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KOJIEBAIBE ITPOTULIAJA HUITIABE Y CKJIOITY
I''IOBAJIHUX KIIMMATCKHUX ITPOMEHA

H3Box: Humaaa je najseha npuroka Jyxue Mopase ayxune 248 km, ox yera y Cpouju 151 km. Ha rogummem
HUBOY Ce Ha cBa TpH xuzapodomnika npodmia (ITupor, bena [Tananka n Humr) y nocmarpanom nepuoxy (1961-2000)
youasa naj npotuiaja. To 61 6uno y cxiangy ca tBpamama [PCC-a 0 JOMHHAHTHOM yTHLA]y aHTPOIIOTEHOT edekTa
CTakJeHe OallTe Ha CMamerhe NaJaBuHa 1 NpoThuaja peka y Cpouju. Mehytum, Ha noapydjy causa Humase je y
Ipyroj mojoBuHM XX Beka JOILIO A0 Naja TeMiepaType Ba3ayxa. Ha cranmum JIMMHTpOBrpaj, y ropmeM Jeilry
cnuBa, nepuoay oz 1949. no 2007. Tpena roauime Temneparype usnocu -0,0049°C no roauny, MWTO Ce HE yKiiana
y KOHLIENIT IOMMHALUje aHTPOIOreHor edexra crakiene Oamre. W TpeHa nagaBuHa y TOM MEPHOLY MEHa 3HAK OJ
HeratuBHOr Ka mo3utuBHOM (0.1175mm mo roamnu), Tako 1a Ce HA OH HE yKJama y KOHIENT JOMHHALMje
rJI00aJHOr aHTPONOreHOr yTHHaja mo peruoHanHuM mogenuma IPCC-a. C TuM y Be3u, W y INpojeKiujama
€BEHTYAJIHUX POMEHa KimMe y OyayhHocTu Tpeba npucTynuTH KOMIUIEKCHU]jE, uMajyhy y BUIy CBE MOTEHIH]jaIHEe
KIIIMaTcKe (akrope.

Kibyune peun: Humasa, npoTtunaj, KJIMMaTcKe IpOMEHe

YBoxa

Knumarcka xonebama MocienmBuX JIENCHNja H3a3HUBajy MaXIBy MEAWja W HaydHE
jaBHOCTH. Y mpBHU IUTaH W30Mjajy karactpoduuka Buhema Oynyhux mpomeHa KiuMe, Kao
y)kapeHe u 0e3BojHe 1iaHere. [lonasehu o 3a0pHHYTOCTH HAaydYHE jJABHOCTH, a HA OCHOBY
BUIICTOUIBUX HCTpaxkuBama, Mehypnaaun manen 3a kinumarcke mpomene (IPCC), je
YersproMm u3BemTajy (2007)° 3aK/byuno ga Cy KIMMATCKe IIPOMEHE y Apyroj monosuHu 20.
BEKa I10/1 IOMUHAHTHAM aHTPOIIOTEHUM yTHullajeM. Muciu ce, 1pe cBera, Ha eMHCH]y racoBa
ca e)eKTOM crakiieHe Oalre, HacTaInuX caropeBameM (ocunnux ropusa. To je mo IPCC-y
JIOBEJIO JI0 TI0OpacTa TiIo0anHe TeMIepaType ¥ WHTEH3U(HKAIHje TI00aTHOT XUIPOJIOIIKOT
LUKITyCa.

Labat u capampumm (2004) cy aHanmmM3Wpainyl YTHI] KIUMAaTCKAX IPOMEHa Ha
rI00aTHA XUAPOJIOMIKY IMKIyC M Ha aMIUIUTYyAy mosehama Tio0amHor IpoTHIiaja TOKOM
MIPOIILIOT BEKa, y OAHOCY HAa U3MEPEHU I0pacT TemrnepaType. basa nmonaraka je o0yxBaTuia
nepuon 1875-1994.roqune. Ananusa je odyxsarmia 221 peky u to 60 y C. Amepunu, 51 y
Aszuju, 40 y Esponu, 33 y J. Amepuun u 31 y Adbpunu. Youwnu cy Ja je onauame
TemrepaType TokoM 1875-1925. roanHe MoBE3aHO ca CMABEHEM TJI00aNHOT MPOTHLAja Y
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ncToM mHTEpBany. Hacympor Tome, TokoMm mHTepBana 1925-1994. rongmne 3abenekeH je
TPEeH/] [IopacTa TeMIepaType U NPoTUIiaja. 3aKibyuyjy Aa rIo0anHu npoTHiaj pacte 4% npu
pacty rnobanHe Temneparype on 1°C. Kaxy na je oBaj TpeHA y CKJaay ca CaBPEMEHUM
HCTpaXWBamuMa, ykasyjyhm Ha rnobanHo moBehame mamaBuHa. HaBome na rimoGamnu
npoTtuiaj Tpeba pa3MaTrpaTd y KOHTHHEHTAIHMM pa3Mepama 'rlie cy NpHCYyTHH pactyhu
(C.Amepuka, Azuja, J. Amepuka), crabuinu (EBpona) u onanajyhu (Adpuka) tpenmosu ".
Ha xpajy tBpue na muxoB paxa "oOe30ehyje mpBHM eKcliepUMEHTAIHU JIOKa3 3aCHOBAH Ha
nmojanuma, Be3e wu3Mely rio0amHOr 3arpeBama M MHTEH3M(HKALHje TII0OATHOT
XUAPOJIONIKOT IIUKITyca".

Legates u capaguunu (2005) kputukyjy pan Labata u capagHuka u TBpJe Ja BEUXOBU
3aKJbY4LH HE IIPOMCTHYY U3 NPEACTaBILCHUX MojaTaka. Kao HemocTaTak, HaBoze J1a MOAALH
M0Ka3yjy HEKIMMATCKe yTUIlaje U TPEHAOBE M HHXOBU 3aKJbYUIIM HE MOTY 00jaCHUTH Be3y
mpe 1925. rommne. OcuM TOTra, CTATHCTHYKHA 3HA4a] HUXOBUX pE3yiTaTa 3aBHCH O]
ojeTMHAYHIO N3a0paHuX MoAaTaka Koji yTHdy Ha Harub perpecnone muauje. CMmarpajy na
Labat w capagHuWiM HHECY Jadd [OBOJFHO JOKa3a KOjH OM TIOTKPENMWIH Te3y O
UHTE3U(DUKALN]H TII00ATHOT XMIPOJIOIIKOT IIHKITYCa .

Ca gpyre crpane, CaBe3HHM XUAPOMETEOPOJIONIKH 3aBoj je 1994. roauHe u3gao
uHTepHy mnyOnukanmjy "llpuior mpoy4aBamy mnamaBuMHa W cyma'. Y YBOIHOM [elly
npuxBatajy "karactpoduuky" BapujaHTy Oyayhux mpoMeHa KimMe TIOA YTHLAjeM
aHTpornoreHor edekra crakieHe oamre. [lonasehu o unaekca cyme byauko-Jlenray, a Ha
OCHOBY rnojiaraka 3a beorpan, oapelena je rpaHnYHa BPEAHOCT KOJIMYHMHA MajaBuHa o 530
mm 3a nonycymHe oonacta. CeBepOUCTOYHH JIe0 3eMJbe Ou 1o mporuos3u 3a 2000. roguny
3aJI0BOJbABA0 KPUTEPHjyM moirycynrHux obnactu. JJo 2010. roguHe oBa obnact Tpeba na ce
HMIMpHU Ka jyrosamany, 0K O ce IojaBWIIe U JIBE HOBE MOJIyCyIIHe o0siacTh (y UCTOYHO] U
jyroucrouHoj u jyxxuoj Cpouju). [lomycymae obmacta 6u ce mo 2020. roxuHe mMUpUIE Y
HUCTOM CMEpy, TaKo Ja OWy HMCTOYHOM U jYTOMCTOYHOM JEy 3eMJbe BEIHKH HPOCTOPH
TIOTIPUMILTH OJUTHKE TOJycymrHuX obmactu. OBa obnact Om Omiia orpaHWYCHA JIMHU)OM
Herortun-Majnaanek-Kparyjesan-hympuja-Ilpoxymsse-Jomannuka bama-Tytun-IIpemeso.

IMomazehu o Tora, y oBOM paxy HOKyIIAJX CMO Ja YTBPAUMO 12 JIM Cy CE yOodeHe
KIIUMAaTCKe TpOMEHe y aApyroj mojoBuHH 20. Beka ofpaswie Ha mpoTtumaje Humase y
jyrouctouHoj Cpouju.

Boanu oninanc causa Humase

Oruname Boja y ciauBy HumaBe ce Moxke uspasutd (GOpMyJIoM JIHMHEapHE
perpecuje (JKuskosuh, 1994):

C=-1.0626 + 0.0017 * X, + 0.0029 * Kr + 0.0023 * Ss
e je:

C - mpoIecHeHH KOCQHIUjEHT OTHIaja, X, - CPelha BHCHHA MaJaBUHA BHIICTOIUIIEHET
nepuona (mMM), Kr - 3actymsbeHoCT Kpeumaukux moBpmmHa (%), Ss - 3acTymbeHOCT
MTOBPIIIMHA TI0/] CEIMMEHTHUM cTeHama, 06e3 Kr (%).

Kpeumany cy moceOHO TpeTMpaHH y OKBUPY CEAMMEHTHHX CTEHa yNpaBo 300r
3Ha4aja Koju nMajy Ha popmupame oturaja. OBaj MOJEN je HAJIPUXBATBUBHJH jep OCHM
Ma/laBMHA YKJbYUyj€ THUIIOBE T'€OJIOLIKE IOJUIOTE KOjU Cy Haj3acTYIUBCHHJH y CIHBY, T
kpeumaka nma 41.1%, a ocranux cenuMeHTHHX cTeHa 24.0%.

Ob6mact y kojoj ce ¢popmupa Hajehu meo Boma Hwumase je ciuB Temcke. Mako
oOyxBara NeTHHY HbEHOT cnBa, TeMcka naje Hummasu 44.4% cBux Boga. Ocum Tora, 3a 0Baj
CIMB je KapaKTepHUCTUYHO HajMame HCIapaBame, OJHOCHO HajBehe orumame Boma, 63%.
Heku meroBu OenoBu Cy y TOM morjeny jom uspasutuju. Tako Tormmomosicka peka,
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cactaBHHIIa TeMcCKe, YHjU je CIMB TOTOBO CaB yCEUYCH y IMpBeHHM Iermdapuma Crape
nmaHuEe ¥Ma crienubmann otHuaj ox 24.30 1/s/km”. Bucoky BpemmocT nMa u JlojKMHauKa
peka, necHa mnpuroka Bucoumne. Ibome otekHe wak 78% op yKymHE KONMYMHE
armocheprmja, mro usHocH 23.92 1/s/km® (mely Hajummm BpemmocTEMa y CpGumjm).
Mopa ce pehu na ToMe HajBuILe TOMPUHOCH BEJIHMKa KOJMYKMHA TaJJaBiHa KOja Ha BPXOBUMa
Crape wianune npemariiryje 1000 mm, ka0 U BEJIMKKA HATUOU TONMHCKUX cTpaHa. O yKyIHe
konmuuuHe Boje Temcke, Ha Tepuropuju byrapcke ce ¢opmupa 13.6%, OTHOCHO HEMITO
Mame o1 2 m’/s. Jpyra mo 3Hauajy nputoka Humase je Jepma. Fben cpenmu nportuuaj Ha
ymhy je 6 m’/s, a koepuumjent oTumaja 0.3.

Ha nHamoj Tepuropuju 0BOT CIIMBa Cy HEIITO MOBOJHHHU]H YCIOBH OTHIIAMKha HETO Ha
Oyrapckoj, ali ce W rmopeJl HCTHX noBpmrHa y byrapckoj ¢dopmupa 10% Bume Boae Hero
KOJl Hac. JepMa ce OJUTHKYje BEIMKHM TOIUIIFBIM OCILHIaljaMa IpOTHIaja, a OU y by
Kkopumhema IBeHUX BoJa Tpedao MPUCTYNUTH ACTaJbHAjOj aHATTM3U PEJIeBaHTHUX (hakTopa
mo cybcimBoBuMa. V3mBojeHa Cy joml TpM KapaKTEpHUCTHYHA CIMBA M CBU CE OCNIamajy Ha
CyBy IuIaHUHY, Ba Cy ca UcTO4He cTtpane, Llpsena u KopurHuuka peka u ciuB KyTuHcke
peKe ca 3arajiHe CTpaHe OBOI' Kpeumaukor MacuBa. Kapakrep pesbeda 1 JUTOJONIKY cacTaB
yCIIOBJbaBajy Behie oTuiaje y mpBa 1Ba ciuBa (aqM OyjUYapCKUX OJMJIMKA), JOK HEOTCHH
CeIMMEHTH 3aluiatha YCHOpaBajy MNOBPLIMHCKO OTHIAKE W IOTEHIMPAjy HCIapaBambe.
Henocpenun cnuB HuinaBe ce Moke MOJENMTH Ha IeT LesiuHa: jaeo y byrapckoj, ox
Oyrapcke rpanuie a0 yirha Jepme, on yimrha Jepme no ymrha Temcke, o yurha Temcke 1o
yutha Llpsene peke u on ymha Ilpsene pexe no ymha Humase. Ocum mpennocienmer y
yjeM je cactaBy KopurHuuka peka, octanu cy onapehenm Oe3 yrumaja Jepme, Temcke,
Lpeene n Kyruncke pexe. OBako orpaHudeHH Mel)yCIMBOBH IOKa3yjy HOTEHIHjal
AayTOXTOHMX BOJA HEMOCpPEAHE OKOJMHE rpanoBa y cauBy Humase. [IpBu, n3Bopumau neo
je y Byrapckoj, npyru umHEH OKpyX)eme Jumurporrpana, tpehn oOyxsata Hajehm neo
[upoTtcke koTMHE, y eHTpy deTBpToOr je bena [lananka, a metu je mox HajBehnMm yTumajem
ypbane cpeamHe Humma m meroBor okpyxema. [Ipema pesynraTiMa, HajMamH OTHIA] HA
3aBPIIHMM NpOoGHINMa Jajy HULIKKA U MUPOTCKU AE0 CIIMBA y KOjHUMa HCIIapaBambe JOCTHKE
87%, omHocHO 83% ox ykynHuX nagaBuHa. CBH OHHM 3ajemHO (opMHpajy y mpoceky 9.57
m’/s (Ha Hamoj TepuTOpHju 6.69 M’/s), UITO je y oHOCY Ha ynTaB ciiuB 30% (kox Hac 21%).

OunrienHo je na tpansutHe Boje [Iuporcke, benonananauke n Humke xotimmne
NPE/ICTaBIbajy CKOPO YMTABO BOJHO OOraTCTBO OBHUX TEPUTOPHja. XUAPOJIONIKA aHOMAJIHja Y
cmuBy Hwmase, w3paxeHa y mnosehamy cnenuduyHOr OTHI@ja HU3BOAHO O
JumutpoBrpajaa, oriena ce y 3Havajy KOjH MMajy NPHTOKE IJIaBHE peke. Jepma Ha CBOM
ymhy Hocu mpoceuno 6 m’/s, a Humasa Ha mctom mecty 4.36 m’/s. 3aT0 HU3BOIHH
xupomMeTpujcku mpodui y [Mupory naje Behe BpenHOCTH crielM(pUYHOT OTHIAja HETO OHaj
y Humutposrpany. Uctu je ciydaj u ca omHocom Ilupor-bena IMamanka. Temcka koja ce
yimuea y Humasy m3melyy oBa xBa npoduma uma crermduann oturaj 17.13 V/s/km?, mro je
1.84 m’/s Bume ox Humase Ha mctom Mecty (3ajexHo ca Jepmom). Jlakie u mopexn
nosehama crmBa Hurmase o ITupora 10 Berne IMamanke 3a 1300 km?, cnienuduanyn oTHuaj
je mox yrurajeM Bojaa Temcke Behu y benoj [Tananiu. Ca cnuBa Huiase roaunime 0OTeKHE
oxo 1 km® Boze. Ox Tora Hama Tepuropuja naje 75% Boje a Gyrapcka 25% (ciuuaH je u
onHoc melhy mospmmHama). Bucuna orunaja n3nocu 245 mm a0k je ucnapasamwe 475 mm,
IITO Ha OCHOBY TOJUIIKUX MajaBuHa o 720 mm naje koeunujeHT otrnaja ox 0.34.

Ipornunaj Humase

Humaga je HajBeha mpuroka Jyxae Mopase ayxune 248 km, ox wera y Cp6uju 151
km. U3supe Ha Teputopmju byrapcke, a y Hamy 3eMiby YyNasH HeNaNeKo OJ
Hdmvurposrpana. OHa je BojoMm Hajboratmja mputoka Jyxne Mopase. lllupuna kopura
Bapupa, Tako ja je kox Jumurporrpana mmpoka camo 8-10 m u my6oka 30-50 cm, 10K KOx
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Bene INamanke je mmpoka mo 60 m, a ny6oka go 2 m. [Ipotunaj pexe Humase ce mepu Ha
tpu npoduina: [Mupor, bena [Mananka u Hur.

ITpomena mnporunaja Ha Humaeu je pasmarpana Ha Tpu cranuie: Ilupot, bena
[Mananka u Hum. W Ha oBMM mpoduirMa MpoMeHa MpOTUIiaja je pa3MaTpaHa y MepuoLy
1961-2000. ronuHa.

Sranje nivos u profiln Hrange nvoa u profin

Vodastaj (i)
Vodostaj (cm)

[- voddostaj Bl lota terena ——aps.min. H ——aps maks. H |

Bl vadosta) G kot terem ——aps.min. H —— aps maks. HI

Cumka 1. O6smk nonpeynor npopuiia koa cranuua Iupor (JieBo) u Hum (ecHo)

[ospumaa cauBa Humase Ha mpodumy ITupor, usocu 1 745 km?, ca xotom "0"
ocmarpama Ha 364,27 m. Ilpoceunn romummyu npotuiaj je 11,71 m’/s. Crammapamo
Konebame TpoTHIAja je y uHTepBany maMehy 7,59 m 15,83 m’/s. Hajsehu mpoceunu
npotuaj je 3abenexen 1963. romune — 22,44 m’/s. Hajamku npocedny npotumaj o 5,87
m’/s je 3abenexen 1968. u 1994. romune. Ha oBoj cranmmm je 3abenexeH Onarm man
rogumser nporumaja u To 0,03 m’/s (0,24%) roqumime.
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I'padukon 1.- Bpeanoctu nporunaja Ha cranuuu Iupot

MakcuMalHa BpeIHOCT NpoTHIaja ox 234 m’/s m3mepena je 15. pebpyapa 1969. u 7.
jyna 1976. roquue. IIpocedna BpeAHOCT MAKCHMAIHHX POTHIAja je 104,18 m’/s, mpu yemy
ce konmebame y mHTepany 48,03-160,33 m’/s cmarpa yobuuajeHnm. MakCHMyMH KO
[upoTa Gerexe U3PA3UTH CHIIA3HHE TPEHI, TIPU YeMY CMAB-EHe H3HOCH 2,83 m’/s roMIIEbE.

Mporumaj ox 0,42 m’/s (18. centemGap 2000. ToxMHE) NpPEACTABIbA HAjHUKH
m3MepeHn npotunaj xox [upora. [Ipocedna BpegHOCT MUHIMYMa MPOTHIIaja U3HOCH 2,46
m’/s, 10K je yobuuajeHo konebame MUHMMyMa y uMHTepBany mamehy 1,38 u 3,54 m’/s.
M3I/IHI/IMYMI/I Kao ¥ MAaKCHUMYMH TI0Ka3yjy CHJIA3HU TPEHI, MpH deMy je roxummu nan 0,04
m’/s.

IMocmarpaHo 1O ce30Hama, MPOTHILIAj MOKa3yje pacTyhn TPeHH y jecemn0j U 3UMCKO)]
cesonn. Behu mopact mpoTruaja je y jeceroj cezonn u uznocu 0,03 m*/s (0,66%). Ipornehe
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¥Ma CHJIA3HM TPEH POTHIAja, TIPH YeMy cMameme n3nocu 0,18 m/s (0,94%) romumme.
[IpoTuuaj y 1eTHhoj Ce30HU He MoKa3yje OUI0 KakaB TPEH/I.

ToBpuIMHA CIMBa KO XHaposomke cranuue bema [Mamanka je 3 087 km? ca kotom
"0" ocmatparma Ha 283,15 m. ITpocednn cpeiby TOAMIIEM POTHIE] W3HOCH 22,57 m’/s.
YoGuuajeno koneGame mporuiaja je mamehy 15,49 um 29,65 m’/s. Hajsehu rommurmu
npotuiaj je 3abenexen 1970. romuue — 35,2 m’/s, 10k je HajMama BpeHOCT 3abelexKeHa
1994. romuue — 9,12 m’/s. Ananu3a je nokasana ga FOAMIIH TPOTHIA] MOKa3yje CHIA3HU
TPEHI, PH YeMy FOJIMIIEE CMambere n3Hock 0,32 m*/s (1,1%).

Bena MNanaHka

y = -0.3166x + 29.062
R2 = 0.2733
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konebara
nNHeapHu
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I'padukon 2.- BpeanocTn nporunaja Ha cranuuu Bena Iananka

MakcuMaaHu TPOTHIA] je 3abenekeH 8. jyHa 1976. roauHe Kaga je H3MepeH
npotHuaj ox 456 m’/s. Tpoceunn MakcHMaIHK npoTuiaj usHock 179,06 m’/s, mpu uemy je
yoGuuajero koneGame m3mely 82,97 u 275,15 m’/s. AHAIH30M MOJATAKa YOUCHO je Ja ce
MaKCHMAJIHU NPOTULAjH cMamyjy 4,25 m’/s rouime.

Hajumka 3abenexesa BpegHOCT Ko cTanuue bena [Tamanka usnocu cera 0,5 m’/s,
mTo je u3MepeHo 5. okrodpa 2000. roguHe. IIpoceuHa BpeJHOCT MUHUMAJIHUX NPOTHUIIAja je
4,23 m’/s y3 yobuuajeno konebame mmehy 2,53 u 5,93 m’/s. Munnmymu Takohe mokasyjy
CHJIA3HHM TPEHI IIPH 4eMy ce IPOTHIaj cMamyje 0,07 m?/s.

AHanm3a CEe30HCKHMX IPOTHIAja MOKa3yje CHIA3HH TPEHI 3a CBE YETHUPU CE30HE.
Hajehe cMamerbe mpotriaja je y nposehmoj cesomu, kana ce mpotuiaj cMamyje 0,71 m*/s
(1,3%) roauuime. Hajmame cMameme je jeceroj cesoru — 0,1 m’/s (0,78%) roaumme.

[ospumaa ciuBa Humase ma npodury Hum msnock 3 870 km?, ca kotom "0"
ocMarpama Ha 187,88 m. Ha 0Boj cranumm He mocroje ocMarpama 3a 1988.ronuny, jep je y
nepuony 1987-1988. romuna paljena perynaruja kopura kpo3 Humi. IIpoceynu romuinmu
npoTHuaj u3HocH 28,43 m’/s, nok je yoGuuajeHo komeGame y unTepBany mamehy 19,19 u
37,67 m’/s. Hajeehu cpeimbi TOMIIIGHE NPOTHIA] je 3abenesxen 1963. roamHe W H3HOCH
54,05 m’/s. Hajamku romuimmsu npotuiaj je 11,67 m¥/s, xoju je 3a6enexen 1994. rouue.
AHanm3a je ToOKa3ala Ja TOMUINBM TPOTUIAJH TOKA3yjy CHIIA3HH TPEHA, TMpH YeMy
cMameme u3Hoch 0,42 m’/s (1,15 %) rogumse.



260

Huw y = -0.4175x + 36.91
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I'paduxon 3.- BpeanocTu nporunaja na cranuuyu Hum

IpoTruaj o1 577 m*/s IpecTaBIba HAjBUIIN 3a0€IEKEHH IPOTHIIA] HA OBO] CTAHHIIA
y HaBeneHoM mepuony. Ocmotper je 19. debpyapa 1963. roaune. [Ipoceuna BpemHOCT
MakcumymMa m3Hocn 209,33 m’/s, mpu demy ce kao yobuuajeHo cmatpa Konebame usmely
91,18 u 327,48 m’/s. MakcCHMyMH, Kao M CpPe/IEU FOHIIEBI IPOTHIAJH Gelexe Hajl, ¢ THM
1ITO je cMamerse 6,14 m’/s rojuIIEbe.

Hajumxa BpemHoCcT mpotuiaja je 3abenexxena 18. okrodpa 2000. roxune, kajga je
BpEIHOCT NpoTHIAja m3Hocwia ceera 0,9 m’/s. IlpoceyHa BpETHOCT MHHHMAIHHX
NPOTHIIAja H3HOCH 5,5 m’/s, 0K je yobuuajeHo konebame MunnMyMa mamehy 3,29 u 7,71
m’/s. AHanm3a je mokasana 1a MHHMMYMH MMajy CHIa3HM TpeHa TpeHa u To 0,1 m’/s
TOJIUIIESE.

AKo mocMmaTpaMo IpPOMEHY IIpOTHIAja IO CEe30HaMa, y CBE YETHPH CE30HE je
3a6enexen naj. Hajmame cMameme NPOTHIAja je ¥ jecermoj ce3ouu u 1o 0,1 m*/s (0,67%)
roguumbe. Hajehe cmameme mportuiaja je y mponehe kama msuocn 0,95 m’/s (1,37%)
TOJUIIIE.

duckycuja

Kao mTo ce Moxe 3ama3nTH, Ha TOAUIIKBEM HUBOY ce Ha cBa Tpu npoduna ([Impor,
Bena [Tananka n Humr) yodaBa majg mpoTumaja y nocMarparoM neproxay (1961-2000). To 6u
6wo y cxiany ca tBpamama IPCC-a 1 CXM3-a, 0 JOMHHAaHTHOM YTHIAjy aHTPOIIOTEHOT
edexTa crakieHe OamTe Ha CMambewke MPOoTUIlaja pexa y Cpouju.

Haxie, y apyroj monoBuHH XX Beka je gomuto xo nmoeehama koHmentpanuje CO,
Koja je kpajeM Beka nopacia Ha 0,037%, mrto Ou Tpedaso ma ce ofpasd Ha IOPACT
temneparype. OBo je Haseno [ymuha u PamoanoBuha (2005) ma mocMatpajy pasiuke
cpenme Temmepatype usmehy mexama 1991-2000 u 1951-1960. roauua Ha 20 craHMua.
[opacr je youeH na 16 cranuna. [lax Huje 3a0enexeH HU Ha jeIHOj CTaHWIM, NOK Koja 4
HEMa HUKaKBUX IpoMeHa. [Ipyraumje pesynrare JOOWIM Cy METOJOM JIMHEApHOT TPEHIa,
Kaja je Ha 15 craHuma TpeHj OMO MO3WTHBAH, a Ha 5 HeraTWBaH. Y OUWIH cy Ja "Hajsehn
nopact 3albeNnexuie cy CTaHWIe Ha HMCTOKY, OKpeHyTe Biamrkoj HHM3WjU, Kao U JEJIO0BH
BojBognne (ceBep) m ceBepozamagau neo CpbOuje. Mehytum, y nenmoBuma jy)XHE H
jyroucroune CpOuje BpemHOCTH JIMHEapHOr TpeHaa cy HeratuBHe'. Ilocrojame
PETHOHATHMX TPEHA0BA HX j€ YIMYTWIO HA Tparame 3a €BEHTYAIHHM LUPKYyJIalHOHUM
pasiosznma. Kopuctmim cy THIONOTHjy KOjy je pa3Buo [[3epm3eBckwj, KOjU je U3ABOjHO 3
OCHOBHA THIIA ITUPKYJAIFje Ha ceBepHOj xemuchepn. ooumm cy KoehpuHjeHT Kopenamuje
on 0,8 m3Mel)y NOMHHAHTHHX THIIOBA IUPKYyNAIllHje W CpeAme JACKagHe TeMIieparype y
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Cpbuju. Ha ocHOBY OBOT Cy 3aKJbYUMIJIA J]a j€ TIOPACT TEMIIepaType y MOCIeAb0j AeKaau
XX Beka JJOMHHAHTHO yCJIOBJbEH IIPOMEHOM THIIA LIUPKYJIaLlije.

Ha monpydjy cimBa Humase je y apyroj monmoBuHHM XX BeKa IOIUIO 10 Tajaa
TeMmepaType, ITO OM 3HAYWIO Ja ce MpOMEHe TpOoTWIaja HEe MOry oO0jacHUTH
JOMHHaHTHUM TJIOOQTHUM yTHUIajeM cTakieHe Oamre. Mnak, mpoTHiiaj ce OJHOCH Ha
MIEPUO]I, KOJH je IMoUeo JAeKaay KacHH]e.

C TuM y Be3H, MOCMATPaJ CMO M METEOPOJIOIIKE MoJaTKe 3a mnepuon ox 1961. no
2000. 3anaka ce na je Ha METEOPOJIOIIKO] CTaHMIM y Humry wmak mpucyraH mopact
temrniepatype o 0.0119°C no roxuan. Mehytum, Humn je y ToM nmeprosy 1mocrao BETHKH
rpaj ca HECyMIBMBHM pacToM ypOaHOTr OCTpBa TOIUIOTE, INTO je MOTEHLHPAIO PErHOHAIIHE
npomeHe Temreparype. Ha xwuzpposomkom mpodumny bema Ilananka He nocroju
XHMIPOJIOIIKA CTaHMIA MPBOT pea, MoK Ha mpodmty [Inpor mMa mpeknma y ocMaTpamy.
Jeauna mMeTeoporomka cTaHuIa y ciauBy Humase ca KOHTHHYHpPaHAM HU30M HOZATaKa KOju
HUje mopemehen pactom ypbaHor octpBa TorwioTe je Jumutposrpan. Ha moj je TpeHn
TemmnepaTtype u y mnepuoay ox 1961. mo 2000. romune, Takohe merarusan (-0,0012°C mo
TOJIMHHU).

Hako je oBa mpoMeHa CTaTUCTHYKU HECUTHU()MKAHTHA, 3HAK TIPOMEHE HUje Y CKIIaay
ca Te30M O JOMMHAIIMjU aHTPOIIOTeHOT edekTa crakieHe Oamre. To 3HaUM a, HU IPOMEHE
npotuiaja, 0ap y ropmeM jeny ciuBa HuinaBe, y mepHoay HCTpaKHUBama, c€ HE MOTY
oOjacaut TUM edexkrom. MelytuMm, 3a JIMMUTPOBrpaj MOCTOjeé KOMIUICTHH MOJAIM O]
1949. no 2007. Y oM mepuoay je mo TBpamwama IPCC-a npucyran pactyhu yruiaj edexra
crakieHe Oamre. TpeHI TemmepaType y LEJIOKYIHOM IIOCMaTpaHOM IEpHONY H3HOCH
HecurHupukanTHux -0,0049°C mo roauHM, IMTO Ce HUKAKO HE YKJana y KOHLENT
JIOMHUHAIMje aHTpornoreHor edekra craxieHe Oamre. Illta Bumie, M TpeHX mMagaBuHA Y
LIEJIOKYITHOM TIEPHOy MEHa 3HAK OJ] HEraTHBHOT Ka MO3WTHBHOM M PAcTe MO CTOMHU Of
0.1175MM 1o TOAWHM, TAaKO N1a CE€ HM OH HE yKJama y KOHIENT AOMHHAIHje TI00aTHOT
aHTPOIIOTEHOT yTHIaja o pernoHaaHuM Mojenuma [PCC-a u CXM3-a.

3aHUMIBHBO je Aa je y JJUMHUTPOBrpany u y MoCleAmuX AeceT roauHa , o 1998. mo
2007. u masee mpucyTaH nax temmeparype (-0.0132°C mo roxmam). Unak, mepuonn kpahu
0]l CTaHJapAHOT METEOPOJIOIIKOr HU3a O TPHIECET IOJWHA HUCY NOBOJHHO MNOY3JaHU H
MOTY Jla CTBOpE JIaKHY CJHMKY JYrOpOYHHMX MpoMeHa. 300r Tora CMO [OCMaTpaliu
TPHUICCCTOTOAUIIIELE TOKPETHE MEPHUOJIE, Ca IoMepajeM o jenHe roauue. [lokasano ce aa je
nepuon 1949-1978.3a mpubmmoxuo 0,2°C tomnmmju on mocneamwer, 1978-2007. To
JNe(UHUTUBHO HE yKa3yje Ha MPUCYCTBO pactyher aHTpormoreHor eekra cTakicHe Oamire,
Beh 1a je u nasee ped, pe cBera, 0 MPUPOJAHUM CMEHaMa KIMMATCKUX IUKIIyca, IITO 3HAYH
Jla Cy ce CyIIHE eNHM30/¢ Pa3InYuTOT HHTE3UTETA jaBJbajle U paHuje

W y cycenHnm 3emibaMa MCTpakuBauu cy poOwmu cinuuHe pesynrare (BALWOIS,
2004).

3ajeqaruka UCTpakuBama MHCTHTYTa 32 MeTeoposnorujy u xuapoiuorujy y Codpuju
(V. Alexandrov u S. Dakova) u YHUBep3uTeTa TeXHUUKHX Hayka y McramOymy (H. Askoy n
A. Dahamshed) jacHo yka3yjy Ha TOOUIIE-E CHIDKABAEKE TEMIIEpAType Ba3lyXa W ITaJaBHHA
y nepuony on 1961. no 2000. roxune, y jy)kHOM aeny bByrapcke u ceBepo3anagHoM ey
Typcke.

L. Trajanoska u3 Xuapomereoposouikor nHCTyuTyTa u3 Makenonuje u I. Kaevski u3
MHCTHUTYTA 332 HCTPaXKUBambe Boja Takole n3 Makenonuje, kopuctehn CTaTUCTHYKE METOZE
Takohe HUCY YOUHJIM CUTHHU()MKAHTHE IPOMEHe.

V. Stojov (XuapoMeTeoposolKu 3aBoj MakeJoHHje) yOunuo je CHJIa3HH TpPEeHI
najilaBiHa y ciauBy Bapnapa, moceOHo y mocnenmsoj aekamu (1961- 2000), koju TUPEKTHO
yTHYE Ha MPOTHIAj peKa y oBOj obmactu. Hamme, ayTop je youno ga HHW3aK MPOTHI], KOjU
ce jaBjba y JIETIHMM MecellMa, MOXKe OWTH y Be3HM ca KIMMAaTCKuM IpoMmeHama. Mmak,
HarJacwo je ga ou To Tpedano ga Oyae moTBpheHO MepemIMa.
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V. Alexandrov (UHCTHTYT 3a XUAPOIOTHjY U MeTeopolornjy, Coduja) HCTIUTHBAO je
Kosiebame KIMMe U MojaBy cyma Ha bankaHckom momyoctpBy. Ilomanu cy nokasanu fga cy
ce cyme yemhe jaBjpaje y MociieAlbeM BeKy y EBpomm, xao u 1a je TO Je0 KIMMAaTCKHUX
LUKITycCa.

E. Koleva, V. Alexandrov u N. Slavov (MHCTHTYT 32 XHIPOJIOTH]y U METEOPOJIOTH]Y,
Codwuja) cy HCTpaKHMBaJIXd TOAMIIE M CE30HCKE IaJlaBUHE Yy HHU3WjaMa M BHCHjaMa
Byrapcke. OHM cy yOUMJIM HEKOJMKO CYIIHHMX IMEPUOAA TOKOM IPOLUIOT BEKa, YIIIABHOM
n3melhy 1942-1950 u 1982-1994 rogune. Ha mpumep Tokom 1982-1994 ronune, magaBuHe
cy ce cmamuiie 3a 50% y oJjocy Ha PoceK.

W Opojun npyru ayTtopu Cy IOKasajid Jia ce MOCIEABUX JeleHHja, a U y OYXKUM
nepuoanMa He Jorahja HHUIITAa ApaMaTH4HO, M Ja C€ jEAHOCTaBHO paadl O LUKINYHUM
IIpoMeHaMma.

Cluis u Laberge (2001) cy kopuctinm 3ammce nporthmaja m3 Oase GRDC y
Kobnenny na 6m ytBpamam na U je Omio wuHTeH3u(pUKanuje 3eMIBHHOT TII00ATHOT
XHUIPOJOIIKOT HHUKIyca ycien riaodamHor 3arpeBama. Ctyamja je oOyxBatmia 78 peka
mmpoM Asujcko-nanupuukor peruona. Cpeamy MoYeTHH AatyM je 6uo 193545 ronuna, a
3aBpimiHU 1998+1 roamHa, mTO MpeACTaBba MOJYBEKOBHH BPEMEHCKH paciioH. Pesynratu
Cy MOKa3alh Ja je CpedmH IPOTUIlaj peka Ouo HempoMmMemeH y 67% ciydajeBa, a y
cilydajeBuMa rie je 6mino TpennoBa — 69% je 6umino cunasHo. MakcuMaiiHU IPOTHUIA] PeKa je
Oomo HempomemeH y 77% ciydvajeBa, a TaMo rie je Omino TpeHmoa 72% BBHUX je OWIo
criia3Ho. MUHNMaIHN PEeYHH NPOTHLAJU cy OWIIM HempoMemeHu y 53% ciydajeBa, IOK Y
cilydajeBuMa rne cy Owinm TpeHnoBu — 62% je O6mno pacrtyhe. OBo uX je HaBeno Ha
3aKJby4aK Jia Cy POMEHE MPOTHIIaja y CyIPOTHOCTH ca pesynratima [PCC-a.

Pekarova u capamuuim (2003) cy nocmarpanu mpomeHe npoTuiaja Ha 11 peka
3amagne/Llentpamne EBporie m Ha 6 peka Mcrtoune EBpome. AHanmm3upanu mogamu He
MoKa3yjy 3HadajHy mpoMeHy mpoTunaja y nepuony 1810-1990. ronuna. 3a Pajuy u [lyHas je
YOUYCHO [1a Cy TOJ jaKuM yTHIajeM AIMa W Ja UMajy CINYHY BapHjaOMIIHOCT IPOTHUIAja.
Onaname MpoTHIlaja je Omno 3amaxkeHo camo Ha Jmwenpy, Jlony u Boaru u to y mepuomy
1881-1990. romune. Ha ocramim BehuM pekama HHje yOUSH HH pacT HH Maj MpoTHIaja, Beh
CaMo LUKJINYHO CMEHHBAKE CYBUX U BIAXKHHUX MEPUOAA.

Walling u Fang (2003) cy, nopen ucnmTuBama CyCIIeHJIOBaHUX celuMeHaTa Ha 145
"rnaBHUX" CBETCKHMX PEKa, yjeJHO MOCMaTpald M NPOMEHy npoTuiaja Ha muma. Ox 145
peka, mux 100 je moka3zano crabwiiHe BPEAHOCTH IPOTHNAja, 10K of 45 peka KoJx KOjux Ccy
youeHe poMeHe — 32 cy HoKa3ajie CMambemhe BPeJHOCTH NPOTHUIAja, ITO HUje Y CKIaay ca
ca pesynraruma [PCC-a.

Milliman u capamamu (2008) cy mocMaTpany MpOTHIA] peKa Y TI00aTHH OKeaH y
Jpyroj mojnoBMHH XX BeKa. Y30pak je oOyxBatao 137 peka Koje 01BOIMm-aBajy oko 56%
MOBpIIMHE y TioOamHu okeaH. [lo muxoBuM peunmma, y mepuomy 1951-2000. roamHa
KyMyJIATUBHH IIPOTHIIA] OBUX PEKa OCTA0 je CTATUCTUYKU HEIIpoMemeH. Takole OHM HaBoe
1 J1a Cy MaJaBUHE Ha KOMHY Y TOM IIEpHOLy OWie CTaTUCTHYKH HEIPOMEHEHE. 3aKIbyUyjy
Jla ce HU MPOTHUIIA] HY MalaBHHE HUCY IIPOMEHIIIN TOKOM JIpyTe MoJoBHHE XX BeKa, IITO HE
noTBphyje Te3y 0 MHTeH3U(HUKALU]H TTI00ATHOT XHIPOJIOMIKOT IIUKIIyCa.

[IpoyyaBatbeM LUKIMYHOCTH BOJHHMX W CYNIHHUX mnepuoja Ha Behum pekama y
CpOuju 6auo ce Orokospuh (1994). 3a [lynaB je oOpahen 150-romumimu mepuom y
Bepnany, mok je Ha octasmuM pekama 60-romumimu nepuoa. OcuMm Tora, "mpoydyaBaHa je
YeCTHHA I10jaBJbHBaba CYNIHUX M BOJAHUX TOJMHA, ca KIacH(PUKAIMjOM HHUXOBE BOJHOCTH,
y3 OCBPT Ha IPOTHO3y ITPOMEHA KapaKTepHCTHKAa OTHIama y HapeJHUM TroiuHama'.
3akJpyuro je Ja ce BeoMma CyIIHE W BeoMa BOJHE roanmHe Koj BehuHa peka jaBibajy y
npoceky cBake 20-30. rogune. [Iporrosupa na Ha JlyHaBy 10 kpaja XX 1 y IIPBOj ITOJIOBUHH

* Global Runoff Data Centre
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XXI Beka Tpeba oueknBaTH BHIIE BeoMa cymHHX roawHa. Ha Tucn m CaBu, Kao W Ha
Benukoj Mopasu, 3ananHoj Mopaeu u UOpy, je Beha BepoBaTHoha 1a ce mojaBe Beoma
CyIIHE Hero BeoMma BiakHe rogune. CynpoTaH 3akibydax je 3a Jpuny u JIum rae ce ouexyjy
BeoMa BogHe roguHe. Mehytum, Ha Humasu u Lipaumnm Mory Ja ce mojaBe ¥ BeoMa CyIrHe
Y BEeOMa BOJIHE T'OJIMHE.

Cangau u capaanuny (1994) cy ananusupanu nukinyHocT Behux peka JyrociaBuje
Ha y30pKy onx 4 cranuiie 3a nepuoa 1931-1990. romuna. 3a cranumy be3man cy mo0miu
nepuose 14 u 30 roguna, 3a Centy 14 u 38 roguna, 3a Cpemcky Murtposuity 14, 20 u 36
rojauHa U 3a JbyomueBcku MocT 8, 14 u 20 roguna. Ha ocHOBY Tora cy M3BeiH 3aKJby4ak Jia
Cy "TOIMIIBLY MPOTUIAj HA HABEJCHUM peKaMa IUKIMYHH, Ca Marbe WM BHIIE N3PaKEHUM
nepuoauMa”. Ykasyjy Zla IPHIMKOM CTAaTHCTHYKEe oOpaje je MoTpeOHO 3a CBaky cepujy
onpehuBaTH MEpOJaBHM IEpHOJ] 300T PasIUUUTHX KapaKTEPHCTHKAa CIMBOBA M PEXUMA
CpeAmUX TOANIIBUX NpoTHnaja. HaBoae M XWMOTETHYKH 3aKJbydaK, Ja eKCTPAIoJIAIijoM
WHTETpanHe (YHKIHMje MOIYJTHHX OJCTymama 'y HaBeieHOM mepuony ox 1994. Ha
aHAJIM3MPAaHUM peKaMa MOXKEMO OYCKHBATH I10jaBy BehnX CpeAmuX TOJUIIBAX MPOTUIIAja 1
T0 y Tpajamy ox 4 1o 7 rogmma". Cansam y pamy u3 2000. roamHe’ 107a3H 10 HCTHX
3akJbydaka 3a nepuona 1931-1998. roguna. Cmatpa na "y Hapeanom nepuoay on 2001. ro.
U TO y Tpajamy 01 4 70 7 rouHa, MOTY CE€ OUCKHBATH MakbH CPEIEbU TOMUIIBY TPOTHIIAJH,
a TMMe W OJaKM HeJOCTaTaK MajaBuHa y CIMBHOM nozapy4djy". Ha kpajy HaBoze aa oBo
Unak Tpeda CXBaTUTH YCIOBHO.

Jymuh u capagauim (2006) cy u3y4aBanu ayrolepuoAndHe TPEHI0BE NPOTHUIAja Ha
xuaposomkoj cranuim OpmraBa Ha lyHaBy 3a nepuox 1841-2000. ronuna. Y pagy Kaxy aa
"cTpOro MaTeMaTH4KH TJeJaHo, IpoMeHe nportunaja Jynasa kox OpimaBe, Ka0 M OCTAINX
XUIPOJIOIIKKX TI0Ka3aTeJba Ce MOTY CMaTpaTH CTaTHCTHUYKH He3HaTHHWM. [la mmak, mako cy
MIPOMEHE CTATHCTHYKA HECUTHH(HKAHTHE, OHE IOCTOjeé W TOIUIOKHE Cy TyMauemmnma'.
AHanmm3oM MOTryhmx aHTpPOIIOTEHHX YTHIlaja 3aKJbydyjy Oa ce MpoTulaj moBehao m mocrao
Mame ekctpemad. [lo cimaamx pesynrara cy ponumn u Ducié, Nikoli¢ (2007).

Ucamnosuh u Cpua u3 UrctutyTa 3a Bogonpuspey "Japocaas Yeprn"® ¢y y cBoM
npojekty usMel)y ocranor aHalM3WUpad TPEHJOBE NPOMEHE MPOCEYHOI TOAMIIET
NPOTHIIAja HA HEKOJIUKO CTaHHUIIA 3a HU3 Mojaraka y nepuony 1931-1994. roguna. Youunu
Cy Jia ce 3a CBE CTaHHWIle OCMM OHE Ha Tucu, jaBjba HeraTWBaH TpeHA. 3a0pHHYTOCT 300T
cMamemha NpoTHuaja je noBehana mojaBom cyniHor nepuona Koju je nodeo 1982. rogune. 3a
pasmuky on kpaher mepmwoma, TokoMm 155 roamnHa Ha JlynaBy (OpmaBa) yodeH je Omaro
pactyhu TpeHH, anu je OH CTAaTHCTHYKH He3HadyajaH. Ha kpajy 3akipydyjy Ja CyIIHH ITePHO.
HE MOXE C€ y LEeJIMHH IPHUIHCATH KIMMATCKHUM IpoMeHama, Beh je "BepoBaTHO 10OpuM
JIeNIOM TIoCHeana yoOudajeHnx (ruykryanuja oTHmama" mpu deMy He Tpeba 3aHeMapHuTH
rio0anHe mpoMeHe y atMochep.

Smith n capamanmm (2006) cy aHaIM3Mpann HCTOPH]y TIIOOATHWX NaJaBUHA Yy
nepuony 1979-2004. roguna. Youniu cy na cy Hajpehe Bapujaruje nagaBuHa " moBe3aHe ca
ENSO (En Humo jyxHOM OCIHIAIMjOM) M HeMajy TpeHA'. 3a Bapujaiuje Koje HHCY
moee3ane ca ENSO u ucnosbaBajy TpeHa, CMaTpajy 1a je Taj TpeH "MoBe3aH ca MopacToM
Tporckux mnanaBuHa u3Hax [lamuduka m VMHIUjcKOr okeaHa MNMOBE3aHHMX Ca JIOKATHUM
3arpeBameM Mopa'. 3aKJbY4IIM Cy Ja MIIaK OBO IoBehame je KOMIICH3MPAaHO CMambeHEeM
NaJlaBMHa y IpyrUM PerHoHNMa NpH YeMy je "riio0aiiHa npocedHa mpoMeHa OJicka Hyu'".

Menyjcka Kammama O caJallibuM jakuM cymama Hasena je Hisdala m capaganke
(2001) na ncnurajy mra nokasyjy mozxamm 3a Esporry. OBH Cy M3BpIIMIN aHAIHU3Y BHIIE O

* Pan "HcTpakuBamse TIepHOIMIHOCTH CPEII-HX TOMUIILIX TIPOTHIaja" o6ujer o ap CanBana eleKTPOHCKOM
THOLITOM.

¢ www.jcerni.co.yu/projects/emon2.pdf
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600 nHeBHMX 3amuca mportuiaja U3 EWA’ na onpene TpeHIOBE y jauMHH, AyKHHH 1
YYeCTaJIOCTH cyma TOKOM detupu mepuoma: 1962-1990, 1962-1995, 1930-1995. u 1911-
1995. ropune. OHU cMaTpajy Aa YIPKOC HEKHM H3BEIITajuMa o cymama cpeanaoM 1980-ux
n modyetkoM 1990-ux, HE mocToje jacHe WHAWKaNMje na he CyIIHM YCIOBH TOCTAaTH
WHTE3WBHUjU WM ydecTaiauju. HaBoje na Opoj HeraTMBHOX TpeHAOBa (KOjU 3HA4e Mambe
cyuHux porahaja) npesasunasu Opoj MO3UTHUBHUX 3HAYAjHUX TPEHOBA.

IITo ce THUe y3poKa CaBpEMEHUX MPOMEHa KIIMME U IPOTHUIlaja, OHK O MOTJIH OMTH
y BE3U ca IpOMEHaMa y OKeaHy M OIIIITOj IIUPKYJIAIHj1 aTMochepe.

[Mpema npojexjama IPCC pernon Jyxue EBpone he y 6ynyhHocTn Outn morohen
BUCOKMM Temmeparypama u cymama. Jymuh wu PangoBanosuh (2005) cy noOunm
koedurujent kopenaumje 0.14 m3mehy romummux cyma magaBuHa y beorpamy wm
koHueHrpamuje CO,. Koepunmjenr nerepmunanuje m3nocu 0.019 mTo 3HaYmM na mpomeHe
koHeHtpamuje CO, oGjammaBajy 1,9% konebama aexagHe cyMe IagaBHHA. AKO ce
IocMaTpa peruoHanHo, NmoBehame KOMMYMHE MaJaBHHA je 3a0eleXeHO Ha CTaHWIaMa Ha
jyrozamany, 3amaay u ceseposamany Cpouje (6mrke u3Bopy Biare). UeTupu cTaHHIE UMa]y
cMameme npeko 100 mm, oj kojux ce 3 Hajaze y jyroucroyHoj u ucrodnoj CpOuju
(Bpame, 3ajeuap u Herotun). 3akipydyjy na Ou pasjiore Tpedaao mpe CBera TPaKUTH y
MpoMEeHaMa IMPKyJIaiuje aTMocdepe.

Bypuh (1998) je ucrpaxmsao moryhe yrumaje En Huma na wimmy CpoOwuje.
VYnopehuBao je Hu30Be majaBuHa M Temneparype y beorpamy m Humy 3a nmepuox 1951-
1997. roguna ca kapakrepuctukama En Huma y Tom nepuony. 3akibydro je 1a He TOCTOjH
3Ha4YajHa cIUYHOCT m3Mel)y TpeHnoBa oBuX norahjaja, Mama ce y JocCTa MepHoja jaBJba
nokjaname ca mnojasom En Huma. [lo meroBoM MuILbewmy, AeBHjandje KIMMAaTCKHX
eJleMeHaTa ce He MCIOJhaBajy y MCTOM TpeHyTKy kajga u Enm Humo, Beh ca onmpehennm
3aKammkemeM. Kao pasnor HaBOIM /1a MEXaHM3aM IpeHomema yrumnaja Ex Huma koju Huje
YBEK UCTH, HUTH C€ OJ[BHja HCTOM OP3UHOM.

Hyuwuh n capagaumm (2006) cy uctpaxusamu Besy m3meh)y ENSO u NAO wunzpekca
ca JekamgHoOM mpomMenspuBomihy mamaBuHa y CpOuju Ha 20 METEOPOJIOMIKHMX CTaHHIIA.
CTaTHCTHYKY 3Ha4YajaH TPEH[ ITafaBiHa je youeH caMo Ha 2 cranuue (10%), mro ce ciaxe
ca n3BemrajeM [PCC 1a 3a eBpOIICKH PErHOH je TeLIKO OJPEeIUTH 3HaYajaH TPEH I aaBuHa,
HapouuTo nocie 1950. rogune. 3akpyuwnu cy Aa y nepuonay 1951-2000. romuna ENSO
oOjammaBa 79% BapujabuinHoCcT magaBuHa y CpOuju, mro "OCTaBjba Majo IpocTopa 3a
EBEHTYaIIHH JUPEKTHNW aHTpororeHn yrtunaj". IlpermocraBibajy 1a je TOKOM JieTa
M3paXEeHUjH yTHNa] ATIaHTHKa Ha NaJaBHHE, JOK Cy 3WMH II0J YTHIajeM ATIaHTHKA H
WNupo-mamuduxa.

OcuM y mpoMeHaMa IHpKyJanyje, pakTope Konebama MaJaBUHA U MPOTHUIlaja 01
Tpebamo Tpaxkutd u y mnpomeHama CynHueBe akTuBHOCTH. Duci¢ (2005) je vy
peKoHCTpycaHMM  Tpotumajuma [yHaa go 1731, youmo [BaJeCETOTOAMIIEY
MEPUOTNIHOCT, Koja OM ce MOTJIa TOBECTH y Be3y ca KojebameM meHTpa mMace CyHUYeBOT
cucTeMa.

Duci¢ u capamgaumm (2007) cy y mportunajuma JlyHaBa xon OpiaBe ImpOHAILTA
Be3y u3Mel)y uHaekca BoJHOCTH M xenmorpadekux mupuna CyHueBux mera, 1ok cy Jynuh
u Mapjanosuh (2009) yrBpauau ma mpotuiaj JyHaBa kon besmana kopecmoHmupa AA
HHJIEKCY Kao rnoka3aresby CyHUeBOr BeTpa.

" Europian Water Archive
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3akibyyak

KnumMaTcke mpoMeHe y CBeTy Mocie/mbuX JeleHnja nodylhyjy pasyMibUBy Maxmy.
Y npBoM IIaHy cy KatacTpoduuke BapujaHTe Oyayhux mpoMeHa, 3aCHOBaHE Ha XUIOTE3U
Jla 4OBeK y Apyroj mosioBuHu 20. BeKa JOMHMHAHTHO yTHYe Ha KiIuMy. MehyTum, y ciuBy
Humage, Te mpomeHe ce NOHEKIE PasjHuKyjy oA yoOMuYajeHuMX MpecTaBa 3aCHOBAaHUX Ha
npojekuujama MehyBnagunor nanena 3a kiumarcke npomene. (IPCC)

Ha rogummem HUBOY ce Ha cBa Tpu npoduia ([Tupor, bena IMananka u Hum)
yo4aBa maj MmpoTHnaja y mocMmarpanoMm mepuoay (1961-2000). To 6um O6wmno y ckiamy ca
TBpawama [PCC-a, 0 TOMHHAaHTHOM YTHIIajy aHTPOIOreHOr edekTa cTakieHe Oamre Ha
CMameme poTHraja peka y Cpouju.

Jenuna Mmereoposomka craHuna y ciauBy HwumaBe ca KOHTMHYHMpPaHMM HHU30M
rmojiaTaka Koju Huje mopemehen pacrom ypbaHor octpsa tomtore je JJumurposrpan. Ha moj
je TpeHa temmeparype y mepuony ox 1961. mo 2000. rogmue, HeratuBad (-0,0012°C mo
TOJIMHM).

Hako je oBa mpoMeHa CTATUCTHYKYA HECUTHH(DHKAHTHA, 3HAK IPOMEHE HHjE Y CKIIaIy
ca Te30M O JOMUHAIMjH aHTPOIIOTEHOT edekTa cTakieHe Oamre. To 3HaYM 1a, HU IPOMEHe
npoTtHunaja, 6ap y ropmeM Jeny ciuBa HumiaBe, y meprony HCTpakHBama, ce HE MOTY
oOjacautu TUM edekrtoM. Meljytum, 3a JIMMUTPOBrpaa MOCTOje KOMIUIETHH TOJAIU Off
1949. 1o 2007. Y tom nepuoay je no tepamama IPCC-a npucyran pactyhu ytunaj edekra
crakieHe Oamre. TpeHn TemmepaType y LEJIOKYIHOM IIOCMaTpaHOM HEpPHOLY HW3HOCH
HecurHupukanTHuX -0,0049°C mo roawHM, ITO Ce HUKAKO HE YKJana y KOHIENT
JOMHHaIMje aHTpororeHor edekra crakiene Oamre. Illta Buime, W TpeHa magaBuHa y
HEJIOKYITHOM TIEPHOJly MEHa 3HAK OJ] HEraTHMBHOT Ka MO3WTHBHOM M pacTe MO CTOMH Of
0.1175MM mo ToAWMHHM, TAaKO N1a CE€ HM OH HE yKJama y KOHIENT JOMHHAIHWje TI00aTHOT
AHTPOMOTEHOT yTHIAja 1o pernoHaIHNM Mozaennma [PCC-a

Ha ocHOBy Hammx pesynTara, ald W pe3yiTaTa IPYIHX HCTPaKHBada, MOXKEMO
3aKJbYUYHTH J1a CE TIOCIIEABHX JeleHNja He qoral)a HUITa ApaMaTuiHO ca KIMMOM, Kao U Ja
Cy IPUCYTHE TIPOMEHE, MOCIIENLIA, IIPE CBETa, CMEHE MPUPOAHUX IuKiIyca. C THM y BE3H, U
MpojeKIjaMa eBEeHTYaIHHX TIIpoMeHa KimMe Yy OyayhHoctH Tpeba mpHCTynmuTH
KOMIUIEKCHH]je, nMajyhy y Buy cBe MoTeHIjaIHe GaKkTope.
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POSSIBLE CAUSES OF COMTEMPRORAY
NISAVA RIVER DISHARGE VARIABILITY

Abstract: Nisava River is the largest tributary of the South Morava River of length 248 km, of which 151 km is in
Serbia. Annually to all three hydrological profiles (Pirot, Bela Palanka and Nis) in the reporting period (1961-2000)
has been observed decrease in discharge. That would be in accordance with the IPCC's claims about the domination
of the influence of anthropogenic greenhouse gases on the reduction of rainfall and discharge in Serbia. However,
the area of the Nisava basin in the second half of the XX century has shown decrease in air temperature. The station
Dimitrovgrad, in the upper part of the basin, from 1949 to 2007 showed trend of annual temperature of -0.0049 °C
per year, which does not fit to the concept of dominance of anthropogenic greenhouse gases. And the trend of
rainfall in this period, changes sign from negative to positive (0.1175mm per year), so that it does not fit the
concept of domination of the global anthropogenic impact on regional models of IPCC. Regarding to this and
projections of possible climate change in the future all potential climatic factors should be taking into account.

Key words: Nisava River, discharge, climate change
Introduction

Recently, climate change caused attention of media and scientific community. The
first insight is related to catastrophic visions of future climate change. Starting from the
concerns of the scientific community, based on years of research, the Intergovernmental
Panel on Climate Change (IPCC) fourth report (2007)* concluded that climate change in the
second half of the XX century is related to the dominant anthropogenic influence. It is
thought mainly to emissions of greenhouse gases, caused by burning fossil fuels. This led
according to IPCC to a rise in global temperature and the intensification of the global
hydrologic cycle.

Labat et al. (2004) have analyzed the impact of climate change on the global
hydrological cycle and increase the amplitude of the global discharge during the last
century, compared to the measured temperature rise. The database included the period 1875-
1994. The analysis included 221 rivers and 60 in Latin America, 51 in Asia, 40 in Europe,
33 in South America and 31 in Africa. It has been observed that the decline in temperature
during 1875-1925 was associated with reduction of global flow in the same interval. In
contrast, during the interval 1925-1994 the trend of the increase was recorded in temperature
and discharge. They concluded that the global discharge increases 4% with global
temperature growth of 1°C. They have noticed that this trend is in accordance with
contemporary research, pointing to a global increase in precipitation. They also stated that
the global discharge should be considered in the continental scale where they present a
growing (Latin America, Asia, South America), stable (Europe) and downward (Africa)
trends". At the end they claim that their work provides the first experimental evidence based
on the data, the connection between global warming and the intensification of the global
hydrologic cycle.

Legates et al. (2005) criticized the work of Labat et al. (2004) and claiming that their
conclusions do not derive from the presented data. As the lack of, they said that data show

! Mp Jenena Jyxosuh, uctpaxusau npunpasuuk, ['eorpadeku daxynrer, Beorpas.

2 http://ipcc-wgl.ucar.edu/wg1/docs/ WG1AR4 _SPM_PlenaryApproved.pdf

This paper presents results of the investigation on the project 146005 founded by Ministry of Science and
Technological Development of Republic of Serbia.
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non-climatic influences and trends, and their conclusions cannot explain the connection
before the 1925th year. In addition, the statistical significance of their results depends on the
selected data particularly affecting the slope of the regression line. They believe that Labat
et al. (2004) have not provided sufficient evidence to support the hypothesis of global
hydrologic cycle intensification.

On the other hand, the Hydro-meteorological Institute in 1994 issued the internal
publication "Contribution to the study of rainfall and drought". In the introductory is
accepted '"catastrophic" wvariant of future climate change under the influence of
anthropogenic greenhouse gases. Starting from the index of drought given by Leltau-Bydiko
based on data for Belgrade, the threshold in amount of rainfall of 530 mm is determined for
semi-arid areas. Northeastern part of the country according to the forecasts in 2000 years
may experience the criteria of semi-arid areas. Up to 2010 this area should be spread to the
southwest, while two new semi-arid areas will appear (in eastern and southeastern and
southern Serbia). Semi-arid areas will be spreading until 2020 in the same direction, so that
in eastern and southeastern part of the country large areas would get the characteristics of
semi-arid areas. This area would be limited to line Negotin-Majdanpek-Kragujevac-Cuprija-
-Josanicka Spa-Tutin-Presevo.

Considering the above mentioned we have tried in this paper to determine whether
the observed climate change in a second half of the XX century has caused discharge
changes of Nisava River in South-eastern part of Serbia.

The water balance of Nisava River drainage basin

Overland flow in Nisava river basin can be presented by formula of linear regression
(Zivkovi¢, 1994):

C=-1.0626 + 0.0017 * X, + 0.0029 * Kr + 0.0023 * Ss
where:

C — is estimated coefficient of overland flow, X, — the average amount of precipitation over
long period of time (mm), Kr — limestone area (%), Ss — sedimentary rocks area, without Kr
(%).

Limestone rocks are specially treated in sedimentary rocks because of importance
in overland flow. This model is most preferable because it includes beside precipitation also
types of geologic structures that are most common in the basin, where the limestone is
41.1%, and other sedimentary rocks 24.0%.

The area in which forms the largest part of the Nisava basin waters of is drainage
basin of Temska River. Although a fifth of its basin covers, Temska River provides 44.4%
of all water. In addition, this area is typical of low evaporation, and with the largest overland
flow of 63%. Some of its parts are in this respect more pronounced. Toplodolska River
which is a component of Temska River, almost all cut in the old red sandstone of Stara
Mountain has specific discharge rate of 24.30 1/s/km’. High value has Dojkinacka river,
right tributary of Visocica. It goes overland even 78% of the total amount of atmospheric
waters, which is 23.92 1/s/km” (among the highest values in Serbia). The large amount of
rainfall drained from the peaks of Stara Mountain which exceeds 1000 mm also contributes
as well as large slope of valley sides. Of the total quantity of water Temska River, in the
territory of Bulgaria is formed 13.6% or less than 2 m*/s. The second important tributary of
Nisava River is Jerma River. Its average discharge at the confluence is 6 m’/s, and the
coefficient of overland flow 0.3.
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It is obvious that the water flowing through Pirot, Bela Palanka and Nis valleys
represent almost the entire water wealth of the territory. Hydrological anomalies in the
Nisava basin expressed in increasing specific runoff downstream of Dimitrovgrad reflect in
the importance of tributaries of the main river. Jerma River in its confluence carries an
average of 6 m’/s and at the same place Nisava River 4.36 m’/s. Therefore, downstream
profile in Pirot gives greater value than the one specific runoff in Dimitrovgrad. The same is
with the relationship Pirot-Bela Palanka. Temska River which flows into the Nisava River
between these two profiles has specific runoff 17.13 l/s/kmz, which is 1.84 m’/s more than
Nisava River has in the same place (with Jerma River). So despite the increase of the Nisava
basin from Pirot to Bela Palanka for 1300 km?, the specific runoff Temska River is higher in
Bela Palanka. Nisava basin drains about 1 km® of water per year.Our territory makes 75% of
water and Bulgaria 25% (similar relationship in areas). Runoff is 245 mm while evaporation
of 475 mm, based on annual rainfall of 720 mm gives runoff ratio of 0:34.

Discharge of the Nisava River

Nisava is the largest tributary of the South Morava River length of 248 km, of which
151 km in Serbia. It originates in the territory of Bulgaria and in our country enters near
Dimitrovgrad. It is the richest in water tributary of the South Morava River. Channel width
varies, so at Dimitrovgrad is only 8-10 m wide and 30-50 cm deep, while at Bela Palanka
wide up to 60 m and deep up to 2 m. Nisava river discharge is measured in three profiles:
Pirot, Bela Palanka and Nis.

Figure 1. Cross section on profiles Pirot (left) and Nis (right)

Change in discharge of Nisava River is considered on three stations: Pirot, Bela
Palanka and Nis in the period 1961-2000.

Area of Nisava drainage basin on the profile of Pirot, is 1 745 km?, with "0" altitude
of the observations on 364.27 m. The average annual discharge is 11.71 m’/s. Discharge
variability is in the interval between 7.59 and 15.83 m?/s. The highest average discharge was
recorded in 1963 and was 22.44 m’/s. The lowest average discharge of 5.87 m’/s was
recorded in 1968 and 1994 year. At this station has recorded a slight decrease in annual
discharge 0.03 m*/s (0.24%) per year.
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Figure 2. Discharge on Pirot profile

Maximum value of discharge of 234 m’/s is measured on 15th February 1969 and 7th
June 1976 year. The average value of maximum discharge is 104.18 m’/s, while the



270

variability in the interval 48.03-160.33 m’/s is usual. Maximum near Pirot reported to
express downward trend, while the reduction is 2.83 m*/s per year.

Discharge of 0.42 m*/s (18 September 2000) is the lowest measured discharge at
Pirot. The average value of the minimum discharge is 2.46 m*/s, while the usual minimum
variability in the interval between 1.38 and 3.54 m’/s. Minimum and maximum show a
downward trend, with an annual decline of 0.04 m?/s.

Observed by season, discharge shows a growing trend in autumn and winter season.
The larger increase in discharge in the autumn season is 0.03 m’/s (0.66%). Spring has a
discharge downward trend, while the reduction is 0.18 m*/s (0.94%) per year. Discharge in
the summer season does not show any trend.

Drainage basin area near hydrological gauge at Bela Palanka is a 3 087 km?, with "0"
altitude of the observations is on 283.15 m. The average mean annual discharge is 22.57
m’/s. Default discharge variability is between 15.49 and 29.65 m®/s. The greatest annual
discharge was recorded in 1970 and was 35.2 m*/s, while the lowest value recorded in 1994
was 9.12 m’/s. Analysis showed that the annual discharge shows downward trend, with
annual reduction amounts to 0.32 m*/s (1.1%).

Maximum discharge is recorded on 8th June 1976 of 456 m’/s. The average
maximum discharge is 179.06 m®/s, with the usual variability between 82.97 and 275.15
m’/s. Analyzing the data it has been found decrease of the maximum discharge for 4.25 m*/s
per year.

Low value recorded at stations Bela Palanka is only 0.5 m*/s, which is measured on
5™ October 2000. The average value of the minimum discharge is 4.23 m’/s with the usual
variability between 2.53 and 5.93 m’/s. Minimum also showed downward trend while
discharge decreases of 0.07 m’/s annualy.
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Figure 3. Discharge on Bela Palanka profile

Analysis of the seasonal flow shows downward trend for all four seasons. The
greatest reduction in discharge is in the spring season, when discharge decreases 0.71 m®/s
(1.3%) per year. The least reduce is in the autumn season 0.1 m*/s (0.78%) per year.

The area of Nisava River basin in Nis profile is 3 870 km?® with "0"altitude of the
observations of 187.88 m. At this station there are no observations in 1988, because in the
period 1987-1988 a channel regulation is made through Nis. The average annual discharge
is 28.43 m’/s, while the usual variability is in the interval between 19.19 and 37.67 m’/s.
The greatest mean annual discharge was recorded in 1963 with the amounts of 54.05 m’/s.
The lowest annual discharge is 11.67 m’/s which was recorded in 1994 year. Analysis
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showed that the annual discharge showed downward trend, decreasing for 0.42 m’/s (1.15%)
per year.
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Figure 4. Discharge on Nis profile

Discharge of 577 m’/s is the highest recorded discharge at this station in that period
observed on 19 February 1963 year. The average maximum value is 209.33 m’/s, where as
normally are fluctuations between 91.18 and 327.48 m’/s. Maximum, and mean annual
discharge recorded decline, with a decrease 6.14 m*/s per year.

Low value of flow was recorded on 18th October 2000 and was 0.9 m’/s. The
average value of the minimum discharge is 5.5 m’/s while the usual fluctuation of the
minimum is between 3.29 and 7.71 m*/s. Analysis showed that at least a downward trend of
0.1 m*/s per year.

If we take a look on change in discharge per season, in all four seasons is recorded
fall. The least reduce of discharge is in autumn season and to 0.1 m*/s (0.67%) per year. The
greatest reduction in discharge is in spring 0.95 m*/s (1.37%) per year.

Discussion

As it can be noticed, on annual basis to all three profiles (Pirot, Bela Palanka and
Nis) there is observed decrease in discharge in the period 1961-2000. That would be in
accordance with the IPCC's claims and Hydro-meteorological Institute of Serbia, about
dominant influence of anthropogenic greenhouse effect on discharge decrease of rivers in
Serbia.
In the second half of the XX century there has been increase in the concentration of
CO, which at the end the century rose to 0.037% and it may affect the temperature increase.
This has led Ducic and Radovanovic (2005) to observe temperature differences between the
decades 1991-2000 and 1951-1960 at 20 meteorological stations in Serbia. The increase was
observed in 16 stations. The fall was not recorded in any station, while in 4 there was no
change. Different results were obtained using a linear trend, where in 15 stations the trend
was positive, and in 5 negative. They observed that "the largest increase recorded by the
stations in the east, facing Vlaska Plain, and parts of Vojvodina (north) and the northwestern
part of Serbia. However, in parts of South and Southeast Serbia linear trend values are
negative". The existence of regional trends refers them to search for possible circulation
reasons. They used the typology developed by Dzerdzevskij, who was singled out 3 basic
types of circulation in the northern hemisphere. They got the correlation coefficient of 0.8
between the dominant type of circulation and high decadal temperature in Serbia. Based on
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this they concluded that the temperature increase in the last decade of the XX century is
predominantly conditioned by changing the type of circulation.

In the area of the basin Nisava in the second half of the century it came to XX the
fall of temperature, which would mean that the flow changes cannot explain the dominant
influence of anthropogenic greenhouse effect. However, the discharge is related to the
period, which began the decade later.

We have observed meteorological data for the period from 1961 to 2000. It has
been noticed that the meteorological station in Nis still shows temperature increase of
0.0119 ° C per year. However, Nis became a big city with a definite increase in urban heat
islands, which emphasized the regional temperature changes. The hydrological profile of
Bela Palanka does not have hydrological station of the first order, while the profile of Pirot
has interrupted observation. The only weather station in the Nisava basin with continuous
series of data that is not disturbed by growth of the urban heat island is Dimitrovgrad. In
station the trend of temperature in the period from 1961 up to 2000 was also negative
(-0.0012 °C per year).

Although this change is statistically insignificant, the sign change is not in
accordance with a thesis of the dominance of anthropogenic greenhouse effect. This means
that any changes in discharge, at least in the upper part of the Nisava basin in the period of
research, cannot be explained by this effect. However, Dimitrovgrad, has complete data
from the 1949 up to 2007. In that period, according to the IPCC's claims present a growing
influence of greenhouse gases. The trend of temperature in the entire monitoring period is
insignificant -0.0049 °C per year, which does not fit to the concept of dominance of
anthropogenic greenhouse gases. Even more, the trend of rainfall in the entire period,
changes sign from negative to positive and growing at a rate of 0.1175 mm per year, so he
does not fit in the concept of domination of the global anthropogenic impact on regional
models of the [IPCC and a Hydro-meteorological Institute.

It is interesting that in Dimitrovgrad in the last ten years, since 1998 to 2007 still
present the fall of temperature (-0.0132 °C per year). However, periods shorter than standard
meteorological series of thirty years are not reliable and may create a false picture of long-
term changes. Because of that we observed thirty years running periods, with a displacement
of one year. It turned out that the period 1949-1978 is approximately 0.2 °C warmer than the
last, 1978-2007. It definitely does not indicate the presence of growing anthropogenic
greenhouse effect, but is still concerned, primarily, on the natural cycle of climate shifts,
which may mean that the dry episodes of different intensity appeared before.

In the neighboring countries researchers have got similar results.

A joint investigation carried out by the Sofia Institute of Meteorology and
Hydrology (Alexandrov and Dakova) and the Istanbul Technical University (Askoy and
Dahamshed) clearly indicates an annual decrease of air temperature and precipitation,
during the period 1961-2000, in the Southern part of the Bulgaria and in the North-Western
part of Turkey, as well as some drought episodes during the 20th century.

Nevertheless, Trajanoska from the Macedonian Hydrometeorological Services
(Skopje) and Kaevski from the Macedonian Water Development Institute (Skopje), using
statistics methods, did not observed any significant change.

Stojov (Fyr Macedonia, Hydrometeorological Services, Skopje) observed that
decreasing trend of precipitation in the Vardar river catchment, especially in the last decades
(for the period 1961- 2000), has direct influence on water quantity in all stream flows in this
region. This scientist considers that low water discharges, observed especially in the
summer, can be related to global climate change but he underlines that continuous
measurements on hydrological and meteorological parameters are needed to confirm this
hypothesis.
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Alexandrov (Bulgaria, National Institute of Meteorology and Hydrology, Sofia
provided an overview on climate variability and related drought in the Balkan Peninsula.
Available hydro-meteorological data indicate that droughts have occurred frequently
through the last century in Europe and that they are part of the climatic cycle, especially in
Southern Europe.

Koleva, Alexandrov and Slavov (Bulgarian National Institute of Meteorology and
Hydrology) investigated annual and seasonal precipitations in the lowest and highest areas
of Bulgaria. They observed several dry events during the 20th century, mainly in the 1942-
1950 and the 1982-1994 periods. For instance, during the 1982-1994 period, rainfalls
decreased by 50% in respect to “normal”ones.

And numerous other authors have shown that the last decade, and longer periods is
not anything dramatic happens, and that is simply a cyclical change.

Cluis and Laberge (2001) used discharge records from the database GRDC® in
Koblenz to determine whether there was intensification of Earth's global hydrological cycle
due to global warming. The study included 78 rivers across the Asia-Pacific region. Mean
start date was 1935 + 5 years, and the final in 1998 + 1 year, which represents semi-
centennial time span. Results showed that the middle river discharge was unchanged in 67%
of cases, and in cases where there were trends - 69% was descending. Maximum river
discharge was unchanged in 77% of cases, where there were trends 72% of them were
descending. Minimum river discharge was unchanged in 53% of cases, while in cases where
they were trends - 62% were growing. This prompted them to conclude that the changes of
discharge in contradiction with the results of the I[PCC.

Pekarova et al. (2003) have observed changes in discharge in 11 rivers of West and
Central Europe and 6 rivers in Eastern Europe. The analyzed data do not show a significant
change of discharge in the period 1810-1990. For the Rhine and Danube was noticed that
under the strong influence of the Alps they have similar variability of discharge. Decreasing
in discharge was observed only on the Dnieper, Don and Volga in the period 1881-1990.
The other major rivers have not shown any increase or decrease in flow, but only a cyclical
alternation of dry and wet periods.

Walling and Fang (2003) have, in addition, to analysis of suspended sediments in
145 the world's major rivers, at the same time observed and changing in river discharge on
them. In145 rivers, 100 of them showed stable values of flow, while the 45 rivers in which
the observed changes - 32 showed a decrease in flow values, which is not in accordance
with the results of the IPCC.

Milliman et al. (2008) have observed the discharge of rivers in the global ocean in
the second half of XX century. The sample included 137 rivers draining about 56% of the
global ocean. In the period 1951-2000, the cumulative discharge of these rivers remained
statistically unchanged. Also, they said that the precipitation on the ground in that period
were statistically unchanged. They concluded that discharge or precipitation did not change
during the second half of the XX-century, which is not confirming the intensification of the
global hydrologic cycle.

Studying the cyclical nature of water and dry periods on larger rivers in Serbia dealt
Ocokoljic (1994). The Danube is processed in 150 years period in the Iron Gate, while the
other rivers, 60 years period. In addition, "frequency of dray and wet periods was also
investigated, with their classification of the amount of water, with reference to forecast
changes in the characteristics of swelling in the coming years". They concluded that the very
dry and very wet years in most of the river occur on average every 20-30 years. Forecasts to
the Danube by the end of XX and the first decade of the XXI century we should expect
more very dry years. On the Tisa and the Sava and the Velika Morava, Western Morava and

3 Global Runoff Data Centre
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Ibar River, is more likely to appear very dry, than very wet year. The opposite conclusion is
the Drina and Lim River, where the dray period was expected. However, the Nisava River
and Crnica can experience very dray and very wet periods.

Salvai et al. (1994) have analyzed the cyclical nature of major rivers of Yugoslavia
on a sample of 4 stations for the period 1931-1990. The station Bezdan (Danube River)
showed periods of 14 and 30 years, Senta (Tisza River)14 and 38 years, Sremska Mitrovica
(Sava River) 14, 20 and 36 years, for Ljubi¢evski most (Velika Morava River) 8, 14 and 20
years. On this basis they concluded that "the annual discharge of these rivers is cyclic, with
more or less expressed periods". They indicated that when statistical analysis is needed for
each series determined by applicable period because of the different characteristics of
catchments and average annual discharge regime. They stated a hypothetical conclusion,
that the extrapolation of integral functions model discrepancies’” in that period since 1994 in
analyzed rivers we can expect the emergence of larger average annual flow and a period of 4
to 7 years". Salvai work from 2000* gave the same conclusions for the period 1931-1998. It
is believed that "in the coming period since 2007 and a period of 4 to 7 years, can expect a
smaller mean annual flow, and thus the lack of favorable rainfall in a river basin". At the end
of this they state that this should be understood, however tentatively.

Ducic et al. (2006) have studied long term discharge in hydrological gauge Orsava
flow the Danube River for the period 1841-2000. The authors said that "a strictly
mathematical perspective, the changes in Orsova discharge of the Danube, and other
hydrological indicators can be considered statistically insignificant. Nevertheless, although
changes are statistically insignificant, they are existing and are subjected to interpretation".
Analysis of possible anthropogenic influences concluded that the discharge increased and
became less extreme. Similar results have come by Ducic and Nikolic (2007).

Isailovic and Srna from the Institute for Water Management "Jaroslav Cerni" in
their project included analysis of trends in average annual discharge at several stations for a
series of data in the period 1931-1994. They observed that for all stations except in those at
the Tisza River, there is negative trend. Concern about the reduction of discharge is
increased with the appearance of dry period that began 1982. In contrary the short period
during the 155 years of the Danube (Orsova) observed a slightly increasing trend, but it is
statistically insignificant. At the end of the conclusion that the dry period may not be
entirely attributed to climate change, but "probably in good part a consequence of the usual
fluctuations of swelling" where you should ignore the global changes in the atmosphere.

Smith et al. (2006) have analyzed the history of global rainfall during the period
1979-2004. Found that the largest variations of rainfall "associated with ENSO (El Nifio
Southern Oscillation) and doesn’t have a trend". The variations that are not associated with
ENSO and exhibit a trend, consider that this trend was "associated with increased rainfall
over the tropical Pacific and Indian Oceans associated with the local heating of the sea".
They concluded that this increase is compensated by reducing rainfall in other regions where
the average "global change" close to zero.

Media campaign on the current strong droughts led the Hisdal et al. (2001) to
examine what the data show for Europe. These were conducted analysis of more than 600
daily discharge records from EWA® to determine trends in volume, length and frequency of
drought during the four periods: 1962-1990, 1962-1995, 1930-1995 and 1911-1995. They
argue that despite some reports of droughts in mid 1980s and early 1990s, there are clear
indications that dry conditions will become more intensive and frequent. State that the

* The paper “The investigation of periodicity in average annual discharge” has been received by E mail from the
author.

 www.jcerni.co.yu/projects/emon2.pdf
® Europian Water Archive
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number of negative trends (which means less dry events) exceeds the number of positive
significant trends.

Regarding the causes of contemporary climate change and discharge, they could be
related to changes in ocean and atmospheric general circulation.

According to IPCC projections for the region of Southern Europe in the future will
be affected by high temperatures and droughts. Ducic and Radovanovic (2005) have got
correlation coefficient of 0.14 between the annual amount of rainfall in Belgrade and the
concentration of CO,. The coefficient of determination is 0.019 which means that changes
in the concentration of CO, explain 1.9% of the amount of rainfall fluctuations decade. If
you look regionally, increase the amount of rainfall was recorded at stations in the
southwest, west and north-west of Serbia (closer to the source of moisture). Four stations
have a reduction of over 100 mm, of which 3 are located in the southeastern and eastern
Serbia (Vranje, Zajecar and Negotin). The authors concluded that the reasons should be
primarily searched in the changes of atmospheric circulation.

Curic (1998) investigated the possible influence of El Nifio on the climate in Serbia.
The author compared the sequences of rainfall and temperature in Belgrade and Nis in the
period 1951-1997 with the characteristics of El Nifio during this period. He concluded that
there is no substantial similarity between the trends of these events, although a lot of time in
a match occurs with the appearance of El Nifio. In his opinion, the deviations of the climatic
elements do not exhibit the same time, and El Nifio, but with some delay. As a reason for it
the author states to influence the mechanism of transmission of El Nifio, which is not always
the same, or is going the same speed.

Ducic et al. (2006) investigated the relationship between ENSO and the NAO index
with decadal variability of precipitation in Serbia in 20 meteorological stations. Statistically
significant trend of precipitation was observed only at 2 stations (10%), which is in
accordance with the IPCC report that is difficult to determine a significant trend of rainfall
for the European region. He concluded that in the period 1951-2000 ENSO explains 79%
variability of rainfall in Serbia, "which leaves little room for any direct anthropogenic
influence". Assume that during the summer of the Atlantic pronounced impact on
precipitation, while in the winter is under the influence of the Atlantic and Indo-Pacific.

Apart from changes in circulation, the factors of rainfall and river flow fluctuations
should be searched in changes of solar activity. Ducic (2005) has noticed in reconstructed
series of Danube River discharge 20 years periodicity up to 1731, which could be related to
the changes of the center of mass of the solar system.

Ducic et al. (2007) in the discharge of the Danube River at Orsova find a link
between the index showing the amount of water and solar latitudes, while Ducic and
Marjanovic (2009) have found that the discharge of the Danube River at Bezdan is
corresponding to AA index as an indicator of solar wind.

Conclusion

Climate change in the world recently excites reasonable attention. In the foreground
are the catastrophic variant of future changes, based on the hypothesis that the man in the
second half of the XX century the dominant influence on climate. However, in the Nisava
drainage basin, these changes are somewhat different from the usual performance based on
projections given by Intergovernmental Panel on Climate Change (IPCC).

Annually to all three profiles (Pirot, Bela Palanka and Nis) observed decrease in
discharge in the observed period (1961-2000). This would be consistent with the allegations
and the IPCC, the dominant influence of anthropogenic greenhouse effect on reducing
discharge in rivers of Serbia.
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The only weather station in the Nisava basin that has continuous series of data not
disturbed by growth of the urban heat island is Dimitrovgrad. This station shows the trend of
temperature in the period since 1961 to 2000, negative (-0.0012 ° C per year).

Although this change is statistically insignificant, the sign of change is not in
accordance with a thesis of the dominance of anthropogenic greenhouse gases. This means
that any changes in discharge, at least in the upper part of the basin Nisava in the period of
research, cannot explain this effect. However, Dimitrovgrad has complete data from the
1949 to 2007. In that period, according to the IPCC's claims of present growing influence of
greenhouse gases. The trend of temperature in the entire monitoring period is insignificant -
0.0049 °C per year, which does not fit to the concept of dominance of anthropogenic
greenhouse gases. Even more the trend of rainfall in the entire period, changes sign from
negative to positive and growing at a rate of 0.1175mm per year, so he does not fit in the
concept of domination of the global anthropogenic impact on regional models of IPCC

Based on our results as well as on the results of other researchers we can conclude
that in recent decades is not anything dramatic happening with climate, and present changes
may be related to natural cycle. In this regard, and projections of possible climate change in
the future lat of potentials factors should be taken into account.
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