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Cazkerak: ['1o6anHo oTombaBame U Kolebame KIIIME je akTyelIHa U H3a30BHA TeMa. [IuTame Koje ce y mocienme
BpeMe Hajuerhe IocTaBiba je: Ja JIM ce Mema JaHallma kiuma? VcrpaxnBama U3 0Be IPOOIEeMaTHKE CY yrIIaBHOM
BE3aHa 3a J[Ba HajBaXKHMja KIIMMATCKa CIEMEHTa - TEMIIEPaTypy Ba3jlyXa U KOJIMYMHY NajaBuHa. OOH30pOM Ja cMO
HeKa HcTpakuBama Beh paamiy, a Ouia cy Be3aHa 3a yTBphuBame npomMeHa Temneparype Baszayxa y LipHoj [opw,
OCHOBHH IIMJb OBOT paja je OMO Ja ce yTBpAM IUTa Ce JelllaBa ca IaiaBHHCKUM Npwinkama y Ilogropumu y
HEepUOY CHCTEMATCKHX OCMaTpama - J1a JIM IPOMEHe II0CToje, Y KojeM 00MMYy U J1a JIH Cy OHe 3HadajHe. JloOujenu
pe3yNTaTH yKasyjy Aa ce ca akyMyJupaHuM nanasuHama y [loaropuuy, y nepuony 1951-2010., Humra GutHuje He
JelllaBa, Kako Ha CE30HCKOM Tako ¥ Ha FOAUIIKEM HHBOY. Mehyromumme Bapujanuje, Koje HHa4Ye KapaKTepHILy
0Baj eJeMeHT, Hucy moBehaHe y mocnenme Bpeme. TpeH[ KOMIOHEHTa MOKa3yje W3BECHE IMPOMEHE, ald Cy OHE
CTaTUCTUYKKM HecHrHH(HKaHTHe. Jlocamammmy pe3yiaTaTH MCTpaKHBama IaJaBUHCKUX INPUINKAa Ha HOAPYUjy
Tloaropuile He ykiamajy ce cacBUM y KoHuent MelyenaguHor manena 3a kiaumarcke npomene (IPCC), koju
npe/Bula omuITe cCMamekhe KOJINYMHE afaBiHa Y HAlllUM KpajeBHMa i oBeharbe BapHjaOHIHOCTH.

KibyuHe peun: MmpoMeHe CE30HCKUX M TOJULIBUX CyMa MaIlaBHHA, TPeH], Kojebame, kareropusanuja, [loaropuna.
YBoa

[pema TBpaU MelhyBnanuHor nanena 3a kimmatcke npomeHe (Intergovernmental
Panel on Climate Change - IPCC), y apyroj momoBmuu 20. m moderkoMm 21. Beka je
NPUCYTaH TJI00ATHM AHTPONOTCHH YTHIA] HAa KIUMY — aHTPOIOTCHH e(eKaT CTaKJIeHe
6amre. ¥ Tpehem m3Bjemrajy IPCC ce HaBoam na cy magaBuHe y XX BEKy pacie 10 CTOIHN
ox 0,5-1% mo mexanw Hag BehuM [eIoM YMEPEHUX W BHINNX IIMPHUHA KOHTHHEHATa, TOK ce
y CYNTPOIICKMM KpajeBuMa KoJIn4uiHa cMamuBana 3a 0,3% mo nexagu. [lase ce kaxe 1a je
TokoM XX BeKka II0CTOja0 pENlaTHBHO MaJM IOpacT Mojapydja 3axBaheHUX EKCTPEMHOM
cymoM win Braxuomthy (IPCC, 2001). Mnak, 3akbydyjy Ja Cy Te MPOMEHE Yy BE3W ca
YHYTapJCLCHUjCKUM W BHUIIEACHECHUJCKMM KJINMATCKUM KojieOambuMa, Yy IIPBOM peny
y3pokoBane ENSO ¢enomenom (En Humo jyxHa ociiuiamja).

VY nmokymenty IPCC mocBelieHOM pernoHagHOM acHeKTy KIMMAaTCKHUX Konebama’
ce Kaxke na: *’U mopen Tora mTO IOCTOje U3BECHE PETHOHATHE Pas3iiMKe, Y LEIHHH IIIeaHo,
HHM30BH TOIMIIBUX KOJWYMHA IaJIaBHMHAa y EBpomu He mokasyjy HUKakaB 3Ha4ajaH TPEHI,
moce6HO HakoH 1950. rogmue’’. Hakie, mo momammuma [PCC u3 2001. romune, y EBporm
HUje OWIO CTaTUCTHYKM 3HAYajHOT TpeHAa MamaBuHa. MelyTum, mpema u3BemITajy
EBporicke arenrmje 3a samruty npupone” (EEA — European Environment Agency), ako ce
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nocMmarpa 20. BeK y LeInHH, 3anaxa ce koHTpact uzmely Cesepne u Jyxne Eppore, jep je
y TIPBOj peruju rouuio Jio nosehama roauimke KoauyuHe nagasuHa 3a 10-40%, a y npyroj
cy ce cmammie 1o 20%. Cnmune nmomatke naje u [PCC y cBom YerBproM mn3BemTajy,
o6jaBseeHOM 2007. Y ncToM M3BEMITajy ce Kaxe na cy y sehem nemy EBpore mpomene Omie
HajBehe 3a 3UMCKY CE30HY.

ITo mpojexuujama IPCC, tokom XXI Beka mamaBuHe he ce moehatm y BHUIINM
IMIMpYHAMa ¥ BEPOBATHO ONACTH y HajBeheM aemy CynTpONCKUMX KOIHEHHX pEeruoHa.
Ipojexmje IPCC, 3acHoBane Ha pactyhem yrtumajy emucuje CO, Ha KIUMY, TOKa3yjy
nopact 3a 1-2% 1mo Jexkaqu y roauimoj cymu mnangaBuHa y CeepHoj EBponwu, omgHOCHO
cHmkaBame 10 1% no nekaau y JyxxHoj EBponn. CMamemne KOJTHYUHE Na/1aBUHA Y JyKHO]
EBpormu, pernony xome npunazna u Lpuaa 'opa, 6o 6u npaheHo ydectanujum cymama ca
3HAYajHUM IOCJIEMIIaMa Ha TOJBOIIPUBPEAY M BOJHE pecypce. 3a peruoH JyromcrouHe
EBpore, xome npumana u llpua T'opa, Hajuszpasutuju maj mpenasuha ce y TOILIHjO]
MIOJIOBUHU TOAWHE - OKO 22% 10 Kpaja Beka. Jlakiie, yKOJIMKO ce OOMCTHHE MpOjeKIHje
nosehama racoBa crakiene 6amre (GHG racosa) y atmoctepu, momemn [IPCC npeasubajy
3HATHO TOIUIHjYy KIMMY, HAPOUNTO TOKOM JICTHHX MECEIH, Kao M Mamy KOJIMYUHY 11aJaBUHA
y meautepanckoj EBpomm. Ommta oneHa je ma he pernon Jyxxue EBpome 6utm morohen
BHCOKHM TeMIIepaTypaMma H cymama, Te he HeTo edekTd OWTH yriTaBHOM HETaTHBHHUjU ca
pactom uHTeH3HuTeTa KimMarckux npomena (IPCC, 2007).

Mogenupame MpoMeHe KOJWYMHE MaJlaBHHA je 3HATHO CIIOKEHHje Y OJHOCY Ha
temneparypy. Wnak, momenun IPCC mnpeaBubajy mopact 3MMCKHX cyMa I[ajaBuHa Ha
npoctopy EBpore y mnenunu, y mpoceky 3a oko 21%. Meljytum, y HOjeArHUM AeI0BHMA
Jyxxne EBporie ce 1 3uMH MOKe OUYEKMBATH CMambeHe ajaBuHa. JIeTH ce o4eKyje cMamemhe
KOoJIMuMHe najnaBuHa y Behem neny EBpore, 3a neo koHTuHeHT oko 11%, a Ha moapydyjy
Menutepana oko 22% mo kpaja Beka. Ilo mpojeknujama IPCC, momen Alb (ymepena
ommyja) npeasuha 3HAYAJHO CMambemke JETHUX cyMa nanasuHa y LpHoj 'opu (oxo 22%, a
110 HajHENOBOJFHM]jO] ONMUMjU W mpeko 50% camammux HOpMaia) M HEITO Mamke TOKOM
jecenn. Y mponche ce He o4ekyjy OWTHHje MpoMeHe (HE3HATaH pPacT), MOK he ce 3uMCKe
cyme Omaro nosehartu. [Iponene cy ga he cmMameme TOKOM JieTa U jeceHn OuTH 3HaTHO Behe
on nosehama nagaBuHa TOKOM 3uMe U nposieha, Te he rognmme cyme y Lproj [N'opu nmatn
HETaTHBHY TCHICHI]Y .

MHoru Hay4HUIM ce He ciaxy ca craBopuma [PCC-a. Kiktev u ap. (2007) y cBom
UCTpaXXMBamky yropelyjy pesynrate u3pauyHaTHX TPEHIOBA 32 EKCTPEMHE TI'OJHUIILE
TEMIIepaType Bazqyxa M MaJaBUHCKE CyMe W3 OICEpBAllMOHUX IIoJaTaka M pe3yiTara
MoJiena Koju cy kibydHu y YerBptom ussemtajy IPCC 3a cumynypame TpeHaoBa y Ipyroj
nojoBuHU 20. Beka. OBH ayTOpH 3aKJbydyjy Ja MOJAENH IOKa3yjy yMEpeHe CIOCOOHOCTH
Kaja je ped o rokasaTesbMa eCKPEeMHHX TeMIlepaTypHuX forahaja u cmabe WM 0IcyCTBO
CIOCOOHOCTH 32 MajilaBUHCKE ekcTpeme. Stephens u np. (2010) y cBojoj aHaNM3M MagaBUHA
3a OKeaHCKe MOBPIIMHE yKa3yjy Aa KIMMAaTCKA MOAEIH MOUEHY)y MaJaBUHCKE HHTE3UTETE
3a 1.3 mo 1.9 myra y omHOCY Ha MepemuMa yTBpeHE BPEOHOCTH, JOK Kag je ped o
yUYECTaJIOCTH MaJlaBHHA MOJIENH [TOKA3yjy ABOCTPYKO Behe BpeaHOCTH.

ITomazehm on craBoBa na cy morriaBe AaHac Oe3 mpecemaHa yciea TI00aHOT
3arpaBama, Pielke R. (1999) kake n1a cy MeaAMju CKJIOHH [1a CBAKH CKCTPEMHU BPEMEHCKH
norahaj moBexky ca pacToMm IIOOajgHE TeMmreparype. Y HCTOM paay ayTop HUCTHYE 12 je
’’zanpaBo Hemoryhe NpUIIMCaTH MHOTEe BpEeMEHCKe morafjaje riobamHOM 3arpeBamy’’. Y
MIPUJIOT TaKBOj KOHCTATAllMjH, OH HABOAW OpOjHE HEKJIMMATCKe (pakTope KOji MOTY yTHIIATH
Ha TomiaBe y OyayhHocTH, Kao mTo Cy: HapyllaBamke OpaHa M HAacUIla, IPOMEHY yrnoTpede
3eMJBHIINTA, cBe Behy KOHIEHTpalujy CTaHOBHHINTBA M OOjekaTa y [ejoBUMa KOjH Cy
TIOJJIOYKHY TI0TIIaBaMa 1 IpyTre IpyLITBEHE yTUIAje.

*http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils docs/other/EUR_23291.pdf
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Crisci u ap. (2002) y cB0joj perMoHajHO] aHAJIM3M EKCTPEMHHX MaJaBHHCKUX
norahaja 3a Tockany (Wrtanuja) yTBplyjy OACYCTBO CTaTHCTHYKH 3HA4ajHUX TPEH/IOBA Y
oBuM norahjajuma 3a BehuHy cranuna y nepuay 1950-1994. Cnumuno, Clark u Rendell
(2006) ananm3upajy TpeHAOBE EKCTPEMHUX IafaBUHCKHUX jaorahaja koju pesynrupajy
MOIJIABHUM JoraljajuMa U KIMKEHeM 3eMJbHINTA Y jykHO0] MTamuju 3a meproa 1950-2000.
Pesynrarn cy mokazanu Ja je y4ecTaJocT €KCTPEMHHUX MaJaBUHCKUX joraljaja Ha OBOM
npocTopy omana 3a Bumie ox 50% y 1990-um y omnocy Ha 1950-Te mro je mpaheHo u
nmoBehaHoM moBpImIMHCKOM cTabwiHOmNy pesbeda jy:kHe Wrammje w 3amamHOoror Jena
LeHTpasHor Menurepana.

Rodrigo u ap. (2001) yka3yjy Ha IIOBE3aHOCT BapHjaOMIIHOCTH CE30HCKHUX
najaBuHa y EBponu ca nupkysanujoMm armochepe U 3akibydyjy a ’’Calallibe MO3UTHBHE
TEeMIlepaTypHe aHOMaiuje 3a 3amajgHy EBpomy W CynIHM YCloBH 3a jyxHy EBpomy u
Memurepan cy y jakoj Be3u ca mocTojaHomhy W M3y3eTHO MO3UTHBHOM (azom NAO
(CeBepHo Armancka ocuwianuja) uHAekca noueB on 1980-e’’. Takohe, wcrtuuy na je
Hajjayyl CUTHAJI MaJIaBUHA ca IUPKYJIAIIjOM 3a 3UCMKY CE30HY U Aa ce noj yruuajeMm NAO
¢enomena Mmoxe oOjacant 40% BapHjaOWIHCTH TaJaBHHA Yy TOKy 3uMe. CimuHe
pesynatare najy Tomozeiu u mp. (2002) xoju 3a mompydje ceBepHe WTamwje y mepuomy
1960-1995. nponana3e 3HaYajHO CMamkEHEC 3MMCKHX IMaJaBHHA HCTHIyhH ma 3a0enekeHe
MIPOMEHEe MOTY OWTH TOCIIeANIIAa HHTe3UBHE MO3UTHBHE (aze NAO.

Huntington T. (2006) mona3u o1 KOHCTaTaI{je 1a TOCTOjH ~ TEOPH]CKO OUEKUBAHE
na he oTorpeme pesyiaruparu mosehameM eBamopanmje W MajaBrUHa, MTO he TOBECTH IO
XMIIOTE3€ J1a jefHa O IJIaBHUX mocieauia he Outu uateHsndukanija (yopsame-1mojadame)
BOJICHOT IMKiyca’’. IberoBa ucTpaxxknBama NOKasyjy /a je MHTeH3U(HKAIHja XU POJIOIIKOT
UKIyca TokoM XX Beka Owia ciiaba W Ja MOXKEe alld U HEe Mopa OWTH Y3pOKOBaHa
mI00aTHUM 3arpeaBameM, A0Aajyim U To na *’oBae (TPOICKE INMMPHHE) HM3IJIeaa HeMa
WHTEeH3U(UKAIHje ONIAaCHUX BPEeMEHCKUX forahaja’’.

[Hakne, npema m3Bemrajuma [IPCC, EEA u MHOTHUM CTpyYHHM paJOBUMa, MOXE ce
3aKJbYYUTH Jla TI0CTOjeé KOHTPAAWKTOPHOCTH Yy TIOTJIEAY TIIPOIEHE INPOMEHA KOJIWYHHE
naJlaBiHa y NPOLUIOM M MpojeKnuja 3a 21. Bek. Y 0BOM pajay Cy NPEe3eHTOBAHH PE3yJITaTH
UCTpaXXMBama NMpPOMEHe KoinuuuHe nanaBuHa y [logropunm. [lara je nerajbHa aHaiu3a
TpeHsa, Konebama M KaTerOpH3allfje Ce30HCKUX M TOJUIIBUX CyMa IaJaBHHA Yy HEPHOLY
1951-2010. roxuHa Kako O ce BUAETO Ja I Cy MPOMEHE Y CKIIay ca OMIITOM MPEICTaBOM
0 apuIU3aIMjy OBHX IIpeJena.

MeTonoJi0rnja HCTPAKMBAKHA

3a aHanM3y TpoMeHa KOJWYHHE MaJaBuHa KOPUIITNEHH Cy TOMAHd METEOPOIIOIIKEe
cranutie [loaropuria, 3a mepuon 1951-2010. roauna. Y mUTamy je IIaBHA METEOPOJIOIIKA
CTaHHMI[A Ha KO0jO] pajie MPOPECHOHATHA OCMATPayH, 1a je OUII0 32 OUYSKHBATH JIa Cy Meperha
MOy3/aHa, IITO je U YTBPHEHO TeCTUpameM U mpoeepoM moxaaraka (kopurthena CLIDATA
6aza mogaraka Xuapomereoposiomkor 3aBona). Kana je yrBpheno na je HU3 penaTHBHO
XOMOTeH, IPYrH KOpak y oOpaju IojaTaka 3a HoTpeOe aHalM3e MOAPa3yMeBao je HEeroBo
KOMIUICTHpamke MO IyXKWHH. VHTepnonaimja M eKcTpamnonainuja HemocTajyhux moaaTtaka
ypaleHa je MEeToJOM KBOILMjEHTa, a MpoBepeHa MeToAoM Kpuruara. Y TOM MOCTYIIKY cy 3a
pedepentHn Hu3 Kopuinhene 2 Hajommwke cranuie (['onyooBiu u Janunosrpan) 3a Koje je
Jno0ujeHa BHCOKAa W CTaTUCTHYKH 3Ha4yajHa BPEAHOCT KOChHIMjEHTa KOpENaIyje.
Wurepnonanyja je paljeHa Ha HUBOY MECEYHHUX BPEIHOCTH.

VY pagy cy kopumheHd yoOHYajeHH MaTeMaTHYKO-CTATUCTUYKH METOAM —
JMHHUJCKH TPEHJ, METOJ IMEPLCHTHIA, KIW3HU CPeAmalld, CTaHAapAW30BaHa OJCTYIama,
KoeUIMjeHT Bapujanuje WUTA. TpeHa je mpopadyHaT METOAOM HajMamUX KBajapara, a
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CTaTUCTHYKA 3HAYajHOCT o/ipel)eHa Ha OCHOBY YKYITHOT Opoja eleMeHaTa Hi3a yMamkeHOT 3a
2 (n-2 cremennm cnoGoxe) u koeduimjenta nerepmumammje (R?), omgHocHO momohy
CrynenToBor tecta. Kako Ou ce Moria BpUIMTH KOMMapaiuja JOOHjeHHX pe3yjTara ca
pasnumuuTHX Jokanuja, WMO mpenopydyje na ce TpeHI NajaBHHA HpopadyHaBa y % y
onHocy Ha Hopmany (H) mocneamer ctanaapaHor kimMarckor nepuoja 1961-1990. roauna.
UzpaxaBame TeHJAEHIMjE KOJUYMHE IaJIaBUHA Yy alCOJyTHUM BpeIHOCTUMA (Mm MM
lit/m*) moxe cTBOpUTH TOrpemHy ciuky. Y m3semrajuma IPCC, WMO u Harmonamsux
METEOPOJIOIIKUX CITyKOH, TpeH] alaBuHa ce aaje y % Hopmaie Ha 10 roguna (%H/10r).

Tpena u xoJe6ame ce30HCKUX cyMa nagaBuHa y [loaropuum

[IpopauyH TpeHza je moKa3ao Ja Cy Ce30HCKE MPOMEHE aKyMyITUpaHUX IalaBuHA Y
npyroj momoBmHH XX u moderekoM XXI Beka, y MaTeMaTHYKOM CMHCIy, Oe3HadajHe.
Jaxie, y aHamM3upaHOM mepuoay y kome je mo mipemrajuma [PCC npucyTan 1oMHHAHTaH
AQHTPOTIOTEHH YTHIA] HA KIMMY, HEMa CTaTUCTUYKH 3HAYAjHOT TPEHIA IMPOMEHE KOJIUYINHE
nanasuHa y [loaropuiy HY y jeHOj Ce30HH, IITO je Y CKiaay ca npomeHama y EBponu kao
nemuad. Y nepuoay on 1951. mo 2010. roauHe, 3UMCKe U JIETHE€ CyMe MajJaBUHA Cy CE
CMamMJIC 10 JMHUjH TpeHma, a nposichHe u jeceme moeehane. Tpena mama JeTHUX cyma
najgaBuHa u3HocH 3,4 mm mno aexkagu wi 2,0% HopMmaine 1961-1990. 3a 10 roamna.
OMHOCHO, KyMYJIAaTUBHU T3] y oBOM mepuonay je 19,8 mm wim 11,8% nHopmaine. Hajmame
MIPOMEHE 110 JIMHHUjU TPEHJIa perucTpoBate cy y npojiehuoj ce3onu, 4,8 mm no nexany wiu
1,2 %H/10 rommHa - KyMyJnaTHBHH moOpacT y O0-roauInmeM NepHoxy W3HOCH, Y
CTaTHCTHYKOM CMHCIY, O0e3HadajHux 28,5 mm wmmu 7,2%. Takohe, HU y 3UMCKOj CE30HU
HEMa CTaTUCTUYKM 3HA4ajHOT TPEHAA NMpOMEHe KOJMYHMHE MaJaBHHA, -9,5 mm 1o AeKaau
i -1,6 %H/10 rox. (cnuka 1).
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Cuanka 1. Tpena npoMeHa ce30HCKMX cyma najasuna y [loaropuuu, nepuox 1951-2010. roauna

Hajsehe nmpomene 1o TMHUjU TPeH A JOOUjEHE CY 3a jeCerby CE30HY, ajlk Cy U OHE,
CTpOro MaTeMaTH4K{ MOCMaTpaHO, CTaTHCTHMYKU Oe3Hauajue. Y mnepuoxy 1951-2010.
TOJIHA, jecehe CyMe MajaBuHa Cy ce moehaBajie MPOCEYHUM HMHTEH3UTETOM o1 18,2 mm
no nexkaau wiu 3,5 %H/10 roauHa - yKymHu nopacT y oBoM nepuoy usHocu 107,3 mm wiu
20,5%. Mehytum, y mepuomy 1991-2010. romuHa, CE30HCKE CyMe IaJaBHHA IOKa3yjy
CYNPOTHY TE€H/IECHIIM]Y Y OJJHOCY Ha LI€0 TIOCMaTpaHu IEePUO/I.
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ITo mpojexmmjama IPCC, y permony Jyxue EBpome Om Tpebamo mo mahe mo
CMamera NaJaBuHa, JeTH 3a oko 5-15 % mo 2025. roauuHe, a 3uMu 0 ciabujer pacra
(ITormoBuh T., JoBanoBuh O., 1994). Ilo maneoxKIMMaTCKOM aHAJIOTY KJIMME XOJOILEHCKOT
ontumyMma, koju aajy Budiko u ap. (1992), name mmpune cy 6uie Goratuje majgaBuHaMa,
reHepaiHo, Hero aaHac. Meljytum, Zubakov A. (1986) uctude na je y HalIMM OIUPUHAMA Y
ONTHMYMY XOJIOIIeHa OMJI0 Mame MaJJaBHHa.

OBe ¥ ciou4YHe KOHTPAJIMKTOPHOCTH YKa3dyjy Ja ce He MOXe ca curypHorhy
TOBOPHUTH KakBe NPOMEHE IaJaBUHCKHX NPHIMKAa OM Tpebajo OYEeKMBATH O] YTHILAjeM
€BEHTYaJHOT' aHTpororeHor edexra crakiene Oamre (Jynuh B., PagoBanosuh M., 2005).
Unak, xana je y nuramy nojapydje Iloaropuie, ocHOBHa pa3BojHa TeHIEHLMja (TpeH.
KOMIIOHEHTa) yKa3yje Jia Cy Ce30HCKe MPOMEHe, Y MaTeMaTHYKOM CMHUCITY, Oe3HadajHe.

V¥ n3Bemrtajuma [IPCC, WMO u nojeanHuM CTpPYyYHHM paZioBUMa C€ UCTHYE Jla On
y YCIOBHMa OTOIUbaBama Tpedano ouekWBaTh NoBehamke WHTEH3HTETA M y4YeCTaJOCTH
eKCTPEMHHUX BpeMeHCKHX norahaja. Jpyrum pedmma, moBehame UYECTHHE CYIIHUX U
BI&KHUX BPEMEHCKHX jenHUIA (Y OBOM CIIy4ajy Ce30Ha) MOpajo O Ja ce oapa3d U Ha
mokaszarejbe KojicOama. Y Be3M C THM, IPOBEPEHO je ITa Ce JelIaBa ca AMCICP3HjOM
nojlataka y atoj BpEMEHCKO] CepHjH, OHOCHO oOpaljeHr Cy M TH MOJaly 3a CBaKy CE30HY
noceOHo. [lpu ToMme, 3a yTBphuBame BenuuuHE KojeOama KopuiihieHe Cy JaBe Mepe
Bapwujaiije — koeuiHjeHt koiedama mo Xenmany (Cc) u koedurujert Bapujarmje (Cv).

Koedunujent konedama mpeacTaB/ba SKCTPEMHO KOJICOame 3a ATy BPEMEHCKY
jemununy y onpehenom mepuony. Jlobuja ce kao omHoc romuHe (ce3oHe) ca HajehoMm u
roavHe (Ce30HE) ca HajMakbOM CYMOM I3JaBMHA 3a IOcMaTpaHu mnepuoj. Jpyra mepa
mucnepsuje (Cv), Koja je oy3jaHuja 3a OBy BPCTY aHAJIM3€e, IPETCTaBJba OJJHOC CTaHAAp IHE
JeBHjallMjeé M TpOCEYHEe BPEJHOCTM 3a JaTH IEpUOA, M YIJIAaBHOM C€ H3pakaBa y
npoueHTEMa. OO3MpPOM J1a ce pagd O BeoMa IPOMCHJBUBOM EIIEMEHTY, HHje IMOXKEJHHO
pasMaTpaTu Koiebame 3a Kpahe BpeMEHCKe jeAWHUIE, T j€ BapHjaOMIIHOCT CE30HCKUX
konuuuHa nagaBuHa y Iloxropumu, y nepuony 1951-2010. roauna, npopauyynara 3a 30-
TOJWIIER-E IEPHOJIE C IIOMAKOM Off jeflHe ToauHe (Kopak + 1, ykymHo 31 BpeMeHcKa cepuja).

Tpenn xoedunmjenra konebama mamaBuHa (Cc) MOke caMO MPEIMMUHAPHO
yKa3aTH J1a JIF je Aomuio 1o nmosehama ekcTpeMHuX qoralhaja y jeTHOM HIIH IPYToM IIpaBILy.
Ha ocHOBY 0BoOT 1noka3zaresba He MOTY C€ M3BOJUTH 030MJbHUJH 3aKJby4ld. MHOTO peaaHujy
CIIMKY KoyicOama KOJIWYMHE MajaBuHa Mpyxa koedurmjeHt Bapujaigje (Cv), jep oBaj
nmapaMeTap ysuMa y o0O3HMp cTaHaapIHy JIcBHjanudjy. BapujaOMmIHOCT CE30HCKHX CyMa
MajlaBiHa 10 JIMHMjU TpeHpaa, y nepuoxy 1951-2010., m3pakena Cv 3a 30-romumime
MePUOJIC C TOMAKOM OJI jeJIHE T'OJIMHE, ToBehaHa je caMO Y 3UMCKO]j CE30HH, JIOK je Y ocTalia
TP TOAMIIba 100a cMambeHa. BaxHo je ncrahu na je TpeHn BapnjaOMIIHOCTH JIETHHX CyMa
nmagaBuHa 3HavajaH camo Ha 90% HUBOY MOBEpema, a y OCTAIMM CEe30HAMa Ha CBUM
HHBOHMMA BepoBaTHOle pHU3MKa MpUXBaTamba XUIOTe3e (CIIUKA 2).

VY 20. u moueTkoM 21. Beka, 0 MHTEH3NBHHjET OTOIJbaBamka Ha TII00ATHOM HHUBOY
JIOIIJIO je KpajeM OBOT mepuoja - nocnenma Y4 20. u mouerak 21. Bexka (IPCC, 2007). Axo
OTOIUbABAE 3aUCTa MMa yTHIAja HA TMagaBUHCKe mpmwinke, o momenuma [PCC je 3a
ouekuBatu noBehame BapujabwiHOcTH maxaBuHa y lloaropuiy, jep je y cBa 4HeTHpH
rogummpa 1o0a mpucytan TpeHn mopacta temmeparype (Bypuh . w mp., y mrammom).
MehyTuM, y nociemux cegaM MoKpeTHUX BpeMeHckux cepuja (1975/2004,...1981/10), tpu
CC30HE MOKa3yjy TPEH CMamCiha BapHjaOIHOCTH MaJaBUHA, KOJU j€ HAjU3PA3UTHjH TOKOM
3uMe 1 JieTa (YMETHYTH rpaKOHH Ha MTPETXO/HOj CIIHIIM), @ CAMO CY jecemhe CyMe IocTale
MaJio BapujaOuiIHuje.
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Cauka 2 KoepuuujeHT Bapujanmje ce30HCKUX cyMa najgapuHa 3a 30-roauiime nepuoje ¢ KOPaKoM oj jeaHe
ro/iMHe U TPeHa0BH, nepuoa 1951-2010. (*(*****) - 3Hayajno 3a 0=0.10 (0.01))

ﬂﬂHaMl/lKa IPpOMEHA roAviIbe KOJUYMHE MaJaBUHA Yy HOI[FOpl/llll/l

V npoceuroj roauan y Hogropuuu ce u3myun 1659 lit/m? nagaBuna, yriaBHOM o
kume. KonmnanHa magaBuHA Koje HAcTajy off cHera je Oe3HadajHa. OBO je 3Ha4ajHa BHCHHA
BOJICHOT Tajora, rma Ou ce Morio 3akibydutH aa [loaropuma obmiyje Bogom. MehyTum,
OCHM TIPWIMYHE HEPaBHOMEPHOCTH paclojene MNaJaBUHa y TOAMHHM M HCIIapaBama,
TeoJIOMmKH (Kpadmak) M MeIoNomKy (IJbyHAaK W IpOOWMHA) TMOKPHBAadY yCIOBJHABajy BEOMa
Op30 MOHHUpamkE BOJC, TAKO Jia je HheHa e)eKTHBHA KOPHCT 3HATHO yMarmeHa. Takobe, 6e3
003Mpa IITO je OBO 3HATHA KOJIMYMHA BOACHOT Tajora, Mopa ce pehu aa je umak maia y
OJTHOCY Ha OJincke mpuMopcke manuHe. To 3Hauw na je [logropuua y T3B. KHIIHO] CEHIU U
mope1 IPWJIHYHO Beluke KonuuuHe nagasuHa (bypuh M. u np., 2007).

Kao pesynrar ce30HCKMX TpEHIO0Ba, TEHAEHIMja TOAMIIBUX CyMa IaJlaBUHA je
CTaTUCTUYKU HecurHudurkaHraHa (ciuka 3). MareMaTHuKy MpopavyyHH MOKazyjy Ja cy ce
TOAWIIE KOJMYMHE TNaJaBUHA, y IIOCMAaTpaHoM Iepuoxy, mnoBehaBanze mnpoceyHuM
uaTeH3ureToM ox 0,78% (12,9 mm) mo mexaam Wiu yKymHH JoOuTak m3HocH 2,26% (37,4
mm). [ToBehame romumImUX KONWYMHA MaJaBHHA 110 JIMHWjU TpeHna, y nepuoxy 1951-
2010., mocneanna je, mpe csera, jecemer cypunura (0,35% mo roguxu), jep cy NpoMeHe y
OCTAJIUM Ce30HaMa MUHOPHE.
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Cuamka 3. AHoMaJIMje U TPeH/I rOAMIIIBbUX cyMa nagasuna y Iloaropuum, nepuon 1951-2010. roquna
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Tl'oBopehn o moryhmm OyayhmM mpomMeHaMa KOJNWYHWHE HaNaBUHA, ¥ JTOKYMEHTY
IPCC ce kaxe aa cy, 3a pa3jiMKy O]l TeMIIepaType Ba3[qyxa 4HjU ce PacT OueKyje Yy IeNoj
EBponm, nmpomene nanaBuHa cinoxennje (IPCC, 2007). Nnak, kaga je y nuTamy HOApydje
Menutepana, OIHOCHO Hammm mnpeneny, y uszBemrajuma IPCC ce nctrue na he, kao oxpas
OTOIUbAaBaMa HM3a3BAHO JIOMHHAIIMjOM AHTPOIMOreHOr edekra crakieHe Oamite, Aohm 10
apuau3anmje, reuepainno. Kako je Beh momenyto, y [loaropuiu ce apuausanyja He yodasa.
ra Bumie, y mocneame ase nexage (1991-2010) romuinme cymMe MagaBHHA PETHUCTPY)Y
CTaTHCTHYKH 3Ha4ajaH TpeHn mopacra, 13,7 %H/nexann.

Hymuh B. u np. (2007) uctuay aa ce u Ha nmoapy4jy CpOuje He youaBajy 3HAUajHE
NIPOMEHE TOJAWIIHIHX CyMa MajaBuHa y Jnpyroj nomoBuHu 20. Beka. IIpopauynu cy
nmokaszanu ga camo 2 ox 20 [mocMaTpaHUX METEOPOJIOMIKUX CTaHUIA PETHCTPY)y
CTATUCTUYKU 3HAYajaH TPEHJ Naja JCeKaIHUX TONUIIBUX cyma maaaBuHa (Cpemcka
Murposuna n Herotun). 3a octane cranune (90%), kao u 3a Cpbujy y LETHHHU, ayTOpHU Cy
YIBPOWIM [1a CE ca TONUIIBUM CyMama IaJaBiHa Ha HUBOY JeKaja HHIINTa 3Ha4yajHO He
JeniaBa.

Jla 61 ce mpoBepwiO INTa ce JeliaBa ca JUCHEP3HjOM KOJIWYMHE IafaBHHA HA
TONUIIEBEM HHUBOY, NPHUMEHCHA jé HCTa CTaTUCTHKAa KAao M 3a CE30HCKE BPEAHOCTH —
koedunujeHt konebdama (Cc) u koeduipjent Bapujarmje (Cv). Takohe, 300r 00jeKTUBHUX
pasiiora (BelMKa MPOMEHJBUBOCT OBOT €JIEMEHTa), BapHjaOMIIHOCT TOJHMIIBUX KOJIWYMHA
naJiaBMHa je ucrnuTana 3a 30-roJuiime nepruojie ¢ IoMakoM oj jenHe roauHe (kopak + 1,
yKymHO 31 BpeMeHcKa cepuja).

Koedunmjent xonebama mo Xenmany (Cc), 3a meo mepwox (1951-2010) mma
BpeJHOCT 2,7, IITO 3HAYM J1a je HajKHUIIOBUTHja roanHa ca 2356,9 mm (2010) Ouna 3a 2,7
nyTa 6oraTja magaBMHAMa OJf HajcyBibe ca 869,6 lit/m” (1953). To 3Haum 1a amIUIMTYIA
TOOUIIBUX CyMa MalaBUHa, Y aHATH3UpaHoM 60-ToIUIIkeM mepruony, u3Hocu 14873 mm,
IITO TIpeNIcTaBsba 89,6% MpocedyHe TOANIIHE BUCHHE.

Koedpummjent Bapujarmje (Cv) roaummsux KOTMYUHA MagasuHa y Ilogropumm, xkao
Moy3/laHrja Mepa pacTyparma IOjeAMHAYHUX BPEAHOCTH Yy HHU3y, Takolje Mmokasyje ma ce
MPaKTHYHO HMINTA HE JelIaBa, OJHOCHO J1a HHje JouIo 10 noBehama ekcrpemuux moraljaja
y JeJHOM WJIM JAPYroM IpaBly. TpeHja BapujaOMIIHOCTH TOMUIIBLUX KOJIWYMHA IaJIaBUHA Y
nepuoay 1951-2010. m y mocnenmux cemam BpeMeHCKHX cepuja (1975-2010, nesnaran
maj), nmpopayyHar 3a 30-ToAuIIkbe Meproae ¢ TOMAKOM OJ jeJJHe TOIWHE, paBaH je HyIU
(ciuka 4).
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Ciuka 4. KoedunujeHT Bapujanuje roqHImsuX KOTHYHHA Na1aBHHAa 32 30-roauime nepuoje ¢ KOpaKkoM o
jenHe roaquHe M werosa teHaeHuuja y Ioaropuuu, nepuoay 1951-2010.

Wmajyhu y Buagy noOujeHe pesynrare, MOXKe ce KOHCTaTOBaTH Jia ce ca
akymynupanuM manasuHama y [lomropumm, y mepuony 1951-2010., HumTa OuTHHUje He
JieliaBa, Kako Ha CE30HCKOM TakO M Ha TOJUIIEM HUBOY. Mehyroammime Bapujanuje
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aKyMyJMpaHUX TMaJIaBUHA, KOjeé HMHAYe KapaKTEpHUINy OBaj E€IEMEHT, HUCY moBehaHe y
nocienawe Bpeme. lllrta Bume, y mocieNmUX  ceAaM  BPEMEHCKHX — cepHja
(1975/2004,...1981/2010), ognocuo y mnepuoay 3a koju IPCC TBpau na je mpucyTHa
JOMUHAIMja aHTPONIOTCHOT OTOIbaBama U J1a Ou 300r Tora Tpebano odeKuBaTH moBehame
YECTHHE CKCTPEMHHUX Joraljaja, IpUCyTaH je TPEH CMamkCha BapUjaOMITHOCTH U CE30HCKHUX
(ocuM 3a jecemy CE30HY) | TOMUIIBUX CyMa IMaJaBuHA. TpeHJ KOMIIOHEHTa IOKa3yje
HU3BECHC IMPOMCHE, ajii Cy OHE CTAaTUCTHYKH HeCI/IFHI/I(i)I/IKaHTHe. I[OC&[[aIHH)I/I pe3yiTatu
HCTpaXHBamba MaJaBHHCKUX MPHWINKa Ha moapy4jy [loaropuie ce, makie, He YKIamnajy
caceuM y koHient IPCC, koju mpeasuba omiuTe cMamemhe KOJHYNHE MaIaBHHA Y HAIIHM
KpajeBuma U moBehame BapujabmwiHoCTH. VMak, Ha OCHOBY YBHIA y CTPY4YHY JIHTEPATYpY,
CTHYE Ce YTHCaK Jia Ce jOII yBEK HE MOXKE HM3BECTH TE€HEPAJIHU 3aKJbydyaK Kako Ou
€BEHTYAJIHU aHTPONOreHn ehekar crakieHe Oaire Tpebao ja yTHdye Ha majaBuHe, IITO je
0Ba aHAJIM3a ISJIMMUYHO U TIOTBP/IAIIA.

Y MHOrMM paJioBUMa ce HCTHYE Ja OU pas3iiore MpPOMEHE KOJIUYWHE MajiaBUHA
Tpebaao TPaXHUTH y OCLUIAlMjaMa TPUPOAHUX (akTopa. Y CYUITHHH, KOJIUYAHA U PEIKUM
naJiaBMHa y MPBOM PEIy 3aBHCE O/ CHHONTHYKHX yciioBa. C THM y Be3H, cMaTpamo Ja ou
NpOMEHE KOJIMYMHE TaJaBHHA, Npe CBera, Tpedajo TPaXUTH y MpOMEHama IUPKYJIaluje
arMocdepe. Y Hay4yHO] jaBHOCTH IPUCYTHE CY CyMIbe JIa EBEHTYAIHU aHTPOIIOreHH edeKar
CTakJieHe OalTe yClIoB/baBa W MpoMeHe atMmochepcke rmpkynamuje. MeljyTum, MHOTH
UCTpaXMBa4X UCTUYY Jia j€ IUPKYJIalyja Ba3ayXa 110/ JOMUHAHTHUM YTHUIIajeM OCLUIIalMja
npupoaHux (akropa, mpe cBera Apkruuke ocianuje (Graversen G., Christiansen, B
2003; Oyuuh B, PamoBamoBuh M., 2005; Hymuwh B., 2008; Baldwin M., Thompson D.
2009).

KaTeropM3aunja CE€30HCKHUX M IN'OIMIIILUX CyMa NMajaBuHA y HOZIFOpI/II[l/I

Amnanun3a kone0ama Ce30HCKHX U FOAUIIBUAX CyMa MajaBrHa U3 60-roIuIber Hu3a
MoJlaTaKa, Kao 1 HIXO0Ba KaTeropu3alilija, 3aCHOBaHA je Ha MPUMEHH Hajuemnrhe KopuirheHmx
MeTOoZa — CTaHAApAW30BaHa (HOPMAJM30BaHA) OACTYNAmka M MEPICHTWIH. AHOMAaHje Cy
u3padyHaTe y oOgHOCy Ha pedepeHTHH KiuMarckd mepuox 1961-1990. roxwmHa.
ITpeumyhcTBO NEpIICHTHIIA TP aHAIN3H, OJHOCHO KiacH(pUKALMjU aHOMAITHja, Y OJHOCY Ha
CTaHIApIHY ACBUjalMjy W APYre METOE, je y TOME IITO CYy MHTECPBAJIH Kiaca MarbH, a ce
jacuuje uneHtudukyjy perku norahaju. Bpeanoctu nepuentuna ce xpehy ox 0 no 100,
onHOCHO OHU jene ypehenn Hu3 Ha 100 jemnakux jgenosa. Tako Ha mpumep, 40. mepIEHTHIT
o3HavaBa na 40% noparaka MMa Mawby BPEIHOCT OJl H-CIOBE alcolyTHE BpenHOCTH. Ha
Kpajy OBOT' KpaTKOT oO0jallmbera, I0CTaBJba CE JIOTHYHO IHTAamEe: 3aIlITO KOPUCTUTH
KBAJIMTATUBHH ACTIEKT Yy aHAIM3W IAaJaBHHCKUX aHOMalWja, a HE alCoJyTHE BPEIHOCTH?
Hanme, ako kakeMo Jja KOJIMYMHA TaJaBUHAa HEKE BPEMEHCKE jeAMHMIE oAcTymna Hip. 50
mm y oIHOCY Ha oAroBapajyhy HopMmaly, THMe HHCY aTa Heka OuTHa obenexja, na Ju je To
MHOTO, MaJio, 3HaYajHO WM je IMaK TO HOPMajHa I0jaBa, WIH PETKa, WIH EKCTPEMHO peTKa
mojaBa 3a JaTy NPOCTOpHY jenuHmily. Jlakie, moTpeOHO je TadyHO ofjammerme OpojeBa,
OJTHOCHO KBAJIUTATUBHO ojpeherbe MojeNMHNX METEOpOJIONIKUX I10jaBa Y OJHOCY Ha T3B.
HOpMaJTHEe KIMMaTCKe ycioBe. M3 Tor pasiora je KBAIUTAaTHBHO Ofpehere aHaoMalmja JaTo
camo y HaBol)emy Opoja OIMaKeHHX YECTHHA 32 CBaKy KapaKTEPUCTHKY.

Hu jeana cesona y Iloaropumnu, y nepuonay 1951-2010., Huje umana KapakTep
eKCTpeMHoOr jgorahjaja xama Cy majaBUHE y NMHUTamkby — W3BaH omcera +3 CTaHAapIu30BaHa
oacrynama. Jla ce ca ce30HCKMM KoiauuMHaMa nazasuHa y Iloaropumu Humra
KapaKTEepUCTUYHO JIe JlellaBa, MOTBphyjy W KIU3HH |l-roanimimu cpeamaiy. Y IepHomry
oricepBalyje, mokpetHe 11-roqumnime cpeniHe HA KO/ jeJHE CE30HE HICY M3alllie U3 Orcera
+1CTAEB, HuTH mOKa3yjy YycCTajbeHy TEHACHIHW]Yy y jEIHOM WM JpyroM MpaBily.
3ajegHMYKa KapaKTepHCTHKAa CE30Ha je W TOTOBO MCTH Opoj roamHa ca AeHIUTOM H
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cyhuuuTOM MaJaBUHA, Ka0 M JAOMUHAILMja OJCTYyMama Yy OICEry KIMMAaTCKe HOpMale
(#1CTHEB). Ilpema crannapan3oBaHoOM oAacTynamy, y 58,3% cmydajeBa (35 roauna) cy
nponehHe KoJIWYMHE MajaBWHA OWie y rpaHHIaMa HOPMAJHOT Omcera, jetwe 61,7% (37
rof.), jeceme 63,3% (38 rox.), a 3mmcke gak 70,0% (42 rogx).

Kracudukanyja nojeanHauHUX BPEIHOCTH CE30HCKMX CyMa IajiaBuHa Mokasyje za
KaTeropuju xuuiHo, y 60-roauiimem nepuony, npumnana: 10 3uma, o 9 nera u mposieha u 11
jeceHu. Bpno xuwnux 3uMa Huje 6wino y mepuoay 1951-2010. roguna, JOK ce Kao TaKBO
kapakTepwuie camo 1 mposehe, 2 nera u 4 jecenu. Ca apyre cTpaHe, YSCTHHA [T0jaBE CYUIHUX
nera u nponcha m3nocu mo 12 ox 60, 3uma 7, a mponeha 6. CtaHmapau3oBaHa OJCTyIamka
Jajbe T0Kasyjy nAa ce HujeaHo Jjero y Iloaropumu, y mnocMaTpaHoM MepHOAy, He
KapakTepuIlie Kao 6pl0 CYWwHO, OJHOCHO KapakTepuile camo 1o 1 3uma u jeceH u 3
nposieha. ExcmpemHo KuwiHux M eKCmpemMHo CYWHUX ce30Ha, Kako je Beh moMmeHyTo, HUje
6mo y mepruoxy ox 1951. no 2010. roaune (Tabena 1).

Tabena 1. Knacudukanmuja ce30HCKHX cyMa NMaJaBHHA HA OCHOBY CTAHJApPAH30BAHHX aHOMAJIMja U
nepuenTniaa, loaropuma 1951-2010.

Kapaxrepuctuka Kracubukanuja OmnaxxeHa yectuHa (Op.roguHa)*
(CTHEB.oxct.-6) 3 I1 JI J
ExcTpemMHO cymiHO <-3c 0 0 0 0
Bpio cymrso -2—-(-3)o 1 3 0 1
CyuiHo -1-(2)o 7 12 12 6
Hopmainso + 1o 42 35 37 38
Kumno 1-20 10 9 9 11
Bpiio kumxo 2-30 0 1 2 4
EKCTpPEMHO KUILTHO > 30 0 0 0 0

Kapaxrepuctuka Krnacudukanuja OnaxeHa yecthHa (6p.roguHa)
(ITepuenTm) 3 II JI J
ExcrpemMHO cyiiHO <2 0 3 0 1
Bpio cymHo 2-9 5 4 3 4
Cymso 9-25 6 15 17 8
Hopmanno 25-175 34 26 25 28
Kuruo 75-91 11 6 10 7
Bpo xumsHo 91-98 4 5 3 8
EKCTpPEMHO KUILIHO >98 0 1 2 4

*3-3uma; [1-nponehe; JI-neto; J-jecen

MeroxoM mepueHTHIa IOOMjeHM Cy HEIITO IPYraudju pe3yiaTaTH aHalu3e
aHOMandja CE30HCKHMX cyMa MaJaBWHAa y OAHOCY Ha HopMamry 1961-1990. I mo oBom
NOKazaTeJby, KOjU je OCETJbUBHU]H Y OJHOCY HAa HOPMAJIHM30BAHO OJICTYIIAhe, HU jelHa 3uMa
ce He KapaKTepullle Kao eKCTpeMHHU jorahaj — eKCTpEeMHO BJIa)KHA MJIM €KCTPEMHO CYIIHA.
Takohe, uu jemHo jero y Ilogropumm, y mnepuomy 1951-2010., He ouemyje ce Kao
eKCTPEMHO CYIIHO, IOK JIBa 33]I0BOJbaBajy YCIOBE KJIAce eKCTPEMHO BIAXKHO — KHIIHO (JIETO
1959 u 1979. romune). Exctpemuo cymnux nponeha 6umo je 3 ox 60, a jecenu 1, 10k je y
MOTJIeZly eKCTPEMHE BIaXHOCTH Taj ogHoc cympotaH (1 mposehe u 4 jecenn). Bpennoctu
TIepIeHTHIa Takohe Mmoka3yjy Zla cy Ce30HCKe CyMme TalaBUHa y HajBehem Opojy ciydajeBa
Oune y orcery yoondajHUX BpeOHOCTH (25-75. meplieHTmna), OJHOCHO JOMHUHAINHN]Y KJace
HOPMAaJIHO y OZHOCY Ha ocraje kiace. Jlakie, ka0 HOpMalHa I0jaBa y TOIJIEAy BUCHHE
MalaBrHA, HA OCHOBY TEPIICHTHIIA, O] YKYITHOT Opoja dectuna (60) omemeHo je: 25 neta, 26
mponeha, 28 jecenn u 34 3ume.

Jlakne, oBa aHanu3a je MoKaszala Ja CyMibe€ Kako he oromspaBame mnoBehaTu
YEeCTHHY eKCTPEeMHHX Joraljaja U Koj MaJaBUHCKHX mpuinka, kako ucruue IPCC, He cToje
KaJla Cy y IIUTamy CEe30HCKe cyMe majaBuHa. Y Iloaropuiy, Ha OCHOBY CTaHAApAN30BAHUX
OJCTymNama, TakBux porahaja Huje HU Owio y mepuomy on 60. romuna. Ha ocHOBY
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NEepLUEHTHIA, SKCTPEMHHX 3MMa y TOIIeAy YKYIHHX MajaBHHa (SKCTPEMHO CYLIHUX H
eKCTPEeMHO KHIIHMX), Takohe Huje OHIIo, ITO HHUje y CKJIaay ca IpeTIocTaBkama o
AHTPOIIOreHOM YTHUIAjy Ha MoBehame CYIIHOCTH WM IaK BJI2XHOCTU 3a OBO T'OAMIIEE
no6a. Hu y neTmoj ce30HM HHUje OMII0 eKCTpeMHUX Jorahjaja y MOTNey CYIIHOCTH, IITO ce
Takolje He yKiamna y KOHIICIT OIIITEe aHTPOIOreHe apuau3anuje. Y nposehe u jeceH je, kaaa
ce mocMarpajy cyme MaJiaBHHa y OBUM Ce€30HaMa, OMJIO0 eKCTPEMHHX MojaBa, 4 OJJHOCHO 5.
Mehytum, y mocienme TpU ACleHHje je caMo jedaHmyT mposiehe OMIo eKCTPEMHO CYIITHO
(2003. roaune), a jeceH ekcrpemuo kuimrHa (2010), Mok cy octanu ekcTpeMHHu aorahaju y
OBa JIBa TOIUIIKA 100a (CBUX 7), PETHCTPOBAHH Y MPBOj MOJOBUHU MOCMATPAHOT MEPHOA.
Hu oBa koHcrarauuja He mae y mpwior noBehamy 4YeCTHHE EKCTPEMHHX MaJaBUHCKUX
nojaea Kao ojpa3 nosehama HHTCH3UTETA OTOIbABAbA.

Ha cnumu 5 npukasaH je X0l rOAWIIIBbHX aKyMyJIHPaHHX NagaBUHA M KIU3HU 11-
TONUIIBY cpeAmany. [ouIImke BUCHHE CYy JaTe y BHAY CTaHIApAW30BAHUX OACTYIarbha
Hopmanie 1961-1990. ¥V mepuomy 1951-2010., HM jegHa ToAMHA Cce HE OLECHYje Kao
exkcTpeMHH foralaj (eKCTpEeMHO KWITHA M eKCTpeMHO cymmHa, m3BaH oricera +3 CT/EB),
IITO je y CKIamy ca IPOMEHaMa CEe30HCKUX CyMa. Y OIIcery HOPMAJIHHMX BPEIHOCTH
(£1CTHEB wmmu £300 mm), ox 1359 mm mo 1959 mm, Hanasu ce 40 roauna unu 66,7%
nojaraka. M knm3Hu 11-roauinmy cpelmballd jacHo ToKa3yjy Ja ce, Y Cpehoj BPeIHOCTH,
ca maJBUHCKUAM NpHiIrKama y [IoAropuIM HUIITa KapaKTePUCTUYHO HE JeliaBa — HHjenHa
BPEIHOCT MOKPETHOT cpelmaka y mepuoay 1951-2010. Huje mpepasunuia omcer =1
HOPMAJTU30BAHOT OJICTYIIakha, HUTH TOKAa3yjy YCTa/beHy TCHACHIIH]Y.

@ N\
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Cumnka 5. CTanIapAH30BaHa O/ICTYNIaha FOANIIIBLUX KOJINYHHA NAJaBHHA ¥ KJIH3HH
11-ropummu cpeamanu y Iloaropuuu 3a nepuox 1951-2010.

Ja cy magaBuHe jegaH ol HajIPOMEHJBPHBHjUX METEOPOJIOIIKHUX eIeMEHATa, TOBOPH
YHILEHUIIA Ja Ce KA0 Hajay»KM HENPEKUJIHU HU3 Y KOME Cy TOJIUILIbE CyMe OHJie y OIcery
HOpPMaJIHUX BpPEIHOCTH, Oe3 Behux konebama, M3/1Baja MOANEPUO/] OJf caMo 7 TOIWHA, U TO
Kpaj obOpaljene Bpemencke cepuje (1997-2003). YV ocTamuMm mnoanepuoanMa, TaKie M
kpahum, npumeTHe cy Mehyroauinme Bapujanyje, ITO HAje HEyoOHYajeHO 3a OBaj EIEMEHT.

[Ipema BpemHOCTMMa TEpLEHTWIA, TAJaBUHCKE NPWIMKE Cy, ITOCMaTpaHo Ha
TOAMIIBLEM HUBOY, Y BeheM jaeny aHalM3upaHor mepuoja Ouie y nHrepBary Hopmaie (31
roguaa). [To oBOM moKa3arelby Cy IO JBE TOAWHE OLCH-eHe Kao ekcTpeMHo cymHe (1953, u
1983.) u exctpemuo Biaxue — kumHe (1979. u 2010.). Kareropuju cymuo npunana 10, a
BpJio cymHo 2 roxune. Ca apyre cTpaHe, KAIIHUX je Onino 7, a BpJIO KUIIHUX 6 TOIUHA Y
neproxy 1951-2010. ronuna (cimka 6).
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Caunka 6. AHOMa/IMje rOAMIIIBLUX CyMa NAJaBHHA U3pasKeHe Y NepUeHTHIMMA HopMaJie,
Hoaropuuna 1951-2008.

AHoManwje majgaBHHA CE MOTY W3pa3WTH HAa BUIIC HAYMHA: MPEKO IEPICHTUIIA,
MPOICHTYaTHOT yuemrha y HOPMAaldHOj CYMH W JIPYTHX BEIMYHMHA KOje C€ KOPHCTE Yy
METEOPOJIOITKO] CTATUCTHIM. Tako ce HIp. MPOICHTYadHO ydemhe TOAWIIBHX Cyma, Y
nepuony ox 1951. mo 2010. romune, kpehe ox 52,4% no 142,0% mpocedHOT TOAWIIEHET
H3HOCA.

3akbydak

VY mnepuomy 1951-2010. romuna., y xome je no IPCC npucyraH aoMHHaHTaH
AQHTPOIIOTEHH YTHUIA] Ha KIUMY, HE IIOCTOjU CTAaTHCTHYKH 3Ha4ajaH TEHJ IpOMeHa
CE30HCKHX M TOJUIIBLUX KOJIMUMHA NagaBuHa y [loaropumy, mro je y ckiiaay ca mpoMeHama
y EBponn kao nenunu. Ca japyre crpaHe, BapujaOMIIHOCT CE30HCKMX CyMa IaJaBHHA Y
nepuony 1951-2010., uzpaxena koeduiujerrom Bapujaruje (Cv) 3a 30-roauinme nepuoie
C TIOMakoM Of jelHe TOJAWHEe, IOKa3yje CMameme Y Ipella3sHUM TOAMIIBUM J00uMa,
onHOCHO moBehame y 3MMCKO] W JIeTHO] Ce30HH. BakHOo je wncrahm ma je TpeHn
BapujaOMIIHOCTH CE30HCKMX CyMa TajaBWHa y I[loAropuiy CTaTMCTUYKK 3HAYajaH.
MehyTtuMm, kana je y nuramy KojeOame TOMUIIBUX CyMa MajaBHHA, PE3yNTaTH aHaln3e
moKa3yjy ma ce He yodasa moBehame BapujabmimHocTH. TpeHn BapujaOWIHOCTH y TIEPHOLY
1951-2010., mpopauynar 3a 30-rogumIme MEepHoOAe ¢ IIOMAKOM OJ jeTHEe TOAWHE, paBaH je
Hymu. llTta Bume, y mocreamux meT BpeMeHckux cepuja (1975/2004,...1981/2010), oqHOCHO
y neproay 3a koju IPCC TBpau Ja je npucyTHa AOMHHAIIMja aHTPOIIOIEHOT OTOIJbaBatbha U
na Ou 300r Tora Tpedano ouekuBatu nosehawme YecTHHE eKCTpeMHUX jporalaja, mpucyTaH je
TPEH[ CMameha BapHjaObUIHOCTH NafaBuHa y [loaropuny, u To He caMo Ha roAUIIbeM Beh
W Ha HUBOY CE30Ha.

Wmajyhu y Buagy noOujeHe pesyniraTe, MOXe c€ KOHCTaToBaTH Ja ce ca
aKyMynupaHuM nanaBuHama y Ilomropunm, y nepuoay 1951-2010., Humra OuTHHjEe He
JieliaBa, Kako Ha Ce30HCKOM TaKO M Ha FOJMIIBeM HUBOY. Mehyroaumime Bapujanuje, Koje
MHa4ye KapaKTepHIly OBaj eleMeHT, Hucy noBehane y nocienme Bpeme. TpeHa KOMIIOHEHTa
NOKa3yje M3BECHE MPOMEHEe, alu Cy OHE CTATHCTUYKU HecurHudukanTHe. Jlocamaimu
pe3ynTaTH MCTpaKHBaba IaJaBHHCKHX NpPWIMKa Ha noxapydjy Ilogropuue ce, makne, He
yknamnajy cacBuM y konuent [PCC, koju npensubja omnmTe CMambehe KONMUYHHE TaIaBHHA Y
HallMM KpajeBUMa ¥ ToBehame BapmjabmmHOcTH. Mmak, Ha OCHOBY yBHOA y CTPYYHY
JHUTEPATypy CTHYE CE YTUCAK [la Ce jOII yBEK HE MOXKE U3BECTH I'CHEPATHHU 3aKJbydaK KaKo
Ou eBEHTYaJHH aHTPOIIOTCHH edeKaT cTakieHe OamTe Tpedano Ja yTHde Ha MaJaBHHE, IIITO
j€ OBa aHa/M3a ACTMMUYHO U TIOTBPIMIIA.
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KonuurHa ¥ pexxuM NaJaBuHa y IPBOM PEmy 3aBHCE OJ CHHONTHYKHX ycioBa. C
THM Yy B€3H, CMaTpaMo Ja O NPOMEHE KOJINYUHE IaJaBHHa, [IPe CBera, Tpebano TPaKUTH Yy
npoMeHaMa LUpKynanuje armocdepe. Y HaydyHO] jaBHOCTH MPHCYTHE CYy CyMibe Ja
eBEHTYaJIHH aHTPONOreHH e(eKaT CTakiIeHe OaluTe yClIOBJbaBa M IPOMEHE aTMocdepcke
nypKyianyje. MelhyTum, MHOTM HCTpa)XKMBaud WCTUYY Ja je LHUPKYyJaluja Ba3ayxa IoJ
JIOMUHAaHTHUM yTHUIIajeM OCLUIIAIMja IPUPOAHHUX (GaKkTopa.
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Abstract: The global warming and climate change are the actual and challenging topics. Recently there is one
question, frequently asked: whether today's climate is changing? The studies of this issues are mainly related to the
two the most important climatic elements — air temperature and precipitation amounts. We have done research
about temperature variability for Montenegro and the main aim of this paper is analysis precipitation changes for
station Podgorica (Montenegro) in the period of sistematic observation — are there changes, to what extent and
whether they are significant. According to the results, acumulated precipitation do not show significant changes for
annual and seasonal values in the period 1951-2010. The interannual variations of the precipitation (which are
characterictic for this climate element) do not show increases in recent times. The component trend shows some
changes, but statisticaly insignigficant. The previous results for precipitation conditions in Podgorica are not in
accordance with the concept of Intergovermental Panel on Climate Change (IPCC) which predicted a general
decerease in precipitation and increase variability on this area.

Key words: precipitation, trend, variability, Podgorica.
Introdaction

According to the Intergovernmental Panel on Climate Change (IPCC), in the second
half of the 20th and early 21st century, there is a global antropogenic impact on climate — the
anthropogenic greenhouse effect. The Third IPCC report says that in the 20th the precipitation
have increased at a rate of 0.5-1% per decade over most moderate and higher latitudes, while the
subtropical regions have decreased by the amout of 0.3% per decade. Further they state that
during the 20th century there was a relatively small increase of areas affected by drought or
extreme humidity (IPCC, 2001). However, they conclude that these changes are related to the
decadal climate fluctuations, primarily caused by El Niflo-Southern Oscillation (ENSO).

The IPCC document devoted to regional ascpect of climate fluctuations' saying that:
“Although there are some regional differences, overall, a series of annual precipitation in Europe
show no significant trend, especially after 1950, According to the IPCC from 2001 there was no
statisticaly significant precipitation trend in Europe. But, according to European Environment
Agency’ (EEA), if we observe the 20th century in general, there is a contrast between North and
South Europe, as in the first region have increased annual precipitation of 10-40% while the
other had decreased to 20%. Similar data gives the IPCC in its Fourth report, published in 2007.
This report says that in most of Europe were the greatest changes for the winter season.

According to IPCC projections, during 21st century, the precipitation will increase at
higher latitudes and possibly fall in most subtropical land regions. The IPCC projections, based
on the growing impact of CO, emissions on climate show a rise of 1-2% per decade in annual
amount of precipitation for North Europe, or reduction to 1% per decade in South Europe.
Reducting of precipitation amount in Southern Europe, a region where is Montenegro, would be
accompained by more frequent droughts with significant impacts on agriculture and water
resources. For the region of Southeast Europe, where is Montenegro, the largest decrease is
expected in the warmer half of year — about 22% by the end of the century. So, if the projections
of increases in greenhouse gases (GHG) in the atmosphere realize, IPCC models predict
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significantly warmer climate, especially during the summer months, and a small amount of
precipitation in Meditterranean Europe. The general assessment is that the region of Southern
Europe will be affected by high temperatures and droughts, and net effects will be mostly
negative with the increase in the intesity of climate change (IPCC, 2007).

Modeling changes in precipitation is much complex in relation to temperature.
However, IPCC models predict increasing winter precipitation sum on Europe as a whole, an
average of about 21%. But, in some parts of Southern Europe we can expect a decrease in winter
precipitation. For summer is expected to reduce the amount of rainfall in the most of Europe, for
the entire continent of about 11%, and about 22% by the end of century for Mediterranean
region. According to IPCC projections, the model A1B (moderate option) provides a significant
reduction in summer precipitationsum in Montenegro (about 22%, and over 50% of current
normal in the most unfavorable option) and slightly less in the fall. In the spring do not expect
significant changes (slight increase), while the winter amounts will have slightly increase. The
estimates are that the reduction in the summer and fall will be significantly greater than the
increase in precipitation during winter and spring, and the annual amount in Montenegro will
have a negative tendency’.

Many scientists disagree with the views of the IPCC. Kiktev et al. (2007) in their study
comparing the results of the calculated trends for extreme annual air temperature and
precipitation amounts from observational data and model results that are crucial in the Fourth
IPCC report for simulate trends in the second half of the 20" century. They conclude that the
models show moderate skill for extreme temperature events and weak or absence skill for
extreme precipitation events. In their study of rainfall for oceans Stephens et al. (2010) show that
climate and weather models underestimate of intensity for 1.3 to 1.9 time in relation to observed
values, and overestimate in the frequency for two times.

Starting from the premise that today the floods are generated by global warming, Pielke
(1999) says that the media tends to link every extreme weather events with the rise in global
temperatures. In the same article the author points out that “in fact not possible to connect many
weather events to global warming®. To support this statement, he cites a number of non-climate
factors that may affect flooding in the future, such as violation of dams and embankments, land
use change, concentration of growing population and buildings in areas that are vulnerable to
floods and other social influences.

In their regional analysis of extreme precipitation events in Toskana (Italy) Crisci at al.
(2002) determined the absence of statistically significant trends in these events for the majority
of stations for the period 1950-1994. Similarly, Clark and Rendell (2006) were analyzing the
trends for extreme precipitation events which resulting in flood events and slipping land in
southern Italy for the period 1950-2000. The results showed that the frequency of extreme
precipitation events in this region declined by more than 50% in the 1990s compared to 1950s
and which is accompanied by increased stability of the surface terrain of southern Italy and
central parts of the western Mediterranean.

Rodrigo et al. (2001) suggest an association between seasonal variation of rainfall in
Europe with atmospheric circulation and conclude that ’’the current positive temperaure
anomalies in western Europe and drought conditions in southern Europe and the Mediterranean
are in close connection with persistence and a very positive phase of NAO (North Atlantic
Oscillation) index from 1980s’’. Also, they point out that the strongest signal for precipitation
and atmospheric circulation is for winter season and under the influence NAO can explane 40%
variability during the winter. Similar results give Tomozeiu et al. (2002) which find a significant
decrease in winter precipitation for northern Italy in period 1960-1995 pointing out that the
observed changes may be due to intense positive NAO phase.

Huntington T. (2006) starts with the statement that "there is a theoretical expectation
that warming will result in increased of evaporation and precipitation, leading to hypothesis that
one of the main result will be the intensification (acceleration-strenghtening) water cycle". His
research shows that the intensification of the hydrological cycle during the twentieth century was
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weak and that may or may not be caused by global warming, adding that "here (tropical latitudes)
does not seem intensification of dangerous weather events".

Therefore, according to reports of the IPCC, the EEA and many papers can be
concluded that there are the contradictions in terms of estimate of precipitation change in the past
century and projections for the 2Ist century. This paper presented results of analysis of
precipitation changes in Podgorica. There is a detailed analysis of trends, seasonal fluctuations
and categorization the annual and seasonal amounts of precipitation in the period 1951-2010 in
order to see if the changes are in line with the general notion about aridization these areas.

Research methodology

For the analysis of changes in precipitation amounts we use the data from
meteorological station Podgorica for period 1951-2010. This is main weather station with
professional observers, and it was expected that the measurements are reliable, what is
determined by testing and checking of data (it is used database CLIDATA of
Hydrometeorological Service). When we determined that the series are relatively homogeneous,
the second step in the processing of data for analysis included the completion of its lenght.
Interpolation and extrapolation of missing data was done using the method quotient, proven by
method of Kriging. In this process, the reference range used the two nearest stations (Golubovci
and Crkvenica) where there are high and statistically significant values of correlation coefficient.
Interpolation is done at the monthly level.

We used a common mathematical and statistical methods in the research - trend line,
the method of percentiles, moving averages, standardized deviation, coefficient of variation etc.
The trend is calculated using least squares and the statistical significance is determined on the
total number of elements in the array minus two (n-2 degrees of freedom) and the coefficient of
determination (R?), using Student's test. In order to make comparison of results from different
locations, WMO recommends that the trend of precipitation is calculated in % with regard to
normal (N) of the last standard climatic period 1961-1990. Expression of rainfall trends in
absolute values (mm or lit/m2) can give a misleading picture. In the reports of the IPCC, WMO
and National Meteorological Services, the trend of rainfall is given in % of normal at 10 years (%
N/10y).

The trends and seasonal fluctuations in rainfall amount in Podgorica

The calculation of trend showed that the seasonal changes of accumulated precipitation
in the second half of 20th and early 21st century, in mathematical terms, are insignificant. So, in
the analyzed period for which is the dominant anthropogenic influence on climate according to
IPCC reports, there is no statistically significant change in precipitation trend in Podgorica in any
season, what is in accordance with changes in Europe as a whole. In the period from 1951 to
2010, the winter and summer precipitation amounts were reduced (decreased) by (per) the trend
line, and increased for spring and autumn. The downward trend of summer precipitation sum is
3.4 mm per decade or 2.0% of normal 1961-1990 for 10 years. Respectively, the cumulative
decline in this period was 19.8 mm or 11.8% of normal. At least changes per trend line are
registered in the spring season, 4.8 mm per decade or 1.2% N/10 years - a cumulative increase in
the 60-year period is, in statistical terms, insignificant (28.5 mm or 7.2%). Also, even in winter
there is no statistically significant trend of precipitation change, -9.5 mm per decade, or -1.6%
N/10 years (Figure 1).

Figure 1. The trend of seasonal changes in precipitation amounts, period 1951-2010
The biggest changes per trend line are obtained for the fall, but they were also, strictly

mathematically speaking, statistically insignificant. In the period 1951-2010, the autumn rainfall
amounts were increased an average intensity of 18.2 mm per decade or 3.5% N/10 years - an
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overall increase is 107.3 mm or 20.5% in this period. However, in the period 1991-2010, the
seasonal rainfall amounts show the opposite trend in relation to the whole observed period.

According to IPCC projections, the region of South Europe will have a decline in
summer precipitation by about 5-15% till 2025, and in winter lower growth (Popovic T.,
Jovanovic O., 1994). According to analogue of Holocene paleoclimate optimum, that is given by
Boudica et al. (1992), our latitudes were richer in precipitation, generally, than it is today.
However, Zubakov A. (1986) points out that in the Holocene optimum in our latitudes was less
precipitation.

These and similar contradictions show that one can not say with certainty; which
changes of the precipitation conditions would be expected under the influence of possible
anthropogenic greenhouse gases (Ducic V., Radovanovic M., 2005). However, for the area of
Podgorica, a basic developmental tendency (trend of components) indicates that seasonal
changes in the mathematical sense, are insignificant.

Reports IPCC, WMO and some professional papers point out that in warming
conditions should expect an increase in intensity and frequency of extreme weather events. In
other words, the increasing frequency of droughts and wet weather units (in this case the seasons)
would have to be reflected on the indicators of fluctuations. In this respect, we have checked
what happens to the dispersion of data in a given time series, and that data have been processed
for each season separately. Thereby, to determine the size of the fluctuations were used two
measures of variation - coefficient fluctuation by Helman (Cc) and coefficient of variation (Cv).

The coefficient of fluctuation is a extreme fluctuation for a given time unit in a given
period. It is obtained as the ratio of the annual (season) with the highest amount of precipitation
and the year (season) with the least amount of precipitation for the given period. Another
measure of dispersion (Cv), which is more reliable for this type of analysis, represents the ratio
of standard deviation and average values for a given period, and is expressed as a percentage.
Since this is a very variable element, it is not desirable to consider the fluctuation in a shorter
time unit, and the variability of seasonal precipitation in Podgorica in the period 1951-2010,
calculated for a 30-year periods with a shift of one year (up + 1, a total of 31 time series).

Trend of coefficient fluctuation of precipitation (Cc) may only preliminary points
whether there was an increase of extreme events in one direction or another. Based on this
indicator cannot be make more serious conclusions. Much more realistic picture of fluctuations
in precipitation gives the coefficient of variation (Cv), because this parameter takes into account
the standard deviation. The variability of seasonal precipitation amounts per line trend in the
period 1951-2010 expressed Cv for a 30-year periods with a shift of one year, is increased only
in the winter season, while the other three seasons is decreased. It should be noted that the trend
variability of summer precipitation amounts is only significant at 90% confidence level, and in
the other seasons at all levels of probability of risk of accepting the hypothesis (Figure 2).

The intense global warming is at the end of the 20th and early 21st century - the last 4
20th and the beginning of the 21st century (IPCC, 2007). If the warming does have an impact on
precipitation conditions, according to IPCC models it is expected to increase variability of
precipitation in Podgorica, because in all four seasons there is increasing trend of temperatures
(Buric et al., in press). However, in the last seven moving time series (1975/2004, ...1981/10), the
three seasons showed a decreasing trend of precipitation variability, which is most pronounced in
winter and summer (insert charts in the figure 1), and only autumn amounts have became little
more variable.

Figure 2. The coefficient of variation of seasonal precipitation amounts for 30-year periods with a step of one
year and trends, period 1951-2010. (*(*****) — significant at =0.10 (0.01))

The dynamics of annual precipitation change in Podgorica

The average annual amount of precipitation in Podgorica is 1659 liter/m’, mostly
rainfall type. Participation of snow in the total amount of precipitation is insignificant. The given
precipitation rate is quite high and may lead to conclusion that the area of Podgorica has



67

abundant of water. However, the distribution of rainfall throughout the year is uneven including
high rate of evaporation. Geological structure of limestone causes rapid infiltration, so all these
factors decrease water effectiveness. It is important to add that mountain regions in the
surrounding are getting much higher rates of precipitations. Therefore Podgorica region is
considered to be in rain shadow although it receives relatively high amount of rainfall (Buric et
al., 2007).

Liner trend analysis has shown statistically insignificant trend (figure 3). Results
showed increase of 0.78% (12.9mm) per decade or 2.26% (37.4mm) in the total period. This
increase could be explained by seasonal variations especially autumn precipitation increase of
0.35% per year. Changes in other seasons are minor.

Figure 3. Anomalies and precipitation annual amounts in Podgorica, 1951-2010

Speaking about possible future changes in rainfall, the IPCC document is said that, unlike
the air temperature which is expected to grow throughout the Europe, more complex changes are
in precipitation (IPCC, 2007). However, when it comes to the Mediterranean area, the IPCC
report points out that, as a reflection of the warming caused by the dominance of anthropogenic
greenhouse gases, there will be aridization generally. As already mentioned, in the area of
Podgorica process of aridization so far has not been noticed. Moreover, in the last two decades
(1991-2010) annual precipitation sum registered a statistically significant trend of 13.7% N /
decade.

Ducic V. et al. (2007) showed that there is no significant change in amount rainfall in
Serbia in the second half of the 20th century. Calculations showed that only 2 of 20 observed
weather stations registered a statistically significant downward trend in annual precipitation sums
per decade (Sremska Mitrovica and Negotin).

In order to check what happens to the dispersion of rainfall per year the coefficient of
fluctuation (CC) and coefficient of variation (Cv) have been calculated. Also, due to objective
reasons (high volatility of this element), the variability of annual precipitation is investigated for
a 30-year period with a lag of one year (up + 1, a total of 31 time series).

The coefficient of variations by Helman (Cc) for the entire period (1951-2010) has a
value of 2.7, which means that the rainiest year with 2356.9 mm (2010) was 2.7 times richer than
the driest one 869.6 lit/m* (1953). This means that annual precipitation range, in the analyzed 60-
year period is 1487.3 mm, which represents a 89.6% of the average annual level.

The coefficient of variation (Cv) of annual rainfall in Podgorica, as reliable measure of
dispersion of individual values in the series, also shows that practically nothing happens, that
there was an increase of extreme events in one direction or another. The trend of annual
precipitation variability in the period 1951-2010 and in the last seven time series (1975-2010, a
slight decrease), calculated for a 30-year periods with a shift of one year is equal to zero (Figure
4).

Figure 4 The coefficient of variation of annual rainfall for the 30-year periods with one year lag and its
tendency in Podgorica, the period 1951-2010.

Taking into account these results, it can be concluded that with the accumulated rainfall
in Podgorica in the period 1951-2010 nothing significant is happening, both on seasonal and
annual scale. Interannual variations of accumulated rainfall, which normally characterize this
element, were not increased in recent years. Moreover, in the last seven time series (1975/2004,
...1981/2010), or the period for which the IPCC claims that there is a dominance of
anthropogenic warming and that would be expected due to increased frequency of extreme
events, there is a downward trend variability in seasonal (except for the fall season) and annual
precipitation sums. The trend component shows some changes, but they are statistically
insignificant. Past results of precipitation conditions in Podgorica, therefore, does not quite fit
into the concept of the IPCC, which predicts a general decrease in rainfall in this area and
increase variability. However, on the basis of the literature, it seems that still a general
conclusion cannot be stated, as this analysis is partly confirmed.
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In many papers it is stated that the reasons for precipitation changes should be sought in
natural factors. In fact, the amount of the precipitation regime depends on the synoptic
conditions. Therefore precipitation changes should be studied in relation to atmospheric
circulation changes at present the scientific community doubt that any anthropogenic greenhouse
conditions and changes in atmospheric circulation. However, many researchers point out that the
air circulation is under the dominant influence of the natural oscillations, primarily the Arctic
Oscillation (Graversen. Christiansen, 2003; Ducic, Radovanovic, 2005; Ducic, 2008; Baldwin,
Thompson, 2009).

Categorization of seasonal and annual precipitation sums in Podgorica

Analysis of seasonal and annual rainfall change of 60 years data series, and their
categorization is based on application of commonly used methods - standardized (normalized)
deviations and percentiles. Anomalies are calculated relative to standard period 1961-1990.
Percentile advantage in the analysis and classification of anomalies in relation to the standard
deviation and other methods is that the intervals are of smaller classes and more clearly identify
rare events. Percentile values range from 0 to 100, and they share data series at 100 equal parts.
For example, 40 percentile means that 40% of the data has a lower value than its absolute value.
At the end of this brief explanation, the logical question is: why use a qualitative aspect in the
analysis of precipitation anomalies, not absolute values? Namely, if we say that certain amount of
rainfall retires for example 50 mm compared to the corresponding normal, it is not given any
specific explanation in terms of, is this high value, small, important or is this normal, or rare, or
extremely rare occurrence for a given period of time. Therefore, it is correct explanation of
numbers and qualitative determination of certain meteorological phenomena in relation to the so-
called normal climatic conditions. For this reason, the qualitative anomalies determination is only
given in relation to frequency of each feature.

No season in Podgorica in the period 1951-2010 has shown extreme precipitation
events out the range of + 3 standardized anomalies. It is confirmed by moving 11-year averages
as for all seasons data are within the range + ISTDEV and do not show tendency in one direction
or another. The common characteristic of the seasons is almost the same number of years with
rainfall deficits and surpluses, as well as the dominance of climate variations within the normal
range (= 1STDEV). According to the standardized deviation, in 58.3% of cases (35 years) spring
precipitation were within the normal range, summer 61.7% (37 yr.), autumn 63.3% (38 yr.), and
winter to 70% (42 years).

Classification of individual values of seasonal precipitation sums shows that the
category of rainy in the 60-years period belongs: 10 winters, 9 summers and springs and 11 falls.
There were no very rainy winters in the period 1951-2010 years, but there was 1 spring, 2
summers and 4autumns. On the other hand, the frequency of summer drought and spring is 12
out of 60, 7 winters and 6 springs. Standardized deviations show that no summer in Podgorica, is
characterized as very dry. There are only one fall and winter and 3 springs in this category. There
were no extremely wet and extremely dry seasons in the entire period 1951 by 2010 (table 1).

Table 1 The classification of seasonal rainfall amount on the basis of standardized anomalies and
percentiles in Podgorica for the period 1951-2010.

Characteristics Classification Frequency (no. of years)*
(STDEV.0) W S S A
Extremely dry >-30 0 0 0 0
Very dry -2—(-3)o 1 3 0 1
Dry -1-(2)o 7 12 12 6
Normal +lo 42 35 37 38
Rainy 1-2¢ 10 9 9 11
Very rainy 2-3c 0 1 2 4
Extremely rainy > 30 0 0 0 0
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Characteristics Classification Frequency (no. of years)*
(STDEV.0) W S S A
Extremely dry >2 0 3 0 1
Very dry 2-9 5 4 3 4
Dry 9-25 6 15 17 8
Normal 25-15 34 26 25 28
Rainy 75-91 11 6 10 7
Very rainy 91-98 4 5 3 8
Extremely rainy >98 0 1 2 4

*W-winter; S-spring; S-summer; A-automn

Using percentile method different results have been obtained for seasonal rainfall
anomalies in relation to normal period 1961-1990. According to this indicator, which is
more sensitive than the normalized deviation, no winter is characterized as an extreme event
- extremely wet or extremely dry. Also, no summer in Podgorica in the period 1951-2010 is
evaluated as extremely dry, while the two satisfy the conditions of extremely wet - rainy
(summer in 1959 and 1979). The extremely dry spring, there were 3 of 60, a fall 1, while the
extreme humidity is opposite (1 spring and 4 autumns). Percentile values also show that
seasonal rainfall amounts in most cases were within the usual values (25-75 percentile) or
normal class domination over other classes. So, as normal in terms of the amount of rainfall,
based on the percentile of total frequency of (60) was assessed: 25 summers, 26 springs, 28
autumns and 34 winters.

Therefore, this analysis showed that IPCC claims that warming will undoubtedly
increase the frequency of extreme precipitation events is not the case in seasonal
precipitation sums. In Podgorica, on the basis of standardized deviations, such events did
not exist during the investigated period of 60 years. On the basis of percentile, extreme
winters in terms of total precipitation (extremely dry and extremely wet) have not shown
which is inconsistent with assumptions about the anthropogenic impact on increasing
dryness or humidity for this period. Even in summer season, there were no extreme events in
terms dryness, which also does not fit the general concept of anthropogenic aridization. In
spring and autumn, considering rainfall amounts in this seasons, was 4 and 5 extreme
events. However, in the last three decades spring has only once been extremely dry (2003),
and fall extremely rainy (2010), while the other extreme events in the two seasons (all 7),
registered in the first half of the period. This fact does not support the increase of extreme
precipitation frequency as a result of warming.

Figure 5 shows the annual accumulated rainfall and sliding 11-year averages. The
annual amounts are given in relation to normal deviations 1961-1990. In the period 1951-
2010 there was no year described as an extreme event (extremely rainy and extremely dry,
outside the range + 3 STDEV), which is in line with changes in seasonal totals. Within the
range of normal values (£ 1STDEV or + 300 mm), from 1359 mm to 1959 mm, are 40
years or 66.7% of the data. The 11-year sliding averages show clearly that nothing
dramatically happen in Podgorica as there is no value in the period 1951-2010 that has
exceeded the range = 1 normalized deviations, or show an established trend.

Figure 5 The standardized deviations of annual rainfall and slidingl1-year averages in Podgorica for the
period 1951-2010

Period of seven years did not show any variations (1997-2003). In other sub-period
inter-annual variations are evident, which is not uncommon for this element.

According to the percentile values, precipitations were in the range of normal values
(31 years). Last two years are estimated as extremely dry (1953 and 1983) and extremely
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wet (1979 and 2010). To the category of dry belong 10 yeras and very dry 2 years. On the
other hand, rainy was 7, a very rainy period of 6 years in the period 1951-2010 (Fig. 6).

Figure 6 Anomalies of annual precipitation sums expressed in percentile of normal, Podgorica 1951-2008.

Anomalies of rainfall can be expressed in various ways over percentile, percentage
of the normal amount of and other quantities used in the meteorological statistics.
Percentage of the annual amount in the period since 1951 until 2010 is ranging from 52.4%
to 142.0% of the average annual amount.

Conclusion

In the period 1951-2010 for which the IPCC claims dominance of anthropogenic
influence on climate, there is no statistically significant trend change in seasonal and annual
precipitation in Podgorica, which is in line with changes in Europe as a whole. On the other
hand, the seasonal variation of rainfall amount in the period 1951-2010 expressed by
coefficient of variation (CV) for the 30-years period with a lag of one year, indicates a
decrease in the transitional seasons, or an increase in winter and summer season. It should be
noted that the trend of seasonal variation of rainfall amount in Podgorica is statistically
significant. Considering annual precipitation sums, the results of the analysis show that the
increase in variability. The trend of variation in the period 1951-2010 with a lag of one year
is equal to zero. Moreover, in the last five time series (1975/2004, ...1981/2010), or the
period for which the IPCC claims that there is a dominance of anthropogenic warming and
that would be expected due to increased frequency of extreme events, there is a downward
trend variability of rainfall in Podgorica, and not just at annual level, but also the seasons.

Taking into account these results, it can be concluded that the accumulated rainfall
in Podgorica in the period 1951-2010 nothing significant is happening, both on seasonal and
annual scale. Inter-annual variations, which normally characterize this element, were not
increased in recent years. The trend component shows some changes, but they are
statistically insignificant. Past results of precipitation conditions in Podgorica, therefore,
does not quite fit into the concept of the IPCC, which predicts a general decrease in rainfall
in this area and increase variability. However, on the basis of the literature it seems that they
still cannot perform a general conclusion as to what the anthropogenic greenhouse effect
should not affect the rainfall, as this analysis is partly confirmed.

The amount of the precipitation depends on the synoptic conditions. In this regard,
we believe that the change in precipitation should be studied in relation to atmospheric
circulation. Present scientific community doubt that any anthropogenic greenhouse
conditions causes changes in atmospheric circulation. However, many researchers claim that
the air circulation is influenced by fluctuations of natural factors.
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