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Caxerak: Y OBOM pajy aHaJM3UpaHa je TOBE3aHOCT u3Mely Impkynanuje aTtMochepe U TOAUIIBHX
nagaBUHCKHX cyma y Cp6uju 3a nepuoxn 1949-2004. Kao moka3saressu nupKynanuje arMocdepe kopuurhenu
cy mopjany 3a ydecraigocT Xec-Bpe3oBckd mupKynanuoHux ¢opmu u THIoBa. CTaTHCTHUKH 3HadajHA Be3a
HEraTHBHOI 3HaKa 100Mja ce 3a 30HAIHYy M NOJYMEPHAMOHATHY (OpPMy M MHOSHTHUBHOI 3HaKa 3a
mepuauoHanHy ¢opmy. I[lokasaHe cy ¥ HEpaBHOMEPHOCTH Y IPOCTOPHOM paclOpely jadnHe Bese.
3axBaheHOCT BapHjaHCe rOJMIIKBUX cyMa najgaBuHa CpOuje y HelMHM HupKyJanudjom atMochepe je 69%. YV
pany je Takohe aHanmsupana Besa m3Mely mupKymanuje atMochepe U Cpelme TOAHIImbe O00JaYHOCTH Y
Cpouju. Ilopehemem pesynrara 3a oBa JBa KIMMAaTCKa €JIEMEHTa 3aKJbydyje CE Ja OHH IIOKa3yjy pasziuduT
IIPOCTOPHO-BPEMEHCKH Pa3Boj IPU MCTUM MaKPOCHHONTHYKUM ycioBuMa. Takobhe, Moxe ce TOBOPUTH H O
PErHOHATHOM aCIEeKTy HaBeJCHUX IpoLeca.

Kibyune peun: nupkyianuja atmocgepe, Xec-bpe3oBcku Tunonoryja, nagasune, obnagnoct, Cpouja

YBoa

3Hauaj MaKpOCHHONTHYKHX IpoLeca 32 IPOCTOPHO-BPEMEHCKY TUCTPUOYIH]Y
KJIMMaTCKUX eJieMeHara, y3 JIOKaJHe YMHHUOLE, je OCHOBA 33 Pa3yMEBambe PEernOHATHUX
KJIMMaTCKUX OJ/IJIMKa, OJJHOCHO pa3JiuKa. ¥ TOM CMHUCIYy BEOMa je Ba)KHO 3HATH y KaKBOj
je Be3nm Kkoiebame TmamaBuHa (KOje y3 TEMIEpaTypy Basiyxa MpEICTaBsbajy
Haj3Ha4YajHUjH KIMMAaTCKH €JIEMEHT) ca IMpoMeHama y atMochepckoj nupkynanuju. Kao
(akTOp KIMMAaTCKE BapHjadMIHOCTH 3a NPOCTOpP CeBepHE 3eMibHHE Xemuchepe
Hajuemhe ce HaBomu CeBepHo Ammancka ocuwmammja (North Atlantic Oscillation—
NAO). Takolhe, mpumeHa KiracH(pUKAIMOHOT METOJa j€ jefAaH OJf HauWHa Ja ce
carjenajy mpoMeHe y aTMOc(epcKoj HUPKyJIanuju y onapehleHoM mepruoxy BpeMeHa
(Huth R. et al., 2008). Jemna on Hajmo3HaTHjuX KiIacuduKanpja Koja MpHKa3yje
BpPEMEHCKE M LMPKYJALMOHEe NMPWINKE Ha eBPOIICKOM KOHTHHEHTY je Xec-bpesoBcku
tunoruja (Hess P., Brezowsky H., 1977; Gerstengarbe F.W., Werner P., 2005).0OBaj
KJIacCU(HUKAIMOHH METO/ IIPHUIIAJIA TPYIH Cy0jeKTHBHUX.

Ivanov S. et al. (2010) ucTuuy ma Cy pervoHajHEe NMPOMEHE MajaBHHA Ha
npocropy uctoune EBpore y Be3u ca mpoMeHaMa O/JIMKa IMpKynanuje atMmocdepe Ha
robanHoM HuBOy. [Ipema JoBanoruh I'. m ap. (2008) mocToju JOMHHAHATAaH YTHIA]
NAO u AO (Arctic Oscillation) peHomena Ha najaBUHCKU pexuM y CpOuju, HapOIUTO

* Pag NPE/ICTaBba pe3yjiTaTe UCTpaxkuBama mpojekta 146005 koje ¢uHaHcupa MHHHCTapCTBO Hayke U
TeXHOJIOMIKOT pa3Boja Pemy6nuke Cpouje.
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3a BpeMe 3MMCKE CEe30He, NPH 4YeMy je YTHIA] APKTHUYKE OCLMIALUje WU3PaKEeHH]H.
[MpoGnemarukoM TenekoHeknuja Ha npumepy CpoOuje GaBuim cy ce u dynuh B. u
Jlykosuh J. (2005). Onm 3akspydyjy na mocrtoju Be3a u3mehy En Humo jyxne
ocumnanyje (El Nifio Southern Oscillation — ENSO) 1 npomena KonvyiHe MajiaBUHA y
Cpowuju 3a nepuon 1951-2000., narnamasajyhu na ce Ta Be3a ocTBapyje MpeKo OMNIITE
mupkynangje arMocdepe. MecedHe TemmepaTypHe W TaJaBUHCKE aHOMalWje y
Mabapckoj 3a Bpeme En Humo u Jla Huma norahaja ycranosummu cy u Bartholy J. n
Pongracz R. (2006). Takohe, oBU ayTopu UCTHUY H Ja ce Hajjada Beza m3Mmel)y oBUX
M0jaBa OCTBapyje ca BPEMEHCKUM KalllibelkeM oA 2-3 mecena. [lo cnnyanx pesynrara (3
Mecema) O BpPEMEHCKOM Tmomepajy moBe3aHoctn ENSO ¢denomena ca cpeamum
MecedHHM Temmeparypama y CpOuju 3a mepuon 1950-1998. momasu m JoBanosuh I'.
(2010).

VY cBom ucrpaxuBamwy Bartholy J. u Pongracz R. (2006) taxohe yrBphyjy
CTaTUCTHYKY 3Ha4YajHy Be3y u3Meljy aTMocdepcke Iupkynauje Ha mpoctopy EBporie
nepunncane Xec-bpesoscku tunosnorujom U ENSO denomena. Cazacioc L. V. u
Cazacios A. (2006) no6ujajy curandukantHy Be3y usmehy NAO unmekca u Opoja gaHa
ca CHEeXXHUM IokpuBadeM y Pymynuju. [To3utuBHe dasze oBor (heHOMEHa yCIOBIbaBajy
Mame JaHa ca CHe)KHMM IOKPHBAauYeM TOKOM 3MMCKHX MECelH, JIOK HeraTuBHe (aze
nosehaBajy BepoBaTHOhy CcHeXHHUM 3uMa. VcTH ayTopm Ha OCHOBY KOpENalnoOHE
aamm3e m3Melhy NAO mHImekca u ydectanocTd Xec-bpe3oBCKH CHHONTHYKHUX THIIOBA
yTBphyjy Ia cy 3a mo3uTHBHE (Ppa3e KapaKTepUCTHIHA 3alaHa Ba3AyIIHA CTPYjama, JOK
Cy HeraTuBHe (ha3e MOBE3aHE ca CEBEPOMCTOYHHMM Ba3IyIIHUM TOoKoBuMa. Domonkos P.
et al. (2003) ytBphyjy moBe3anocT m3Mel)y Impkynamnuje aTMocdepe IMpeacTaBJbeHe
OBOM THIOJIOTHjOM M €KCTPEMHHX TEeMIepaTypHHUX aoralaja Ha MPOCTOPY HEHTpaTHE U
jyroucroune Epore.

Ium  oBor  ucTpakuBama je  yTBphuBame  moBe3aHoCTH — H3Mely
BapHjabITHOCTH UPKYJamuje atmochepe nedunucane Xec-bpe3oBCkr TUIOIOTHjOM U
TOAMIIKBUX cyma nafgaBuHa y CpOuju 3a nepuoy 1949-2004. roquHa.

Kopumhenn nogauu u meroae

VY pamy cy kao mokasaTesbd LMpKyJamuje atMocdepe KopumheHH nopaunu o
yuectanoctd (nanu) Xec-bpe3oBcku nupkymanuponux (opmu u Tumora. Ilocienme
m3name Xec-bpezoBcku katanmora (Gerstengarbe F.W., Werner P., 2005) o0yxBara
BpeMeHckH HU3 o 124 romune (1881-2004). OBa nmpkynanuoHa Kiacuukanuja y
OCHOBH pa3iiuKyje 29 MaKpOCHHOINTHYKHX CHUTyaluja WM Bennkux BpeMEHCKHX
nonoxaja (Hem. Grosswetterlagen wm ckpaheno GWL). Mako cy GWL-u nepunucanu
npema reorpad)cKoM MOJIOXKajy aKIHOHUX LEHTapa W KpeTaky (POHTAIHUX 30HA Y
oJHOCYy Ha IeHTpanHy EBpomy, ommure je mpuxBaheHo kopuinheme oBe THIONOTHjE 3a
NPUKa3UBamke 0COOMHA LMpPKyanuje artMochepe Ha IPOCTOPY €BPOICKOT KOHTHHEHTA.
PasBpcraBame obnmka aTMocdepcke mupkynanyje npumagajyhum GWL-a Bpmm ce Ha
OCHOBY pacrojelie Ba3JIylIHOT NPUTHUCKAa HA HUBOY MOpa M T'€ONOTEHIINjaHO] BUCHHU
o1 500 hPa.

[To xpuTepujyMy JOMHHAHTHOT NpaBlia KpeTama Ba3aymHux maca GWL-u ce
MOTy rpynucati y 3 uupkynaiuone gpopme ogHocHO 10 HUPKYJaMOHMX THIIOBA (HEM.
Grosswettertypen i GWT) (tadena 1). OBuM ce MOCTHXKE HEOMXOAHA TeHEepaTn3aluja
U OJIaKIlIaBa UCTPaXKMBAIE MPOMEHa y arMoc(epcKoj nupKynanuju. Takohe, y ocHOBU
oBe Tunojoruje je u ma ceaku GWL mopa Tpajatu HajMame 3 y3acromHa jgaHa. Ha
cmny 1 je mpukazaHo KoyieOame TOJUINE YYECTAOCTH IMPKYJIAHoOHUX (opMH 3a
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nepuon 1949-2004., nok je Ha ciaMiM 2 MpPUKa3aHa TOMINEbA PEJATHBHA YYECTAIOCT
(%) bopmu u GWT, takohe 3a nepuos 1949-2004.

Ta6ena 1. Ilpuxa3 nupkyaanuonux ¢popmu, Tunosa 1 GWL-a.

LupkysanpoHa Gpopma GWT GWL
3oHanHa Sanagan(W) WA, WZ, WS, WW
IMonymepuanonanHa Jyrozanagau (SW) SWA,SWZ
Cesepozanagau (NW) NWA, NWZ
Lenrpanna EBpona, BUCOK npUTHCAK HM, BM
(HM)
Ientpanna EBpona, HU3aK nmpuTHCcax ™
(™M)
MepuaronanHa Cesepuu (N) NA, NZ, HNA, HNZ, HB,
TRM
Cesepoucrounu (NE) NEA, NEZ
Hcrounu (E) HFA, HFZ, HNFA, HNFZ
Jyroucrounu (SE) SEA, SEZ
Jyxnu (S) SA, SZ, TB, TRW

Ca 17 cranunua Ha teputopuju Cpbuje kopumiheHu cy moganu o roJUIIBAM
NaJIaBUHCKUM cyMama (crucak cTaHuna je y tabenu 2). M3Bolhemwem npoceka U3 0BHX
nojaraka aobujene cy BpeaHoctu 3a CpoOujy y uenunu. Mmajyhu y BuIy BpeMeHCKO
OrpaHHYCHE¢ Y HU30BUMA MO/IaTaKa 3a OBE CTaHMIIE U JoMeT Karamora uCTpaXuBame je
orpanuueHo Ha nepuoj 1949-2004. roquna.
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u GWT (necHo), nepuoa 1949-2004.
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AHanuzupame MoBe3aHOCTH LMPKYJaluje atMmocdepe ca naJaBUHCKUM cyMama
pahjeHo je mpumeHoM JsmHeapHe Kopenamnuje. Kako Ou ce usberna mehyroguinma
BapHjabWIIHOCT KJIMME Kopelsalyja je paljeHa Ha IMOKpeTHOM JekagHoM HuBoy. [lopen
MaJlaBiHa y aHalu3y je yBEIEH joll jeJaH KIMMAaTCcKu eneMeHT-oOmaunoct. OOpana
rojiataka 3a o0JIAYHOCT MpoM3allIa je U3 norpede Ja ce UCTpaKMBaHa MpodieMaTnka
NPOLINPH H TaKO carieia OAHOC u3Mel)y oBa Ba KMMartcka eleMeHTa Mel)ycoOHo, anu
U yBohemeM HupKynanuoHor ¢(akrtopa. M3melly TogMIIBbUX NagaBUHCKHX CyMa H
cpelme TONUIIBe o0magHOCTH (Ha mpuMepy 17 cranmma u3 taberne 2) mokasaHa je
MO3UTHBHA Be3a M3Mel)y oBa JjBa KIIMMaTCKa €JIeMEHTa y CBUM CllydajeBuMa. BpemHoct
[MupconoBor xoedurmjenta xopemamuje Bapupa ong 0.32 3a Hosu Cax go 0.69 3a
Cwmenepescky [lamanky. ['enmepanHo cTaHume Ha ceBepy W jyr/jyro3amany CpoOuje cy
MoKasaje peNaTHMBHO HIDKE BPEIHOCTH KoedulujeHata MmTo OM ce JeJIOM MOIJIOo
00jacHUTH OZJIMKaMa BUXOBHX MOJI0XKaja.

VY uctpaxuBamy Be3e usMel)y mupkynanuje atmMochepe u nagasuna 'y Cpouju
KopumiheHa je W CTaTHUCTUYKa Npoleaypa BHIIECTPYKe JIMHEapHEe perpecje.
Kopumrhenn cy monanu 3a ydecranoct HUpKyJIaMOHUX (POPMHU U TOAUIIHE MalaBUHCKE
cyme Cpbuje y nenuHu, ajau U 6 Kiacrepa KOjU Cy HacTalIM TpymucameM 17 craHuia
MeTonoM ,weighted pair group®, mpm uemy je Mepa CIMYHOCTH Oa3WpaHa Ha
[MupcoHoBoM koedpunujenty kopenanuje. [Toganu cy takohe oOpalenn Ha oKpeTHOM
JIeKaJIHOM HUBOY.

Takohe, kako O ce carjienaje NPOMEHE aHAIU3UPAHUX I[POMEHJEUBHX
(mmpkynanuje, magaBUHA, oOMayHOCTH) Y mepuony 1949-2004. xopumheH je U MeTox
JMHEapHOT TPeHa.

Pe3yaratu

Ha ocHOBy pe3ynTara iuHeapHe Kopenanuje (Tadera 2) yodasa ce 1a y ciaydajy
30HAJHE IUPKYJIaluoHe (OopMe W TONUIIBHX CyMa TajaBuHa JIOMHUHHpPA HEraTHBHA
Be3a (KOpeNalMoHu KoeHUIMjeHT MO3UTHBHOT 3HaKa nobujeH je camo 3a [lanmuh 0.17),
CTaTUCTUYKHU 3HayajHa y Behunu ciyuajeBa (12 ox 17 cranuna). 3a CpOujy y nenrHu
[TupcoHoB KoedpuuujeHT Kopenauuje uzHocu -0.45, omHOCHO noOMjeHa je HeraTHBHA
Be3a ocpeame jaunHe. Hajjaua (HeraTwBHA) IOBE3aHOCT JOOMjEHA je 3a CTaHUIE Ha
jyr/jyroucroxy u uctoky Cpouje (Bpamwe -0.61, Iumurposrpan -0.63, Herotun -0.53 n
3ajeuap -0.56). Hajcmabmja mose3anoct je y menmouMma mentpande Cpouje (beorpan -
0.04, Cwmenepencka Ilamanka -0.14, KparyjeBarm -0.30, Kpymesarr -0.39) m xa
jyr/jyrozanany (Cjemmma -0.03, Ilpmspen -0.33). PenatuBHO BHCOKE BPEOHOCTH
koedunmjeHara kopenauje Ha ceBepy CpoOuje (Hosu Can -0.44, Combop -0.56,
Kukunna -0.57) pemeru nodujena Bpeanoct 3a cranuily [lanuh (0.17). Ao uCKIbY4nMO
(hakTOp XOMOTEHOCTH II0JIaTaKa 3a OBY CTAaHHMILY, je[JHAa OF MOT'YhHOCTH je na ce Jajbe y
NpaBlly CeBepa OCTBapyje IO3UTMBHA Be3a 3alajHe IHUPKYJIaluje W TOIUIIBHX
MaJlaBUHCKUX CyMa.

[Mopehemem pesynrara 3a nmagaBuHe U 00JaYHOCT (TOOMjEeHUX Yy aHAJIHM3aMa ca
30HAJHOM (OPMOM) MOTY C€ YOUMTH 3Ha4yajHE pas3jMKe Yy BUCHHH KOpEIalnOHHX
koedunmjeHTa 3a nojenune cranune. Hajseha pasznuka nobuja ce 3a beorpan (-0.04
mpema -0.76), nmorom Cjenurny (-0.03 mpema -0.57), Ilpuspen (-0.33 mpema -0.81) u
Bemko I'pamumre (-0.25 mpema -0.60). Ha oBuM mpuMeprnMa BHIMMO 3HATHO BHIIIC
KOe(UIHjeHTe 32 00JIAYHOCT HEero 3a mamaBuHe. MeljyTuM, cTaHUIIEe Ha jyT/jyTOUCTOKY
n cesepy CpOuje mokasyjy BHIIE BPEJHOCTH KoeuIMjeHaTa y Ciydajy TOAWIIEBHX
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MaJIaBUHCKUX CyMa, NMpeMAa He TOJIMKO JPAacTUYHO BHIIE Kao NPETXOJHO HaBEICHU
NpUMepH U ca u3y3etkoM 3a Kukunay (tabena 2).

Tabesa 2. YnopeaHu nper.ie KopeJalMoHUX KoeUIHjeHATA 32 y4eCcTaJ0CT UHPKYJIAHOHUX (popMH
ca roIMIBUM najaBuHckum cymama (R) u cpeamom roaummom odaaynoumhy (0), 1949-2004. Ioxaun
3a Com60p ce onqnoce Ha nepuog 1950-2004. Iloned.bane BpeHOCTH €y CHTHH(HKAHTHE HA HUBOY
nosepema oa 95 %.

3oHanHa [Nonymepuanonanua MepuanoHaiHa
LUPKyJIalroHa Gpopma LUpKyJIauoHa Gpopma LUpKyJIaluoHa Gpopma

Cranuna R 0 R 0 R 0
1.beorpan -0.04 -0.76 -0.70 -0.58 0.62 0.79
2. Bameso -0.42 -0.62 -0.75 -0.32 0.81 0.53
3. Bemuxo I'pagumire -0.25 -0.60 -0.72 -0.63 0.70 0.75
4. Bpame -0.61 -0.42 -0.65 -0.75 0.77 0.77
5. AumMuTpoBrpan -0.63 -0.53 -0.77 -0.68 0.89 0.79
6. 3ajeuap -0.56 -0.37 -0.55 -0.43 0.66 0.57
7. Kukunnia -0.57 -0.58 -0,67 -0.72 0.83 0.87
8. KparyjeBan -0.30 -0.11 -0,80 -0.53 0.78 0.47
9. Kpymesarg -0.39 -0.47 -0.62 -0.59 0.65 0.65
10. Herotun -0.53 -0.68 -0.42 -0.62 0.54 0.78
11. Hum -0.37 -0.36 -0.78 -0.63 0.79 0.64
12. HoBu Cag -0.44 -0.32 -0.11 -0.82 0.36 0.78
13. ITanuh 0,17 -0.28 -0.73 -0.77 0.55 0.72
14. Ilpuspen -0.33 -0.81 -0.45 -0.44 0.53 0.69
15. Cjennua -0,03 -0.57 -0.38 -0.64 0.38 0.75
16. Cmen. [1ananka -0,14 0.12 -0.65 -0.32 0.60 0.21
17. Combop -0.56 -0.34 -0.42 -0.60 0.62 0.58

Cpbuja -0.45 -0.54 -0.77 -0.75 0.83 0.83

IToBe3aHOCT HEraTMBHOT 3HAaKa y ciIydajy CBHX CTaHMLa JoOuja ce 3a
HOIyMEpUIHOHAIHY (JOPMY M TOJUIIBE CyMe MafaBHHa, JOK CTaTUCTHYKA 3HaYajHOCT
u3octraje camo 3a Hosu Canx (-0.11). Y omnocy Ha 30HanHY (opmy aoOujeHe Cy
peNaTUBHO BHIIE BPEIHOCTH KOpPENalMOHMX KoeduiujeHara (3a 7 cTaHHLa BPEIHOCTH
koedunumjenta cy npeko -0.70). 3a CpOujy y nenunu godujeHa je Bpearoct ox -0.77,
OJTHOCHO TIOBE3aHOCT OBE JBE IPOMEHJBMBE CE€ MOXE OKapakTepHcaTH Kao jaka
HeratuBHa. Hajcrnabuja Be3a (ocpeame jaunHe) je TOHOBO HaljeHa 3a jyr/jyrozaman
Cpowuje (Cjennua -0.38, ITpuspen -0.45). PerxaruBHO HIKE BpenrHOCTH N00Hjajy ce U 3a
crannne 3ajedap u Herotmn (-0.55 m -042, pecnextuBHO). Hajjaua moBesanoct
yYTBphEeHa je 3a LeHTpaliHy, 3alaaHy, jyI/jyroucTOYHYy U JeJIoM ceBeporcTodny Cpoujy.
3a Hoeu Cap je mobujena HecurauukanTHa BpenHocT (-0.11), mTo Mo cTaTHCTHYKOM
3HaYajy YMHH OBY CTAaHMIy YCaMJbEHOM Yy OJHOCY Ha CTaHHUIE Y OKpYyXemy. Y3poK
OBOME C€ MOXE TPAXKHTH Yy KBAJIUTETy MOAATaka, X W Y CBEHTYAIHHM
crenupUIHOCTUMA JIOKAJHOT T0JI0XkKaja OBE CTaHUIIE.
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O paznukaMa y IPOCTOPHOM PAacIopefy jaudHe Be3e IaJaBUHA U 00JIAUHOCTH
Ha MPUMeEpPy YYECTaIOCTH MOJlyMEpUIMOHAITHE IUPKYIalnoHe GpopMe Haj0osbe cBepoue
npoduiM TpaBla ceBep-jyr M 3alaj-UCTOK NpuKa3zaHn Ha ciunu 3. Ha mpsom
NpUKa3aHoM TNpoQMiIy TpaBlia CeBep-jyI HajyouJbMBHMja pas3iKa Yy BHCHHHU
koedunujeHara je 3a cranune Hosu Can (uak gpactuunux -0.11 3a magaBuHe mpema -
0.82 3a obmaunoct) u CmenepeBcky I[lamanky (-0.65 3a mamaBunae Hacmpam -0.32 3a
obmaynoct). Jlok Ha mpodmny mpaBua 3aman-uctok (BasmeBo - Cwmen. Ilamanka -
Herotun) y ciydvajy magaBuna (00iaqHOCTH) Omaaa (pacTe) MHTE3UTET Be3e Y IPABILY
UCTOKA.

Mpodian: 1. MNanwh - 2. Hoew Cap, - 3. Beorpag - 4. MNpodian: 1. Baneeo - 2, Cwagepesack Nanadya - 3. Harotua
Crmegepescka Mananka - 5, Kpywesay- 6. Haw - 7. Bparse e~
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Ciuka 3. IIpoduiau npaBna ceBep-jyr 1 3anaJ-HCTOK HA IPHMEPHMAa KOPeIAIIHOHHX KoepHIHjeHaTa
I00UjeHnM y aHAJIN3aMa y4eCTAT0CTH NOTyMepHANOHATHe (hopMe ca OANLILIM MaJaBHHAMA U
CpehOM roAMIIHBLOoM 001ayHomhy.

AHanm3upaHa je W TOBE3aHOCT TOAMINIHMX ITaJaBHHCKHX CyMa (Cpelme
roauiime obnauHoct) CpOuje y LeNUMHM ca ydecTanomny HUPKYJIAMOHUX THUIOBA
(tabena 3). Op THUMOBa KOjU NPHINAAajy IOJyMEpUANOHAIHOj (GopMu Haj3HAYAjHUJU
pe3ynatatu gobujajy ce 3a NW Tum (-0.67 3a R n -0.68 3a O) u HM (-0.72 3a R u -0.70
3a O) T, Tj. MOKa3aHa je jaka HeraTHBHA Be3a.

Ta6esa 3. Ynopeanu nperJie] KopeJanoHUX KoeUIHjeHATa 32 Y4eCTAI0CT UMPKYJIALHOHUX THIOBA
ca roIMIIIBbUM najaBuHcKuM cymama (R) u cpeamom roaummom odaaynomhy (O) 3a Cpoujy y
ueanHu, 1949-2004. Ioged/;bane BpeJHOCTH CYy CHTHH(PMKAHTHE HA HUBOY NMOBepema o1 95 %.

N SW | N\W | HM | T™M N NE E SE S

RCpoOuja | -0.45 | -0.29 | -0.67 | -0.72 | -0.06 | -0.02 | 0.82 | 0.60 | 0.67 | 0.76

O Cpbuja | -0.54 | -0.27 | -0.68 | -0.70 | 0.01 | -0.07 | 0.88 | 0.69 | 0.62 | 0.57

Ca rogmmmsiM cymaMa THamaBuHa ca 17 crammma u 3a CpOujy y menwHud
MTO3UTHBHO j€ TIOBE3aHa yUecTaIoCcT MepuanoHanHe Gopme. CTaTUCTUIKY 3HAYajHA Be3a
nobujeHa je y cBuM cirydajeBuma. 3a CpOujy y nenuau R je 0.83, ogHOCHO TIOBE3aHOCT
OBE JBE T[IPOMEHJbMBE CE€ MOXKE OKapaKTepucaTH Kao jaka IIO3WTHBHA.
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Canka 4. [ToxymepuInoHaIHA HUPKYJIaUHOHA GopMa U roJULI-€ CyMe NajaBuHa (J1eBo)
M N0JIYyMEePHIHOHAIHA IHPKYJIALHOHA (popMa U cpeba roiba 00J1a4HoCT (JecHo), mepuoa 1949-2004




92

[IpocTopHHU pacmopen] jaunHe Be3e je cIrYaH Kao KO IMolyMepHInoHaIHe (Gopme,
cajia camMo Mo3uTUBHOT 3Haka Be3e. Ocum omer cranuie Hou Can rae je moOujeHa HiKa,
aNy CTaTHCTUYKH 3HadajHa BpegHocT (0.36), Hajehn neo Cpbuje mokasyje jaKy MO3UTHBHY
Be3y ca MepuanonanHoMm ¢opmowm. ITan Bese ce youasa y npasity jyrosanana (Cjenuna 0.38,
Ipuspen 0.53). Hajjaua mose3anocT Halhena je 3a jyr/jyroucrok (Hum 0.79, Bpame 0.77,
Humutposrpan 0.89), cesepoucrok (Bemuko I'pagumre 0.70, Kuxuana 0.83) u 3aman
Cpobuje (Basbero 0.81).

Ox THHOBa y OKBHPY MEpHAMOHAIHE IMPKYJIalHoHEe (opMe MNO3WTHBHY jaKy
MOBE3aHOCT U Ca TOAUIIBIM NaJaBUHCKUM CyMaMa U ca CpeI-OM TOUIIKBoM obmagnonthy
mokasam ¢y NE, E, SE u S, nok je jenuno 3a ceBepru (N) IUPKYJIAIMOHU THII Be3a
HecUrHU(UKaHTHA (Tabemna 3).

Paznuka y mpocTopHOM pacriopey jaunHe MOBE3aHOCTH 32 IaJaBHHE M 00IadHOCT
MIOHOBO CE€ jacCHO youyaBa Ha TPOQIIy MpaBla ceBep-jyr (HajUCTaKHyTHje Ha MpHUMEpPY
Cwmenepescke Ilamanke, 0.60 3a magaBuae Hacpam 0.21 3a 06Ia4HOCT), ATk ¥ HA Y KHHjEM
npo¢uITy MpaBIa 3anaa-MuCcToK (CIrKa 5).

Mpodwn: 1, Nanwh - 2. Hoow Cag - 3. Brorpag, - 4. Npadan: 1, Cjeruua- 2, Huw - 3. Jumatpoarpag,
Crmepepescka MNananka - 5. Kpywesay- 6. Hiaw - 7. Bpare

u
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Cuanka 5. [Ipoduian npaBua ceBep-jyr 1 3anaj-uCTOK HA NPUMEPUMA KOPeJIAlMOHUX KoeduumnjeHaTa
I00MjeHNM y aHAJHU3aMa YYeCTAI0CTH MepuanoHaHe ¢popme ca nagapuHamMa u odaaunouhy.

IIpema pesyaraTiMa BHIIECTpyKe JHHeapHe perpecuje (tabera 4) yneo
aTMoc(epcke IUPKyJalje y BapujaObWIHOCTH TOJMIIBUX najaBuHa CpOuje y LenuHH je
69%. Hajseha 3axBaheHocT BapujaHce 3aBHCHE TIPOMEHJbMBE (IIaJaBHHA) j€
nojxymepuaroHatHoM ¢opmom (Oeta koedunmjeHr je -1.4), morom MepuaroHaaHoM (Oera
koedunmjent -0.84) u HajMame 30HATHOM (OeTa KoeduriujeHt je -0.71). Y cnyyajy kinactepa
HajBeha BpenHocT koeduiujenra nerepmunaiyje (0.86) ce no6uja 3a kimacrep R2 (uune ra
cranune Ha jyr/jyroucroky Cpouje- Bpame, Hum, Kpymesan, JumutpoBrpan), a HajMama
(0.29) 3a kmacrep R3 (cranurne Ha jyr/jyro3amany- Cjenuna, [Ipuspen). Jlok 3oHanHa hopma
3a CBe KJacTepe IIOKa3dyje HajMamy BpeAHOCT OeTa KoedumujeHTa 10TIEC 3a
moyMepuIuoHaHy GopMy camo y ciydajy kimactepa RS (Bemmko I'pammmre, Bassero,
Cwmenepescka [lamanka, Kparyjesary) Oera koeduiujeHT je Behn y ogHOCY Ha BPEIHOCTH
6era xoeduijerTa 1odujeHe 3a MEpUANOHATHY GOpPMY.
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Cunka 6. MepuanoHAIHA IHPKYJIaHOHA (OPMa M TOIMIIbE CyMe NaJaBUHA (JIeBO)
M MEPUIMOHAJTHA HUPKYJAalHOHa (JOPMa U CPe/ilba roAuba 001a4HOCT (AecHo), mepuoa 1949-2004.



Tab6esa 4. Pe3yJiTaTn BULLIECTPYKe JIMHEAPHE perpecuje.

3asHcHa Bp. HESSI?;;:;EE}C 3oHaiHa HO;;‘:;;‘;ZT;’;::SHT MepuanonanHa
Bapujabia city4yajeBa (adjusted R?) dopma a dopma bopma
R Cpbuja 47 0.69 -0.71 -1.4 -0.84

R1 47 0.67 -2.8 -4.8 -5.3

R2 47 0.86 -2.1 -3.8 -3.8

R3 47 0.29 1.47 2.62 3.68

R4 47 0.66 1.29 1.87 3.16

RS 47 0.57 -0.39 -1.1 -0.49

R6 47 0.65 2.03 3.84 5.30

R1- 3ajeuap, Herorun; R2- Bpame, Hum, Kpymesan, Jumurposrpan; R3- Cjenmna, IIpuspen; R4- Combop,
Manuh; RS- Bemuko 'paguiure, BasmeBo, Cmenepescka Ilananka, Kparyjesaw; R6- Hosu Can, Kukunna, beorpaa.

VY mepuomy 1949-2004. romumima yYeCTalOCT 30HANHE W TONyMEPHINOHATHE
¢dopme mnokaszyje mo3utuBaH TpeHn (3a npBy 0.046 mana/roguuu u 3a gpyry 0.408
JIAHA/TOMHU, CUTHU(HUKAHTHOCT Ipu BepoBaTtHohm pusuka ox 0.05 camo y apyrom
ciy4ajy), JOK ce 3a MepHUIHOHATHY GopMy H00Hja HEraTWBHA BPEIHOCT JIMHEAPHOT TPEHIA
(-0.416 nmana/rogunM). 3a IUPKYJIAIMOHE TUIIOBE Y OKBHPY MHOJIyMepuAHOHaIHE (hopme
(ocum TM Tuma) TpeH] TONUIIEE YYecTalocTH je mno3utuBaH. O TUIOBA y OKBHUPY
MepuanoHanHe GopMme camo ce 3a jykHH (S) 1o0uja Mo3UTHBAaH TPEHN, JOK je 3a ocTaje
BPEIHOCT TPEHa HETATUBHOT 3HAKa.

AHanu3a TpeHA0Ba TOIUIIBLUX MaJaBUHCKUX CyMa IOoKa3yje MO3UTHBAaH TPEHJ Ha
6 cranuna, HeratuBaH Ha 11 cranuna u 3a CpOujy y nenuHu. Ilo3uTHBHE BpetHOCTH TpeHa
cy Ha ceBepy (HoBu Can 1,074 mm/roguam, ITammh 0,020 mm/romuan, Combop 0,442
mm/roguan) U jyrozamany Cpouje (IIpmpen 2,484 mm/romuam u Cjenmma 2.491
mm/roauau, 00a curHn(uKaHTHA TpU BepoBaTHOhM pu3nka ox 0.05). HeratuBan TpeHp ca
HAjBUIIAM BpPEIHOCTHMA je 3a cTaHmie y uctouHoj Cpomju (3ajedap -1,986 mm/rogman,
Herotun -2.760 mm/roaman, o0a TpeHAa CUTHU(HUKAHTHA NMPHU BEPOBATHONM pH3HMKa O
0.05), jyr/jyroucrounoj Cpb6buju (Bpawe -1.522 mm/roauHu, CUTHU(PHKAHTaH 3a
BepoBarHohy pusuka ox 0.05, 3atum umurposrpaz -0.612 mm/roauHN) U CEBEPOUCTOUHO]
Cpowuju (Benuko ['paguire -0.616 mm/ronunn).

Yumwenuna na je yTBpheH HeraTMBaH TPEHJ TOJUIIBUX M3JaBUHCKUX CyMmMa Ha
BehnHM craHuna M TO ca HajBehMM BpEAHOCTHMMa Ha OHMM CTaHWIIaMa Ha KOjuUMa je
MOKa3aHa Hajjaya MO3WTHUBHA Be3a ca MepuaAuoHaIHOM (opMom (koja Takohe Oesexu
HEeraTHBaH TPEHJ Yy aHAIM3WPaHOM IIEpHOJIy BpeMeHa) NOTBphyje 3Hayaj LUPKYyJaluje
atMocepe kao (akTopa BapujabwiHOCTH NajgaBuHa. lloxcehawa pamm, y oBy rpymy
cnanajy cranmue ca jyr/jyroucroka Cpbuje (kmacrep R2) 3a xoje je mokazano na ce 86%
BapujabMIIHOCTH T1aJaBUHA MOXe 00jaCHUTH MPOMEHaMa y IIMPKYyaluju atmMocdepe.

3a craHMlle Ha jyr/jyrosamaay Koje Cy rokaszajie MO3WTHBHE TPEHJ0BE MaJlaBHHA
nobuja ce u Hajciaabuja (MO3UTHUBHA) Be3a ca MEPUAMOHATHOM (OPMOM, ajld M PEIATHBHO
HIDKE BpEJHOCTH KoeduimjeHara y oxHocy Ha ocramu neo CpOuje y aHanmmzama ca
30HAJIHOM H MOJYMEPHIUOHATHOM (OPMOM. YjeIHO OBO CYy M CTAHHUIIC TJIC j¢ BUIICCTPYKa
JIMHEapHa perpecyja Jiaja Hajcinabuje pesyaTare (BpeIHOCT KoeuIMjeHTa AeTepMuHanyje
ox ceera 0.29). YKoIMKO NaXJpUBHjE MOTIIEAMO KapTe ca cimke 6 Buaehemo ia oBaj aeo
CpOuje o/unKyje jaka MO3WTHMBHA Be3a MEPHUIMOHAIHE LUPKYyJAMOHE (OpME M Cpelmhe
romummse obnagnoct. lllta BuINe, TPEHIOBH Cpelbe TOAUIIEE OONAYHOCTH 32 OBE
crarure cy HeratuBHU: Cjenmma -0.006/romuan u [pmpen -0.009/roguau, oba TpeHma
cUrHU(HKaHTHA IpH BepoBaTHOIH pu3mka ox 0.05. AKo ce mOACeTUMO MoAaTKa ca MoYeTKa
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OBOT pajia pe4eHo je aa je 3a oBaj neo CpOuje qobmjeHa peIaTUBHO HIDKA BPETHOCT jaurHE
Bese u3Mel)y majaBuHa U 00JMavyHOCTH (TIpeM/Ia je Be3a MO3UTHBHOT 3HAaKa LITO OTBapa HeKa
npyra nutama). CaMuM THM OCTaje J1a 3aKJbyYMMO J1a C€ HEe MOYKE TOBOPHTH O JHPEKTHO]
Be3n u3Mely mamaBMHa M OOJNAYHOCTH Kao KIMMATCKHX €JleMeHara, ajli U Jla 3a BpeMme
HUCTUX MAKPOCUHONTHYKHUX YCJIOBa OBU KIMMATCKU CJIEMCHTU HOHpI/IMajy pas3InuuT
MPOCTOPHO-BPEMEHCKHU Pa3Boj. Y HPUIIOT OBOME TOBOPE U HEraTHBHE BPEJHOCTH TPEHIIOBA
cpelrbe ToaulIbe 00madHocTy 3a cranuie Ha cesepy Cpouje (Hosu Can -0.010/romgunu,
Hamuh -0,008/romman n CombGop -0.010/rogmHK, CUrHH(GUKAHTHH TPEHIIOBU IIpH
BepoBaTHohu pusuka o1 0.05 y cBa Tpu ciydaja). 3aHUMIBHBOCT j€ JIa j€ 3a CTaHUIly 3ajedap
Ha KOjoj je yTBpheH CHrHM(HMKaHTaH HeraTWBaH TPEHJ TOAWIIKBHMX TNajaBuHa yTBplheH
CUTHU(HMKAHTAaH TO3UTUBaH TPEeHA cpeame roaumme obnaynoct  (0.005/roqunmu,
BepoBatHoha pusuka oz 0.05).

O wu3pa3suTOM PErHOHATHOM acHeKTy aHaTW3UpaHUX Ipolleca Haj00Jbe TOBOPHU
npumep ctanune Kukuamga. OBo je jemuna cranuma Ha ceBepy CpOwuje 3a xojy je mobujeHa
HEraTMBHA BPENHOCT JIMHEAPHOT TpeHAa Toaumumux mnagaBuHa (-0.624 mm/roanHu).
IToxacehama paan 0BO je cTaHMIA TAC je A0OHjeHA BPEAHOCT KOPEIAIMOHOT KoedHuilujeHTa
on 0.83 y anamuzama MmoBe3aHOCTH ca ydecrtanoihy MepuanoHaiHe GopMe, MITO je OmeT
3HaYajHO BHIIE Y OJHOCY Ha CTAHMIE Yy OKpYXKemy. 3a cpelmy TOJUIIBY 00Ia4HOCT
Kuknnne yrBphen je neratusan tpeun (-0.001/roqunn).

3akipyuak

Y O0BOM WHCTpaXuBamy je TIIOKa3aHa CTAaTUCTUYKM 3HadajHa Be3a usMmely
BapujaOMITHOCTH LUpKyJanuje arMocdepe W TOAMIIBUX CyMa IMaJaBUHa HAa TEPUTOPHjH
Cpbuje y nepuony 1949-2004. Lupkymnaiuja atMocdepe je mpeacraBibeHa Xec-bpezoBcku
THIIOJIOTH]OM, H Y Pajay Cy KOpHIIheHH MOJaly O Y4eCTaJOCTH LHUPKYIAlMOHUX (GopMu H
tumoBa. [IpuMeHoM onroBapajyhinx CTaTUCTHYKHX MpoLexypa AOLNUIO ce 1o cienehmx
pesyarara:

- 3a cBe Tpu mHpKyJanuoHe ¢opme y HajBeheM Opojy ciydajeBa, OIHOCHO 3a
HajBehn Opoj cranmmna xao u 3a CpOujy y HenWHHU Be3a je CTAaTHCTHYKH 3HAYajHa,
HEraTHBHOI 3HaKa 3a 30HAIHY M TOJIyMEPUANOHAIHY (OpMY M MO3UTHBHOI' 3HaKa
3a MmepuauoHaiHy ¢opmy. [lokazaHe cy W HEpaBHOMEPHOCTH Yy HPOCTOPHOM
pacropeny jauuHe Bese.

- NE, E, SE u S nupkynanyoHyu THUIOBH IMOKa3yjy MO3UTUBHY jaKy MOBE3aHOCT ca
TOAMIIBUM TagaBUHCKMM cymama CpOuje y nenuHu. Jaka HeraTHBHa Be3a
nobujena je 3a NW u HM tun, 1ok ce ocpenma HeraTMBHA TTOBE3aHOCT A00uja 3a
SW tun u W 1upKyIanioHu THIT KOjHU je YjeIHO U 30HaJHa opMa.

- Ilpema pesynaratmMa BHIIECTpYKE JIMHEApHE pETPecHje YyAeo NUpPKyJanuje
aTMoc(epe y BapHjaHCH TOIUIIBUX cyMa nagasuHa Cpbuje y nenunu je 69%, mox
ce KOJ M3/IBOjeHHX KiacTepa Ta BpemHocT kpehe y mHTepBamy ox 29% Ha jyr-
jyrozanany Cpb6uje no 86% 3a cranuue Ha jyr/jyroucroky Cpouje.

- Tlo 3naky Be3e J0OMjeHe BPEJHOCTH KOPEIALMOHUX Koe(HIljeHaTa 32 y4eCcTanocT
IUPKYJIAIMOHUX (OPMH M THIOBA ca CPEAHOM TOAWINEKOM oOnayHomhy mpare
pesynTaTe aHanM3a ca najaBuHama. MehyTum, pasnuke ce jaBibajy y BHCHHaMa
koeduiMjeHara, OMHOCHO jayMHHM Be3€ INTO CE Hajpe youaBa Ha MpoQuiInMa
MpaBlia CEBEP-jyr M 3amaj-HCTOK. YjeJHAYCHE BPEIHOCTH Koe(HUIMjeHTa Y
aHaJM3aMa Y4YecTaJlOCTH LHMpPKyJNaluoHux ¢QopmMu ca majgaBuHamMa H  ca
obnaunomthy jaBibajy camo y ciydajy nojaraka 3a CpOujy y neiauHu (nmpemzia je To
3a0€IIeKEHO U Y CITydajy HEKOJIHKO CTaHUIIA).

- IamaBuHe m oOnayHOCT Oeieke pPas3IMYHUT IIPOCTOPHO-BPEMEHCKU pa3Boj IpH
UCTHM MaKPOCHHONTHYKAM YCIOBHMA INTO NOTBphyje M aHanmu3a JMHEAPHHX
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TPEHIOBAa 33 OBE KIMMAaTCKEe eJeMeHTe. Takole, MOXe ce TOBOPHUTH H O
PETHOHAITHOM aCIeKTy HaBEAECHHX MpoIieca.

Pesynraty oBOT pana, Kao M pe3yJITaTH UCTpaXKuBama 3a Tepuroprje Mahapcke u
Pymynuje u apyrux cycennux 3emasea (Bartholy J.,Pongracz R.,2006; Cazacioc L. V.,
Cazacios A., 2006; Domonkos P. et al., 2003), a y kojuma je Takohe IPUMCHCH OBaj
KiIacu(pUKAMOHN MeToJ y AedUHHCAkY IMPKYJAlMOHOT (haKTopa, OIpaBlaBa HETOBY
ynoTpely y HCTpaKMBam-UMa 32 OB3j JIEO EBPOIICKOT KOHTHHETa. Takolje, IOMEHYTH ayTOpH
kopucrte Xec-bpesoscku Tumnosnorujy y ananmmzama tenexonekiuja (ENSO, NAO, AO). Cse
OBO I'OBOPH BEJIMKO] CIIOKEHOCTH W YCJIOBJBEHOCTH I10jaBa U Ipoleca YHyTap KIMMaTCKOT
cucTeMa, alld | Jia ce ofipeljeHe MPOMEeHe MOTY IPAaTHUTH aHAIM30M OJUTMKa aTMoc(epcke
nupkynaugje. HacraBak oBor pama curypHo he 3a 3amatak MMaTH CE30HCKH ACICKT
aHaTM3UpaHe MPOOIeMaTHKe.
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ATMOSPHERIC CIRCULATION AND THE PRECIPITATION
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Abstract: In this paper we have analyzed the correlation between the atmospheric circulation and annual
precipitation in Serbia for period 1949-2004. The data for frequency Hess-Brezowsky circulation forms and types
were used as indicators of atmospheric circulation. Statistically significant coefficient of a negative sign is obtained
for zonal and half-meridional form and a positive sign for meridional form. The strength of correlation is not
uniform in the space. According to the multiple linear regression the contribution of atmospheric circulation in the
variability annual precipitation of Serbia is 69%. Also, we analyzed the connection between the atmospheric
circulation and the mean annual cloudiness. Comparing the results for this two climate elements we have concluded
that they show different time-space development for same macrosynoptic conditions. Also, we can speak about the
regional aspects of these processes.

Key words: atmospheric circulation, Hess-Brezowsky typology, precipitation, cloudiness, Serbia
Introduction

The significance of macrosynoptic process for the spatial-temporal distribution of
climate elements, along the local factors, is essential for the understanding regional climate
characteristics, or the differences. In this regard, it is important to know a relation between
the variability of precipitation and change in the atmospheric circulation. The North Atlantic
Oscillation is often used as a factor of climate variability on the Northern hemisphere. We
also use a method of classification like a way to look at changes in the atmospheric
circulation in a given time period. The Hess-Brezowsky typology (Hess P., Brezowsky H.,
1977; Gerstengarbe F.W., Werner P., 2005) is one of the most known classification that
shows the weather and circulation conditions on the European continent. This classification
belongs to the group of subjective methods.

Ivanov S. et al. (2010) pointed out that in region of Eastern Europe the regional
changes in the precipitation are in the relationship with changes in the atmospheric
circulation at the global level. According to Jovanovi¢ G. et al. (2008) there is a dominant
influence of the NAO and AO (Arctic Oscillation) phenomenon on precipitation regime in
Serbia, especially during the winter seasons, and the Arctic Oscillation have more
pronounced effect. Duci¢ V. and Lukovi¢ J. (2005) conclude that there is a connection
between El Nifio Southern Oscillation (ENSO) and changes in rainfall in Serbia for the
period 1951-2000., stressing that the connection is made via the general circulation of the
atmosphere. Monthly precipitation and temperature anomalies in Hungary during El Nifio
and La Nifia events were found Bartholy J. and Pongracz R. (2006). Also, these authors
suggest that the strongest connection between these phenomena is realized with a time lag of
2-3 months. The same time lag (3 months) was obtained for monthly temperatures in Serbia
and ENSO for period 1950-1998. (Jovanovi¢ G., 2010).

Bartholy J. and Pongracz R. (2006) also determined statistically a significant
relationship between the atmospheric circulation defined by Hess-Brezovsky typology and
ENSO. Cazacioc L. V. and Cazacios A. (2006) have obtained a significant connection
between the NAO index and the number of days with snow cover in Romania. The positive
phases of this phenomenon leads to less days with snow cover during the winter months,
while the negative phase increases the probability of snowy winters. The same authors on
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the basis of correlation analysis between the NAO index and the frequency of Hess-
Brezowsky synoptic types determined that for the positive phases are typical the western air
flow, while the negative phases are associated with the northwestern air flow. Domonkos P.
et al. (2003) have obtained the connection between atmospheric circulation represented by
this typology and extreme temperature events on the territory South-Central Europe.

The aim of this study is to determine the correlation between the atmospheric
circulation which is defined of the Hess-Brezowsky typology and annual precipitation in
Serbia for the period 1949-2004.

Data and methods

The data for the frequency (days) of the Hess-Brezowsky circulation forms and
types were used as indicators of atmospheric circulation. The last edition of the Hess-
Brezowsky catalog (Gerstengarbe F.W., Werner P., 2005) includes a time series of 124
years (1881-2004). This classification distinguishes 29 macrosynoptic situations or Great
Weather Positions (Grosswetterlagen or GWL). Although GWL are defined according to
geographical location of the action centers and the movement of frontal zone over central
Europe, this typology is generally accepted to display characteristics of the atmosphere
circulation on the territory of the European continent. This classification uses the
distribution of pressure at sea level and geopotential hights of 500 hPa.

The GWL are grouped into the three circulation forms and 10 types
(Grosswetterlagen or GWT). The forms and types are commonly used in research on
changes in the circulation. One of the main features of this typology is that each GWL must
be at least 3 consecutive days. Figure 1 shows the annual frequency of circulation forms
(days) for the period 1949-2004., while figure 2 shows the annual relative frequency (%)
forms and GWT, also for the period 1949-2004.

Table 1. Circulation forms, circulation types (GWT) and GWL.

Circulation form GWT GWL
Zonal West(W) WA, WZ, WS, WW
Half-meridional Southwest (SW) SWA,SWZ
Northwest (NW) NWA, NWZ
Central European high (HM) HM, BM
Central European low (TM) ™
Meridional North (N) NA, NZ, HNA, HNZ, HB,
TRM
Northeast (NE) NEA, NEZ
East (E) HFA, HFZ, HNFA, HNFZ
Southeast (SE) SEA, SEZ
South (S) SA, SZ, TB, TRW
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Figure 1. 10-yr running means of freguency (days) of circulation forms, 1949-2004.
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Figure 2. Annual relative frequency (%) of circulation forms (left) and GWT (right), 1949-2004.

For annual precipitation were used the data for 17 stations in Serbia. From these
values were obtained the data for Serbia as a whole. The analysis was limited to the period
1949-2004. by the cause of availability the data.

In analysis were used the linear correlation and the data were processed on move
decadal level. Also, the research was expanded to the cloudiness. Reasons for data
processing for cloudiness resulting from the need to extend to investigates, and so perceive
the relationship between these two climatic elements together, and the introduction of
circulation factors. Correlation analysis has shown a positive connection between
precipitation and cloudiness. The value of Pearson’s correlation coefficient is ranged from
0.32 for Novi Sad to 0.69 for Smederevska Palanka. Generally, stations in the north and
south/southwest Serbia have shown relatively lower values of coefficients. This could be
explained by characteristics of their position.

The data for the frequency of circulation forms and annual precipitation amounts
for Serbia as a whole were used in the process the multiple linear regression, and six clusters
which were formed by grouping the 17 stations using method "weighted pair group" where
the similarity measure is based on the Pearson’s correlation coefficient. The data were also
processed on a moving decadal level.

The method of linear trend was used in order to considered the changes of the
analyzed variables (circulation, precipitation, cloudiness) in the period 1949-2004.

Results

According to the results of linear correlation (table 2) for the frequency of zonal
circulation form and the annual precipitation was obtained a negative sign of coefficients in
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most of cases (only exception is station Pali¢ with 0.17). Correlation coefficients are
significant for 12 stations. The value of Pearson’s coefficient is -0.47 for Serbia as a whole.
The strongest (negative) correlation was obtained for stations in the south/southeast and
eastern Serbia (Vranje -0.61, Dimitrovgrad -0.63, Negotin -0.53 and -0.56 Zajecar). The
weakest correlation is in the central parts of Serbia (Beograd -0.04, Smederevska Palanka -
0.14, Kragujevac -0.30, Krusevac -0.39) and to the south/southwest (Sjenica -0.03, Prizren -
0.33). The relatively high value of correlation coefficients in the north of Serbia (Novi Sad, -
0.44, Sombor -0.56, Kikinda -0.57) disturbs the value obtained for the station Pali¢ (0.17). If
we exclude the factor of homogeneity of data for this station, one of the options is that north
of Pali¢ the correlation between frequency of zonal form and annual precipitation is
positive.

Comparing the results for precipitation and for cloudiness (obtained in the analysis
with zonal form) we can see the significant differences in the the amount coefficients for
some station. The biggest difference is obtained for Belgrade (-0.04 and -0.76), followed by
Sjenica (-0.03 and -0.57), Prizren (-0.33 and -0.81) and Veliko Gradiste (-0.25 and -0.60). In
these examples we can see much more the coefficients for the cloudiness than precipitation.
However, stations in the south/southeast and the north of Serbia have more value
coefficients in the case of annual precipitation, although not as dramatically as in the
mentioned examples and with the exception of Kikinda (Table 2).

Table 2. Correlation coefficients for the frequency of circulation formswith the precipitation (R) and
cloudiness (O), 1949-2004. The data for the station Sombor arefor period 1950-2004. Bold values are
significant at the 0.05 level.

Zonal form Half-meridional form Meridional form

Station R (6] R (6] R (6}
1.Beograd -0.04 -0.76 -0.70 -0.58 0.62 0.79
2. Valjevo -0.42 -0.62 -0.75 -0.32 0.81 0.53
3. Veliko Gradiste -0.25 -0.60 -0.72 -0.63 0.70 0.75
4. Vranje -0.61 -0.42 -0.65 -0.75 0.77 0.77
5. Dimitrovgrad -0.63 -0.53 -0.77 -0.68 0.89 0.79
6. Zajecar -0.56 -0.37 -0.55 -0.43 0.66 0.57
7. Kikinda -0.57 -0.58 -0,67 -0.72 0.83 0.87
8. Kragujevac -0.30 -0.11 -0,80 -0.53 0.78 0.47
9. Krusevac -0.39 -0.47 -0.62 -0.59 0.65 0.65
10. Negotin -0.53 -0.68 -0.42 -0.62 0.54 0.78
11. Ni§ -0.37 -0.36 -0.78 -0.63 0.79 0.64
12. Novi Sad -0.44 -0.32 -0.11 -0.82 0.36 0.78
13. Pali¢ 0,17 -0.28 -0.73 -0.77 0.55 0.72
14. Prizren -0.33 -0.81 -0.45 -0.44 0.53 0.69
15. Sjenica -0,03 -0.57 -0.38 -0.64 0.38 0.75
16. Smed. Palanka -0,14 0.12 -0.65 -0.32 0.60 0.21
17. Sombor -0.56 -0.34 -0.42 -0.60 0.62 0.58

Serbia -0.45 -0.54 -0.77 -0.75 0.83 0.83




101

In analysis of the frequency of half-meridional form and annual precipitation a
negative sign of coefficients was obtained for all stations, while only one station is
insignificant (Novi Sad with -0.11). In relation to the zonal form here we were obtained
relatively higher values of the correlation coefficients (for 7 stations over the coefficient -
0.70). For Serbia as a whole coefficient is R -0.77, and correlation of these two variables can
be characterized as a strong negative. The weakest relationship (medium strenght) was again
found for the south/southwest of Serbia (Sjenica -0.38, Prizren -0.45). The relatively low
values were obtained for the stations Zajecar and Negotin (-0.55 and -042 respectively). The
strongest correlation was found for the central, western, south/southeast and north-eastern
part of Serbia. Low value of coefficient for Novi Sad (-0.11) makes this station lonely in
relation to the other stations in the region. The cause of this may be required in the quality of
data, but also in any local peculiarities of the position this station.

With profiles the directions of north-south and west-east we can see the
differences in spatial distribution coefficients for precipitation and for cloudiness on
example the frequency of half-meridional form (figure 3). For the first profile (figure 3, left)
direction of north-south, the most notable difference in amount of coefficients is for Novi
Sad (even drastic -0.11 for precipitation versus -0.82 for cloudiness) and Smederevska
Palanka (-0.65 for precipitation versus -0.32 for cloudiness). For the second profile direction
of west-east (Valjevo —Smederevska Palanka — Negotin), the intensity of relationship in case
of precipitation (cloudiness) decreases (increases) towards the east (figure 3, right).

Frofile: 1. Palic - 2. Novi Sud- 3. Beograd- 4. Smederevska Trafil: 1. Valjeva- 2. Smederevska Palanka- 3. Vegotin
Palanka - 5 Krndevac- 6 NiZ- 7. Vranje
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Figure 3. The profiles directions of north-south and west-east on examples correlation coefficients
for half-meridional form with precipitation and with cloudiness.

In table 3 are given results for the frequency of circulation types and annual
precipitation (mean annual cloudiness) of Serbia as a whole. The most significant
results were obtained for the NW type (-0.67 for precipitation and -0.32 for
cloudiness) and NM (-0.72 for precipitation and -0.70 for cloudiness) from the all
types that belong to half-meridional circulation form.

Table 3. Correlations coefficients for the frequency of circulation formswith the precipitation (R) and
cloudiness (O) of Serbia aswhole, 1949-2004. Bold values are significant at the 0.05 level.
w SW NW HM ™ N NE E SE S

R Serbia -0.45 -0.29 -0.67 -0.72 -0.06 -0.02 0.82 0.60 0.67 0.76
O Serbia -0.54 -0.27 -0.68 -0.70 0.01 -0.07 0.88 0.69 0.62 0.57
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Figure4. Half-meridional circulation form and annual precipitation (l&ft)
and half-meridional circulation form and mean annual cloudiness (right), 1949-2004.
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The meridional circulation form is positively related with annual precipitation
from 17 stations and for Serbia as a whole. Statistically significant relationship was
obtained in all cases. For Serbia as a whole coefficient is 0.83 and correlation of these
two variables can be characterized as strong positive. Spatial disposition of the
connection strength is similar to half-meridional form, just a positive sign of the
connection. Again for Novi Sad was obtained lower, but now statistically significant
value (0.36). The largest part of Serbia shows a strong positive relationship with
meridional form. The strength of connection declines towards southwest (Sjenica 0.38,
Prizren 0.53). The strongest connection was found for the south/southeast (Nis 0.79,
Vranje 0.77, Dimitrovgrad 0.89), northeast (Veliko Gradiste 0.70, Kikinda 0.83) and the
west of Serbia (Valjevo 0.81).

The strong positive correlation with annual precipitation amounts and average
annual cloudiness has shown NE, E, SE and S circulation type, while for N type
connection insignificant (table 3). All of them belong to meridional circulation form.

The difference in the spatial distribution of intensity correlation for
precipitation and for cloudiness again is clearly evident in the profile of the north-south
(the most prominent example of Smederevska Palanka, 0.60 for precipitation versus
0.21 for cloudiness), but also the profile of south west-east direction (Figure 5).
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Figure5. The profiles directions of north-south and west-east on examples correlation coefficients
for meridional form with precipitation and with cloudiness.

According to multiple linear regression (table 4) the contribution of
atmospheric circulation in the variability of annual precipitation of Serbia as a whole is
69%. The greatest involvement of the variance dependent variable (rainfall) is with half-
meridional form (beta coefficients is -1.4), then meridional form (beta coefficients is -
0.84) and at least with zonal form (beta coefficients is -0.71). In the case of clusters the
highest value of coefficient of determination (0.86) is obtained for the cluster R2 (make
it a station on the south/southeast of Serbia: Vranje, Ni§, KruSevac, Dimitrovgrad) and
the lowest values (0.29) for the cluster R3 (station on the south/southwest: Sjenica and
Vranje).
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Figure 6. Meridional circulation form and annual precipitation (left) and meridional circulation

form and mean annual cloudiness (right), 1949-2004.
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While zonal form for all clusters shows the lowest value of beta coefficient, the half-
meridional form only in the case of cluster RS (Veliko Gradiste, Valjevo, Smederevska
Palanka, Kragujevac) beta coefficient is higher than the values of beta coefficients obtained
for meridionalnu form.

Table 4. Theresults of the multiplelinear regression

Beta coefficient

Depended No. of

variable cases Adjusted R Zonal form | Half-meridional form Me;(i)iiﬁnal

R Serbia 47 0.69 -0.71 -1.4 -0.84
R1 47 0.67 2.8 -4.8 53
R2 47 0.86 2.1 -3.8 -3.8
R3 47 0.29 1.47 2.62 3.68
R4 47 0.66 1.29 1.87 3.16
R5 47 0.57 -0.39 -1.1 -0.49
R6 47 0.65 2.03 3.84 5.30

R1- Zajecar, Negotin; R2- Vranje, Ni§, KruSevac, Dimitrovgrad; R3- Sjenica, Prizren; R4- Sombor, Pali¢; RS-
Veliko Gradiste, Valjevo, Smederevska Palanka, Kragujevac; R6- Novi Sad, Kikinda, Beograd.

Annual frequency of the zonal and half-meridional forms show a positive linear
trend (for the first 0.046 days/year, for the second 0.408 day/year, the significant at the 0.05
level only in the second case), while the meridional form gets a negative value of linear
trend (-0.416 days/year) for the period 1949-2004. For circulation types from half-
meridional group (except TM type) the trend of annual frequency is positive. For meridional
types just south (S) show a positive trend, while for others the values of the trends are a
negative sign.

Analysis of trends for annual precipitation shows the positive trend at 6 stations
and the negative trends at 11 stations and for Serbia as a whole. Positive values of the trends
in the north (Novi Sad 1.074 mm/year, Pali¢ 0.020 mm/year, Sombor 0.442 mm/year) and
the southwest of Serbia (Prizren 2.484 mm/year and 2.491 mm/year, both significant at 0.05
level) . The negative trends with the highest values for the stations in eastern Serbia (Zajecar
-1.986 mm/year, Negotin -2.760 mm/year, both significant at 0.05 level), south/southeast of
Serbia (Vranje -1.522 mm/year, significant at 0.05 level, then Dimitrovgrad -0.612
mm/year) and northern part of Serbia (Veliko Gradiste -0.616 mm/year).

The fact that the negative trends were established for annual precipitation amount
at most of stations and with the greatest value to those stations that showed the strongest
positive relationship with meridional form (which also noted a negative trend in the
analyzed period of time) confirms the importance of atmospheric circulation as a factors of
variability of precipitation. If we remember, this group includes stations with
south/southeast of Serbia (cluster R2), which has been shown that 86% rainfall variability
can be explained by changes in atmospheric circulation.

For the stations on the south/southwest that have shown positive trends of
precipitation we get the weakest (positive) correlation with meridional form, and the
relatively lower values in the analysis with the zonal and half-meridional form. At the same
time, these are the stations where the multiple linear regression gave the weakest results
(coefficient of determination is only 0.29). If we look at the map in figure 6 we can see that
this part of Serbia is characterized by a strong positive relationship meridional form and
annual mean cloudiness. Moreover, trends in mean annual cloudiness for these stations are
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negative: Sjenica -0.006/year and Prizren -0.009/year, both significant trends in the
probability of risk of 0.05. If we remember data from the beginning of this work (chapter
data and methods), for this part of Serbia was received relatively lower value of the strength
correlation between the precipitation and cloudiness (although the connection is a positive
sign which opens up another question). Therefore it remains to conclude that we not talk
about the direct relationship between precipitation and cloudiness as the climate elements,
but also during the same macrosynoptic conditions these elements take on different space-
time development. In addition to this, the negative trend of mean annual cloudiness is for
the stations in northern Serbia (Novi Sad -0.010/godini, Pali¢ -0.008/year and Sombor -
0.010/year, significant at 0.05 level in all three cases). Also interesting is station Zajecar
where is a significant negative trend of annual precipitation and a positive trend in annual
mean cloudiness (0.005/year, significant at 0.05 level).

The regional aspect of the analyzed processes is illustrated by example stations
Kikinda on the best way. This is the only station in the north of Serbia for which obtained a
negative value of linear trend of annual precipitation (-0.624 mm/year). This is a station
where was obtained the value of correlation coefficient of 0.83 in connection with the
frequency of the meridional form, which is still significantly higher compared to the stations
in the region. For the mean annual cloudiness of the station Kikinda was obtained a negative
trend (-0.001/year).

Conclusion

In this study was obtained a statistically significant correlation between the
variability of atmospheric circulation and annual amount of precipitation on the territory of
Serbia in the period 1949-2004. The circulation of the atmosphere is represented by Hess-
Brezowsky typology, and the paper used data for the frequency of the circulation forms and
types. By using appropriate statistical procedures were obtained following results:

- In most of cases and for all three circulating forms the correlation is statistically
significant, a negative sign for the zonal and half-meridional form and a positive
sign for meridional circulation form. It is shown the imbalances in the spatial
distribution power connection. The strength of correlation is not uniform in space.

- NE, E, SE and S circulation types show a strong positive correlation with the
annual precipitation amounts of Serbia as a whole. The strong negative relationship
was obtained for the NW and HM type, while the moderate negative correlation
obtained for the SW type and W circulation type.

- According to multiple linear regression (table 4) the contribution of atmospheric
circulation in the variability of annual precipitation of Serbia as a whole is 69%.
For clasters that values is in the range of 29% in the south/southwest of Serbia to
86% for stations on the south/southeast Serbia.

- The sign of correlation for the frequency of circulation forms and types with the
mean annual cloudiness is the same as for precipitation, but the differences occur in
values of coefficients, what is the most evident on the profiles directions of north-
south and west-east. The uniform coefficients in the analysis of the frequency of
circulation forms with precipitation and clouds occur only in case the data for
Serbia as a whole (although it is recorded in the case a few station).

- The precipitation and cloudiness recorded different spatial-temporal development
for the same macrosynoptic conditions. That confirms the analysis of linear trends
for these climatic elements. Also, we can speak about the regional aspect of this
process.
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The results of this work, as well as the results for the territory of Hungary and
Romania and other neighboring countries (Bartholy J., Pongracz R., 2006; Cazacioc L.V.,
Cazacios A., 2006; Domonkos P. et al., 2003), in which also applied this classification
method to define circulation factors justifying its use in research for this part of the
European continent. Also, this authors use the Hess-Brezowsky typology in analysis
teleconnections (ENSO, NAO, AO). We can conclude that there is great complexity and
conditionality of phenomena and processes within the climate system, but that the certain
changes may to follow by the analysis of characteristics of atmospheric circulation. Like a
task, the continuation of this work will certainly have a seasonal aspect of the analyzed
problems.
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