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KJIMMATCKE IPOMEHE 1 BOJHOCT PEKA
- IPUMEP KOJIYBAPE, BEJIN BPO/I
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Caskerak: Y paay ce aHaIM3Upajy KIMMaTCKe IPOMEHE U HUXOB YTHIj HA BOAHOCT peka. OBa mpobiemarHka je
BEOMa akKTyellHa y CBeTy, Maja ce y CpOuju 1b0j Huje TOBOJBHO IOKJIamkalla Maxmba. Y IPBOM ALy paja ce H3HOCe
CTABOBH JIB€ HEIIOMHpJHHBE IO3HIMjE, OHUX KOjU NPOTEXKUpAjy CTaB O YTULA)y JbYAU HA IojadaBame eexTa
crakyieHe Gamite, ¥ OHUX KOjH MCTHYY Ja je TO MOCJeAula NpUpOAHUX (akTopa. HajBuine maxme ce MOKIama
[IpOMEHaMa TeMIepaType U nagasuHa. CBpcTaBame ayTopa y rpyIly OHHX KOjH Cy CKIOHH]jH MCTHIAY IPUPOIHUX
(eHoMeHa je oKa3aHO Kpo3 aHaNM3y Kojebama nmpotuiaja pexe Komybape Ha xuzapornomkoj crannue bemm bpog.

Kibyune peun: xonebame KIuMe, TeMIIepaTypa Ba3ayxa, aJaBuHe, IpoTunaj, Komybapa.

YBoa

Mehysnagun manen 3a kiauMacke npomene (Intergovernmental Panel on Climate
Change - IPCC, 2001, 2007), 3acTyma CTaHOBHINTE Ja je AOMHHAHTaH Y3pOK Iopacra
TeMIepaType Ba3Iyxa y Opyroj mooBHHA XX U nodetkoM XXI Beka aHTpororeHu GakTop,
OJHOCHO TopacT arMocdepcke koHmeHTpannje CO, u npyrux racosa. I[Ipema muma mopact
TeMIIepaType Ba3ayxa Ha IUIAHETH, MOTao O MHTCH3MBUPA TTI00ATHU XUAPOJIONMIKH [IUKITYC,
onHocHO ToBeha KOJMMYMHY MagaBMHA M MPOTHIA] peKa Ha TiobamHoM HHUBOY. Ca apyre
CTpaHe, MOjeIHI ayTOPH M3HOCE apryMEHTe y KOPUCT JOMHHALMje NMPUPOIHUX (aKTopa y
KoJe0amy TeMIepaType Ba3ayXxa, KOJMYMHE NalaBUHa U MPOTHIAja peKa.

V u3semrajy IPCC nocBeheHOM pernoHaIHOM aclekTy KIMMAaTCKHX Kojebama' ce
Kaxe ja ,,J mopex Tora mITO MOCTOje M3BECHE PErMOHANIHE Pa3jMKe, y LEIWHH TJIeJlaHo,
HU30BU TOAMIIBMX KOJMYMHA NajaBuHa y EBporm He mokasyjy HUKakaB 3HayajaH TPEH[,
nocebno HakoH 1950. rogmue’. [akne, mo IPCC y EBponm Huje OWIO CTAaTHCTHYKH
3HA4ajHOT TPEH/A MaJjaBuHa. Y MCTOM JOKYMEHTY ce Jajbe Kaxe 1a he y HeKHM pernoHuMa
EBpone mohm mo cmamema mportumaja (Mahapcka, ['puka), a y apyrum no mosehama
(bputanuja, ®unCcKa, YKpajuHa), yCIIea aHTPOIIOTEHOT eeKTa CTaKJIeHe OarTe.

" E-mail: dragan.buric@meteo.co.me
Pan npencrasiba
'http://www.grida.no/climate/ipcc/regional/097.htm
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Cnuka 1 mokasyje ma y peruony JyxkHe EBpore roauimme cyMe magaBuHa TOKOM
XX Beka uMajy TpeHaoBe oba 3Haka. Wnak, y Behem neny Meaurepana roauilmbe cyme
MajJlaBiHa Cy Ha Kpajy Beka Mmame Hero modetkoM 1900-ux roxmHa. Y MCTOM TEpHOIY,
TOAMIIE CyMe INaJiaBUHAa Ha MPOCTOpy banmkaHCKOr moiyocTpBa IOKa3yjy Onaru TpeHA
pacta, TeHepasHo.

Annual precipitation trends: 1900 to 2000
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Cuamka 1. Tpena roauimyx cyma najasuHa y 20. BeKy y NpOLEeHTHMA
Hopmaue 3a 100 roguna (%H/100r) (IPCC, 2001)

3a CpOuje y, npenBuha ce cMmameme mnagaBuHa 3a 1% mo Jekam, JOK ce
HajU3pa3uTHjH T1a]] OUeKyje Y TOILIN]jO] OJOBHHU FOJMHE - OKO 22% KpajeM OBOT BeKa.

Jlakie, yKOJHMKO ce 0OMCTHHE mpojekiiyje moBehama racoBa y aTMoc(epu, MOICITH
IPCC mpensuljajy 3HATHO TOIUIH]Yy KJIMMY, HAPOYMTO TOKOM JICTEUX MECEIH, Ka0 U Mamy
KoymuuHy najgasuHa y JyxxHoj EBporn. Omura onena je na he peruon Jyxue Eporne 6utn
norojeH BUCOKMM TeMIepaTrypamMa M cymiama, Te he HeTto edekTH OWTH YITIaBHOM
HETaTHBHUjH Ca PACTOM MHTEH3HUTETa KIMMATCKUX ITPOMEHA.

Mogenupame MpoMeHe KOJIWIHMHE Na1aBUHA je 3HATHO KOMIUICKCHH]jE Y OHOCY Ha
temmnepatypy. Wnak, momenn IPCC mnpensubajy mopacT 3MMCKHX CyMmMa MajJaBUHAa Ha
npocropy EBpore y nennnu, y npoceky 3a oko 21%. Mehytum, y nojenuHAM AeIoBUMa
Jyxue EBpomne ce u 3uMu MOXKe OUYEKHUBATH CMamkehe MaJaBiHa. JIeTH ce 04eKyje CMambemhe
KonIMuuHe nagasuHa y Behem nemy EBpore, 3a 11eo KoHTHHEHT 0KO 11%, a 'y oOmactu JyxHe
EBporne oko 22% 10 kpaja Beka, ciimka 2.

MHOTM Hay4HHUIM ce He ciaxy ca oBakBuMm craBoBuma IPCC-a. Ilomasehu on
CTaBOBa J1a Cy MOIUIaBe JaHac 0e3 mpecenaHa ycien riobaiHor 3arpeBama, Pielke (1999)
Ka)ke Jla Cy MEAMjU CKJIOHM Jla CBaKM EKCTPEMHH BPEMEHCKH jaorahaj moBexy ca pacToMm
riobaiHe Temreparype. Y UCTOM pajay ayTop UCTHYE Ja je ’3ampaBo HeMoryhe mpumucaTiu
MHOT'¢ BpeMeHcke noraljaje riobasHOM 3arpeBamy’’. Y NPHIOT TaKBO] TBPIEHH, HABOIU
OpojHe HexIMMaTcKe (paKTope KOju MOTY YTHLATH Ha IoIuiaBse y OyxyhHoctu.

Labat u np. (Labat et al., 2004) noBoze y Be3y XHUAPOJIOMIKH HUKIYC W TIIOOATHO
ororspaBame. OHN yo4aBajy Jia je omajame Temieparype y nepuoay 1875-1925. nmosezano
ca CMamkeHhEeM TII00ATHOT IPOTHUIlaja (TIPOTHUIIAj TITABHUAX CBETCKUX peka). OBa TeHIIeHIH]a je
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cympoTHa y nepuony 1925-1994. romuna. AyTopu 3aKipydyjy Oa TI00aTHH IPOTHUIA] pacTe
oko 4% mpu pacty riobanHe temneparype on 1 C. lakie, BUX0OBa HCTPaKUBamba yKasyjy
Ha miobanHO moBehamwe majaBuHa, TBpAchH 1a HHUXOB paj ,J0Kasyje Be3dy wusMely
rJI00AITHOT 3arpeBarmba U MHTeH3U(HKAIH]je TII00aTHOT XUPOJIOUIKOT IIHKIyca’’.

Precipitation: change in seasonal amount
(a) DJF (b) MAM
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Cauka 2. Ce30HCcKe NpoMeHe KOJIM4YMHe najgaBuHa y EBponu 10 kpaja Beka
(y % nopmaie 1961-1990): (a) 3uma; (b) npouehe; (c) jero; (d) jecen
(http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils_docs/other/EUR_23291.pdf)

Ca nmpyre ctpane, Legates u np. (Legates et al., 2005) kputukyjy pan Jlabata u
capagHuKa, TBpAchy Ja ce BUXOBU 3aKJbyUIM 0a3mpajy Ha MojarrMa Koju caapike OpojHe
rpelike, HeolpaBaane PeayKIifje, OJHOCHO HHTEPIOJAlUje U eKCTpanoialije, HeKOPEKTHE
[IPOpadyHe M Apyre TPelike y KBaIUTETy NofaTaka. AyTopH Takohe cMaTpajy fa 4ak U 1a ce
NPETHOCTaBH Ja Cy MOJAlM TaYHU U NPOpavYyHH KOPEKTHH, 3aKibydl Jlabara u caprHuka
He MOry o0jacHMTH Be3y 3a mnepuoxa mpe 1925. ronunHe, oJHOCHO Ja HUCY 00e30eannu
JIOBOJBHO JIOKa3a 32 U3HETE TBPAE.

Huntington (Huntington, 2006) mona3u oj KoHcTaraluje a MOCTOjH ,,TEOPUjCKO
oyeKkHBame Ja he oToIubeme pe3yiaTupaT noBehameM eBamopauyje ¥ NajgaBHHa, WTO he
JIOBECTH 10 XHUIOTe3e Ja he jeqHa oJ TJaBHHX IMOCIenuIla OWTH WHTCH3H(DUKanuja
(yOp3ame-nojauarme) BoJIeHOT MuKiyca’ . FheroBa ucrpakupama Mokasyjy Ja cy NaJaBuHE
M3HAJ KoIHa mopaciie y epuoxy 1900-1998. 3a oko 2%, &1a je mpoTHIa] ,,[ITaBHUX CBETCKIX
peka’’ mopacTtao 3a oko 3% y mepuony 1910-1975. rommHa U Aa Cy NOHOBHE aHalu3e
TpeH/IoBa ,,MIOTBpAWIE MoBehamke y CBETCKOM KOHTHHEHTAJHOM IPOTHIAJy TOKOM XX
Beka’’. AyTop majbe MCTHYE Ja MPETXOOHO HM3HETO CyTepHIle Ia TI00aTHO 3arpeBame
3aicTa MOXKe H0jayaTH XUIPOJIOMKH IHKITyc. MehyTHM, OH HaBOAW Ja HEMa eMITUPH]jCKUX
J0Ka3a rmoBehama y y4ecTaloCTH WM WHTEH3UTETYy TPOIICKHX onyja W moruiasa. Llto ce
THYE CyIla, OH Kaxe ,,ACTPaXKMBama yKasyjy Ja je BIAKHOCT 3eMJBbUILNTA JIETH IoBehaHa
TOKOM TIOCIIe/IIbHX HEKOJHMKO JIeKaia y CKOpo CBUM mpeaenuma’’. Ha kpajy 3akipydyje na je
MHTEH3U(HKAIHja XUAPOJIOUIKOT UKITyca TOkoM XX Beka Omita craba 1 1a MOXKe, alli U He
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Mopa OWTH Y3pOKOBaHa TJIOOATHMM 3arpeBameM, AoAajyhu um To nma ,,0Bae (Tporicke
LIMPHHE) U3IJIe/la HeMa MHTeH3U(HKAIMje OTaCHUX BPEMEHCKUX jorahaja’’.

[lo Hamem MHIUBEHY, y TOIJEAY TyMauemha TPEHAOBA IPOMEHA KOJIMYUHE
MaJlaBiHa W MPOTHIaja peka Tpeda OMTH Kpajie ompe3ad. TWM Impe ITO MOCTOje BETHKa
MHMOMJI@XEHa MOJeNia Y TIOTJIe[y NpOleHe Ja JIM ce y NMpoMeHaMa OBa JiBa Mapamerpa
MOJXe peructpoBatd aHtpomoreHu ytuiaj. To u IPCC mpusHaje. ['oBopehin o moryhum
OyayhuM mpoMeHama KOJWYHMHE TagaBuHa, y gokymeHnty IPCC ce kaxe ma, 3a pasiuKy of
TeMIlepaType Ba3ayxa 4YWju ce pacT odeKyje y menoj EBponm, mpoMeHe majaBuHa Cy
cioxkenuje. Jla Tpeba OuTH ompe3aH y MOTNIEAy TyMadema TPEHJOBA MPOMEHa KOJMYMHE
NaJlaBMHa ¥ MPOTHILIAja, ¥ TO Oall 3a Hallle 00JIaCTH U OKPYKEHe, TOBOPH U YUIHEHHILIA J1a Ce
rmo mporenama [PCC wu EBporicke areHuuje 3a 3alUTHTY >XHBOTHE CpEAWHE, IOApYYje
[TanoHckor OaceHa o3Ha4yaBa Kao Ipeia3Ha 30HA M3Mely BHIIMX IIMPHHA, TAE Ce OYEKyje
moBehame mamaBmHa m HWKKX (JyxHa EBpoma), raje ce odekyje penyknuja ITagaBHHA,
HapOYHTO y TOIUTH]EM /Iy TOANHE.

Moryhu y3pouu xonedama nporunaja Kosy6ape

Ha mehyromumime npoMeHe npoTuiiaja HajBehu yTullaj UMajy MajaBUHE, alld U
TeMIiepaTypa Ba3ayxa, IpeKo UcrmapaBama. Ha 0CHOBY MpeTX0[HO M3HETOT, NOKYIIAIH CMO
Ja yTBPAMMO Ja Ju u3Melly kKonebama MajaBuHA, TEMIIEpPAType Ba3lyxa W MPOTHUIAja Ha
neny cnuBa Konybape M mokaszaresba NMpoMEHa IOjEJMHUX IMPUPOIHMX U AHTPOIOTEHUX
(axTopa, Ha TOANIIKBEM HUBOY, IIOCTOje Heke Bese. KBanTuukoBame nmose3aHocT nimely
OBa TpM NapaMeTpa M IOKa3aTesba AHTPOINOTEHWX M INPHUPOAHUX (akTopa, ypaheHo je
nomohy Kopenanyone aHaiu3e (mepdeKTHa IO3WTHBHA Kopejandja MMa BpegHocT +1,
HeratMBHa -1, a BpemHocTH u3Mel)y O3Ha4aBajy KoOpenamujy Koja HHje caBpIIcHA).
3HauajHOCT Be3e je mcrnurtana momohy I[TupconoBor Tecra. [Ipu Tome, Tpeba mucrahu na je
MepeHa Kopeiandja u3Mel)y aBe MpoMeHJbHBE (X U y), KojoM ce (GopMmanHO He MOTBphyje
Y3POYHO-IIOCIIEANIHH OJHOC.

3a ucnuTHBame Be3e KOpUIIheHH Cy MOKa3aTeJbi aHTPOIOTeHOT e(eKTa CTaKIeHe
OamTe, ka0 W Moryhm yrumaju cnospammux (mpomeHe CyHYeBe AaKTHBHOCTH) U
yaytpaumsux (ENSO, NAO, AVO) npuponsux ¢axkTopa, KOju Cy HENPEKUIHO IPUCYTHH
(tabena 1). O momeHnyTHM (haKTOpUMa U BbUXOBOM YTHIA]y Ha KIMMY je MUCAaHO y PaJoBUMa
Hekonuko ayrtopa: hypuh M. (1998), Iyuuh B., PanoBonosuh M. (2005), Tonoposuh H. u
np. (2006), Jlykosuh J. (2008), Aymuh B., Cranojesuh I'. (2010), Bypuh /1. u ap. (2011).
OBoM npuirkoM heMo M3HETH caMo pe3ysTaTe UCIUTHBamba Be3e, 0e3 JAeTajbHUje aHaIn3e
noMenyTHX (akropa’.

Ta6eaa 1. Cnucak kopumhennx Bapujadan

bpoj

Hazus Bapujabie H3Bop enem.
CyHuese riere
(Sunspot Number) ftp:/ftp.ngdc.noaa.gov/STP/SOLAR_DATA/ SUNSPOT NUMBERS/YEARLY | n=50
En Humo jyxHa ocuuianuja
(SST-ENSO) http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Nino4/ n=50
CeBepHOATIAHTCKA OCLMIIALH]a
(NAO) http://www.cru.uea.ac.uk/~timo/datapages/naoi.htm n=50
ATnaHTCKa BULIEACLCHHUjaCcKa
ocnunarmja (AVO) http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/ AMO/ n=50
VYribeH-guokenn (CO,) http://co2now.org/Current-CO2/CO2-Now/noaa-mauna-loa-co2-data.html n=50

? Tloniauu 0 TeMmmepaTypH Ba3lyXa M KOJMYHHU Naj[aBUHA CY Ca METEOPOJIOIIKe CTaHuIle Y BasbeBy, na
JnoOujeHe pe3ynTare 3a Ta [Ba eleMeHTa Tpeba NMPUXBATHTH Ca PE3EPBOM, jep HE MPECTaBbajy MPOCEK 3a LEo
[pOyYaBaHu €0 CIHUBA.



ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/%20SUNSPOT_NUMBERS/YEARLY
http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Nino4/
http://www.cru.uea.ac.uk/%7Etimo/datapages/naoi.htm
http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/AMO/
http://co2now.org/Current-CO2/CO2-Now/noaa-mauna-loa-co2-data.html
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BpenHoctu koeduimjeHta Kopenaiuje MOKa3yjy jady Be3y CPEIbErojvIlimber
MPOTHIIAja Ca CPEeOmEeIBETONUIIBEOM TemmepaTtypom Basayxa (R = -0,50), mero ca
TOAMIIBIM cyMama nagaBuHa (+0,45), 3a mepuox 1959-2008. roguna. bes o63upa Ha Behy
BpEeIHOCT KoeduilnjeHTa Kopenaiuje u3mely npoTuiaja u remneparype, Tpeda MmoaCeTUTH
Ja cy MaJiaBUHE HajBaXHUJU KIMMATCKH EJIEMEHT, 4YHje CE [eJIOBakhe Ha PEXUM peKa
UCIIOJbaBa MPEKO TOIUIIE KOJIMYHMHE, IUIyBUOMETPHUJCKOI pPEXHMa, HHTEH3UTETa U
BUXOBOI 00NMKa. YOCTaJIOM, Ja HeMa JOBOJbHE KOJIMYMHE NaJaBHHA y CJIHMBY, KoOja
MpeMarilyje BUCHHY HCIapaBama, He Ou 0mio Hu Bone y kopury Komybape. Besa npotuiaja
ca OBa JIBa KJIMMAaTCKa €JIEMEHTa je CTaTHCTHYKU 3HayajHa Ha CBMM HHMBOMMa BepoBaTHOhe
pHU3MKa NpUXBaTama XMIOTe3e, IWTo noTBphyje Tesy BojejkoBa ma cy ,,peke Mpou3BOA
kuMata’’ (dykuh M., TaBpunosuh Jb., 2006). Kopenammja usmely temmeparype u
MPOTHIaja je WHBEp3HA, IITO j€ W JIOTHYHO — ca pacToM Temieparype mosehaBa ce
HClapaBame Ia Mamba KOJIMYMHA OTHYe Yy KOpHuTO peke. Ca apyre cTpaHe, Be3a MPOTHLAja U
MaIaBHUHA je IUPEKTHA, U TO je, TaKole, TOTHIHO.

Y mepuoay 1959-2008. romuHa, y BabeBy je cpenma Toaulima TeMIeparypa
Ba3/yXa MMala CTATHCTHYKHM 3HAaYajHy TeHACHIHjy mopacta, ox 0,23°C/nexanm, 10K cy ce
TO/IMIIBE CyMe MajiaBuHa Oe3HayajHO cMarbuIIe 10 JIMHUJU TpeHaa, -2,77 mm/aekaau. Pact
TEMIIEpaType U CMamehe MaJlaBhHa je, CTPOr0 MaTeMaTH4KH IIOCMaTpaHo, y TIOCMaTpaHOM
50-roguiImeM IEpHOJY Y3POKOBAIO CMambCHE CpeAmerofulmer nportunaja Komybape
nopen Benor Bpoza (-0,76 m’/s), o ycnoBoM aa Huje GHIIO MPOMEHa y CIUBY (peryiaruja
peKe, M3rpajiia HacuIla M akyMyJianuja, ypehema OyjudHHX IPUTOKA, HEKOHTPOJIMCAHE ceue
myMa u ci.). CTaTUCTHYKHY 3Ha4YajHa BPEOHOCT TPEHAa TeMiiepaType U Beha kopenamuja ca
NPOTHILAjeM, UMIUTHIMpa Ja je Ha TPEHA CMamberma TOAUINELEr NMPOTHIaja BUIIE YTHIAa
TeMIepaTypa Ba3lyxa Hero nagaBuHe. AKO je TO TayHO, IIOCTaBJba CE IUTALE 3aIITO Ce HEe
youaBa 3Ha4ajHOCT Y IPOMEHH MpoTuiaja? 3aTo MpeTXOTHO M3HETO ymyhyje Ha 3aKibydax
Jla Cy WITaK MaJlaBUHe MMalle KJbY9HHU yTrunaj Ha npotuilaj Komybape mopex bemor bpoxa —
HE3HATaH HaJa TrOAUINBHUX CyMa HadaBUHA, HE3HATaH MaJl CPpEeAmCroJUuIBbUX HpOTI/II_Iaja.
ITotBpma ToMe je mocienmu 18-rogumimy nepuoa. Y nepuoay 1991-2008. roauna, TpeH.
1opacTa CpeleroMiIbe TEMIIEpaType jeé CKOpo TpH nyTa Behu Hero y LesnoM mepuony
(0,64°C/nexamm). Otomsbapame 61 Tpebano aa nmoseha eBaNOTPACIUPALIHjy, 2 OHA 1a CMAEH
nporunaj. Mehytum, To ce He gemasa, HanporuB (slika 3). Y oBom mnepuony
CPeICTOIUIIEHY TIPOTHIA] pacTe Mo JIUHUjU TpeHaa (4,0 m3/s/ﬂel<a;[1/1), a TO je Tocieanma
pacta roaummux cyma manasuHa (18,5 mm/mekanm). [Jakine, oBe YHmHEHUIE HE YKa3yjy Ha
MIOCIIeIUIIE OTOIJbaBakha U MOTBPYY]jy l1a je IPOTHIA] IPBACXOIHO IO YTHIAjeM I1a/IaBHHa,
OJTHOCHO TIPUPOAHUX (hakTOpa.

: Mpodwun: Benun Bpoa N
Peka: Konyb6apa
45 4 F=1896 km?
40 4 Qsri959/2008 =15,6 M*/s
35 TpeHAses = -4,85%/10r.
> 30 TpeHAo0s = 25,54%)/10r.
o
£ 25
5 2 4R AN A
BINANY OV VN7 Y™
5
DAEHMIONDOOEMIONOIEMNMIODNOOEMIDNOE MW 0
MOWOWOOUONNRNNNODDVDDOIITIITIODNDOO O O
DO OO DO O O O
T A A A A A A A A A A A A A A A A A A A A ANANN o
\_ —e— Cpeareroamniibn npotuuaj JlnHnunja TpeHaa )

Cumka 3. Tpenn cpenmweroanumer nporunaja pexe Koayoape
ko1 Benor Bpoaa y nepuoay 1959-2008. u 1991-2008 roquna
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AHanmza yTHIaja pa3sMaTpaHuX NPHUPOTHUX W aHTPONOTEHHX (pakTopa Ha TpHU
MIOMEHyTa MapameTrpa y IpoydaBaHoM Jeny cimBa KomyOape (mpoTwiaj, magaBUHE,
TeMIepaTypa), IoKaszaja je Ia, HaKo ce paad O MPOCTOPHO YAaJbeHHUM I0jaBaMa, MOCTOje
jaye wiH crnaduje Bese, moceOHO Kaja cy y nuTamy Mehyromumima konedama. [Ipu Tome, o
aHaTM3UpaHuXx (akTopa HajooJbe Be3e Cy modOujeHe u3Mmel)y konebama Temmeparype, ca
jentHe u AtnaHcke Buienerienrjcke ocumiaiije (AVO) u KOHLEHTpAIHje YIibeH-THOKCHIA,
ca npyre crpane. Kopemamumja wnsmehy temmepatype m AVO wuHnekca (mokasaTesb
ATNaHTCKe BHILIE/ICICHUJCKE OCIMJIALMje) je CTaTHCTHYKM 3HavyajHa Ha 95%, a mamely
temneparype u CO, Ha 99% HuBOY moBepewa. On ocranux (akTopa, HEMTO OOJBY Be3y
moka3yje NAO u SST-ENSO wnpekc (mokaszaressn CeBepHOATIAHTCKE ocHmandje u En
Humo jyxHe ocimanmje), 1 To ca CBa TpH IapaMeTpa, JIOK je Be3a ca Opojem CydeBux mera
(Sunspot Number) cabuja. Y TOAMHH HajMamer Cpeameroauimmer mpotunaja Komybape
nopen Bemor Bpoza (1990, 4,9 m*/s), NAO nnzekc je Hajsehy BpeHOCT y mocaenmux 60
TOJMHA, IITO HECYMJBHBO YKa3yje J1a IOCToju oapeheHa Besa.

Yecro ce, panu npeuninhaBama Be3a u3Mel)y Bapujabiu o pa3inyuTHX HEOUTHUX
yTUIlaja, y OBaKBUM HCTpPaKMBamKMMa NMpHUOEraBa cjeAnmbaBamy MojaTaka (IPOCTOPHOM H
BPEMEHCKOM). Y KOHKPETHOM Cly4ajy, pauyHate cy 10-roamiintmhe MOKPETHE BPEIHOCTH U
pe3yiTaTH mpopadyHa KopeJanuje rnpe3eHToBaHu y tabenu 2. Pauynajyhu xopenanujy Ha
oBaj HaumH, ca SST-ENSO u AVO unnexcom nobujeHa je 3HayajHa Be3a U TO 3a CBA TPH
napameTpa. 3a MajiaBUHE M MPOTHLAj JOOWjeH je 3HauajaH curHal U ca NAO HHIEKCOM.
Bucoka BpenHocT koeduimjeHTa Kopenamuje nodwjeHa je m m3mehy CO, ca jemHe u
TeMIepaType U MPOTHLIaja ca JApyre CTpaHe.

Ta6esa 2. MaTpuua kopeianuja n3mel)y nporunaja (Q), nagasuna (X,) n remneparype Bazayxa (T)
€a MoKa3aTe/bUMa NPUPOAHUX H AHTPONOreHNX aKTopa
HA FOAMIIKbeM U NOKpeTHOM 10-roanumem HuBoY, ciuB Koay6ape 1o npoduina Beau Bpox (1959-2008)

T'ogunime BpeJHOCTH

Sunspot SST-ENSO NAO AVO CO,
ITapamerap Number HMHJIEKC HHJIEKC HHJIEKC (ppm)
Q 0.00 -0.19 -0.20 -0.01 -0.19
T 0.14 -0.03 0.24 0.34 0.50
X -0.06 0.01 -0.25 -0.08 -0.05
ITokpetHe 10-roaumnImbe BpeTHOCTH
Sunspot SST-ENSO NAO AVO CO,
ITapamerap Number HMHJIEKC HHJIEKC HHJIEKC (ppm)
Q -0.21 -0.83 -0.48 -0.51 -0.70
T -0.11 0.69 0.10 0.77 0.84
X -0.06 -0.69 -0.33 -0.45 -0.28
CraTucTHyKa 3Ha4ajHOCT Ha HUBOY PU3HKa NIPUXBaTamba xumoTese o = 0,05.
CraTucTuyka 3Ha4ajHOCT Ha HUBOY pPU3HMKa NpuxBarawa xunorese o= 0,01.

Dery and Wood (Dery and Wood, 2005) cy npo4aBanu BapHjaOMIIHOCT NPOTHUIIAja
64 pexe y CeBeproj Kanagm y mepuomy 1964-2003. romuHa. AyTOopu Cy YTBPIWIM Jia
MIOCTOjU CMambibe MPOTHLAja, Y Ipoceky oko 10%. 3a uctm mepuoxa cy noOwimu na ce u
KOJIMYMHA NaIaBUHA CMambWila TOTOBO MICHTHYHO. J[akie, ayTopu cMartpajy J1a cy mpoMeHe
MIPOTHUIIaja peKa, Ha IIOCMaTPaHOM IIPOCTOPY, MPEBACXOIHO Y BE3U ca MajJlaBUHaMa, a He ca
eBanoTpaHcnmparnujoM. Mcmuryjyhn moryhe y3poke cMmamema MMaJaBUHA W IPOTHIA]a,
ayTopH Cy CTATUCTHYKHU 3HA4ajHy Be3y Hoomimn ca Apkruakom ocumianujom (AO), ENSO u
Hamudrmakom nexagaom ocumiandjom (PDO). Ha kpajy 3akipydyjy Ja HUIITA HE yKa3yje Ha
MTOCTIeINIIE TII00ATHOT 3arpeBama M Jja Cy TPEHIOBH Y3POKOBAaHH BapHjallijaMa MPHPOTHIX
(daxropa.
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UcnutuBamem moryher yrumnaja Em Huma Ha mpomeHe TemmepaType Baszayxa u
nanaBuHa y CpOuju, GaBunu cy ce hypuh M. (1988), dyuuh B. u Jlykosuh J. (2005),
Jlykosuh J. (2008) u gpyru. Hymuh B. u Jlykosuh J. (2005) kopucte nexaaHe mopaTtke 3a
robaman SST-ENSO unzmexc u roaumme cyMme magaBuHa 3a nepuog 1951-2000. romuna.
Ayrtopu uctuuy Ja jacHa aHTH]a3Ha CHHXpOHOCT u3Mel)y oBUX mojaBa, moayaapame
NEePUOANYHOCTH, CUTHHU(UKAHTHU Koe(UIMjeHT Kopenaluje W BpeJHOCT KoeduuujeHta
nerepmunaiije (81%), HecyM/bUBO yKasyjy aa moctoju Be3a msmelly ENSO u mpomene
konuunHe mnagaBuHa y CpOuju. [lajbe ucTHUy fAa ,,MeXaHHM3aM Te¢ Be3e OM BEpOBATHO
TpebaJo TPaKUTH y OMINTOj aTMOC(HEPCKOj MUPKYIaluju’’, U 3aKbydyjy Aa ce ,,[[pOMEHE
KOJIMYKMHE TaJaBHHA y JAPYroj mojoBuHH XX BeKa y HAIIUM KpajeBHMa MOTY Y BEJHKO]
Mepu objacHnTH nocpennuM yrunajem EHCO™ .

Hymuh B. u np. (Ducic et al., 2007) cy ucniutnBanu moryhy Besy u m3melhy NAO n
nagaBuHa y CpOmju. [IpmMeHoM KiacTep aHaiu3e, ayTOpPH Cy JOOWIM CTaTUCTHIKU
3Ha4YajHEe BPEJHOCTH KOpenalije 3a TojeqnHe cTaHuie, kao u 3a CpOujy y neixnHu u3mely
magasuHa 1 ENSO, ogrocro NAO. YV ncroM pany ce gajbe Kaxke Ja OM ce BUCOKa BPEIHOCT
R mormna o6jacHutn Moryhum unaupektHuM Mexanu3moMm yrunaja ENSO na NAO wunnexc.
Ha kpajy 3akpbydyjy nma ce ,,yrunaju NAO MOry NpUMETHTH Ha CTaHMIlAaMa ca
KOHTUHEHTAJIHUM TUTyBHOMETPH]CKHM PeXUMOM, A0k ce yTunaj ENSO Moxe npumeTuTn Ha
CTaHWIIaMa ca MEJUTEPAaHCKUM, OJHOCHO Ipella3HUM METUTEPaHCKHM PEXHMOM, IITO je
JICJIOM U TIOKa3aHO TOKOM HCTpaKUBama .

Cluis and Laberge (Cluis and Laberge, 2001) cy ucTpakuBaiu na ju je OWIO
UHTCH3U(UKALKje TIO0ATHOT XHAPOJOIIKOr LHUKIyca YCleA TJI00amHOr —3arpeBamba.
Ananusupanu cy npotuuaj 78 peka mupoM A3HjCKO-MAUU(UYKOr PErHoHa Y MEpHOLY
193545. mo 1998+1 roguna. AyTopu MCTHYY Ja je CPEImhEroAvIlbN MPOTHIA] peka OHo
HerpoMemeH y 67% ciydajeBa. Takohe cy yrBpmwm na je y Hajsehem Opojy ciyuajeBa
MaKCUMAJIHH ¥ MUHHUMAIHH NPOTHILA] HENPOMEHEH y mocMatpaHoM mepuony. Ha kpajy
3aKJpy4yjy Jia Cy MPOMEHe MPOTHUIaja y CynpoTHOCTH ca pesynratuMa [PCC-a. Pesynraru
HCTpaXUBamba M IPYTUX ayTopa yKasyjy Aa ce IOCIeABHMX NCLEeHHja He JellaBa HUIITA
JpaMaTUYHO, OJJHOCHO J1a CY y IUTaky [UKINYHE IPOMEHE.

Ha ocHOBY npeTxogHO HM3HETOT, MOXKE ce€ 3aKJbYYHTH Ja Ce HH jeJaH eJIeMEeHT
NpUpOJIe HE MOXE IOCMATpaTH H30JI0BAHO O] JPYTMX, HUTH j€ KCIPAaBHO HEroBe
MOTEHIMjaJIHEe MPOMEHE U KOJIcOama pa3MaTpaTd Ha OCHOBY yTHIIaja caMoO jeJHOT (akTopa.
Y cBakoM ciy4ajy, OCaJalllHM pe3yJTaTd jacHO TNOKasyjy Ja cy MoTpeOHa pajba
M3TPaXHBamkba y BE3M EBEHTYAIHHX NpPOMEHA [aHAIlllbe KIMME W TNpOTHLAja peKa H
JleTaJbHUja aHaimu3a Beher Opoja mapamerapa. OCHOBHH IIMJb OBOT Paja je Ja ce, Ipe CBera,
yKa)xe Ha CJI0XEHOCT MPUPOIHOT CHCTeMa, OHOCHO J1a Ha MPOMEHE U KoJiebarmba IpOoTHIaja,
najJaBuHa, TEMIEpaType Ba3dyxa U Jpyre XHIPOMETCOPONIOLIKE eJIEMEHTe YTHYY OpOjHH
¢dakropu. [pyruM pedynma, NOTPEIIHO je CTAaBJhaTH aKICHAT HA UCKJbYYHUBY U IMOCTOjaHY
JIOMUHAIH]Y jemHOT (hakTopa, jep je OYUIIIETHO Ja CE paad O MHTEPAKIHjCKOM JIEIOBALY
BHIIIE YTUI[Aja, IITO je Y OBOM paay IEIHMUIHO U TOKa3aHO.

3akspyuak

Tpeba ucrahu na ce pesynTaTr OBOT paja, Kao ¥ HCTPaKUBamka JPYruX ayTopa, He
yknanajy y konment IPCC xoju ce 0a3upa Ha TOMUHAIMjH aHTPOIOTIEHOT e(deKTa CTakiie
OamTe W apuaM3aldje HAIIUX IIpefena, IeHepadHo. THM mpe mTo y mociemmeM 18-
TOOUIIeM aHamm3upaHoM mepuoxy (1991-2008) romumme cyme magaBuHA Ha
nocMmarpaHoMm jeny ciuBa KomyOape, kao W BpeJHOCTH NPOTHIIdja OBE pEKe, pacTy Mo
nuanju Tpeuaa. [llra he ce memaBatu ca BpeMEHOM M MPOTHIAjeM peka y OymyhHOCTH, na
n he CyIIHY WM BIIQ)KHU BPEMEHCKH YCIIOBH OMTH yYeCTaNNjH U MHTEH3UBHH]H, 110 HAIlleM
MUIUBEHY TO HHUKO Ioy3aaHo He Moxe pehu. Cmarpamo, Takohe, na cy Heka Tymauema
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rII00aTHOT OTOIUBaBaka W HEeroBuX mocieania ox crpaHe IPCC mpemmMmeH3noHHMpaHa,
OJTHOCHO /12 j& YTHIIj JbYJCKHX aKTUBHOCTH Ha XHUAPOMETEOPOJIOLIKE SIEMEHTE MPEICHEH.
Y pa3matpaiby y3poKa EBEHTYaJHMX MpPOMEHa JaHallibe¢ KIUME M MPOTHIAja peKa,
HEOMXO/HO j€ pa3yMeBame U pa3MaTpame MPUPOIHHUX MPoIieca, pe CBera 1nojaBa y CUCTeMY
OKeaH-aTMOc(epa, OTHOCHO ITPOMEHa aTMOc(epcke mupkyanuje 1 CyH4eBe akTHBHOCTH.
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Abstract: This paper analyzes climate change and its impact on river discharge. This issue is very well studied
worldwide, but in Serbia so far has been poorly studied. The first part of the paper presents the views of two
different opinions, those who favored anthropogenic impact on the increasing greenhouse effect, and those who say
that this is due to natural factors. Most attention is paid to changes in temperature and precipitation patterns.
Classification by the group of those who favor the promotion of natural phenomena is demonstrated through the
analysis of river flow fluctuations in the hydrological gauge Beli brod located on Kolubara River.

Key words: climate change, temperature, precipitation, discharge, Kolubara River

Introduction

Two contrasting opinions prevail in scientific community regarding the cause of enhanced
greenhouse effect. According to Intergovernmental Panel on Climate Change (IPCC, 2001, 2007)
temperature increased in second half of the XX and the beginning of XXI century due to human
factors, mostly. At the other side, there are scientists who prefer natural factors to be responsible for
change in temperature and precipitation patterns.

Regarding European regional differences in IPCC (2007) reports is stated that regions at
high latitudes (over 50°N) have experienced upward trend in snowfall which may cause annual
discharge to increase. There is also noted tendency for inverse variations between northern Europe and
the Mediterranean. Southern Europe and parts of central Europe are characterized by drier conditions,
while the reverse is over British Isles and Fennoscandia.

Figure 1 shows both positive and negative trends in annual amount of rainfall during the
twentieth century in southern Europe. However, in most parts of the Mediterranean basin the annual
precipitation sum at the end of the XX century is less than in the early 1900's. In the same period, the
annual precipitation in the area of the Balkan Peninsula shows a slight upward trend in general.

Figure 1 Trend of the annual sum of precipitation throughout the XX century as a percentage normal in 100
years (%N/100g) (IPCC, 2001)

According to IPCC projections for the region of Serbia is predicted a decrease of rainfall of
1% per decade. In general in Mediterranean area decrease in winter and spring rainfall is expected as
well as increase in autumn sums (Fig. 2). However, there are spatial differences between western and
eastern Mediterranean parts as well as sub regional differences.
Therefore, described projections imply drier conditions, especially during the summer months, and a
small amount of rainfall in Southern Europe in general. This may further lead to increased risk of
droughts and serious implications upon the environmental and social processes.

Figure 2. Seasonal changes in rainfall in Europe until the end of the XX century
(% of normal 1961-1990): (a) winter, (b) spring, (c) summer, (d) autumn
(http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils_docs/other/EUR_23291.pdf)

Many scientists disagree with these views the IPCC. Starting from the premise that floods
may be caused by global warming, Pielke (1999) says that the media are prone to extreme weather
every event connect with the rise in global temperatures. In the same article the author points out that"
in fact impossible to be attributed to many weather events to global warming". In support of such a
statement, he cites a number of non-climate factors that may affect flooding in the future.
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Labat et al. (2004) linked the hydrologic cycle and global warming. Their analysis covered
the period 1875-1994. The authors observed that the decrease of temperature in the period 1875-1925
is associated with the reduction of global river flow (discharge of major rivers of the world). This
trend is opposite for the period 1925-1994. The authors conclude that the global flow is growing about
4% rise in global temperature of 10°C. Thus, their research suggests a global increase in precipitation,
claiming their work proves a link between global warming and the intensification of the global
hydrological cycle".

However, Legates et al. (2005) criticize the work Labat et al. (2004) claiming that their
conclusions are based on data that contain numerical errors, incorrect calculations, and other errors in
the data quality. The authors also argue that even if data quality is proved Labat et al. (2004) did not
support enough evidences for their conclusions on relationship between hydrological and
meteorological.

Huntington (2006) based on the fact that there is the theoretical expectation that warming will
result in increased evaporation and precipitation, leads to the hypothesis that one of the main result will
be the intensification of the water cycle. His research shows that the precipitation over land increased
during the period 1900-1998 about 2%, the flow the world's major rivers increased by about 3% in the
period 1910-1975 and that the re-analysis of trends, confirmed the increase in world continental
discharge during the XX century. The author further points out that the previously outlined suggests
that global warming could actually boost the hydrological cycle. However, he cites no empirical
evidence on increases in frequency or intensity of tropical storms and floods. As for the drought, his
research shows that soil moisture in summer increased over the last few decades in almost all areas. At
the end concluded that the intensification of the hydrologic cycle during the XX was weak and that
may or may not be caused by global warming, and adding that in tropical latitude it seems there is no
intensification of dangerous weather events.

In our opinion, the interpretation of precipitation trends and river discharge should be
extremely cautious. Speaking about possible future changes in rainfall, the IPCC (2007) document
states that, unlike the air temperature which is expected to grow throughout Europe, precipitation
changes show higher variability. We should be cautious in the interpretation of trends and changes in
rainfall discharge, especially for the area of Serbia which is frontier between Mediterranean influences
and inland.

Possible causes in discharge fluctuation of river Kolubara

The biggest impact on interannual discharge fluctuation has precipitation, but also
temperature, over evaporation. Based on the foregoing, we tried to determine whether there are
connections between the fluctuations in precipitation, temperature and discharge in the studied part of
Kolubara basin, and the changes in some parameters of natural and anthropogenic factors, using
annual values. Quantifying the relation between these three parameters and indicators of
anthropogenic and natural factors, was done using correlation analysis (perfect positive correlation has
a value of +1, perfect negative is -1, and the values between these numbers indicate that correlation is
not perfect). Statistical significance of correlation coefficient tested using Student’s t-test. It should be
noted that measured correlation between two variables (x and y), not cause-effect relationship.

To test the connection used indicators of anthropogenic greenhouse gases, as well as
possible external influences (changes in solar activity) and internal natural factors (ENSO, NAO,
AMO) which are continuously present (Table 1). Several authors have investigated the above
mentioned factors and their impact on climate (Curti¢, M., 1998; Radovonovié, M., 2005; Todorovié,
N. et al. 2006; Lukovi¢, J., 2008; Duci¢, V., Stanojevi¢, G., 2010; Buri¢, D. et al., 2011). In this
research we present only the results from the test without detailed analysis of these factors®.

Table 1. List variables used in research.
The values of correlation coefficients show a stronger relationship of mean annual discharge

with mean annual temperature (R= -0.50) than with annual precipitation sum (R= +0.45), for the
period 1959-2008. Regardless the higher coefficient between the discharge and temperature, it should

* Air temperature and precipitation data are from the meteorological station Valjevo, and the results of analysis with
these two elements should be taken with reserve because they do not represent the average for the whole studied
area.
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be recall that annual precipitation amount and pluviometric regime are the most important factors for
river regime. Besides, if no sufficient rainfall in the basin, which exceeds the amount of evaporation,
there would be no water in the bed of Kolubara. The connection of the discharge with these two
climatic elements is statistically significant at all risk levels of accepting hypothesis, which confirms
Vojejkov’s thesis: rivers are the product of climates” (Duki¢, D., Gavrilovié, Lj., 2006). There is
inverse correlation between temperature and discharge, what is logical — if temperature increases,
evaporation also increases and small amount of water runoff into the river bed. On the other hand,
between discharge and precipitation is direct relation, and it is also logical.

In the period 1959-2008, the mean annual air temperature in station Valjevo had a
statistically significant positive trend in rate of 0.230°C/decade, and annual precipitation sum
decreased by an insignificant trend, -2.77 mm/decade. From strictly mathematical point of view, the
rise of temperature and reducing in precipitation for observed 50-years period caused a reduction in
mean annual discharge of Kolubara according to the data from station Beli Brod (-0.76 m?/s), provided
that no changes in the watershed (river regulation, construction of embankments and reservoirs,
regulation of torrents, uncontrolled deforestation etc.).

Statistically significant temperature trend and higher correlation with discharge, implying
that the trend of annual discharge is more under temperature influence than precipitation. If this is true,
the question is why no significant changes in the discharge? If remember previous conclusions this
means that precipitation (not temperature) had a major impact- a slight decrease in annual precipitation
sum, a slight decrease mean annual discharge.

This is confirmed by the latest 18-years period. In the period 1991-2008, increasing annual
temperature trend is almost three times higher than in the whole period (0.64°C/decade). Warming
should increases evaporation, and reduces discharge. However, this did not happen, on the contrary
(Figure 3). During this period mean annual discharge increased at a trend line (4.0 m*/s/decade), and
this is due increased precipitation (18.5 mm/decade). Therefore, these facts do not indicate the
warming consequences and confirm that the discharge is under influence of precipitation or natural
factors.

Figure 3. Trend of mean annual discharge of river Kolubara, station Beli Brod, periods 1949-2008 and 1991-
2008

The impact analysis of considered natural and anthropogenic factors on the three parameters
in the studied area of Kolubara basin (discharge, precipitation, temperature), showed that, although
they are spatially distant phenomena, they are stronger or weaker related, especially in relation to
interannual fluctuations. In addition, the best correlations were obtained between the temperature
fluctuations and Atlantic Multidecadal Oscillation, and between temperature and concentration of
carbon dioxide. Correlation between temperature and AMO index is statistically significant at 95%
confidence level, and between temperature and CO2 at 99% confidence level. From other factors, a
slightly better correlation is for NAO and SST-ENSO index (indicators of the North Atlantic
oscillation and El Niflo Southern Oscillation) with all three parameters, while the relationship with the
number Sunspot number is weaker. In the year of lowest annual discharge of river Kolubara, station
Beli Brod (1990, 4.9 m’/s), the NAO index had the highest value in the last 60 years, which
undoubtedly indicates that there is connection.

In order to refine data from different influences, we calculated 10-years moving averages.
The results of correlation analysis with these data are shown in table 2. Calculating the correlation in
this way, for the SST-ENSO index and the AMO were obtained statistically significant coefficients for
all three parameters. In the case of precipitation and discharge, significant signals were obtained with
the NAO index. The high values of the correlation coefficients were obtained between CO2 and
temperature and discharge.

Table 2. Correlation coefficient matrix between discharge (Q), precipitation (Xo) and air temperature (T)
with indicators of natural and anthropogenic factors for annual values and 10-year moving averages, basin
Kolubara, profile Beli Brod (1959-2008)

Dery, S. J., Wood, E. F. (2005) studied the discharge variability for 64 rivers in northern part
of Canada in the period 1964-2003. Authors found that there is decrease in discharge, 10% in average.
For the same period precipitation are reduced almost identical. Therefore, the authors believe that the
changes in discharge on the monitored area are primarily connected with precipitation, and not
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evaporation. Examining the possible causes of reduced precipitation and river discharge, authors found
statistically significant correlation with the Arctic oscillation (AO), ENSO and the Pacific Decadal
Oscillation (PDO). They concluded that nothing indicates to the consequences of global warming and
trends are caused by variations in natural factors.

The possible impact of El Nino on temperature and precipitation variability in Serbia is an
object many studies (Curéi¢, M., 1988; Ducié¢, V., Lukovié, J., 2005; Lukovié, J. et al., 2008). Ducié,
V., Lukovié, J. (2005) used decadal data for global SST-ENSO index and the annual precipitation sum
in period 1951-2000. The authors point out that is clear antiphase synchronicity between these
phenomena, matching periodicities, significant correlation coefficient and coefficient of determination
(81%), undoubtedly show that there is a connection between ENSO and precipitation changes in
Serbia. Also, they emphasized that “the link mechanism should probably looking in the general
atmospheric circulation", and concluded that ,,precipitation changes in the second half of the twentieth
century in our region can be largely explained by indirect influence of ENSO".

Ducié, V. et al. (2007) researched the possible link between the NAO and precipitation in
Serbia. Using cluster analysis, the authors obtained statistically significant correlation values for
precipitation on individual stations, as well as for Serbia as a whole and ENSO and NAO indices. In
the same paper they said that the high value of R could be explained by possible indirect mechanism
of ENSO impact on the NAO index. Finally, they concluded “the NAO influences could be observed
at stations with continental pluviometric regime, while the ENSO influences could be observed at
stations with mediterranean and transitional-mediterranean regime, what is especially shown in the
study".

Cluis, D., Laberge, C. (2001) investigated whether there was intensification of the global
hydrological cycle due to global warming. They analyzed discharge for 78 rivers across the Asia-
Pacific region in the period 1935+5 to 1998+1 year. They suggest that the mean annual discharge was
unchanged in 67% of cases. They also found that in most cases the maximum and minimum discharge
remained unchanged in analyzed period. At the end, they concluded that the discharges changes are
different from the IPCC reports. The results from other studies also suggest that in recent decades
nothing dramatic happened, and there are the cyclic changes.

Based on the foregoing, it can be concluded that no element in the nature could be analyzed
in isolation from others, and its potential changes and fluctuations are not under effect of a single
factor. In any case, the previous results clearly indicate that is necessary the further researches with
more parameters about possible changes of today's climate and river discharge. The main objective of
this paper is to primarily highlight the complexity of natural systems, and that the changes and
fluctuations in discharge, precipitation, temperature and other hydro-meteorological elements are
influenced by numerous factors. In other words, it is wrong to place the emphasis on exclusive and
sustained dominance of one factor, and there are interaction activities of several effects, as in this
paper partially shown.

Conclusion

It should be noted that the results of this study, as well as results of other authors, are not in agreement
with IPCC concept which is based on the dominance of the anthropogenic greenhouse effect, and drier
conditions in our area generally. In addition, for the last 18-years of analyzed period (1991-2008),
annual precipitation for the studied part of Kolubara basin and the values of discharge, have increasing
trend. What will happen with climate and river discharge in the future, whether dry or wet weather
conditions become more common and more intense, in our opinion no one can say with absolute
certainty. We also consider that some interpretations of global warming and its consequences are
overestimated in IPCC reports, as the impact of human activities on hydro-meteorological elements. In
researching possible causes of climate change, and river discharge, it is necessary to understand and
consider natural processes, first of all processes in the ocean-atmosphere system, as changes in
atmospheric circulation and solar activity.
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