HOBUX 00jeKarta, HHBECTHULIMOHO OJIp)KaBambe n3rpaljeHnx
o0jekara je CBEIEHO Ha MHHHMYM a PEIOBHO ofp)kaBame ncrmox 50% on mpommcaHux
cragmapga. Oxg 2004. mo 2006. r. 3Ha4ajHO je TMOMPABJBEHO CTAMKE Yy MOTITIEAY PEIOBHOT
oJprKaBama, ajlM je yJarame y HHBECTHIHOHO OJIpyKaBambe U IOTpaby CHCTeMa 3a OI0paHy
0Jl MOIUIaBa M JaJbe HEJOBOJHHO. AKTYEIHO CTame CHcTeMa 3a of0paHy OJX IOIUlaBa Ha
BOJHUM TOJpy4juma kKojuMa yrpassba JBII ,,CpOujaBoae’ onpakasa ynmeHHIA qa Hajehu
rpagosu y npuobaby JlyHasa u Case u y [TomopaBiby HeMajy MOTpeOaH CTEIEH 3alITHTE U
to: bBeorpax, Ilaban, CwmenmepeBo, Bemuko I'pamgmmre, [omyGar, 3atum hympuja,
CauuajHar, JleckoBar] u 6pojHa npyra Mecra. CTame crcTeMa 3a 0/IBOJIaBabe U 3AIUTHTY
O]l YHYTpAIIFlbUX BOJA je 3HATHO HEmoBOJhHHjE. [IpuMmepa pamu Ha Teputopuju beorpama
oko 50% upnHUX TmocTpojema je crapuje ox 60 TonuHa, a HEKH arperaT Cy IPOU3BEICHH
jomr 1911. r. (I'pyna ayropa, 2006).

3amrTuTa 0f1 NOIIIaBa Mpruodajba BEMKHUX peKa U Jajbe he ce Oa3upar mpeBacxotHo
Ha xuaporpalleBHHCKUM OOjeKTHMa, of 4mjer he cTama W (YHKIHOHATHOCTH 3aBUCHTH
epukacHocT 3amrTute. OBOj aKTUBHOCTH Tpeba MPUKIBYUUTH U H3pady KapaTa IUTaBHAX 30HA
(cTBapHMX W TOTEHIMjaHHUX), Kak0 OM ce TOHAIIake Yy OBHM 30HaAMa MPIIATOAUIO
pu3MIMMa Koje Hoce moruiaBe. Y Ty CBpXy Tpeba umartu oarosapajyhy Tomnorpadceky
noJyIoTy mprobajpa, ca akTyelTHHM cafpajeM M HaduHOM Kopumhema mpoctopa. Ha 6a3u
XUAPAayIHYKHX IIpopadyHa Tpeba YUPTATH JIMHUje IUIaB/beHa 3a KapaKTePUCTHYHE
NpOTHUIaje, Ka0 MOAJIOTY 3a BAJIOPH3ALM]y NOTCHIMjaJHUX LITETa U yTBphUBame mnpaBuia
MOHAIIaka Y JCTCPMUHUCAHUM 30HaMa. baill TakBU MpopayyHu Cy u ypal)eHu y oBoM paay
3a 13 XMIpOJOIIKMX CTaHHWIA, OJHOCHO H3padyyHaTre cy BepoBaTHOhE IIOjaBJbUBakba
MaKkCHMalHUX MpOTHIaja M Bogocraja. [lo pesynrarmma oBUX mpopadyHa, Moryhe je
KOHCTpYHCaTH KapTe pU3MKa IUIaBJbeHa YIPOKEHUX Mojpydja. Y Uiy epUKacCHUjUX Mepa
3amtuTe MUHHCTApCTBO MOJBOTIPUBpPEIE, IIyMapcTBa U BoponpuBpene Pemyonnke Cpouje,
OJHOCHO PenyOnmyka nupeknuja 3a BoJe HEIaBHO je ca MHCTUTYTOM 3a BOZONpPUBpELY
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"Japocma Yepuu" m3 beorpaga moTmmcama yroBop o u3pamu llperumunapHe npoyeue
pusuxka oo nonnasa na mepumopuju Penyoauxe Cpouje, unja he uzpaga Outn nmoaesbeHa y 3
¢aze y nepuoay 2009-2011. r. (http://www.ekapija.com/website/sr/page/249751).

OBa cryauja Tpeba ma oOyxBaTu: M3pagy Kapara Mojpydja ca NMPUKa30M TpaHHIA
peyYHHX CIMBOBa, Tonorpaduje, kopuihema 3eMJBUILTA; ONUC MOIJIaBa KOje Cy ce IeCHiIe y
NPOLUIOCTH U KOje Cy MMayle 3HauajHe IITETHE YTHUIaje Ha JbYJCKO 3[paBibe, KUBOTHY
CpenuHy, KynTypHO Haciehe, MpUBpeqHY aKTHBHOCT M CJI; OIMKC 3HAYajHUX HCTOPH]jCKUX
rmorutaBa M ci. Takohe, Tpeba ma Oyme oOyxmaheHa W mporeHa MoOryhmx IITETHHX
nocineana Oyayhux moriaBa Ha JbYJCKO 31IpaBJbe, )KUBOTHY CpeAMHY, KyJITYpHO Haciele,
MIPUBPEAHY aKTHBHOCT. [IpUTOM je HEONXOAHO y3eTH Y 003Mp IUTO BHIIE YUEEHHIA Kao
wrto cy tomorpaduja, peyHa Mpexa, XUAPOJOIIKE M TeoMOP(ONIONIKEe KapaKTePUCTHKE,
00jeKTH 3a 3aIUTHUTY OJ IOIUIABA, [T0JI0Ka] HaceJba U IPUBPEIHA AKTHBHOCT

3amTHTa O MOIDIaBa MOJpPYyYja y CIMBOBHMAa MamuX BomoToka y CpOmju yBek je
Owia y npyrom miany. Mepe 3amTute cy Ouie YriaBHOM JIOKaJHE IPUpoJe, OTpaHHYeHe Ha
Beha Hacespa WM 3HAYajHU]jE WHAYCTPHjcKe 00jekTe. 300T crenmu(puIHOT peknMa BOIOTOKA
(HarM HaZoMa3ak W KPaTKO Tpajame BEIMKUX BOJA), HUje OMIO BpeMEHAa HH 3a KaKBE
ollepaTHBHE Mepe ondpaHe OJl MOIUIaBa, TAKO Ja Cy IUTeTe Omiie H3y3eTHO BEIHKe, a
aKTUBHOCTH HAJUISKHHX OpPTaHa Cy Ce CBOAWIE Ha MOMOR CTaHOBHHUINTBY, €BHICHTUPAHE
IITeTa ¥ CaHalyjy objekaTra HaKOH IpoJacka IOIUIaBHOT Tajnaca. [loGosbliamy 3amTuTe ox
NoIUIaBa Ha MamkbUM BOJIOTOLMMA Tpeda y HapeIHOM IIEpHOJy IMOCBETHUTUTH Behy maxmy u
300r Moryher moropiiama peKUMa BEJITUKUX BOJIA YCIIE KIIMMATCKAX MPOMEHA.

3akipyuak

Ha kpajy 20-or n mouerky 21 Beka, y4ecTaJOCT II0jaBJbMBama KaTacTpoQaaIHHX
nmorutaBa Ha JlyHaBy W meHUM mnpuTtokama ce mosehama. YV mepmomy 1974-2002 T,
TeMIiepaTypa Ba3ayxa M BOJAE, Ka0o W MajgaBWHE cy ce mosehane. Ympkoc rydurnuma Ha
3axBaTambe BOJE M HclapaBame, npoTtunaju lyHaBa cy ce mosehamu, ma ce mosehana u
YYecTanocT eKCTPEMHUX XHJIPOJOMIKHX aorahaja y cnmBy JlyHaBa (3Ha4ajHe NOIUIaBe
3abenexene cy 1980,1981,1988,1999, 2002, 2005.1 2006 r). (Mikhailov, V. N. et al. 2008).
Kao mpumep oBe npeTnocTaBke Moxke cecMaTpaTti momiasa u3 2006 T, Koja je Ha cTaHUIIaMa
y cpelmbeM U noweM [1oyHaBiby npeBasuilia HCTOPHjCKE MAKCUMYME.

VY Haoj 3eMJbH TI0IUIABA, KOja ce aecuia y anpuiy 2006 r. o6opuia je HCTOPH]jCKe
MAaKCUMYM€ Ha CTaHWIlaMa HU3BOJHO O[] CrnankameHa Ha JIyHaBy, Ha CBUM CTaHHIIaMa Ha
Tucu, xao n Ha CaBu y Beorpany. BepoBarHohe mojaBe oBe moruiaBe Cy paziH4yHuTe OJ
cTanuie 10 cranune u kpehy ce y pacmony ox 2,2% (Hoeu Can) mo 0,92% (Benuko
I'pamumre) Ha [{yHaBy, 1,2% na Tucu xon Cente u 2,15% na Casu kon beorpana. Ilonnasa
n3 anpuie 2005 r. obopmia je ucropujcke makcumyme u3 2000 r. Ha craHMIAMa, Koje ce
Hanase Ha Tamunry. BepoBatHoha nojase norutaBe n3 2000 roxune usHocu 3,09%, mok je
BepoBaTHoha mojase morutaBe u3 2005 romune jeanaka 1,97%. M3 cera oBora, Moxe ce
3aKJBYYHTH, 1a je mepuox 1999-2009 r. mmao Hajpehy ydectanocT morniaBa, kao u HajBehe
BelMUYMHE mMoruiaBa Ha Behem pemy CpOuje 3a meo MHCTPYMEHTAIHHU TEPHOJA OCMaTpama
XHUIIPOJIOIIKKX T10jaBa. HajBakHUjU y3poIH MMOIIIaBa , 3a0ele)KeHNX Y TOM HEepHOIy OmiTn
Cy HCTOBPEMEHO TOIMJBCHE€ CHETAa M MHTEH3MBHE KuIille Ha BehWM pekama, U MHTCH3UBHH
IJbYCKOBU Ha OYjUYapCKUM peKama.

AHanu3oM Mepa 3alITUTE Of MOIJIaBa, MOXKE C€ 3aKJbYyUWTH /1a CaJallllbe CTame
samtute ox morwiaBa y CpOuju HHje 3amoBosbaBajyhie. 3a KapTHpame 30HA PU3UKA O
MOIJIaBa, W MPOjEKTOBAkE M M3TPaliby HACHIIA, MOTPEOHO je CIMYHO Kao IITO je ypaheHo y
OBOM paJly U3padyHaTH MepoJlaBHE BepoBaTHohe mojaBe BeMUKHUX Boaa. Y OyayhHocTu ce
KOHLIENT 3amTHTe ox momuaBa y CpOuju Mopa Oasuparn Ha CaBpeMEHHM CBETCKHUM
TPEH/I0OBHMA, Y3 YBa)kKaBame aKTyeJHOT CTarma CUCTEMa 3allTHTE OJ IOIIaBa U eKOHOMCKE
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cHare JpymTBa. AJeKkBaTHA KOMOHMHAaNWja HEHMHBECTHLHOHHUX U HHBECTHLHOHUX
(xugporpal)eBUHCKHX) pagoBau Mepa Tpeba na 06e30equ KBATUTETHO PelIeHhe HHTETPaTHOT
ypehema u 3amture nomiaBHUX noBpiinHa y CpOuju.
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FLOODS IN SERBIA IN THE 1999 - 2009 PERIOD — HYDROLOGICAL
ANALYSIS AND FLOOD PROTECTION MEASURES
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Geographical Institute “Jovan Cviji¢” Serbian Academy of Sciences and Arts, Pure Jaksica 9/3, Belgrade, Serbia

Abstract: The review on greatest floods recorded in Vojvodina and central Serbia within the period from 1999 to
2009 is given in this paper. For 13 hydrological stations, that recorded the greatest floods for the present period,
probability of occurrence of these floods has been accomplished. Based on analysis of time series of discharge and
water level maximum, performed by applying probability theory and mathematical statistics, and calculated
theoretical probability distribution function of floods, probability of occurrence of flood has been obtained. Most
often the best agreement with the empirical distribution function had a Log-Pearson III, Pearson III distribution.
These results can be used for dimensioning of hydro-technical objects for flood protection. The most significant
causes for floods recorded in this period were melting of snow and intensive rainfall. In this paper the current
situation of flood protection and future development of flood protection measures were also presented.

Key words: floods, maximum water levels and discharges, distribution function, flood protection measures
Introduction

Statistical data shows that the most common natural disasters are floods (40%),
tropical cyclones (20%), earthquakes (15%) and droughts (15%) (Gavrilovi¢ Lj. 2007).
Unlike other natural disasters that suddenly occur and last shortly, floods can last for quite a
long time (even for several months) and cover large areas. The damages caused by floods
are very severe, because along river banks and in river valleys is the highest concentration
of population and commercial buildings, the maximum infrastructure density, as well as the
most fertile land.

In Serbia, 10968 km® is potentially endangered by flooding; that is 12.4% of its
territory. The largest flood areas are in the basins of rivers Tisa (2800 km?), Sava (2243
km?), Velika Morava (2240 km?) and Danube (2070 km?) (Gavrilovi¢ Lj. 1981). Flooding in
the Tisa river basin is caused by small stream slope, geological composition and broad
alluvial plains. In the river basins of Danube and Sava, floods are predisposed by
precipitation, but also by coincidental flood waves of their tributaries. The Velika Morava
river basin is especially endangered by flash floods, which are formed in a very short period
of time, what makes them unpredictable and destructive.

As regards the flood occurrence, anthropologic factor, which is being increased, must
be taken into account. Illegal construction of residential buildings on riversides, placing
floating river clubs and cafes near riverbanks (in some places embankments were damaged
by drilling and placing pipelines) are only some causes that increase risk from floods or its
effects. Clearing the forests in flash flood basins flows is a common phenomenon, what
increases the occurrence of sudden, destructive floods.

* e-mail: a.milanovic@gi.sanu.ac.rs
The paper contains the research results of the project No146011 supported by the Ministry of Science and
Technological Development of the Republic of Serbia
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Review of greatest floods within the period from 1999 to 2009

In the last decade, several large-scale floods were recorded in Serbia, and that will be
the subject of analysis in this paper. It happened in 1999, 2000, 2005, 2006, 2007 and 2009.
The major flood occurred in spring 2006 and one can say that it was one of the greatest
floods recorded in instrumental period, because during that flood absolute water level
maximum was reached on many rivers.

In July 1999, in the river basins of major tributaries of Velika Morava great flash
floods occurred, when eight people lost their lives, dozens of thousands of houses and
hundreds of commerce buildings were damaged and thirty bridges on drainage basins of
Velika Morava, Jasenica, Kubrs$nica and Lepenica were destroyed (Milanovi¢ A., et al.
2008). Floods in July, caused by intensive rainfall, covered all left and some right tributaries
of Velika Morava, and Sumadija suffered the most severe damage (Smederevska Palanka,
Velika Plana, Jagodina, BatoCina, Kragujevac, Arandelovac, Rekovac, Krusevac, Kraljevo
and Mladenovac). The largest amount of rainfall was received on Mt Rudnik, thus, some
stations recorded daily amounts of rainfall above average value. On July 7, on Lugomir near
Majur, meteorological station Kragujevac recorded 87.6 mm (Milanovi¢ A., 2006), and
meteorological station Smederevska Palanka 66.5 mm (Andelkovi¢ G. 2000). All these
events described caused formation of flood wave with culmination of water level maximum
within the period between July 10 and 14. On July 7 on Lugomir near Majur recorded water
level maximum was 455 cm, on Ravanica near Cuprija 330 cm, on Jasenica near
Smederevska Palanka 385 cm, and on Lepenica near Batoc¢ina 545 cm. On July 11, on
Kubrsnica near Smederevska Palanka the water level maximum was 344 c¢cm, and on Belica
near Jagodina the water level maximum, recorded on July 15, was 346 cm (Hydrological
annual 1, 1999). In that period, the highest amplitude of water level during one year was 405
cm (Milanovi¢ A. 2007a).

Smederevska Palanka experienced the most serious effects of flood, where Jasenica
and Kubr$nica, due to its poor streambed permeability, surged over to breach the dike on
several places. During these summer rainstorms, the streams in Lepenica drainage basin
caused an increased erosion, as well as source pollution (Milanovi¢ A., 2007b). Lugomir
(one third of Jagodina was flooded), Resava (near Svilajnac), Ravanica (in Cuprija), Crnica
(in Paraéin) and Jovanovicka reka (in Ciéevac) surged over. The period needed for measures
of protection from flood varied: on Jasenica (regular — 7 days, emergency — 2 days), on
Kubrsnica (regular — 2 days), on Lepenica (regular — 6 days, emergency — 3 days), on Belica
(regular — 3 days, emergency — 1 day), and on Lugomir (regular — 2 days, emergency — 1
day). All of these facts show that the flood wave appeared suddenly a quickly withdrawn,
what also indicates the flash flood nature of this phenomenon. Besides natural factors,
inadequate protection systems, insufficient system maintenance, as well as construction of
residential and other buildings on the riverside also influenced the flood occurrence in July
1999. (Milanovi¢ A., 2006).

In March and April 2000 floods on Tisa and Tami$ occurred, due to sudden melting
of snow from the slopes of Carpathian Mountains and intensive rainfall at the same time.
Precipitation levels were above average for that period of the year, and the highest value
was recorded in Senta (daily rainfall maximum was 17.8 mm on April 6) and Jasa Tomic
(daily rainfall maximum was 11.8 mm on April 3) (Meteorological annual, 2000). As stated
in weekly papers Vojvodina on April 18, 2000, the flood wave started on Romanian border
at the beginning of April (when the dike was breached on several places, and 5000 ha and
four villages were flooded) and went on towards Banat. The most difficult situation was on
the territory of municipality Se¢anj, where three villages, Boka, Konak and Surjan were
flooded. Jasa Tomi¢ was also endangered by flood. The depth of the water was from 70 cm
at Boka and Konak, to almost 2 m in the area of Surjan. To prevent further dissemination of
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flood, the rail track bed near Boka village, which is on the line Zrejnanin - VrSac, was
breached and the water was directed towards Brzava river (where the water level was low at
that moment), e.g. towards the Danube-Tisa-Danube canal. Evacuation of the flooded area
lasted for a whole month. The recorded water level maximum on Tami$ near Jasa Tomic
was 822 c¢cm on April 8 (Hydrological annual 1, 2000).

At that time, floods on Tisa on the territory of Serbia were recorded. On April 22 the
water level reached 866 cm on Tisa near Novi KneZevac (Hydrological annual 1, 2000). In
that period, regular protective measures from flooding of Tisa lasted for 61 days near Novi
Knezevac, 44 days near Senta, and emergency measures lasted 28 days near Novi KneZevac,
e.g. 18 days near Senta. On Tami$, these measures lasted less, and regular protective
measure from flooding lasted 26 days near Jasa Tomi¢ and Secanj, and emergency measures
lasted only one day.

During 2001 and 2002 floods of less extent occurred. The greatest floods happened in
June 2001, in the drainage basin of rivers Jadar, Zdravija, Ljubovija, Stir and Lesnicka reka,
when, as the Government of Serbia stated, municipalities Loznica, Ljubovija, Mali Zvornik
and Sabac were flooded, (http://www.srbija-info.yu/vesti/2001-06/22/25422). During the
flood, several bridges and mullock dam of the mine Veliki Majdan were damaged. A major
hazard threatened every moment, because dozens of toxic waste, such as cyanide, zinc-
sulphate and lead, could have been surged over into the Drina River. Water level maximum
on Jadar near Lesnica, recorded on June21, was 406 cm (Hydrological annual 1, 2001)

While summer 2002 in Europe ended up with well-known long lasting rains and
catastrophic floods in Germany, Czech Republic, Austria, Russia, Romania, Italy and
Switzerland, no large-scale floods have been recorded in Serbia. Vojvodina had almost no
damage from flooding, and the greatest flash flood occurred in June 2002, in Mlava river
basin. As stated in daily paper “Glas Javnosti” June 13, 2002, due to intensive rainfall
(during 48 hour precipitation level in Petrovac na Mlavi was 130 1/m?) that caused flood,
800 people was evacuated and local roads were damaged. Four municipalities in Brani¢evo
county: Petrovac na Mlavi, Malo Crni¢e, Zagubica and PoZarevac suffered the most severe
damages. Water level maximum of Mlava river near Veliko Selo recorded on June 12 was
600 cm (Hydrological annual 1, 2002). It was a major flood, because emergency measure
limit is 400 cm for this station.

Daily high temperatures during the third decade of March 2005, combined with
raining, caused intensive melting of snow in the area of Carpathians and sudden increase in
water level. Thus at the beginning of April 2005, high concentration of water started to
appear on Tami$ river. Official data of Republic hydro meteorological service show that in
two days (April 18 and 19), precipitation level in the upper Tami$ drainage basin was 40-
75mm, and in the Gornji Begej drainage basin, it was 50-75 mm. At the same time, at Jasa
Tomi¢ station water level was increasing rapidly (approximately 10 cmm/h) (Miloradovié¢ M.
and others, 2007.). On April 20, Tami§ surged over breaching the dike on three places,
approximately 10 km from Romanian border. In Romania, 5000 houses and 40000 ha of
infield were flooded. Approximately 50000 ha of area and 20000 of population in
municipalities Se¢anj and Zitiste were potentially endangered at that time, as well as the
area of approximately 35000 ha and 14000 of population in municipality PlandiSte
(Milanovi¢ A. et al 2008). In order to evacuate water from endangered areas, dike on the
right side of Tami§ was breached near Jasa Tomi¢ on five places and on Plovni Begej near
Meda. When the water level was decreased, efflux of the flooded water started towards
Tamis river. As stated in daily paper “Vreme” on April 28, 2005, the most severe damaged
occurred in Jasa Tomié¢, where all 1000 of citizens were displaced and approximately 150
houses were ruined. The water level of 846 cm, measured near Jasa Tomi¢ on April20, was
the highest value recorded in instrumental period on Tami$ river. The fact that regular
protection measures were declared and lasted for 102 days constantly, from February to
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June, and near SeCanj 21 days in March and 49 days in April and May, testify about the
extent of this flood. Juznobacki county was also at risk, due to the high water level on Tisa
river.

Due to flash flood within the period from May 11 to 16, 2005, settlements in the
Juzna Morava river basin suffered severe damages. According to the daily paper “Glas
Javnosti” on May 10, 2005, the Damage assessment commission affirmed that the most
flooded areas were in Ni§ county (Aleksinac, Ni§, Doljevac, RaZanj and MeroSina),
Jablanica county (Leskovac, Bojnik, Medveda and Vlasotince), Rasina county (Krusevac,
Aleksandrovac and Trstenik) and Toplica county (Zitorada). On May 9, water level
maximum on Juzna Morava near Mojsinje was 456 cm (emergency protection limit is 400
cm).

Intensive rainfall and melting of snow caused great floods in Germany, Slovakia,
Czech republic and Austria during March and April in 2006 (Gavrilovi¢ Lj., 2007). In that
period, the greatest floods in Serbia have been recorded in the last decade (1999-2009).
From April 10 to 17, throughout the entire flow of the Danube, the water level maximum
were the highest in the history — in Zemun the highest water maximum was recorded 783 cm
(April 16) and it exceeded the previous 757 cm record from 1981. The Absolute water level
maximums were recorded on the stations Banatska Palanka, 954 cm (April 16), and Veliko
Gradiste, 960 cm (April 15). On Tisa near Novi Knezevac, the water level was 959 cm
(April 21), and the previous maximum, recorded in 1970, was 912 cm. Water level
maximum on Sava in Belgrade also exceeded the previous 718 cm record in 1981, and in
2006 it reached 738 cm (April 19) (Hydrological annual, 2006). The rainfalls in drainage
basins of Danube, Sava, Velika Morava and Tisa contributed to these water level values,
rainfall values in December 2005 and March 2006 where much higher then the normal ones
for this months. (Mikhailov et al. 2008). In spring 2006, for instance, higher values of
rainfall were recorded in Belgrade (104.4 mm in March and 97 mm in April (Meteorological
annual, 2006)).

Downstream from “Derdap II” dam, floods endangered the Negotin area, and later,
catastrophic floods occurred in the entire Danube riparian zone in Romania and Bulgaria.
On April 8, emergency protection measures from flooding were declared on the entire
Danube flow throughout Serbia, on Tisa, Tami§, Sava to the confluence with Drina, and
Drina to Badovinci. Regular protective measures from flooding on Danube near Zemun
lasted 52 days, from March to May, and emergency measures lasted 36 days, during April
and May. Similar cases were on the other stations in drainage basins of these rivers. Thus,
navigation on Danube and Tisa has been suspended. On Tisa near Senta, the historical water
level maximum was recorded and it was 926 cm, exceeding by far the value of 630 cm.
With this water level (630 cm) the navigation is being suspended (Urosev M., Ocokolji¢ M,
2008).

Figure 1. Danube near Zemunski kej in April 2006 (photo M. Milivojevi¢)

Flood has been registered, on territories of several municipalities: in Apatin, Sombor,
Bogojevo, Zrenjanin, Beocin, Senta, Titel, Secanj, Zabalj , Novi Sad, Backa Palanka, Indija,
Belgrade, Zemun, Grocka, Smederevo, Veliko Gradiste, Golubac, Negotin etc. Dozens of
villages were also flooded in the Rasina county, and land slides also occurred.
Approximately 213 settlements were endangered and 1000 people were displaced (mostly in
Grocka municipality), according to daily paper “Glas Javnosti” in April 2006. The most
endangered area was Srednji Banat county, with Zrenjanin in its center. In Belgrade,
Danube surged over at Zemun, Novi Beograd, and in Veliko Selo, and Sava at the area of
quay at Novi Beograd, Sajam, Nebojia tower near Kalemegdan, in the area of Cukarica and
Ostruznica.The water levels of Danube and Sava were increasing at 1 cm/h
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(http://www.beograd.org.yu). By virtue of adequate protection measures from flood (sand
sacs placed on various locations in the city), no catastrophic flooding occurred. Floods in the
drainage basins of Mlava (near Kostolac and maljurevac and Bradarac) and Jadar
(downstream from Loznica near Gornji Jadar).

At the same time, along with the floods, land slides occurred. Centre for Civilian-
military relations in its bulletin “Odbrana” in May 2006 stated that 3069 land slides had
been registered that year on the territory of Serbia, and had endangered 966 settlements.
They are located in the entire drainage basins of Morava and Kolubara, and in some parts in
drainage basins of tributaries of Sava and Macva county. Land slides damaged 2300
residential buildings, 639 roads and 17 bridges in central Serbia.

Within the period from November 25 to 27, 2007, major floods occurred in south
Serbia, especially in Vlasina drainage basin. Melting of snow, which sustained in higher
mountain areas, caused saturation of soil with water and ground water level elevation. There
were also intensive rainfalls for 48 hours in Juzna Morava drainage basin, reaching the
intensity of 47 mm per day in Dimitrovgrad, 56 mm per day in Leskovac and 24 mm per day
in Ni§ (Meteorological annual, 2007). Water level maximum on Vlasina near Vlasotince
recorded on November 26 was 384 cm, on Jablanica near Pecenjevac 379 cm — on
November 27, on Toplica near Doljevac 291 ¢cm — on November 27, on Juzna Morava near
Mojsinje 471 cm — on November 29. This resulted flah floods in drainage basins Juzna
Morava and its tributaries: Toplica, Veternica, NiSava, Vlasina, Kosanica, Jablanica and
Pusta reka. Floods occurred in Babusnica, Bela Palanka, Dimitrovgrad, Doljavac, Lebane,
Leskovac, Pirot and Vlasotince. According to daily paper “Blic” on November 26, flash
floods destroyed 13 bridges and damaged large number of roads. In many places, sources of
drinking water and water supply systems were polluted, and in Lebane, land slides occurred.
Major floods and damages were registered in Vlasina drainage basin, especially in the
following villages: Sisava, Sredor, Nomanica, Konopnica, Gornji Orah, Prisijan, Boljare and
Krusevica. Regular and emergency protection measures lasted shortly, only a few days. As
RTS stated on November 26, villages and municipalities Kosovo Polje, Vucitrn, Podujevo,
some parts of Pristina, and settlements in Srbica in Kosovo and Metohija were flooded.

At the beginning of November 2009, major floods occurred in Zlatibor and Raska
region. Due to rainfall that lasted constantly for 20 hours, mountain rivers were overflowing
and caused flood in Uzice, Arilje, PoZega, Sjenica, Novi Pazar, Prijepolje, Nova Varos,
Priboj and Raska. On November 11, meteorological station Zlatibor, recorded absolute daily
precipitation level maximum for that month — it was 90.1 mm (Meteorological annual,
2009). Veliki Rzav, Detinja, Zapadna Morava, Golijska Moravica, Lim, MileSevka, Bistrica,
Zlosnica, Kratovska reka, as well as large number of torrent streams surged over.

As the media reported on November 7, and one of them was RTS, in the night
between November 6 and 7, large quantity of water along with wood, branches and other
debris materials surged over the dam on Detinja near Uzice, thus, several houses and
restaurants in the city near the dam were flooded, as well as suburban area Turica. Most of
the flooded residential and other buildings were constructed on alluvial plains of Detinja,
Veliki Rzav and Moravica, therefore, it is not unusual they were struck by the flood. There
is also a question on liability of the authorities, which didn’t open the outlets on the dam
promptly. The same source reported that, due to the overflow of Veliki Rzav, the regional
water supply system had been flooded. The eyewitnesses from Arilje stated that the flood,
by its extent, had been similar to the one from 1965, maybe even larger, when 260 m’/s
maximum discharge level had been registered (by calculations, that matches the 100 year
flood). When recorded data on water levels and discharges of this flood are to be unveiled,
the occurrence probability could be determined.

Calculations of maximum discharges and water levels for Veliki Rzav near Arilje, as
well as for three stations in Golijska Moravica drainage basin can be found in the paper by
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M. Urosev (Urosev M., 2007b). Veliki Rzav has problems with low waters, and its
calculation is essential for functioning of water supply system “Rzav”. Calculations within
annual runoff distribution, minimum discharges of Veliki Rzav and water quality in this
drainage basin have been given in these papers (Urosev M., 2006 and Urosev M., 2007b).
All these facts indicate the need for construction of a dam “Arilje” on Svrackovo profile,
which would have seasonal character of regulation of Rzav discharges which would mitigate
the consequences of discharge minimums and maximums and secure the undisturbed
functioning of regional water supply system “Rzav”. Figures 2 and 3 shows the same river
stretch of Rzav during the flood in November 2009, and during low waters.

Figure 2. Flood on Veliki Rzav river near Sevelj in November 2009 (photo Otasevié¢ G.)
Figure 3. Veliki Rzav at Sevelj during low water (photo Urosev M.)

Velika Morava and Golijska Moravica flooded Pozega, thus villages Tatojevica and
Prijanoviéi turned into “swamp devastation”. Due to river Lim surging over, parts of Priboj
and Prijepolje were flooded and in the area of Nova Varos 11 land slides were activated, and
endangered dozens of residential and commercial buildings, several roads were cut off and
the source water was mixed. Due to high rainfalls, streamlets turned into flash floods in the
area around Sjenica and carried away everything before it, while one person died. Villages
LopiSe, Baba and Kumanica were especially endangered.

Unfortunately this was not the only flood that year. At the end of June 2009, Vrnjaka
Banja and settlements around it were flooded due to intensive rainfall and Goc¢ river surging
over. As press agency Mondo reported on June 26, due to flood, 20 local bridges were
damaged or destroyed, and one person drowned in river Gracac. At the end of December,
Crni Timok also spilled over banks, thus local authorities in ZajeCar declared emergency
protection measures.

Floods frequency analysis

Hydrometeorological values are the result of direct observation or measurement of
some hydrological or meteorological process. These results can refer to current
measurements or are the consequence of a data processing, as a characteristic occurrence
within a certain time period: day, month, or year. These results, classified chronologically,
represent time series of a discussed hydrological phenomenon. The members of time series,
formed in this way, are random values (random variables) that are subjected to laws of
probability theory and mathematical statistic. Time series of data registered in past are being
used for estimating an occurrence probability of referred hydrological phenomenon (in this
case, floods) in future. Parameters of theoretical distribution functions are assessed on the
bases of available sequence data from the past, whereas it is assumed that the parameters of
random variables shall be valid in future (Prohaska S., 2003). In this paper, statistical
analysis has been accomplished for 13 hydrological stations, upon which major floods
occurred during last ten years in Serbia, by forming annual maximum series of water levels
and discharges.

Before calculating the probability of occurrence of maximum water levels and
discharges, it is necessary to examine how the time series of registered samples are
representative to present the process discussed as a whole. By applying mathematical
statistics and probability theory implies that the available members of time series of
maximum water levels and discharges are random values. Therefore, it is necessary to make
sure if the members of time series are mutually dependent or independent (random). For
analysing the randomness of series of maximum annual discharges, the successive
difference test (Newman test) and first-order serial correlation (Anderson test).
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The next step is examining statistical parameters stationary of some sequences of the
time series, e.g. if the time series is homogenous. Artificial interventions in the river basin
can cause modifications in average discharges, e.g. water levels with regards to natural
conditions. This brings to non-homogeneity of monthly and annual hydrological series.
Non-homogeneity of hydrological series can be caused natural changes (forest fire, mass
deforestation or afforestation), but also as a result of system errors during the data
processing (Prohaska S., 2003). Therefore, it is necessary to explore the homogeneity of
data before determination of average values and other statistical data. For testing the
homogeneity of average values Student t-test was used, for dispersion homogeneity testing
fisher F-test was applied, and for distribution function it was Wilcoxon inverse test.

Besides randomness and homogeneity of time series testing, empiric distribution and
parameters of probability distribution function have been determined. Then, theoretical
distribution calculation have been accomplished, e.g. values of water levels and discharges
for the given probability of occurrence or given return period have been determined. In this
paper, maximum discharges and maximum water levels have been calculated for theoretical
probability distribution functions, mostly applied in hydrological practise: Normal
distribution, Log-normal distribution, Gumbel distribution, Three parameters gamma
distribution — Pearson IlI, Log-Pearson III distribution. Concurrence test of empiric and
theoretical distribution functions has been performed by ¥ test, Kolmogorov-Smirnov test
and Cramer-Mizes test. Based on results of these tests, the final selection of competent
theoretical distribution function has been accomplished. For selected distribution, a
specified confidence interval is being calculated.

For instance, calculation of probability of occurrence of floods on Danube River near
Zemun will be presented in this paper. Analogous to that, calculations for other twelve
stations have been accomplished. Primarily, maximum water levels for period from 1960 to
2006 have been noted. Secondly, basic statistical parameters have been calculated:
X=559 cm, S,=85.6 cm, C,=0.153, C~=0.835. Student t-test, Fisher F-test and Wilcoxon
inverse test (U) has been used for testing the homogeneity of the time series. The following
values have been obtained: F = 1.586 < Fy,. =2.505,t=1.012 <t,, =2.024, U, = 175.284 <
U =223 < U, = 353.716, that means that the sample is homogeneous. Then, the occurrence
probability has been calculated. Maximum water levels have been aligned by it values, and
empiric distribution function has been calculated according Kricki-Menkel formula
P,=m/(n+1). Finally, values of theoretical distribution functions have been calculated:
Normal distribution (XN), Log-normal distribution (XLN), Gumbel distribution (XG),
Pearson III (XP3) and Log-Pearson III (LXP3) distribution (table 1.).

Table 1. Theoretical distribution functions of maximum water levels on Danube near Zemun

Comparative view of theoretical and empirical distribution functions is shown on
figure 4. On X-axis are values of no-scale standard random variable of normal distribution
Z, and on Y-axis are water level values (cm). For selection of competent theoretical
distribution function, it is necessary to test concurrence of theoretical and empiric
distributions. All tests have been preformed with significance level 0=0.05.

Values for x2 test are as follows: for normal distribution x2 > szrita 7.45>5.99
(hypothesis has not been adopted), for Log-normal distribution - ¥*< i, 1.51<3.84, for
Gumbel distribution - x2< szm, 4.05<5.99, for Pearson III distribution - x2< xzkm, 3.74<3.84,
for Log-Pearson III distribution - X2< szm, 2.47<3.84. According to the results of Xz test all
theoretical distributions are in compliance with empiric distribution, except normal
distribution.

Values of Komogorov-Smirnov test are as follows: for normal distribution Dy, =
0.139, for Log-normal distribution Dp,,x = 0.117, for Gumbel distribution D,,,, = 0.083, for
Pearson III distribution Dy, = 0.089, for Log-Pearson III distribution Dp,x = 0.083. Dy,
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value for this series is 0.201; that means that the requirement D,,,,x < Dy, is fulfilled, e.g.
concurred with the empiric distribution.

Values of Cramer-Mizes test are as follows: for normal distribution No’= 0.185, for
Log-normal distribution Nwo?=0.120, for Gumbel distribution No?=0.062, for Pearson III
distribution Nw?=0.067, for Log-Pearson III distribution No’=III 0.061. All these values are
less then N’y e. g. there is a compliance of theoretical and empiric distribution.

Figure 4. Empirical and theoretical frequency curves of maximum water levels on Danube near Zemun
within the period from 1960 to 2006.

According to values of these tests, Log-Pearson III distribution shows best
compliance with empirical distribution. Knowing that theoretical function is competent, it is
possible to calculate the flood occurrence probability from 2006. Maximum water level of
783 cm shows occurrence probability P = 1.94% or 52 years return period, according to
Log-Pearson III distribution. Based on analysis of data, it can be said that of 13 stations, 6 of
them had competent Log-Pearson III distribution, 5 of them had Pearson III distribution, and
one of them had Log-normal and Gumbel distribution. This indicates that annual maximum
water levels and discharges follow three parameter gamma distributions.

Unfortunately, data on measured maximum discharges and water levels on Petinje
and Rzav are not available; therefore we can’t say if these phenomena occur once in
thousand, hundred, fifty years etc. Only data available on the web site of Republic hydro-
meteorological service of Serbia are about water levels for the Kratovska stena station on
Zapadna Morava, after the exit from Pozega valley. For this automatic station, there are data
on water levels per hour. Analysing them, it can be seen that flood started on November 6,
2009 at 23.00 with water level of 293 cm, the maximum water level of 719 cm was reached
on November the 7 at 17.00. If we add this water level value to elevation “0” of water meter
to 290.44, we can conclude that the terrain in Pozega valley was flooded at 297.63 m above
sea level.

Table 2 represents the results of calculations of high flows for 13 stations and flood
occurrence probability have been determined within the period from 1999 to 2009.

Table 2. Flood occurrence probability in Serbia in the 1999 — 2009 period

Year | River Station Qmax uwau Hmax | P (%) | T(years)
1999 | Jasenica Smederevska Palanka | 385 cm 6.96 14
1999 | Lepenica Batocina 545 cm 1.23 81
2000 | Tisa Senta 3400 m3/s 2.73 37
2000 | Tami$ Jasa Tomié 822 cm 3.09 32
2005 | Tami$ Jasa Tomi¢ 846 cm 1.97 51
2006 | Danube Bezdan 7960 m3/s 1.53 65
2006 | Danube Bogojevo 8630 m3/s 1.91 52
2006 | Danube Novi Sad 745 cm 2.20 45
2006 | Danube Zemun 783 cm 1.94 52
2006 | Danube Smederevo 845 cm 1.50 67
2006 | Danube Veliko Gradiste 960 cm 0.92 109
2006 | Sava Belgrade 738 cm 2.15 47
2006 | Tisa Senta 3720 m3/s 1.12 89
2007 | Vlasina Vlasotince 384 cm 2.51 40
2009 | Z.Morava | Kratovska stena 719 cm 7.02 14

The causes of flooding and their division

High flows on rivers occur as a result of various direct and indirect factors. Direct
factors are: amount of rainfall and melted snow, ice, land slides and coincidental high flows,
and indirect factors are: slope of the terrain, saturation of soil with water, water flow —
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aquifer connection, geological composition and soil cover, inadequate location of commerce
buildings and infrastructure (Gavrilovi¢ Lj., 1981). High flows on rivers can occur due to
dam or dike demolition, halting and accumulation of wood and other debris material
(inadequate bridge permeability — especially on small streams in urban zones, etc.), as well
as wind appearance on large confluences of bigger rivers and sea (along with influence of
tide) (Prohaska S., 2003).

Analysing causes for occurrence of ten major floods in Serbia in the last decade, it
can bring to conclusion that the main factor was intensive precipitation, mostly with melting
of snow, although other factors shouldn’t be ignored. Based on other factors, it can be said
that of all floods:

- 5 of them were floods caused by rainfall and sudden melting of snow (March-April
2000, in drainage basins of Tami$ and Tisa — rainfall and melting of snow, June 2001, in the
drainage basin of Jadar — intensive rainfall, April 2006, in drainage basins of Danube, Sava,
Tisa, Tami$, Drina — due to melting of snow, rainfall and coincidental high flows, June
2009, in the drainage basin of Zapadna Morava — intensive rainfall)

- 5 of them were flash floods (June 1999, in the drainage basin of Velika Morava,
June 2002, in drainage basins of Velika Morava and Mlava, May 2005, in the drainage basin
of Juzna Morava, November 2007, in the drainage basin of Juzna Morava, November 2009,
in drainage basins of Detinja, Rzav and Zapadna Morava)

Effects of floods and table of major floods by its effect

As years pass by, damages caused by flood are getting larger. The reason is rapid
increase of values of goods in the areas that are potentially endangered by flood and
technical inadequacy to protect all areas with construction works. The conditions upon
which the amount of damage depends are: 1. Hydrological-hydraulic and topographic
conditions; 2. State of development and land use of flooded area; 3. Value of goods exposed
to floods; 4. Time of the year (as regards the agriculture); 5. Conditions and organisation of
flood protection system (Babovi¢ B., Bruk S., 1982).

The consequences from floods are multiple and can be perceived from more aspects:
physiological, demographic, economic, social, environmental, health, psychological
(Gavrilovi¢ Lj., 2007).

Physiognomic effects manifest throughout changes of appearance and structure of
environment. The terrain is changed, streambeds and alluvial plaines are banked, rivers are
dammed and lakes are created, changes in using the land appear. During above mentioned
floods, some physiognomic changes occurred, which mostly reflect in land accumulation
with sterile deposit, as was the case with all flash floods in drainage basin of Velika Morava.

Demographic changes were registered through dozen of victims during these floods.
Eight people were killed due to flash floods in Sumadija in 1999, one person in the area of
Vrnjacka Banja in June 2009 and one in the area of Sjenica in November 2009. Given that
thousands of houses were damaged during floods, in reports was noted that large number of
people were temporally displaced. The most picturesque example was Jasa Tomi¢, from
where all thousand citizens were evacuated during Tamis flood in April 2005.

Economic and social effects can be discussed in particular, because of its large
extent, as shown in table 3, created on bases of all above mentioned scientific sources and
media.

As reported in the paper “Ekonomist” in January 2010, Commission for natural
disasters damage assessment of the Government of Serbia, unveiled that damages from
floods in 2009 reached 30 billion dinars (approximately 30 million EUR), and the
Government extracted from the budget for restoration of damages 105 million dinars
(approximately 1.05 million EUR). The largest damage from flood registered in 2006 was
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estimated at 35.7 million EUR. Flood in April 2005 in central Banat damaged private
properties, agriculture, and public infrastructure with 12.6 million EUR estimated
(http://www.odrzivi-razvoj.sr.gov.yu/lat/strategije.php#10). According to the reports of
Commerce chamber of Serbia, natural disasters reflected adversely to agriculture, especially
to sowing which ought to be done on 2.5 million ha, and because of flooding and risks of

groundwater, it was delayed.

Table 3. Flood effects in Serbia within the period from 1999 to 2009

Flooded Flooded agricultural
homes  and | areas(ha)/ Agricultural
. . commercial areas endangered b
Period Basin buildings  / groundwaterg (ha) Y
Collapsed
buildings
April 2006 r. Danube, Sava, Tamis, Tisa, Velika | 6 000 111503 /112173
Morava
July 1999 r. Velika Morava 10 000 30 000
March-April 2000 r. | Tisa, Tamis 5000/ 434 13 000
April 2005 r. Tamis, Tisa 5000/ 150 4 600 / 85 000
June 2001 r. Jadar, Zdravija, Stira n Lesnicka r. 2 400 10 000
November 2007 r. Juzna Morava, Vlasina, Jablanica 2 000 3000
June 2002 r. Velika Morava, Mlava 1 000 10 000 / 50 000
May 2005 r. JuZna Morava 400 5365
November 2009 r. Zapadna Morava, Detinja, V. Rzav, | 365 2000
Moravica
June 2009 r. Zapadna Morava 200 1000

Individually, in the last decade the municipality that suffered severe material damage
was Smederevska Palanka, due to Jasenica and Kubrsnica flood in June 1999, causing
flooding of houses, industrial facilities, agricultural machinery and lands, and it was
assessed at approximately 20 million EUR (Varga S. and others, 2001). Entire industrial
area was flooded, partially as the consequence of inadequate arrangement of commerce
buildings, located directly by the river.

Great damage (approximately 6 million EUR) appeared after the flash flood in
Vlasotince on November 2007, because several bridges and roads were destroyed, and large
number of households was flooded (www.scopesserbia.org/1/12/2007). Damages caused by
Tami$ flood in municipality Secanj in April 2000, was 3.4 million EUR (Varga S. and
others, 2001).

Environmental flood effects manifest through water and soil quality corruption.
Spilling of sewage is a common case in towns during flood, as well as water supply
damages and pollution of drinking water. Due to express city development, it is not unusual
to connect sewage with evacuation systems of mountain, flash flood streams, which makes
the effluence more difficult. An example of that, floods in May 2005 and November 2007,
in the drainage basin of Jablanica in the area of Leskovac, caused by surging over of
Jablanica and drain canals, can be pointed out. Same places were flooded both times.
Although after the first flood, cleaning and regulation was announced, nothing had been
done for two years. Likewise, material damage caused by flooding of Tisa and Tami§ would
be far less if Danube-Tisa-Danube canal was maintained adequately; because of long-term
delay in the maintenance of the canal, drainage of flood wave is much slower then the
expected abilities of the system.

On the flooded areas, there are always hazards of epidemics and other illnesses.
Flood water often pollute the drinking water wells and create suitable conditions for
development of infections, thus, water supply is shut down. One of the examples is water
supply system “Rzav”, during the last year flood, when water intake and pumping station
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that supplied Arilje, PoZega, Lugani, Cagak and Gornji Milanovac were flooded, and these
cities lacked drinking water for some time. Special concern was caused by the fact that flash
flood carried away wild dumps, thus the danger of greater water and soil pollution was
created.

Flood defence system

Flood defence system is an important part of the complex activities and measures
related to the river basin management. During the previous developments in this field of
water management, on the territory of Serbia has primarily been applied the principle of
“fighting against floods”, which included the construction of important and expensive
investment facilities (dams, reservoirs, embankments, regulation of rivers, canals etc), as to
provide security for people and goods that are in flood risk zones. The principle of "fighting
against the flood” was the most often applied in the world, until the last decades of the last
century when a new one has been introduced: "living with floods". This new concept aims
to reconcile the necessities of "humane" component (protection of property and human life)
and those of "environmental" component (the preservation or restoration of natural features
and resources of flooded area) (Varga, S. a.o0. 2001). In the U.S.A, for example, in 1968 has
been launched the concept that the river "should breath" and that the areas flooded at least
once in a 20 years should not be protected, but only those where the floods take place less
frequently. In order to prevent the construction near the rivers in these areas, the U.S.A.
Congress passed a National flood insurance program with different insurance rates
depending on the degree of risk of flooding. The Federal Emergency Management Agency
(FEMA) has mapped the U.S.A zones with a flood risk with return period of 100 years.
Insurance depends on the zone where the constructions are to be located. In this way the
building in the areas flooded at least once in a 20 years was prevented (Keller, E et al.
2008).

Despite the fact that the length of constructed flood protection embankments amounts
to nearly 3500 km, that numerous river beds are regulated, and that 39 existing reservoirs
and retentions to a greater or lesser extent contribute to the defence against floods, the
current state of flood protection in Serbia is not satisfactory. First of all, much of the area is
still actually threatened by floods. Even where the protection system has been built, the
potential risk of flooding exists, since the protection facilities are often not appropriate
(dimensions of objects; objects are not connected in compact units; quality and type of
applied material are not satisfactory). In addition, a multi-year reduction of investments in
regular maintenance of protective structures has led to a significant reduction of the facilities
safety, and hence, to the reduction of the degree of protection in relation to the earlier
situation. Due to an inadequate maintenance and use of river beds, the banks of the rivers
with flash flood regime are particularly threatened.

General conditions and level of development of the flood defence systems is better in
the areas near the Danube and Sava rivers, in comparison to the other parts of Serbia, and
especially to the valley of Morava, which has previously been completely neglected when it
comes to the construction of flood defence system and inner waters system. In the period
from 1994 to 2004 the construction of new facilities was actually interrupted, the investment
maintenance of constructed facilities was reduced to a minimum and the regular
maintenance below 50% of the prescribed standards. From 2004 to 2006 significantly
improved the situation regarding regular maintenance, but the investment in maintenance
and upgrading of flood defence systems is still insufficient. Current conditions of the flood
defence system in areas where the water management is controlled by JVP Srbijavode are
reflected by the fact that the largest cities and towns on the banks of the Danube and Sava
river and in the Morava basin — such as Belgrade, Sabac, Smederevo, Veliko Gradiste,
Golubac, then Cuprija, Svilajnac, Leskovac and many other places - do not have the proper
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degree of protection. The conditions of the system for drainage and protection from internal
waters are much worse. In Belgrade, for example, about 50% of pumping equipment is older
than 60 years, and some units have been produced back in 1911 (Group of authors, 2006).

The protection from flooding on the banks of major rivers will continue to be based
primarily on the hydro facilities, on which conditions and functionality will depend on the
effectiveness of defence. This activity should be combined with the mapping of flood risk
zones (actual and potential), as to adapt the land use in these areas to the hazards of
flooding. For that purpose should be realized an adequate topographic surface of the banks,
with the current content and usage of space. On the basis of hydraulic calculations, the lines
of flooding for specific discharges should be designed, as the groundwork for evaluation of
potential damages and for establishing of the rules of procedures in determined zones. Ante
these are just the calculations which have been done in this paper for 13 hydrological
stations, that is the probabilities of occurrence of the maximum discharges and water levels
have been calculated. According to the results of these calculations, it is possible to create a
flood risk maps of vulnerable areas. In order of providing more effective measures of
defence, the Ministry of Agriculture, Forestry and Water Management of Republic of
Serbia, that is the Republic Directorate for Water, has recently signed the contract with the
Institute for Water Resources "Jaroslav Cerni” from Belgrade on the realization of a
Preliminary evaluation of flood risks on the territory of the Republic of Serbia, the
actualization of which will be divided in 3 phases during the period from 2009 to 2011
(http://www.ekapija.com/website/st/page/249751).

This study should include: realization of area maps depicting boundaries of river
basins, topography, land usage; description of the floods that occurred in the past and which
had had significant adverse effects on human health, environment, cultural heritage,
economic activity etc; description of significant historical floods etc. There should also be
included the evaluation of possible harmful consequences of future floods on human health,
environment, cultural heritage, economic activity. It is by the way necessary to take in
consideration as much facts as possible, such as topography, river network, hydrological and
geomorphologic features, facilities for flood defence, position of populated locations and
economic activity.

The flood protection of areas in the basins of small rivers in Serbia has always been
in the background. Protection measures were mostly of local character, limited to towns or
important industrial facilities. Because of the specific river flow regimes (sudden overflows
and short duration of high water), there was no time for any operational measures of flood
defence, so the damages were extremely high, and the activities of the competent authorities
used to be limited to helping the population, logging of damages and repairing of buildings
after the passage of flooding waves. In the following period, a major attention should be
dedicated to the improvement of the flood defence system on the smaller river flows,
considering as well that the deterioration of the regime of high waters is possible due to
climate changes.

Conclusion

At the end of the 20™ and beginning of the 21* century, the frequency of catastrophic
floods on Danube and its tributaries has increased. In the period between 1974 and 2002, the
temperature of water and air, as well as precipitations has increased too. Despite the losses
caused by usage and evaporation of water, the flow of Danube has increased and so has the
frequency of extreme hydrological phenomena in its basin (devastating floods have been
recorded in 1980,1981,1988,1999, 2002, 2005 and 2006) (Mikhailov, V. N. et al. 2008). As
the example for these assumptions, the flood from 2006 may be taken in consideration, since
it exceeded historical peaks at the stations in the middle and lower Danube basin.
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In our country, the flood that took place on April 2006 exceeded the historical peaks
at the stations downstream of Slankamen on Danube, at all the stations on Tisa river, and on
Sava river in Belgrade. The probability of occurrence of this flood differs at various stations
and oscillates on Danube from 2.2 % (Novi Sad) to 0.92% (Veliko Gradiste), and amounts
to 1.2 % in Senta on Tisa and to 2.15 % in Belgrade on Sava. The flood of April 2005
exceeded the historical peak from 2000 at the stations situated on Tamis. The probability of
occurrence of the flood of 2000 is 3.09 %, while the probability of occurrence of the 2005
flood equals 1.97 %. From all this, it is possible to conclude that the interval from 1999 to
2009 was the one with the highest frequency of floods, as well as with the most extensive
dimensions of floods in Serbia, during the entire instrumental period of the observation of
hydrological phenomena. The most important causes of the floods recorded in that period
were the simultaneous snow melting and intensive rainfalls over the bigger rivers and
intense rainstorms on the flash flood streams.

Analysing the flood defence system measures, it can be concluded that their present
conditions in Serbia are not satisfying. To proceed with mapping of the flood risk areas, and
with projection and construction of embankments, it is necessary to estimate the applicable
probabilities of occurrence of floods, as it has been done in this paper. In the future, the
concept of the flood defence system will have to be based on modern world trends, which
are to be introduced respecting the current conditions of this system and economic
possibilities of the society. An adequate combination of investment (hydro-technical) and
non-investment projects and measures, should provide a quality solution for an integrated
regulation and protection of flood risk areas in Serbia.
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