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I'PMJbABUHCKE HEIIOT'OJIE KAO EKCTPEMHA
K/IMMATCKA IIOJABA Y CPBUJA

Canp:kaj: Jbyzacka BpcTa je 0 IMOYETKa CBOT MOCTOjama OHila M3JI0XKEHA KIMMATCKUM eKctpemuMa. JlaHac cy 3a
MehyHaponHy 3ajennuiy u CBETCKY METEOPOJIOLIKY OpraHM3allijy CIpedyaBame M yOiakaBame IPHPOXHUX
KaTacTpoda MocTamd HPHOPUTETH. ATMOC(epcKa eIeKTpHYHA MPaKIeha W TPMIbABHHE IPEACTABIbAjy IMOjaBy
KapaKkTepPUCTHYHY 3a Hallle KpajeBe y TOIUIOj MOJIOBUHH TOAWHE. Paau ce 0 KIMMATCKOj I10jaBH OIACHO] 33 KHBOT
JbYIM U 32 MaTepHjaiHa 1o0pa, I1a cy y OBOM pajly pa3MaTpaHH IIPOCeYHH Opoj JaHa ca IPMIbABUHOM H alCOIYTHO
HajBehu 6poj naHa ca rpmibaBuHOM y Cpbuju y nepuoay 1991-2005. roausa.

KibyuHe peun: rpMIbaBUHCKE HEIOT0/Ie, EKCTPeMHE KiMMmarcke nojase, Cpouja.

YBoa

YoBe4yaHCTBO je OJ CBOI IIOCTOjaksa H3JI0KEHO HEMOBOJEHUM aTMOC(HEpCKUM
norahajuma. Y mpaucTopujckoM 00y Opoj CTaHOBHHKA IUIaHeTe je OMO Malld U OHU CY
6w pacriopeleHu camMo Ha jeTHOM HMITH HEKOJIMKO KOHTHHEHTaTa. 300T peTKe U pamTpKaHe
ToIyanyje Ty Aorahaju cy yTHIaIM caMo Ha IOjeInHIIe WiN BUXoBe ckynuHe. KacHumje, y
HCTOPHjCKOM TEpUOJy, CKOpPO CBe TpyIe JbyJAW Cy HMale HCKYCTBO Ca HPHPOIHUM
karactpodama. CBeyKylHa TEPMHUHOJIOTHja Be3aHa 3a I0jaM HEMOBOJFHHX aTMOC(HEpPCKHX
JielllaBamba U3Pa3uTo je MIAPEHOJIMKA, OJ JKECTOKHX OJlyja 0 eJeMEHTapHUX HEeNoroa.
Mehy reorpajguma ce Hajuemhe momume TEpMHUH Henozode. ,llpupoaHe Herorone cy
MoliHe pyIIMJIAIIKE CHIIE KOje YrpoXkKaBajy JbyJCKE KMBOTE W HAHOCE BEIUKE MaTepHjaliHe
LITEeTe, aJld KCTOBPEMEHO U MEHajy H3TIIe]l )KUBOTHE CpeIuHE... ATMOC(HEepCKe HEMOroae cy
O y3poluMa, KapakTepy U IOcJe[MlaMa Hajpa3HOBPCHHjEe MpPUPOJHE Hemorome™
(T"aBpunosuh, Jb., 2007). Y HOBHje BpeMe CBa Ta JCIIaBama KOja Ce MPOjEKTYjy Ha YOBEKY
MOYnBY Aa ce 30BY xazapou (Auhenkosuh, I'., XKuskosuh, H.; 2007), amm 360r cBor
HHTEH3UTETA YeCTO U Kamacmpoghe. Y CyLITHHU CY CBE TO eKCmpeMHe Kaumamceke nojase.

Hanac je 3a CBETCKy METEOpOJIONIKY OpraHM3aIfjy CIpedaBame M yOnakaBame
NPUPOIHUX HEINOoroJa II0CTAa0 MNPHOPUTET M OHa aKTHBHO IIOAp)KaBa T3B. ,,KYNTYpY
copeuaBama“. YerpHaecTu CBeTCKH MeTeoposomIku korpec oapkaH y JKenesu 2003.
rOIMHE MOKPEHYO je MporpamMe 3a clipedyaBambe W yOllakaBame NPUPOJHUX Katactpoda ys3
aKlyje 3a MOOM3ale CBECTH O KOPHCTHMA Ol MPOAKTHBHHUX CTpaTerdja 3a CIpedyaBarmbe
karactpoda. ['ogure 2005. y Kobey (Xjoro) y Jamany onpkaHa je KOH(epeHIHja O
cMamHBamy KatacTpoda koja je ycBojuia Oxeup 3a akuujy 2005-2015: Usrpanmma
OTIIOPHOCTH HallMja W 3aje[IHULA Ha KaTacTpode, MO3HAT Kao ,,AKIHOHHA OKBUD U3 Xjoroa“.
Bbume je nat okBup 3a pas3Boj KyJIType MNpEBEHIHUje, ald U CHCTEMAaTCKOT IpUCTYIa
MIpoy4aBamy pU3HKa U MOUI0KHOCTH KatacTpodama (http//: www.hidmet.sr.gov.yu).

1Mp T'opan AnheaxoBuh, acucrent, YHusepsuter y beorpany - ['eorpadcku daxynrer, beorpan, CtyaeHTcku
tpr 3/111, e-mail: goran@gef.bg.ac.yu
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Exctpemun knmmmarcku porahaj je (eHOMEH BeoMa Maie y4ecTaloCTH 30HMBamba,
noBehaHOr MHTEH3HMTETa, a BEOMa 4YeCTO M Tpajama, Ia My CE€ MOXKE MOIEIHUTH eMHUTeT
peTKor miaM HeoOmyHOT. EkcTpeMaH y CpIICKOM je3WKy 3Haud TpaHUYHHU, KPajibdl WIN
nperepat. [Ipyrum peunma T0 je morahaj Koju IPUMETHO OACTYIA O] IPOCEKa WK TPEeH/Ia U
Tako mocTaje m3y3erak. JlaHac HajpereBaHTHHja MeljyHapo[Ha HaydyHa ,,rpyHanyja’ wid
HAy4HO TEJNO 32 MpOoydYaBame KIMMATCKHX IpoMeHa, MelyBnaauH maHen 3a KIMMAaTCKe
npomerne (Intergovernmental Panel on Climate Change — IPCC), ekcTpeMHe mojaBe
nedunume kao porahaje peTke 1Mo ImokasaresbHMMa CTATHCTHUKE pacriojelie Ha ojpeheHom
Mmecty. [lasbe ce ucTHUe aa je 1ojaM ,,peAaK™ pejaTUBaH M Jla ce Mema O] MecTa J0 MecTa,
anu na Tpeba cMaTpartH Ja je peTKO CBe YMja je BepoBaTHOhA mojaBibuBama ucron 10%, Tj.
LITO ce MojaBibyje cBaku aecetn myT wim pehe (IPCC, 2001).

[IpoyuaBame KIMMaTCKUX eKCTpeMa o0yxBaTa cBe Jioraljaje HermoBOJbHE 110 YOBEKA U
IBErOBe AaKTHBHOCTH, KOje CHaaajy y KaTeropHjy NPHUPOAHMX Hemoroga. Behnna
KJIMMATOJIOMKHUX CTyIHja JaHAIIBUIE pasMaTpa KIMMATCKe eKCTpeMe Kao HHIMKATope
Memarma KIMaTa U TMoKa3aTesbe Oynyhnx KIMMaTCKHX yCioBa, a KIMMATOJIOTHja IOCTaje
,»aKTHBHA KiuMmarosordja“. To 3HaunM ma ce M3 HayKe Koja MpaTH, OCIC)KH M aHAIH3HMpa
IpoMeHe TpaHCOpMHUILlE Y HAyKy KOja YIo3opama, ycMepaBa M Kaj ron je To moryhe,
cnpeuaBa (Krmpoti¢, T., i dr., 2005). 13y3eTHO je BaxXHO ,,pa3BHjaTH TEXHOJOTH]y"
HCTpaKMBaka HENOBOJEHUX YCIIOBA JKMBOTHE CpEJUHE, a MoceOHO TOjaBJbHBaba
EKCTPEMHHX KIMMAaTCKux norahjaja. HoBeuaHCTBO HEryje MHUTOBE O CTBAapamby M BEIHKOM
MOTOITY, JIOK Y CaBpeMEHO 7100a karacTpode Ha3BaHe HMIMPOKMM Ha3MBOM OJYjHH Aorahaju
IpeTe 4YOBEYaHCTBY, YMHHM HaM ce€, BHIIE HEro panuje. ATMocdepcka eleKTpryHa
NpaXXiebha M TPMIbaBUHCKE HEIOT0/I€ CACTaBHHU Cy JI€0 OJyjHHX Jorahaja.

HcrpaxkuBama nokasyjy Ja HEMOCpe[He M MOcpeqHe IITeTe yClea ylapa rpoma y
CA/l uzHOCe 4 1m0 5 MuUIHjapau Joiapa TOAWIIKRE. YKYIMaH Opoj CTpagamuX OJf BEIHKHX
npuponaux Herorona y CAJl m3HocH: ox yparana 16, ox TopHaaa 68, ox yaapa rpoma 73, a
oa nomaa 127 seyau. Y cBery moruHe oko 1000 jbyau roauiime, AOK yIap MYyHE
npexusu 80% spynu (http://www.noaa.gov).

ATMmocdepcka e1eKTPHYHA NPAKIHECHbA

ATmoc(epcka elIeKTpHYHa MPaKIEmha MPEACTaB/bajy IM0jaBy KapaKTEPUCTHUYHY 3a
Hallle KpajeBe y TOIUIOj MoJOBMHM roauHe. OJ WBHUX CTpanajy Jbyau M HacTaje BeJHKa
MaTepujaliHa IITeTa 300r nNabewma o0jekata, omTehema EIeKTPUYHUX BOJOBA U
WHCTalalyja, cTpajama croke urh. (cauka 1). 3Hauaj mo3HaBama aTMochepckux
CNICKTPUYHUX NPAXKEHA HUje caMo y chepH MpojeKToBama M Ipajimbe Tpal)eBHHCKUX
o0jexara, KOHCTPYKIHMja, EIEKTPUYHUX ITOCTPOjeha M BOAOBA, HEro M MHoOro mmupe. Cse 10
MOJHOTIPUBPEHE TPOW3BOJILE M 3aIITHUTE Ta3qUHCTaBa W IOjefuHana ox rpoma. Ha
[Memrepckoj BECOpaBHU, KOja je TIO3HATA MO aTMOC(HEPCKAM MPAKIEHUMA, CKOPO CBAKe
TOJIFIHE TPOM Taiu kyhe u ceHa, yOmja CTOKY | Jbyze, a camo 1972. romune crpagaio je 13
seyau (La6wuh, [1., ITaBmosuh, M.; 2004). Maxo je oBa mojaBa goCTa mpoydaBaHa, IPUMEHA
3aIITUTHAX Mepa 01 aTMOCHEPCKHX ENEKTPHIHUX NPAXKI-EHa KOA Hac je U3y3eTHO ciada, a
0 HETAaTUBHUM IIOCIICAMIIAaMa CJeKTPUYHHX TpaXikemha y Hamloj 3eMJbHM HHje BoleHa
nmoceOHa eBHCHIIM]a. JacHO je Ja ce paan O KIIMMATCKOj IT0jaBH OIMACHO] 3a JKUBOT JbYIH U
3a MaTepHjaiHa A00pa ma 3a By HHUCY MoTpeOHU noceOHM nparoBu. [loTpeOHO je na ce oBa
MojaBa HajaBM Kax roj je To Moryhie u 1ma ce BoAM MOCEOHA CTAaTUCTHKA O YECTHHU,
KapakTepy, pasMepama 1 Iocjeiiama oBe 1ojase.

[Tpema YnyTcTBY 3a Mepema U ocMaTpama Ha TJIaBHUM METEOPOJIOIIKAM CTaHHI[aMa
(CXM3, 1974) Henoroze cy neuHUCaHe Kao BaHPEIHE BPEMEHCKE I110jaBe U3y3eTHE jaunHe
WU Tpajama WK peTKe U HeoyekrnBaHe mojase. OBo je npuiandHo Heoapeheno nedunmcame
all 'y CBaKOM ciydajy Mojpa3ymeBa M arMocdepcka eleKTpHYHA NPaXmkema Koja Cy
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yrimaBHOM npaheHa rpmsbaBUHOM. Y HallMM KpajeBHMa HEIOroje Cy Hajuemrhe Be3aHe 3a
CHa)XaH pa3Boj KyMyJIOHHMOyca U npaheHe OpKaHCKUM BETPOM, jAKUM IJbYCKOBHMA KHIIE,
SNeKTPUYHUM IPAKIBEHEM M IOHeKax rpajoM. CHHONTHYE CHUTyalHje NMpH KOojuMa ce
JellaBajy MHTCH3MBHA EJIEKTPHYHA IPaXIerkha OINIMKY]y Ce HHTEH3MBHUM IPOJIOpUMA
XJIQJHOT Bazayxa W (WJIHM) MPH HECTaOMJIHOCTH BasJylllHE Mace, alld W IPUINKOM jake
LUKJIOHCKE IUPKYNalLHje.

Cauka 1. O6opeHo cTa0./10 Kao nocjaeanuIa yaapa Myme (rpoma)

IIpoGneM rpMIBABUHCKUX HEHOTOJA j& CIOKEHE PUPOJIE, KAaKO IO IIOCTAHKY, TaKO U
Mo OOJMIIMMa KCIOJbaBalba, 3aTUM MPOIOIPATHUM I[OjaBama, epeKTy KOju H3a3uBajy,
TEPMHHOJIOMIKOM ofipel)ery, Ma 1 HayKama Koje UX UCTpaxyjy. ATMocepcka eneKTpruyHa
NpaKbemba IPOM3BOJAE 3BYYHH e(eKaT KOju ce 30Be IpMibaBHHA. [loJ rpMIbaBHHCKOM
HEIOroJIOM y IIMPeM CMHCIY IOApa3yMeBa ce KOMIUIEKC II0jaBa KOje Ce y3 eNeKTpUYHE
[0jaBe jaBJbajy y TPMJbABUHCKOM WJIM OJIYJHOM O0JIaKy — KyMYyJIOHHMOYCY, Kao IITO CY
IUBYCKOBH KHIIIE, Ipajia U OyjHH BeTap. MelyTum, mox rpM/baBUHCKOM HETIOTOOM Y Y)KeM
CMHCIYy TIO/Ipa3yMeBaMO MO0jaBy €JICKTPUYHOT MPaXibemha y KyMyJIOHHMOyCy wiu u3mel)y
mera U 3emsbuHe mnoBpiunHe. Ca apyre cTpaHe TpMJbaBHHA C€ jaBJjba M Kaga ce He
UCIOJbaBajy Pa3opHH e(peKTH Hemoroie Ha 3eMJbMHO] MOBpIIHHHU. [lopem Tora mojaBa
rpMJbaBHHE ce OeNIeKH M KaJia ce JeliaBa y ONM3UHU CTaHHLE, a He caMo M3HaJ cTaHuue. 13
THX pasiiora Opoj naHa ca TpMJbaBMHOM je Behu Hero Opoj naHa ca Hemorojgama H
MIPOCTOPHO je paBHOMepHHje pacropeheH. 3aro ce mobmja ytmcak na je Opoj maHa ca
IPMJbAaBHHOM KOHTHHYHpaHa (YHKIOHja IIPOCTOpa Ia Ce IpPEeICTaBba H30KepayHHUKUM
JMHAjaMa Ha KapTHu (JHMHAjaMa Koje TI0BEe3yjy UCTH OpOoj TPMIBAaBHHCKHX JTaHA).

ATMOCdepcKo MpaxKmbene 0/IBUja ce y 0JIBOjEHUM y3acTONHUM yaapuma. OBU yaapu
rpoMa Jojase jefaH 3a OPYTUM y BPEMEHCKHM pa3MaluMa O HEKOJHMKO CTOTHX IeloBa
CeKyHJIe M CBaKH yJgap HMJE WCTUM KaHAJIOM, KOjU je jOHM30BaH MNpPBUM yrnapoM. bpoj
y3aCTOIHMX YyJapa Yy jeJIHOM rpoMy MoxKe Ja usHece u npeko 20, a najhenrhu je 3 no 5. lleo
mpoliec ce ojBHja y BpeMeHy oa oko 100ms, a moHekaa Tpaje u uuTaBy cekyHay. CBaku
yaap rpoMa uMa CBOje MPEIXO0/IHO MPaKIEmhe Koje ce HazuBa Tpacep (iuzaep). Tauka y Kojy
he rpom aa ynapu HUje HUUUM OJpEKEHa y TMOUYETKY KpeTama Tpacepa, Beh Ha Kpajy myta,
Kajla ce Tpacep MpUONMXU 3eMJbM Ha OKO CTOTHHAK Merapa. Heka ucTpaxkuBama MoKasyjy
J1a BIXHO TJIO MOXKe OMTH TPUBIIAYHO 33 yAap TpoMa.

VY mojapHUM KpajeBHMa TOTOBO Jia HEMa yaapa Mykba, IOK CY OKO eKBaTopa MyHe
yecte. MckycTBO MOKasyje Aa je Opoj Myma I0Be3aH ca M0jaBoOM I'pMJbaBUHE. | PMIbaBHHCKH



280

JlaH je Ja" y KoMme ce 0ap jeqHOM dyna TpMJbaBHHA. YKyIaH Opoj TPMJBAaBHHCKHX JaHA Y
roauaH je oko 200 Ha exBaTOpY, Ha ceBepy Eppome 5 1o 10 (cimka 2).

Cauka 2. U3okepaynnuka kapra ceera (www.library.thinkuest.org)

3a TeXHWYKY METEOpOJIOTH]y Ba)XKHH Cy MOJanyd O Opojy MpaXmema Ha jeAUHUILY
HOBPIIUHE, 3aTHM O FHXOBOj IPOCTOPHOj M BPEMEHCKO] PAacIofeH Ha JIOKAIMjU HEKOT
o0jexkTa WM IyX HEKE Tpace; TaKBe IOJATKE joj MpyXka PaadoMETeOpOJIOIIKa CIyxoa.
Kapte ca pacmonmenom Opoja nana ca TPMJBAaBHHOM IIpEIBHNEHE Cy M Y HAIMOHAITHUM
atnmacuma knuMme. OcMartpame Opoja NpaXKmkema CacToju Cce 'y uHuTamy Opojuia Ha
pamuoypehajy Koju mpuMa HMITYJICE €IEeKTPOCTATUYKEe KOMIIOHEHTE EJEKTPHYHOT I0Jba
OJMCKHX TPMJbABHHCKHX HETOroJia, ajli U OCMaTpameM O] OKa U Ha ciiyx. OnHocu u3mMely
Opoja JmaHa ca TpMJBaBHHOM H Opoja TMpaXmema pPazIMduTH Cy 32 CBako
¢usnukoreorpadcko noapyyje (6poj npaxmema je Bumectpyko Behu). Tako ce 3a oreHy
Opoja npaxkmbema yonITe U peMa 3eMJbH y 0JTHOCY Ha OpOj 1aHa ca rpMJbaBUHOM J100Hjajy
»pazmanre popmyne (Ilnasunuh, C., 1985).

I'pmibaBuHCKe Henoroge y Cpouju

Ilpemaa je reHesa TPMJBABMHCKHX HEIIOTOJa CJIOXKEHA, 32 OBY HPHIHMKY OU ce
MOTJIO TIOjeHOCTaBUTH Ja OHE OOWYHO HACTajy HaJ 3arpejaHOM MOUIOTOM YHYTap
MapHTHMHHX Ba3IyIIHHX Maca KOje TOKOM JIeTa JOCIIeBajy U3HAaJ KOHTHHEHTAIHUX 00JIacTH
Ha cpefmuM reorpadcKuM IIMpHUHAMa, TE CE Ha3WBajy JIOKaJTHUM HEmorojaMa aa ou ce
pasnukoBane ox mopemehaja CHHONTHYKHX pa3Mepa, a HEONMXOJHA joj je W HecTaOmiHa
atMmocdepa (Hanex, M., 1973; Pagunosuh, B., 1981, Makcumosuh, C., 1987; u np).
Maro je mecta Ha 3eMJbHM Ha KOjUMa HeMa I'PMJbaBUHCKUX HENOroja. JenmHa mecra
Ha KOjUMa MX HeMa Cy OHa IJe I'OTOBO M Hema NajaBuHa, kao mrto cy Caxapa wiu
HajXJIQJHUJH J1eJIOBU ApKTHKa U AHTapkTuka. MehyTum, yak cy u Ty nznenalema moryha.
VY obnactu HajceBepHHjer Hacesba Ha AJpaciy, bepoya, 3a0enexeHa je mpBa Hemoroja y
uctopuju oBor Mecta 19. jyra 2000. roguse.
VY Hamoj 3eMJbH TOOWIIKBM Opoj JaHa ca HEmorojaMa YIJIaBHOM ce CMambyje OJ
ceBepa Ka jyry W O 3amaja Ka HCTOKy, IITo ynyhyje a cy OHe y Be3H ca MpOoJIacKOM
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MUKJIOHA 10 TyTakama Vb u Ve ([Jyxuh, 1., 1976). Y oBom pany cy xopuimheHH moJay o
TPMJBABHHCKIM Hemorofama y mepuoay 1991-2005. ronuna (6e3 monaraka 3a TEpUTOPH]Y
KocoBa m Meroxuje), Koju yIriaaBHOM MOTBphyjy M3HETY KoHcTatauujy. Mehyrtum, nzbop
ctanuna (pesbed), HajBepOBATHH]E j€ YTHUIIAO0 Ja CE OCETH He3HAaTaH MOpPacT TPMJBABHHA OF
ceBepa Ka jyry (tabena 1, ciuka 3). BucuHcke cTaHMIe Y IPOCEKY MMajy BUILE IPMJbaBHHE,
aJv je MHIMKAaTUBHA U pa3nuka usmely Cypunna u Beorpana (38,8 u 31,3 myra).

Ilpempa cy TrpMIbaBUHCKE HEMOTOJle YCIOBJbEHE OApel)eHUM CHHONTHYKHM
CUTyaljaMa Ha HIMPEM MpPOCTOPY TadaH Opoj JaHa ca TPMJbaBUHOM Ha CHHONTHYKHM
cranunama y CpOuju nocra je MoaudrKoBaH 1Mo yTHIAjeM JIoKamHuX (akropa. Yciexn Tora
HBUXOB IIPOCTOPHM paclope]] He MMoKasyje jacHo reorpad)cke MPaBUIHOCTH ME30 WIIM Makpo
HuBoa (cimka 3). [pMibaBHHA ce PEeTKO OeNeH y 3MMCKOM JIely TOJMHE, a peTKa je U Y
Npesla3HUM TOAUIIBNM go0nMa. 300T Tora Cy JIETHE a JeTUMUYHO mposichHe rpmibaBuHE
omryuyjyhe 3a mogaTke y mocienmoj KonoHu taberne 1.

Tab6ena 1. Ilpoceynn 6poj nana ca rpmsbaBuHoM y Cpouju (1991-2005. roauna)

Mecto J D M A M J J A C o H A | loa.
Maauh 01102102 (21]52]|65([69]|55]|29(10]03]0.1]31.0
Combop 01]102]103(1.7]49]|57|68]|49]|24(10]03]0.1]289
Kuknuaa 01]01]1]03]|26|60]|83]|78|61][31]08]|04]0.1]359
Hosu Can 011030024 |57|71]|63|56[24]|14]03]0.1]318
Bpman 01 {0307 ]30(|66]|75]|87([62]26]13[03]02]375
Cpemcka Mutpouua | 03 | 0.1 [ 0.1 [ 29 | 6.1 [ 70 | 63|57 [25]13]03(0.1]323
Cypunn 031010433 |59|89|79|70[28|15]|05]02]388
Beorpan 0210110212749 ]169]|68|58[25]09]|03]0.1]313
Besuko I'pagumre 031020423 |52|75]|67|63[27|13]|05]02]338
Jlo3Huna 031031032457 |77(63]59]|35(14]05]0.1]344
BameBo 031020423 |52|75]|67|63[27]|13]|05]02]338
CwmenepeBcka Ianankal| 02 [ 03 | 03 |29 (63 |81 |79 75]27 | 15(03]0.1]|38.1
Hpuu Bpx 01 03|03 ]26|63]73|85([67]25]|10](03]0.1]36.1
Herorun 0110101 |23]51)|64(71]53]|20(08]02]0.0]295
3maTudop 0110310323 |65|75|71|76]39]|13]07]04] 381
Iosxera 0110304236473 |75|70[28|11]03]02]356
KpasbeBo 01 {0103 ]|23|63]71]|70([62]27]09(|05]02]334
hynpuja 0310104 (23]|54|57[68]56|28](12]03]0.1]311
Cjennua 01]04]103]20|63|79]|74|87[|45| 13| 13]05] 405
Konaonuk 0202103205964 ]|68|72[3113]|11]03]349
Hum 000210323 |61|70]|67|68|24]|11]|06]|04]339
JumMutpoBrpax 0210101 (29]77]92(87]81]|29(11]03]02]415
Bpame 0210203276265 63|57[31|11|07]03]334

lNopgnmme ce Ha UCIUTHBAHMM MECTHMAa OBa I0jaBa IpocedHo Oenexu u3mely 28,9
u 41,5 nana (xomuko ux je y Combopy u y Jumurposrpaany). Ha 14 on 23 cranune ona ce
jaBJpa Mame of 35 myTta i aaHa (1ro OM ce MOrIIo y3eTH Kao mpocek 3a Cpoujy), a camo
Ha jBe cTanulle Buiie ox 40 myta. HapaBHo HajBuIlle cTaHUIa ©UMa TpMIbaBUHY u3Mely 30 u
40 myta rogumibe: 20 cramuma win 83% on ykynHor Opoja. Hajsehu Opoj mana ca
TPMJBaBUHOM je y Mecelly jyjlly WM jyHy, a peTko y aBrycry (3matubop, CjeHuna u
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Konaonuk), mro je HopMaJHO ¢ 003UPOM Ha CHHOINTHKY ITpoIieca IpH KOjuMa OHa HacTaje.
W3 tabene 1 ce Buau aa ce y aeuemMOpy Ha CKOpPO IMOJOBHHU CTaHHIA IPMJbaBUHA jaBJba
JEAHOM y JleceT TOJIMHa, CIIMYHO je y jaHyapy, a He3HaTHo uelihe y ¢pedpyapy, y MapTy OKo
TpH, Yy HOBEeMOpPY OKO 2 MyTa TOJUIIbe. Y OKTOOpPY ce IpMJbaBHUHA MPOCEYHO jaBJba jeIHOM
TOJMILIELE, a y alPHITy CE jaBJba OKO JBa U IO MyTa OJUIIELE.

Canka 3. U3okepaynunuka kapta Cpouje

AmnconrytHO HajBehu O6poj naHa ca TpMIJbaBHHOM TOJMIIEGE U IO MECeMMa r'OBOPH O
TOME KOJIMKO C€ ITyTa OHA MOXC HajBUIIEC jaBUTH KAa0 M KOJUM CE€ MECEIMMa MOXKE
€BEHTYAJIHO OYEKMBATH. 10 je IMpHKa3aHo y Tabenu 2, Koja y CYIITHHHU TPEJCTaBIba CTAbC
ca TPMJbaBHHOM Kao €KCTPEMHOM KJIMMAaTCKOM I10jaBoM. M oBze ce paau o BpeAHOCTHMA
KOj€ Cy JIOKAIHO YCJIOBJbEHE, allil Ce OIMAaxX yodyaBa BEJMKa YjeIHA4eHOCT OBOT IapaMmerpa
Ha TOIUIIKBEM HUBOY.

VY camom ,,Bpxy Tabene jecy Cjenuna u Jumurposrpan (57). Benukum 6pojem naHa
ca TPMJbaBHHOM ce OJUIMKYjy M 3matubop, CmenepeBcka [lamanka, CypuuH u Bpame,
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BHCHHCKE CTaHuIe yormre. Hajmamu O6poj maHa ca TpMIBABHHOM CE ,MOXKE jaBHTH Y
Herotuny (38), anmu u Ha [lanmhy, y HoBom Cany, u beorpaxy (mo 40), mTo je Bpio
3anumIbnBO. [Toganu 3a Beorpaa cy m y oBOM, Kao M y NPETXOAHOM CIIy4ajy, CYNpPOTHH
OYEKHMBabHMa, jep OU BEJMKH rpaj Tpedao Ja uMa 3HaTHO BHILE IPMJHABUHCKHX CIIyYajeBa.
To je mpobiieM Koju 3axTeBa MOCCOHY aHATU3Y.

Tab6esa 2. AncosiyTHO HajBehn 6poj 1ana ca rpmubaBuHoM y Cpouju (1991-2005. roguna)

Mecto J| | M|A|M|J|J|A|[C|[O|H|A]|lon
Manuh L1149 1511|116 |3[2]1]40
Combop 121268 |11 |I11l] 9 5132127 42
Kuxunaa 1125|1014 (14128 |4]2]1]42
Hosu Cajx Ij210j6 (1016|1210 5 |3 [1]1]40
Bpman 1212612161612 7 |4 2]1]45
Cpemcka MutpoBuma | 2 | 1 | 1 | 5|11 | 14]10]| 9 51411 1] 44
Cypuun 2117101911126 |[6]2]|1]47
Beorpan L1t sfoj13froj1r|fe |3 (1]1]40
Besmuko I'paguire 20121071213 (12(7 (7(2(2] 48
Jlozunua 2121316 10]15]11 9 71521 42
BabeBo 212141519 M4 (11 (12 5]16(3]2] 42
CwmenepeBcka [Mamankal| 2 | 2 [ 1 |6 [ 11 [ 17 |12 |12 [ 5 | 5|3 | 1] 48
Lpuu Bpx 1211814151511 |6 |3 [1]1]42
Herorun 112|116 9 |16]|14 (105 [3[2[0] 38
3naTuéop 11711511139 ((5]12|2]S51
Moxera rj211|sf1oj13fm13j12(6 |3 (1]2]42
KpameBo L1t ]sf1o]18f1rj12f6 |3 (2]1]46
ynpuja {7zl olefel2]1]4
Cjennna 1(1 ]2 (81016141511 (4|33 57
Konaonuk 2021359 (111111 |6 |5]5]|3]44
Hum Of2| 1|6 |11 |13|13]14| 5 |2(3]2] 44
JumuTtpoBrpan 2111912171414 5 |53]2]57
Bpame 2111612131013 [10]|2]3 3] 47

AnconytHo HajBehu Opoj rpMIbaBHHCKHMX JaHa MMa y jyHy, jylly Ta y aBrycCTy:
yriaBHOM ripeko 10, yecto mpeko 15 nana (monoBuHa Mecena), a y Benmkom I'pagumry y
jyny dak 22. Kao mTo ce Beh Morio BUIeTH HEKM 3UMCKH MECeLd MOHer/ie Mory OuTh 6e3
rpMJbaBUHE. Y anprily OHA CE MOYXKE jJaBUTH M TOKOM &, 110 9 maHa, a y okToOpy 6, 1o 7 maHa.
Wmajyhn y Buay TakaB TOAMIIBM TOK MAaKCHMAJIHOT IOjaBJbHBamba T'PMJbaBHHE Tpeda
3aKJbYUUTH JIa CE Ca YNO30perbiMda HA HeHO Nojassusarse, mj. HA NOjagy eneKmpuiHux
npadicrerva mpeba uhu y ceaxom meceyy y Kome je ona yonwme mozyha. JacHO je ma on
ampuiIa 0 OKToOpa IMOCTOjH ,,pealiHa ONMacHOCT  T0jaBJbUBamkha IPMIbaBUHE (TPMJBABIHCKHUX
HENoroza), 3a pa3nuky of ocrainmx mecernu. [loBehana omacHOCT je on Maja A0 aBrycra
(najuenrhe npexo 10 mana meceuHo). C 003upOM aa ce OBAE paau O METHACCTOTOMUIIHEM
MEpUOIy OCMaTparma CHTYPHO je Ja hie ce y myxeMm mepuoay IOOMTH Apyraddja Ciiuka
Moryher 1ojaBspbuBama rpMjbaBuHa. Tako OM M CTETIEH OMacHOCTH M3rieAao apyrauuje. Tek
OHJa ce MOXE IUIAHMpAaTH aJeKBaTaH CHCTEM 3a YNO30paBambe, a y capaimu ca
CHUHOIITUYKOM CITy’KOOM M y CKJIajy ca MPOTHO30M BpEeMeHa.
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Y Be3w ca NHUTameM TIPMIBABHHCKHX HEMOToJa BaXHO j€ OBOM IPHIMKOM
pa3mMoTpuTd jour aBa mpobneMa. JemHo je TpeHj Opoja JaHa ca OBOM II0jaBOM Yy
MIPOYYaBaHOM METHAECTOTOIUIIHEM MIEPHOTY, a Ipyro Opoj mpaxmema npema 3eMibu. Of
23 aHanmu3upaHe CHHONTHYKE CTaHUIIEC Ha 14 ce 3amaka omajgame H30KepayHHYKOT HUBOA, a
Ha 9 cTaHHIa OH pacTe. Y paclopeny CTaHHUIA ce He MOXKe YOUUTH OMIIO KakBa reorpadcka
3aKOHUTOCT jep cy o0e rpyme pacnopeheHe MO 1€710j TEPUTOPHJU U Y Pa3THIUTHM
reorpa)CKUM yCJIOBMMA, IITO je HajBepOBaTHHUjEe IIOCIENUNA Jy)KHHE IPOYYaBaHOT
nepuona. Ha mpumep mopact je youen y Kukumumm Cpemckoj MutpoBuim, CypuunHy,
Beorpany, KpaseBy, Cjennnu, Humty, Bpawy u Ha llpHom Bpxy. 3anumibnBo je na
MakCHUMaJlaH TOAMIIM Opoj llaHa ca TPMJbaBUHCKMM HEINOrojama olaja Ha CBUM
MpOoy4aBaHUM cTaHUIama. Vako je He3axBallHO ,,yje[IHauYaBaTH * €eKCTPEME HCTAKHUMO CaMo
nuHuje perpecuje 3a beorpan n 3a Hum (y muma je N, - Opoj gaHa ca TpMIJbaBHHOM, a g —
roauaa). 3a beorpan:

N;,=-0,1g +10,
a 3a Hum:
Ny=—0,04g +10.

Ipema crarmapay JYC H.b4. 803 (m3okepaynuuka kapta CP Jyrocnasuje) oapehyje
ce FOIMIIELH OPoj aTMOC(EPCKUX eIEeKTPUIHHIX MPaKberha MpeMa 3eM/bi Ha 1 km? (Nep) y3
nomoh popmye:

N,,=0,04 - N,"%.

Taxo ce mobuja ma je mpocedan Opoj mpaxkmema obnak-3emipa y Cpouju m3mely 2,7
y Combopy u 4,2 y Tlumutposrpany. ExctpemMHe BpeaHocTH ¢y y uHTepBany usmehy 3,8 u
6,3 ymapa mo 1 km’. Melyrum, TpebGa MMaTH y BHAY UHECHHIY 1a CE KOHCTAHTE Y
kopumheHoj (opmysin pasiMKyjy KOJA TIOjeMHHUX HMCTpakMBaya Ha OCHOBY pe3yJirara
Jno0MjeHnx 3a pa3nnunte punuKoreorpad)cke yciose.

3akibyyak

[Tpouemyje ce na cy Ha 3eMJbH HENIPEKUAHO aKTHBHE OKO JIBE XHJbaJIE MyHa, Koje
NPOM3BOJIE CTOTMHAK NpaXiema CBake cekyHue. Mely oBuM mpaxmemHMa, OHa Koja
noral)ajy 3emsby Ha3BaHa Cy yJapu Ipoma, JIOK Takohe IocToje mpaxmermha Koja ce 301Bajy
yHyTap jemHor obaka, Wiy u3Mel)y Bullle oiyjHHX 00J1aKa, Koja Ha3UBaMO MyHama.

Jlanac, HaKOH M3BEAEHUX OpPOJHUX HCTpPaKMBamba M UCIUTHBAIbA HajCcaBPEMEHH]OM
ONPEMOM Y MPUPOIHUM YCIOBHMA — ,,in situ U y JaboparoprjamMa BpiO BUCOKHX HallOHa,
aTMocdepcka NMpaXmkema Cy MPHIMYHO JT00po NMpOoydYeHa y CBOM HAacTajamy, Pa3Bojy U
OKOHYamYy, ca CBUM IojaBaMa, (heHOMEHNMa ¥ BEIMYMHAMA Koje UX mparte. JlonTacta Myma
he, curypHo, jom 3amaBaTé mpoOieMe JOK CBe meHe Tajue He Oymy otkpuBene ((http//:
www.telfor.rs). Mehytum, Tpeba mmati y BUAy Oa BEJHKa 3aHEMapHUBama JeTasba ,,TeopeMe
eNeKTPOJMHAMUYKE CIMYHOCTH HE MOTY OHMTH IIOTIIyHO MEpOJaBHAa M MOTY HABECTH HA
norpeirHe pesynrare. Jl[pyra AuMeH3uja Cy peaNHH MPUPOIHH YCJIOBU BPJIO PA3HOJIHKOT
reorpad)CKOr MpoCTopa IITO yCAOBJbaBa BPJIO pa3aHuuTe MaHH(ECTHIIHNjE TOjaBa Koje Cy Y
OUTH BPJIO CIMYHE.

I'pMIbaBUHCKE HETIOTOZIE Cy YCJIOBJbEHE OJpel)eHNM CHMHONTHYKHM CHTyaldjaMa Ha
LIMPEM IPOCTOpY, alu TadyaH Opoj JaHa ca rPMJAaBMHOM HAa CHHONTHYKUM CTaHHUIIAMA Y
Cpbuju mocta je MoAaudUKOBaH MOA YTHIAjeM JIOKATHHX (akTopa. [omumime ce Ha
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WCIIUTHBAHUM MECTHMa OBa TojaBa mpoceyHo Oenexu m3melhy 28,9 u 41,5 nana. Hajume
ctanuna uMa rpmibasuHy usmely 30 u 40 myrta rogumme: 20 cranuna nnn 83% of yKymHOT
6poja. Hajsehu Opoj maHa ca rpMJbaBHHOM je€ Y MecCeIly jyly WM jyHY, a pETKO y aBryCTy.
AnconytHo HajBehm Opoj maHa ca TPMJBABHHOM TOAMIIERE M MO MEceuMa Cy
JIOKAJTHO YCJIOBJbEHE BpEAHOCTH. Y caMoM ,,Bpxy™ jecy Cjenuiia u Jumwurposrpaa (57).
Benukum Opojem maHa ca TpMJbaBHHOM Ce OJUTHMKY]y U 3matudop, Cmenepercka [lananka,
Cypunn u Bpame, BucuHcke cranune yonmre. Ca ynosopemwuma Ha Nnojagmusarbe
2pMbagUHe, M. HA NOjagy eleKMPUYHUX NPAdICIbelbad, mpeba uhiu'y ceakom meceyy y Kome
je ona yonwme mocyhia. JacHO je Aa oJ ampwia 0 OKTOOpa MOCTOjH ,,pealHa OMmacHOCT™
N0jaBJbHBamba TPMJbaBHHE (TPMJBABMHCKHX HETIOr0fa), 3a PasjiMKy OJf OCTaJMX MECELH.
ITorehana omacHOCT je on Maja mo aBrycra (Hajuemhe npeko 10 mana meceuno). HapasHo,
Tpebano O6m pacronaratu ca ayhum mepruogom aa Ou ce moOmia ,,iena“ cimka O OBOj
eKCTPEMHO] KIIMMATCKO]j TI0jaBH jep ce Taj HeAOCTaTaK MoceOHO UCTIoJhaBa Ha Opojy AaHa ca
onpehenuM nojaBama. Tex oOHIa ce MOXKe TIIAHUPATH aJIeKBaTaH CUCTEM 3a YII030PaBabe.
Hako m3riena »xectoka, cHara kKoja ce ociobaha w3 TpoMoBa Haj TEPUTOPH)OM
CpOuje pematuBHO je CKpoMHa OKO 15 MW, HEKOJHKO AECeTHHA IyTa j€ Mama O
uckopucTuBe cHare peka CpOuje. EHepruja enekTpuuHUX NpaKmema Y MPOCTOPY BUCOKO
W3Hax Hac Moxzae he y OyayhHOocTH 3aMHTEpecoBaTH IIpakCy paad CcakyIUbama H
eKCIIIoaTallyje, ajld BEpOBaTHO HE O]l OBaKBHM yciioBuMa. Maito je mo3Haro na 'y CpOuju
O]l TIOCIIeUIIa EJISKTPUYHOI Ipaxmemha aTMocdepe cBake TOAWHE IOTHMHE HEKOJHUKO
JeceTnHa Jbynu. Mako ce jkuTesbM rpaja HajBUILIE IJIalle yaapa rpoMa, CMpT OX yAapa
rpoma Hajueniha je y TUVIAHUHCKHM M CEOCKHM mpenenuma. OmiuTa oleHa MeTeopojiora u
¢u3nyapa je na je cBaka rpMJbaBHHA OMACHA M HE MOCTOjU HUKAKBO MPAaBUIIO TAE TPOM
MOXe Ja ynapu. EnekTpuuHHu HamoH y o6JaluMa npa3HH ce Ka 3eMJbH HajMame OTIIOPHUM
KaHaJIMMa [IPU YeMy My IIOMaxy olpel)eHu 00jeKTH Ha 3eMJbU. Y3 IpOM M Ipaj Kao Iojasa
He Moxe Ja ce enuMmuHuOIe. CMHCao JejcTBa MPOTUBIpagHE 3aIUTHTE je Ja CC YMarbH
VKyIIHa KOJMYMHA Ipaja, Ja ce yop3a mpaxmeme obJlaka M a ce CMambH NMPEYHHK 3pHA
rpaga. Benuku je 3Hauaj cucTeMa ymo3opaBama 3a 3allITUTY JbYAN M MaTepHjalHuX qodapa
Koju O6m Oum ,foctymaH* cBuMa kao mro je 3a EBpomy ,METEOAJIAPM® Ha mHTEpHETY
(http//:-www.meteoalarm.eu). Mehytum, y CpOuju jomr yBeK TIOCTOjU  CaMO
HajeIEeMCHTapHUja JETeKIMja aTMOC(PEPCKUX MPAXKICHha M CBUACHIHUja Y OOJIUKY
ocMarpama, OCIYNIKHBamba U Oelieemha MEeTeoposiora U npuMeHa ,,kpuomepa™. Hurne e
MOCTOj¢ CABPEMEHH CEH30PH, JIOKATOPH WK CIIMYHO 3a netekuujy (http//: www.telfor.rs).
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GORAN ANDELKOVIC®

THUNDERSTORMS AS EXTREME CLIMATE EVENT IN SERBIA

Abstract: Humankind has been exposed to climate extremes from the very beginning of its existence. Today,
prevention and mitigation of natural catastrophes have become a priority for International Union and World
Meteorological Organization. Atmospheric electrical discharges and thunders represent an event characteristic of
our part of the world in the warm half of a year. This climate event pose a danger to human life and material goods,
so this work discusses approximate number of days with thunder and the absolutely highest number of days with
thunder in Serbia in the period from 1995 to 2005.

Key words: thunderstorms, extreme climate events, Serbia.
Introduction

Humankind has been exposed to climate extremes from the very beginning of its
existence. In prehistoric age the population of the planet was small and it was located only
on one or several continents. Due to scarce and scattered population these events affected
only single persons or groups of them. Later, in historic period, almost all groups of people
had some experience with natural catastrophes. Overall terminology related to the idea of
unfavourable atmospheric events is greatly diverse, from severe storms to natural disasters.
Geographers mostly use term disaster. “Natural disasters are powerful destructive forces
that endanger human lives and impose great material damage, but at the same time alter the
appearance of the environment... Atmospheric disasters are the most diverse natural
disasters concerning their causes, characters, and consequences.” (Gavrilovi¢ Lj, 2007). In
recent times all those occurrences that threaten a man start to be referred to as hazards
(Andjelkovi¢ G., Zivkovié N., 2007), but due to their intensity often also catastrophes.
Basically, they are all extreme climate events.

Today, prevention and mitigation of natural disasters have become a top priority for
The World Meteorological Organization and it actively supports, the so called, “culture of
prevention”. The 14™ World Meteorological Congress which took place in Geneva in 2003,
initiated programmes for prevention and mitigation of natural catastrophes, along with
actions to raise awareness of the benefits of proactive strategies for catastrophe prevention.
In 2005 a conference was held in Kobe (Hyogo), Japan on the reduction of catastrophes at
which Framework for Action 2005-2015: Building the resilience of nations and
communities to disasters, known as “Hyogo framework for Action”, was ratified. It has
given the frame for the development of the culture of prevention, but also, the systematic
approach to examination of risks and proneness to catastrophes (http//:
www.hidmet.sr.gov.yu).

An extreme climate event is a phenomenon characterized by low occurrence
frequency, increased intensity, and often duration, so it can be described as rare or unusual.
Extreme in Serbian means bordering, utter, or excessive. In other words, it is an event that
notably deviates from the average or trend and thus becomes an exception. The most
relevant international scientific “group” or scientific body for climate change examination
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today, Intergovernmental Panel on Climate Change — IPCC, defines extreme events as rare
events according to indices of statistical distribution at the specific place. It is further
emphasized that the term “rare” is relative and that it varies from place to place, but that
everything with the possibility of appearance under 10%, namely everything that appears
every tenth time or even less, should be regarded as rare (IPCC, 2001).

The examination of climate extremes includes all events unfavourable for a man and
his activities that fall into the category of natural disasters. Most of climatology studies
today consider climate extremes as the indicators of climate change and the signs of future
climate conditions, so climatology is becoming “active climatology”. It means that
climatology is transforming from the science which monitors, records and analyses changes
into the science which warns, directs, and, whenever it is possible, prevents (Krmpoti¢ T,
and others, 2005). It is extremely important to “develop technology” of examination of
unfavourable environmental conditions, and particularly the occurrence of extreme climate
events. Humankind cherishes the myths about The Creation and The Great Flood, while at
modern times catastrophes, broadly called storm events, threaten humankind, it seems, more
than ever. Atmospheric electrical discharges and thunderstorms are the component parts of
storm events.

Researches show that direct and indirect damage caused by a lightning strike in the
USA are 4 to 5 billion dollars a year. Total number of casualties of great natural disasters in
the USA is: 16 from hurricane, 68 from tornado, 73 from a lightning strike, and 127 people
from floods. About 1000 people die every year in the world, while 80% of people survive a
lightning strike (http://www.noaa.gov).

Atmospheric electrical discharges

Atmospheric electrical discharges represent an occurrence characteristic of our
regions during the warm half of a year. People suffer from them and they impose great
material damage, such as putting objects on fire, electric connections and installations
damage, cattle killing, etc. (Fig.1). The understanding of atmospheric electrical discharges is
not significant only in the field of design and construction of buildings, constructions,
electrical facilities and connections. Its significance spreads much further, to the field of
agricultural production and protection of households and single persons from a lightning
strike. On the Pestar plateau, known for atmospheric discharges, almost every year a
lightening strike burns houses and hay, kills people and cattle, and only in 1972 13 people
were killed (Sabi¢, D, Pavlovi¢, M, 2004). Although this event has been deeply studied, the
appliance of protective measures is extremely low in our country, and the records on the
negative consequences of electrical discharges in our country have not been kept. It is clear
that climate event dangerous for lives of people and material goods is in question, so special
thresholds are not necessary for it. This event has to be announced whenever it is possible
and special statistics should be kept about the frequency, character, size and consequences
of this event.

According to The Instruction for measurement and observation at main
meteorological stations (SHMZ, 1974) disasters have been defined as extraordinary weather
occurrences of extreme power or duration, or rare and unexpected occurrences. This is a
quite loose definition, but in any case, it includes atmospheric electrical discharges that are
mainly followed by thunder. In our regions disasters are mainly connected to intense
development of cumulonimbus and followed by tempestuous wind, heavy rain downpours,
electrical discharge and sometimes hail. Synoptic situations of intense electrical discharges
are characterized by intense breakthrough of cold air during the instability of air mass, as
well as during strong cyclone circulation.
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Figure 1. A fallen tree as a consequence of a lightning strike

The problem of thunderstorms is complex, concerning not only their genesis, but the
forms of their manifestation, accompanying occurrences, the effect they cause,
terminological definition, and also concerning sciences which study them. Atmospheric
electrical discharges produce an acoustic effect called thunder. A thunderstorm in broader
sense can be defined as a complex of events that occur along with electrical events in a
thunder- or a storm- cloud - cumulonimbus, such as rain downpours, hail and tempestuous
wind. However, thunder storm in narrower sense is an event of electrical discharge in a
cumulonimbus or between it and the Earth’s surface. On the other hand, thunder also
appears when destructive effects of a storm are not manifested on the Earth’s surface. Also,
thunder is recorded not only when it occurs above a station, but also when it occurs near a
station. Due to these reasons number of days with thunder is higher than number of days
with a storm and it is spatially more evenly distributed. Thus, the impression is created that
number of days with thunder is continuous function of space and is represented by
isokeraunic lines on a map (lines that connect the same number of thunder days).

An atmospheric discharge occurs in separate successive strokes. These strokes of
lightning come one after the other in intervals of several hundredth parts of a second and
each stroke goes through the same channel which was ionized by the first stroke. The
number of successive strokes in one lightning strike can be even over 20, but most often 3 to
5. The whole process happens in an interval of around 100ms, but sometimes even the
whole second. Each lightning stroke has its previous discharge which is called router
(leader). The spot which a lightening will strike is not determined at the beginning of a
leader’s movement, but at the end of its way, when a leader is about a hundred meters close
to the ground. Some researches show that wet ground can attract a lightning strike.

In the polar parts of the world lightning strikes almost never occur, but around the
Equator lightning strikes are frequent. Experience shows that the number of lightning strikes
is related to the occurrence of thunder. A thunder day is a day when thunder is heard at least
once. The overall number of thunder days in a year around the Equator is 200, in the
northern parts of Europe 5 to 10 (Fig. 2).

Figure 2. Isokeraunic map of the world (www.library.thinkuest.org)

The data about the number of discharges per unit of surface, their spatial and time
distribution on the location of an object or along some path, are the data important for
technological meteorology; these data are provided by radiometeorological service. Maps
with the distribution of the number of days with thunder are provided in national climate
atlases. Monitoring of the number of discharges includes the reading of a meter on a radio
device which receives electrostatic components of an electric field close to thunderstorms,
but also visual and acoustic observation. Relations between the number of thunder days and
the number of discharges are different for each physical-geographical region (the number of
discharges is several times higher). So, for the estimation of the overall number of
discharges, and discharges towards the ground, in relation with the number of days with
thunder, “different formulae” are derived (Plazini¢ S., 1985).

Thunderstorms in Serbia

Although the genesis of thunderstorms is a complex matter, its explanation can be
simplified for this purpose. They usually occur above a heated base inside marine air masses
that reach continental areas during summer in middle latitudes. There they are usually called
local disasters to make difference from disorders of synoptic proportions, and unstable
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atmosphere is also necessary (Cadei M., 1973, Radinovi¢ ., 1981, Maksimovi¢ S., 1987,
and others).

There are a few places on the Earth where thunderstorms do not occur. The only
places where they do not occur are those with almost no precipitation at all, such as the
Sahara or the coldest parts of the Arctic or the Antarctic. However, even there surprises are
possible. In the area of the northern most settlement in Alaska, Barrow, the first storm in the
history of this place was recorded on 19", June, 2000.

In our country the number of stormy days generally declines from the north towards
the south, and from the west towards the east, which implies that they are connected with
cyclone passing along the paths Vb and Ve (Dukié, D., 1976). The data on thunderstorms in
the period 1991-2005 have been used in this work (without data for Kosovo and Metohija),
and they mostly confirm the stated observation. However, the choice of stations (relief),
most probably, influenced the impression of a minor increase of thunder from the north
towards the south (Tab. 1, Fig. 3). Stations in higher areas have more thunder on average,
but the difference between Surcin and Belgrade is indicative as well (38.8 and 31.3 times).

Although thunderstorms are conditioned by synoptic situations of a wider area, the
exact number of thunder days at synoptic stations in Serbia is highly modified under the
influence of local factors. Due to that fact, their spatial distribution does not show clear
geographical regularities of meso or macro level (Fig. 3). Thunder is rarely recorded in the
winter part of a year, and it is also rare during the transitional seasons. Thus, summer and
partly spring thunders are decisive for the data in the last column of Table 1.

Table 1. The average number of days with thunder in Serbia (1991-2005)

Station J F M| A | M J J A S (0] N D | Yr.
Pali¢ 01 {0202]21(|52]|65]69(55][29]10([03]0.1]310
Sombor 01020317 (49|57 |68 (4924 10/(03]0.1]289
Kikinda 01]01]03]|26|60]|83]|78]61]31]08]04]0.1]359
Novi Sad 01[03]100)24(57|71]63([56]|24]|14(03]0.1]3L8
Vrsac 0103107 )30(|66]|75]|87(62]26]13[03]02]375
Sremska Mitrovica 0301012961 ]|70]63(57]25]13[03]0.1]323
Sur¢in 0310104335989 79]|70]28]|15]05]02] 388
Belgrade 02(01102]27(49]69 |68 (58][25]09([03]0.1]3L3
Veliko Gradiste 030204 )23 (527567 (63]27]|13[05]02]338
Loznica 03031032457 77]163([59]|35]|14(05]0.1]344
Valjevo 031020423 |52|75]|67]|63]27]|13]05]02]338
Smederevska Palanka| 0.2 ( 03 | 03 | 29 [ 63 | 81 |79 (75|27 | 15 (03] 0.1]| 381
Crni Vrh 010303266373 ]|85(67]25]10[03]0.1]36.1
Negotin 010101235164 ]71(53]20]08([02]0.0]295
Zlatibor 0110303236575 71]76][39]|13]07]04] 381
PozZega 0103|0423 (64|73 |75(70][28]11[03]02]356
Kraljevo 010103236371 ]|70(62]27]09([05]02]334
Cuprija 030104235457 ]68([56]28]12([03]0.1]3lL1
Sjenica 01)104]103]120)63|79]|74|87]|45]| 13| 13]05]405
Kopaonik 0202103205964 |68 (72|31 13(11]03]349
Ni§ 0002032361 |70]67(|68]|24]11[06]04]339
Dimitrovgrad 020101297792 ]|87 (8129 11[03]02]4L5
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[ Vranje [o2]o2]03[27]62]65[63]57]31]11]07]03]334]

This event is recorded on average between 28.9 and 41.5 days a year at observed
places (Sombor and Dimitrovgrad). At 14 from 23 stations this event occurs less than 35
times or days (what can be taken as the average in Serbia), and only at two stations more
than 40 times. Most stations record thunder between 30 and 40 times a year, naturally: 20
stations or 85% of total number. The highest number of days with thunder is in July or June,
rarely in August (Zlatibor, Sjenica and Kopaonik), what is natural concerning the synoptic
background of the processes under which it occurs. In December at almost half of the
stations thunder occurs once in ten years, similar situation is in January, slightly more in
February, around three times in March, and around two times in November a year. In
October thunder occurs once a year on average, and in April around two and a half times a
year.

Figure 3. Isokeraunic map of Serbia

The absolutely highest number of days with thunder per year and per month shows
how many times it can occur at most, as well as during which months it can be potentially
expected. That is displayed in Table 2, which basically represents the state with thunder as
an extreme climate event. These values are also locally conditioned, but great evenness of
this parameter in a year-long period can be noticed at once.

At “the very top of the chart” are Sjenica and Dimitrovgrad (57). The high number of
days with thunder characterizes also Zlatibor, Smederevska Palanka, Surcin, and Vranje,
and stations in higher areas generally. The lowest number of days with thunder “can occur”
in Negotin (38), but also at Pali¢, in Novi Sad, and Belgrade (40), what is very interesting.
The data for Belgrade are in this case, as well as in previous one, contrary to expectations,
since a big city should have significantly more thunder cases. That is the problem which
deserves specific analysis.

Table 2. The absolutely highest number of days with thunder in Serbia (1991-2005)

Station JIFIM|IAIM|J|[J]|A|[S|O[N|D]|Yr
Pali¢ 111 114]9 1511 | 11 6 |3(2]17]40
Sombor 1121261 8 11 | 11 9 S13(22]42
Kikinda I{1]2]|5|10|14 1412 8 [4]|2(1]42
Novi Sad I{2]0]6|10]16]| 1210 5 [3|1|1]40
Vriac 11226121616 ] 12| 7 (4 ]2]|1]45
Sremska Mitrovica 2(1 )1 (5] 11|14(10] 9 S 14(1]1]44
Suréin 2(1 17110191112 6 [6]|2(1]47
Belgrade L1159 |13]10f11 ] 6 [3|1(|1]40
Veliko Gradiste 2012|7112 (13127 |7]2(2]48
Loznica 2(2)13[6]10] 15|11 9 7512 1]42
Valjevo 2 (214519 (1411|125 ([6]|3([2]42
Smederevska Palanka| 2 (2 [ 1 (6 [ 11 [ 17 |12 |12 5 | 5|3 | 1]48
Crni Vrh 1121814 f15]15] 11 6 |3 (1 ]1]42
Negotin 121691614105 |3]2]|0]38
Zlatibor L1 171|151 {139 [5]2|2]5!
PozZega L{21 5101313126 [3]|1[2]42
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Kraljevo {11510 18)1L |12 6 [3]|2(|1]46
Cuprija (1)1t {711 {17111 f9]6(6]21]4l
Sjenica 1128|1016 |14 (15|11 |43 (|3]57
Kopaonik 201213519 11|11 |11| 6 |5]|5([3]44
Ni§ of2((1f{e6f11 |13 [13]14| 5 |[2]3([2]44
Dimitrovgrad 2(1 1|9 1217|1414 5 ([5]|3(2]57
Vranje 211 (161213 [10]13[10]2(3]3]47

The absolutely highest number of days with thunder is in June, July, then August:
usually over 10, often over 15 days (half a month), and In Veliko Gradiste in June even 22.
As it could already been seen, some winter months in some areas can be with no thunder. In
April it can occur on 8 or 9 days, and in October 6 or 7 days. Taking into consideration such
flow of maximum occurrence of thunder in a year it should be concluded that warnings
about thunder occurrence, namely about the occurrence of electrical discharges should be
made in every month in which occurrence of thunder is possible. It is clear that in a period
from April to October there is an “objective danger” of thunder occurrence (thunderstorms),
but that is not the case during the other months. There is an increased danger from May to
August (usually over 10 days a month). Concerning the fact that here a 15-year period of
observation was taken into consideration, it is certain that in a longer period a different
picture of possible thunder occurrence will be created. Thus, the level of danger would be
different, too. Only then an adequate warning system can be planned, in collaboration with
synoptic service and in accordance with weather forecast.

It is important to consider two more problems related to the question of
thunderstorms. The first one is the trend of the number of days with this event during the
observed period of 15 years, and the second one is the number of discharges towards the
ground. From 23 analyzed synoptic stations at 14 a decline of isokeraunic level is noticed,
and at 9 it increases. No geographical regularities can be noticed in the location of stations
since both groups are located on the whole territory and in various geographical conditions,
what is, most probably, the consequence of the length of the observed period. For example,
an increase has been noticed in Kikinda, Sremska Mitrovica, Sur¢in, Belgrade, Kraljevo,
Sjenica, Ni§, Vranje and on Crni Vrh. It is interesting that the maximum number of days
with thunderstorms declines on all observed stations. Although it is inappropriate to
“equalize” extremes, only lines of regression for Belgrade and Ni§ will be highlighted. The
first is (Ng — number of days with thunder, and g — a year):

Ng=-0.1g + 10,
and the second:
Ng=-0.04g +10.

According to the JUS standard N.B4. 803 (isokeraunic map of SR Yugoslavia) the
number of atmospheric electrical discharges in a year towards the ground per 1km* (Ng) is
determined according to the formula:

Ny=0.04 - Ng"*.
This is the way how the average number of cloud-to-ground discharges in Serbia is

measured, and it is between 2.7 in Sombor and 4.2 in Dimitrovgrad. The extreme values are
in the interval between 3.8 and 6.3 strikes per 1km”. However, it should be considered that
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constants in the used formula vary among some researchers on the basis of results gathered
for different physical-geographical conditions.

Conclusion

It is estimated that around two thousand bolts of lightning are ceaselessly active on
Earth, that produce around a hundred discharges every second. Among these discharges,
those that hit the ground are called lightning strikes, while there are also discharges that
occur inside a cloud, or among several stormy clouds, which are called flashes of lightning.

Today, after numerous researches and analyses with the latest technology in natural
conditions — “in situ” and in laboratories of extremely high voltages, atmospheric discharges
are studied quite well in their genesis, development and termination, with all accompanying
occurrences, phenomena, and values. Ball lightning will, for certain, still impose problems
while all its secrets are not revealed (http//: www.telfor.rs). However, it should be
considered that significant disregard of details of the “theorem of electrodinamic similarity”
cannot be completely relevant and can lead to wrong results. Real natural conditions of a
very diverse geographical region are the other dimension which dictates quite different
manifestations of basically quite similar events.

Thunderstorms are conditioned by certain synoptic situations of a wider area, but the
exact number of thunder days at synoptic stations in Serbia is highly modified under the
influence of local factors. This event is recorded on average between 28.9 and 41.5 days a
year. Most stations record thunder between 30 and 40 times a year, naturally: 20 stations or
85% of total number. The highest number of days with thunder is in July or June, and rarely
in August.

The absolutely highest number of days with thunder per year and per month are
locally conditioned values. At “the very top” are Sjenica and Dimitrovgrad (57). The high
number of days with thunder also characterizes Zlatibor, Smederevska Palanka, Sur¢in, and
Vranje, and stations in higher areas generally. Warnings about thunder occurrence, namely
about the occurrence of electrical discharges should be made in every month in which
occurrence of thunder is possible. It is clear that in a period from April to October there is
an “objective danger” of thunder occurrence (thunderstorms), and that is not the case during
the other months. There is an increased danger from May to August (usually over 10 days a
month). Surely, much longer period should be at our disposal in order to gain “the whole”
picture of this extreme climate event, since that deficiency particularly influences the
number of days with certain events. Only then an adequate warning system can be planned.

Although it seems fierce, the power released from lightning above the territory of
Serbia is quite modest, around 15MW, several times lower than the usable river power in
Serbia. The energy of electrical discharges in space high above us may become interesting
in future for practical usage, since it can maybe be gathered and exploited, but, probably not
under these conditions. It is not widely known that several dozens of people die in Serbia
every year from the consequences of an electrical discharge of atmosphere. Although people
who live in cities are afraid of a lightning strike the most, death from a lightning strike is the
most frequent in mountains and in the country. The general estimate of meteorologists and
physicists is that every thunder is dangerous and there is no rule where a bolt of lightning
can strike. The electrical voltage in clouds is discharged towards the ground through the
most resistless channels and certain objects on the ground also help in this process. Besides
lightning strikes, hail is another event that cannot be eliminated. The purpose of the action
of anti-hail protection is to diminish the total quantity of hail, to accelerate the discharge of a
cloud and to diminish the diameter of a grain of hail. A warning system for protection of
people and material goods “available” for everyone would be of great significance, such as
METEOALARM on the Internet for Europe (http//: www.meteoalarm.eu). However, Serbia
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still has only the most elementary detection and recording of atmospheric discharges, such
as observation, listening and meteorologists’ recordings and application of “krComer”.
Modern sensors, locators or similar equipment for detection do not exist (http//:
www.telfor.rs).
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