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TPOMBA KOJ UHBUJE — AHAJIN3A CJIYYAJA 06. JYHA 2008. TOJJMHE

W3Boa: BpriioxkHa KpeTama Ba3IyIHUX Maca y BUAy TpoMmOe (ITHjaBUIle) IPEICTaBIbajy H3y3€THO PETKY M0jaBy Ha
npocropy Cp6uje. I mopex Tora mTo ce paau 0 3HATHO cllabWjeM LUKJIOHATHOM KpeTamy Ba3AyIIHHX Maca HEro
LITO Cy TO HIp. TOPHAJa, HHXOBAa pa3opHa MOh MoXke M3a3BaTH 3HATHE MaTepUjajHE IUTETEe M MPEACTABIbATH
3Ha4YajaH (akTop pU3HUKa 3a Jby/CKe KpTBe. CaBpeMeHa HaydHa HCTPAKHBAba OUTHKY]jy ce Hemoryhuomthy uspame
MPELM3HUX MPOrHOCTUYKUAX MOJIENa Ha OCHOBY KOjux Ou Omiio Moryhe npeaBuaeTs kajia u rie he ce mojaButu u to
He camo Tpombe, Beh M HHTEH3MBHHjE M0jaBe Kao LITO Cy TPOICKE JAenpecHje, onyje, XapukeHu u ci. Mmajyhu y
BUJy JIa Ce MOCIEIHIX TOMHA 0jaBIIo0 O0M/be PasoBa KOju [ajy JoKasze o moBe3aHocTH mporeca Ha CyHIy u
armoc(epckux nonpemehaja, y pany Cy MpefoYeHH apryMEHTH KOji OM MOIJIM yKa3uBaTH Ha OBakBy crpery. Ha
OCHOBY aHanu3e acTpo-QU3MYKMX HapameTapa HCIMTHBAHA je MOTCHUHMjanHa Kay3amHocT. [Ipumenom Man-
BurnnjeBor U Tecta, Ha THeBHHM nojanuma 3a nepuox 2004-2007. ronune, NOKa3alo ce 1a MOCTOjU 3HauajHa Be3a
usMely mojenmHMX Bapujabmu Tj. mokas3aresba CyHYeBe aKTHBHOCTH M mopemehaja y atMocdepu. Y mpuiior
JOOMjeHnX pe3ysTaTta FoBOpe U POpavdyHH J00HjeHH BHIKOKCOHOBUM TECTOM.

Kbyune peun: Tpomba, acTpo-¢pusnuke npeaucnosunyje, Muhuja

YBoa

Tpombe wim THjaBuWIle Tj. MHHH TOpPHaJa Cy BeOMa peTKE I0jaBe Ha HAIIUM
mpocToprMa. 3axBaTajy peNaTHBHO Maie IOBpIIMHE W Hajuemhe Cy OrpaHHYeHe Ha
BPEMEHCKH NepHoj 10 Hekomuko catd. [losmBajyhm ce ma PamocaBiseBuh M., (1978),
Amnhenkosuh T'., (2009) ucurye ma ce mpBu ciayuaj Tpombe y CpOuju, KOju je AeTasbHO
Hay4yHO omwcal, aecuo 10. jyma 1977. rogune kox Hose Bapommm. dymuh B., Tanacujesuh
3., (1993) najy ucnpnan nprka3 Tpombe koja ce mojaBuia 10. jyma 1992. rogune y arapumMa
cena Iayne u PajkoBuh kox BasseBa. Octanu ciiydajeBu Cy Be3aHH 3a M3jaBe OUYCBHIAIA
u/MnM HaBoge y MenujuMma. [lpema pacroyioXMBHM ca3HambuMa, jelHa JIOCTYIHA
¢dororpaduja aktuBHEe TpoMOE Ha ipoctopy Cpbuje, omHOCH ce Ha cirydaj of 06. jyHa 2008.
roguHe (cimka 1) xoju ce necno y Ommsunm Muhuje (mpubmmxxo 45° 03’ ceBepHe
reorpadcke mupune, 20° 06° ucroune reorpadceke ayxune, 100 m HB).

WzyuaBajyhu oBy mnpobnematuky Ha Tepuropuju I[lopryrama Leitdo P., (2003)
cMarpa Jia je BepoBaTHoha lUXOBOT OCMATpamha Ha METEOPOJIONIKMM CTaHHIIaMa MaJia, 3aTO
IITO Ce OIBHjajy Ha pENATHBHO OTPAaHMYECHOM MPOCTOPY H IO TIPaBHIy Ha 3HATHO]
yIAJbEHOCTH OJl OcMaTpaykux Mmecra. Hemocrarak aerasbHe MapaMeTpH3alifdje 3a OBaKBe
ciyuajeBe uctuae u Tyrrell J., (2007) koju je ananuzupao cinyuaj y Mpckoj ox 12. jayHapa
2004. ronuae. Mehytum, mocedan npobiaeM MpeacTaBiba IBIUXO0BO H3HEHATHO 110jaBJbUBAHE,
Koje je 3a caga Hemoryhe mpenBHETH, NMOTOTOBO 3a CPElbe M JIYrOpOYHE BPEMEHCKE
nporuo3e. Love G. B., (2006) koHcTaTyje [ga HAacTaHaK I[MKJIOTCHE3¢ H HHXOBUX

: ap Munan PagoanoBuh, I'eorpadcku nunctutyr ,,Joan Lpujuh” CAHY, beorpan, rmilan@net. yu
Pan mpencrtaBma pesynTaT aHraxoBama Ha mnpojekty 146011 koju dunHancupa MHHHCTapCTBO 3a HayKy M
TexXHOJoUKH pa3Boj Penyonuke Cpouje.
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TpajexTopHja 3aBICH i 01 heHOMeHa Kao 1o je ENSO?, koju joIn yBek HHCY HpeIBHIMBH.
Markowski M. P., Richardson P. Y., (2009) Takolje cmatpajy Ja reHesa TopHaza ocraje 6e3
aJIeKBaTHUX Ca3Hamba.

Cauxka 1. Tpom6a xox Unhuje 06. jyna 2008. roaune (poto [Jlejan ApceHOB),
(http://www.b92.net/info/galerija/zoom.php?nav_category=121&yyyy=2008&mm=6&start=306&image_id=76131)

[Mocnenwux TOAMHA IOjaBUJIO C€ MHOIITBO pajoBa Yy KOjUMa C€ HCIHTYje
noBe3aHocT wu3Mehy mporneca Ha CyHIY M [OjeAMHUMX KIMMAaTCKHX —eJeMeHara.
[IpoyuaBajyhu onyje y bpuranuju, Wheeler D., (2001) ce ocnamao Ha reHepajiHe aclekTe
nporenype kojy je xopuctuo P. Corbyn. Tu acmekTu cy OasupaHd Ha Bapujaigjama y
noHamamwy CyHIa, HBErOBOM MAarHeTHOM IOJbY, KOPDOHApHHM epynuujama |
¢nykryupajyhem kapakrepy CyHueBor BeTpa. Pesynrar je 610 na cy y nepuoiay ox okroopa
1995. no cenremOpa 1997. ronune TayHo TporHo3upane 4 ox 5 jakux onyja. [lera je umana
rpemky of 48 catu, ¢ TUM LITO CE€ TaKBa rpemka (IOCMaTpaHo ca aclekTa MeToJa KOju Cy
ce TeK pa3BHjalli) MOXKE CMAaTpaTH MapruHaJIHOM, jeIHOCTABHO jep je INporHo3a Owia
ypahena mecenmma panuje. Konrko Ham je mo3Hato, momenytn Corbyn cBoje MeToze HUTE
HHje MyOJINKOBAao, 3aTO IITO ce KOpUCTe y KoMepuujarHe cBpxe. Troshichev O. A., Janzhura
A., (2004), Troshichev O. A., et al, (2005) cy 1oka3aiu AUPEKTHY MOBE3aHOCT TEMIIEpaType
Ba3lyxa ca HMHTEpBaJNMa IpoMeHa, Tj. MaxoBuromhy CyndeBor Berpa. [Ipema oBuM
ayropuma, nopemehaj y ¢gaykyaruju CyH4eBor BeTpa JOBOAHM JI0 IPOMEHA y aTMochepckom
CTpYjHOM TIOJBbY, pe3yintyjyhu mpomeHama y obimauHocTu Tpomocdepe, arMocpdepckom
panujanuoHom Oyiiety u nuHamunu. Georgieva K., et al, (2007) nonase 10 pesynrara za ce

%) El Nino-Southern Oscillation (En Humo jyxHa ocrmnanyja)
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nyrormepronudHa kopenamnuja m3mMel)y CyHdeBe aKTHBHOCTH M aTMOC(epcKe NUpKyJanuje
Mema y y3acTonHUM CyHYeBHM CEKyJapHHM LHUKIyCHMa M 3aBHUCH O] aCUMETpHje ceBep-
jyr. Kaga je axtuBHHja ceBepHa CyHueBa xemucdepa, pactyha akTHBHOCT TOBOAHM IO
omnajiamka AOMHHAIIM]e 30HAJHUX LHUPKYIaHoHuX Gopmu y atMochepr 3eMibe U OOpPHYTO.
Aytopu Takohe oOpaznaxy y3pouHo-nocieanyne Bese nzmel)y CyHueBe enekrpo-MarHeTHe
panujanmje, CyHueBe KOpITyCKyJapHe panujanuje, n30alnuBama KOPOHApHHX MAaceHHX
YyecTuIla, MarHeTHUX objaka 1 CyHYEBOT BeTpa ca jelHe U OIIITE IUPKYyIIalije aTMochepe
ca apyre crpaHe. 3akipyunu Suparta W., et al, (2008), Kniveton D. R., et al, (2008) cy
takohe y carnacjy ca IpPEeTXOHO CHOMEHYTHUM ayTopuMa. Ha OCHOBY pacHoJIoKHBHX
rojiaraka, MPUMEHOM BHIIECTPYKe JMHeapHe perpecuje Munoanosuh b., PamoBanosuh
M., (2009) cy Tectupanu mosezaHocT CyHUYeBEe aKTHBHOCTH M aTMOc(epcKe LUpKyJanuje.
WspauyHare cy BpeaHocTH 3a R” 011 0,572-0,825.

Heynymrajyhn ce y AMCKYCHjy Aaly U Ha KOjH HA4YWH CBEHTYaJHO aHTPOIOreHa
JeTTaTHOCT MOXe JIOBECTH 10 mopemehaja mim cTBapama IHUKIOHA, MOXE C€ CIIOMEHYTH
Vermette S., (2007) xoju kaxe na JOK Opoj M BpeMe Ojyja TPONKOT TMOpeKJa YWHHU ce Ja
pacrte, OBaj MopacT ce NPUIHKCYje MYJITHACKATHOM LHMKIYCy, KOJU je CYNpOTaH TPEHAy
[JI00ATHOT 3arpeBama.

CTaTHCTHMYKA aHAJIN3a MOJATaAKa U pe3yaTraTtu

Umajyhin y BHOy H3JI0XKEHE pe3yiTare, H3BpIICHA je MPOBEpa CBEHTYyalHEe
noBezaHocTH n3eml)y npomena y CyHUYeBOj akTMBHOCTH M atMocdepckux nopemehaja Ha
r7100aJTHOM HUBOY, IPUMEHOM OJIroBapajyhux craTucTHikux npouenypa, (Pamosanosuh M.,
Munosanosuh b., 2009). ¥ tom cmuciy cy ynorpeGibeHu nHeBHH nopamyu o CyHUYeBOj
AKTUBHOCTH y IEPHOTY 2004-2007. TOJIIHA
(http://www.swpc.noaa.gov/ftpmenu/warehouse.html) u mHeBHE Momany o MUKIOHUMA (Of
Jemnpecwja A0  XapuKeHa) ~HAa ~ YMTaBOj IUIAHETH Y  HCTOM  TIEPHOAY
(http://cimss.ssec.wisc.edu/tropic2/tropic.php? &testic6=1). I'paduuxom MIPOBEPOM
nuctpuOynuja Bapujadiau kojuma je npeacraBibeHa CyHueBa akTHBHOCT, YCTAHOBJBEHO je Ja
HU KOJ jelHe OJf WUX He MOCTOju HopManHa aucTpuOynuja. Crora je 3a mpoBepy
3HA4YajHOCTH Pa3jMKe y BPEIHOCTHMA OBHMX BapHjadiy, y JaHWMa Kaja MocToju oapeheHu
nopemehaj armocdepe u y maHuma kaga mopemehaj He MOCTOju, UcKopuinheH MaH-
Burnujes U Tect (von Storch H., Zwiers F. W., 1999).

Tat6esa 1. Mann-Whitney U Tect

Rank Sum— | RankSum U , plevel z- plevel | VAN | ValidN-

Group 1 Group 2 adjusted Group 1 Group 2
>1MeV protons 974046.0 93945.0 79067.0 6.116021 0.000000 6.116674 0.000000 1289 172
>10MeV protons 943816.0 124175.0 109297.0 0.299485 0.764570 0.302357 0.762380 1289 172
>100MeV protons 948657.5 119333.5 104455.5 1.231035 0.218311 1.232847 0.217634 1289 172
>0.6MeV elektrons 967721.0 100270.0 85392.0 4.899032 0.000001 4.899594 0.000001 1289 172
>2MeV elektrons 966431.5 101559.5 86681.5 4.650920 0.000003 4.651197 0.000003 1289 172

ITokaszaio ce ma kox Bapujadimu 1 MeV nporonu, 0.6 MeV enektponu u 2 MeV elekTpoHu
MOCTOjHM CTATUCTUYKH 3HAYajHa pa3iiiKa, OMHOCHO Ja je CyHueBa akTUBHOCT NpE/ICTaBIbeHA
OBHMM BapujabiiaMa 3HA4YajHO BWINA y JaHMMa Kaja moctoju mopemehaj atMmocdepe, HEro
LITO je TO ClTy4aj ca JaHuMa y KojuMa 0BakBHU nopemehaju HuCy 3abenexxenu (Tad. 1).
VYKOJNMKO TMPETIOCTABUMO J1a BUCOKOCHEPIeTCKE YECTUIIE MOTY OUTH MOBE3aHe ca
HACTaHKOM TpoMOe MITH OHJIO KOT OOJIMKA IUKJIOHATHOT KpeTama Ba3IyIIHUX Maca, OHJA je
HEOITXOIHO MMATH Y BHAIY Jia OCTOjH ojpeljeHa BpeMeHCKa pa3iiuka n3Mely TpeHyTKa Kaja
je IoIDIo 0 NpHTHIaka MPOTOHA W/HIIK eJIeKTPOHA U HacTaHKa mopeMehaja. 3a Ty cBpxy je
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ruckopuimheH MU3ajH CYMENOHUpPAaHUX €Moxa, IPH YeMy je ¢ 003MpoM Ha TO Jja Ce paad O
CTaTUCTHYKH 3aBHCHUM IOjalMMa (BpeMEeHCKa cepuja), uckopuirheH BHIKOKCOHOB TecT.
OpnabpaHn HHBO 3HAYajHOCTH Ca KOJUM C€ 3aKJbydyje Nla MOCTOjU CTAaTHCTHYKH 3HAYajHa
pasmuka je p<0,l. [Tokazano ce ma ce camMoO KO NMPOTOHA jaBJbajy CTATUCTHYKH 3HAYajHE
pasnmuke w3melhy nojenmHux naHa. Kana ce mocmarpajy 100 MeV mpoTtoHu 3HavajHa
pasiHka IMocToju camMo u3Meljy nmaHa mpe HacTtaHka mopeMehaja W Ipyror gaHa HaKOH
Hactanka. Kox mportoHa y eHepreTckoM omcery on 10 MeV 3HauajHa pasiuka MOCTOjU
n3mely apyror u mpBor naHa npe HactaHka nopemehaja, kao u gaHa y KOMe je JOMIIO 10
nopemehaja atmocdepe u nana Hakon Tora. Kana ce mocmarpajy 1 MeV nportonu, 3HadajHA
pasnuka moctoju n3Mel)y apyror nana npe Hacranka nopemehaja y armocdepu u HapernHa
TpM JaHa (OIHOCHO JaHa Ipe HACTaHKA, JaHa HACTaHKAa M JaHA HAKOH HAaCTaHKa
nopemehaja).

AHanu3a acTpo(pM3NYKHX U MeTeOPOJIOLIKHX YCJI0Ba 32 BpeMe Tpombe kox Uuhuje

Hcrpaxyjyhu xunorernuky moryhHocT Be3e usmel)y mpoieca Ha CyHIly 1 mpoiieca
y atmocdepH, y BHIIE HaBpara Cy WUCTUI[AHU apryMEHTH KOjU CYTepHIIly Kay3aJHOCT Ha
TEOPHjCKOM HHBOY, Ka0 U Ha MOjeIMHUM KOHKpeTHUM ciiydajeBuma (Radovanovi¢ M., et al.,
2003, Radovanovi¢ M., et al., 2005, Gomes J. F. P., Radovanovic M., 2008, Radovanovi¢
M., Gomes J.F.P., 2009). Ha ocHOBY n0o0OWjeHHX pe3ysTara MPOUCTUYEC JIa HEMOCPEIHO Mpe
HACTAaHKA [UKJIOHCKE aKTHBHOCTH, Ha CyHIly y reoe()eKTHBHO] MO3HUIMjA MOpA MOCTOjaTH
M3BOP KOPIIYCKYyJapHE €HEpruje y BHJY KOpPOHApHE pyIle W/WIM EHEPreTCKOT pPeruoHa.
TakBa curyanuja je Ouna u 'y ciydajy rpombe kox Uuhuje (ck. 1).

EmuroBame eHepruje u3 reoe)eKTHBHE MO3MIIN]E MPECcTaBiba moceban mpobieM y
KOHTEKCTY pa3paje MPOrHOCTHYKUX Mojena. [ eomerpuja m3dujama MOjeIUHHX MJia3eBa
CyHueBor BeTpa, OJ CiIy4aja 10 CIIydaja, OUIMKYje C€ Pa3IMINTOM IHCIIEp3HOMmNY, Tj.
pacumnameM YecTHlia y MPOCTOpPY, TAKO Ja U IMOJ MPETIOCTAaBKOM YjeqHaUYeHe IMHAMUKE,
OJTHOCHO CMameHEe MaXOBUTOCTH, MOTYNHOCTH KBAHTHTATUBHOT CarjiefiaBamba AUCTPUOYIHje
eHepruje Kpo3 atMocdepy cy orpanmdene. Meloni P., et al., (2005) takohe mctuay 3Hauaj
HECTATUYHOCTHU Te0e(heKTHBHE TTO3UIIH]E.

Paspalyjyhu teopujcky ocHoBy yTuilaja CyHUEBOT BeTpa Ha KPETame Ba3AyIIHUX
Mmaca Stevancevic M., et al, (2006) wcTudy na pUKOHEKIMja MPEIACTaB/ba jeaaH O
CYIITUHCKUX (haKkTOpa pa3Boja BPEMEHCKHX cTama. [1oJl pUKOHEKIHjoM ce HojapasyMeBa
Crajame WHTEIUIaHETApHOT MarHeTHOT M0Jba M MarHeTHOT 110Jba 3eMJbE M TO y CUTyalujama
Kaja je pe3yaTyjyhu BeKTOp HHTEPIUTAHETAPHOT MaTHETHOT T0Jba HeraTuBaH (-Bz). Aytopu
HarJalaBajy HEONXOJHOCT JeTaJbHEe CTAaTHCTHYKEe NapaMeTpu3anuje Koja Ou mpyKuia
OCHOBY 3a JIOKa3UBamEe U Pa3BOj MoOJiela, HA OCHOBY Kora Ou Omio Moryhe IOTBpAWTH WIH
OCIIOPHUTH TPETIIOCTaBKy Jla y TaKBUM OKoJHOcTUMa CyHUYEB BeTap XHIPOJMHAMHYKHM
MPUTHUCKOM 3axBaTa u mokpehe BasmymHe Mmace. [locpeman mokasatesb, KOjU Takolhe
moTBphyje eBeHTyanHy crpery npexacrasika u Kp mazmekc. Elsner B. J., Kavlakov P, S.,
(2001) xoncraryjy na kana je Kp nanekc Behn, BepoBatHoha jakux xapukeHa je Beha.

Schielicke L., Névir P., (2009) takohe nctudy moTeHIMjaTHy MOryhHOCT yTHIaja
criosha. Ilo muma, y ciaydajy arMocepckux emnpecuja UMOAaHC je pPenpe3eHTOBaH
nopemehajeM XHIPOCTaTHUKE PABHOTEXKE.
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1 June 5, 2008

Ck. 1. ITos10:xaj KOPOHAPHHUX pyNa H eHepreTckor u3sopa Ha Cynuy jenan nan npe nojase tpomoe y Unhuju
(http://www.dxlc.com/solar/index.html)

Ipema u3BOpY®) ca Kora je mpey3era cK. 2. MAKCHMAalHa Op3HHA IIPOTOHA je Guia
oko 450 km/s, JOK je MakMCMalHAa I'yCTMHA yecTHIa Ounma 22 mpoToHa/cm’. BuTHO je
HAIOMEHYTH JIa je TOKOM Ipe MOJHEBHUX CaTH JOLUIO JI0 Harjior rnosehama TyCcTHHE H
6p3une yectnna. [locmaTpajyhn Ha Taj HauMH, MOXe c€ MPETIIOCTAaBUTH Aa je (ororpaduja
tpombe koj Mubhuje HaummbeHa y momoaHeBHUM catuma. [lotpeOHo je Takohe HarmacuTu
HEYjeIHAueHOCT WM MyJicupare U Op3uHe u ryctuHe dectuia. CtuM y Be3u Veretenenko
S., Thejll P., (2004) xoHcTaryjy Jna aHamu3e CHHONTHUYKMAX Kapara IIOKa3yjy ja
npoAyOsbUBamke LIUKIOHA, KopenupaHux ca CyHUEeBMM BHMCOKOEHEPIeTCKUM 4YeCTHIaMma,
MOTy ce y3eTH y pa3MaTpame 3a pereHepaunujy nukioHa. OcMoTpeHa HMHTeH3U(uKanuja
pereHepHcaHuX LUKJIOHA y OMM3MHM I'peHianzma cyrepuine Jla BUCOKOCHEPIeTCKE YeCTHIIE
Kpeupajy yciaoBe KOju JOMPUHOCE OBHM MporiecuMa. Moxe ce MPeTIOCTaBUTH a YIPaBo
300r Tora MOHAIIAke TOpPHaZa y oapeljeHHM JeroBHMMa CBeTa TOKa3yje paslHyuTe
KapaKTePUCTUKE MPU Y€MY Y3pPOK TUX pasiiuka, npema Giaiotti B. D. et al., (2007), jour yBek
HUj€ TIO3HaT.

3
) IMonarm cy n3mepenn Ha 1,5 munmnona km oz 3emibe
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Ckuna 2. bp3une u rycrune nporona 05-07. jyna 2008. roqune
(http://umtof.umd.edu/pm/crn/CRN_2070.GIF)

VY3umajyhu y o03up ma ce KOJ OBOT Cllydaja MOXJAa pagd O CIy4ajHO]
KOMHIWICHIMjH pa3MaTpaHHUX rapaMerapa, y Tabenu 2. cy NpuKa3aHH I0oJIaly 3a IPOTOHE U
eNIEKTPOHE HEKOJIMKO JIaHa IPe U MOCIIe MojaBe Tpomoe.

Ta6esa 2. [IpoTok MPOTOHA M €J1eKTPOHA HEKOJIUKO JaHA Mpe H nocJje nojape Tpomode kox Muhuje
(http://www.swpc.noaa.gov/ftpdir/warehouse/2008/2008 DPD.txt)

Protons/cm2-day-sr Electrons/cm2-day-sr

Date >1 MeV > 10 MeV >100 MeV >0.6 MeV >2 MeV
2008 06 04 2.1et06 | 1.7e+04 3.9¢+03 1.8e+10 2.7e+07
2008 06 05 2.0et06 | 1.8e+04 4.1e+03 1.7e+10 3.1e+07
2008 06 06 1.9e+06 | 1.8e+04 4.0e+03 8.6e+09 1.1e+07
2008 06 07 1.3et06 | 1.7e+04 4.1e+03 2.3e+09 2.1e+06
2008 06 08 1.0e+06 1.7e+04 4.0e+03 1.3e+10 6.7e+06
2008 06 09 1.2e+06 | 1.8e+04 4.1e+03 2.4e+10 1.5e+07

Ha ocHOBy mpuka3aHHX IojaTaka, MOKe ce BHIETH Jia je caMo Kox npoTtoHa 10
MeV nomnuto 1o ,,61aror” pacta HEMOCPEIHO Tpe IojaBe mpoydaBaHe Tpombe. [IponcTiue
Ja ce Kao NOTEHIHjalHa Kay3aJHOCT MOXKE NpumnucaTtéd moBehamy Op3uHE, TYyCTHHE U
IopacTy MpoToHa y eHeprerckom omcery ox 10 MeV. Ilpema Tinsley A. B., Yu F., (2004)
,,HE TIOCTOjJH TPEHYTHO IpecylaH pe3yiTaT KOju OM OJpearo KOIHMKO je OF HMOCMaTpaHHuX
JIEKaJHUAX Bapujalija HacTauo 300r yinacka (iykca yecTuIla, Kajaa ce yImopeau ca YKyITHUM
WIN CHEKTPaJHUM MpoMeHaMa 3pauerba. MelyTuM, He OCTOju TaKBa IBOCMHCICHOCT IITO
ce THYe KopeJanuje atMocepcKke AMHAMUKE ca IMPOTOLMMa YECTHIIA HA BPEMEHCKO] CKaJH
JlaH 3a JaHoM.”


http://umtof.umd.edu/pm/latest2day.imagemap�
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YKoIMKO IMaMo y BHIY Ja C€ pa3BOj BPEMEHCKUX CTama Hall OWI0 KOjUM JEJIOM
CpOuje He MOJKe ToCMaTpaTH OJIBOJEHO OJ1 PErMOHAHMX aTMOC(EPCKHX Mpolieca Ha CK. 3 1
4. nat je mpuKa3 KpeTama Ba3IyIIHIX Maca IHPET OKPYKemba.

matotfics. gov.uk
Grown copyright

Cxuna 3. Cunontnyka curyanuja 06. jyna 2008. roqune Hag Esponom
(http://meteonet.nl/aktueel/brackall.htm)

Ca mpeTxo/He CKHIE ce MOXKe BHAETH J1a je y cpeamoj EBpomn, Tokom nmoaHesa,
010 M3pakeH (HPOHTATHM MPOJOP KOjH je MPUCTHU3A0 ca ceBepa. Ha Taj HaYMH je TEOpHjCKU
Moryhe noBecTH y Be3y PUKOHEKIM]y M NPOAMpAIEe Ba3AylUIHHX Maca M3 CyOIOJapHHX
obnactu. Mcrouynu neo ¢ppoHTaIHE JMHUjE, y 00IacTH ceBepHOr JajpaHa u Anma, mokasyje
TeHJACHLHU]Y pa3Boja Ka MCTOKy. Takole ce jaCHO MOXe YOUUTH MOJbE PENATUBHO HHUCKOT
BasaymiHOr mnputucka Hag CpOujoM. Pacmopea mosba BHCOKOT M HHUCKOT Ba3IyIIHOT
MIPUTUCKA, KA0 W TOJIOXa] (PpOHTANHE JHHHUjE YKAa3WBaJIM Cy Ha IOCTOjame MOTyhHOCTH
pa3Boja HEBpeMeHa Ha HaIlleM IIPOCTOpY.

IIpema Stevancevi¢ M., et al, (2006) ca myOspuMM TpOJOPOM Ka TiIy, JONA3d JI0
crmabipea KuHeTHuke eHepruje CyHYEeBOT BeTpa, ycieln Tpema ca TymhuM ciojeBUMa
Ba3myxa. Y TAKBUM OKOJIHOCTHMA jaBJba CE CIA0JbeHhe MarHETHOT OMOTa4a OCHOBHOT MJla3a
1 OJ[Bajarba MOjeINHNX Mepr(epHuX U CIa0MjiIX CHONOBA. YIIPAaBO Ta 0/IBajama ce JOBOAE Y
BE3y ca reHe3oM Tpombe. MeljyTuM, cemapTHO paciojaBame TIABHOT Mila3a MpeAcTaBiba
nonyheHo objamimbemne, Koje je Yy OBOM TPEHYTKY TEIIKO OKa3aTH. 3a caja ce MOXKe
KOHCTATOBATH Ja U y Ciiy4ajy TpoMbOe koa Muhuje mocToju kaysamHocT usMeljy mpoiieca Ha
CyHIly ¥ perHOHAaJIHOT pa3Boja BPEMCKHUX CTamba.
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Ck. 4. O6aaunu cucremu Hajg EBponiom 06. jyna 2008. rogune

AKO MOKyIIaMO KPUTHYKH Jla C€ OCBPHEMO Ha U3JIOKEHE Pe3yJITaTe, YHHH ce J1a Cy
nonyheHa objammerna, Makap y JOMEHY XHIIOTe3€ Koja ce pa3Marpa, y U3BECHO] IPEHOCTH
y OZHOCY Ha caBpeMeHa jgocturayha. [la ce mpoyuyaBama OBe BpCcTe Hajla3e HA TPAHUYHOM
monpy4jy Hayke motBplyjy u Lilensten J., Bornarel J., (2006). Ilpema oBuM ayTtopuma
,heHoMeH Koju omoryhyje BHCOKOCHEPTeTCKAM decTHIamMa na yhy y marHerocdepy jorn
yBeK HHUje pasymibuB. OTBaparme Ha JHEBHOj CTpaHH, Kaga CyHYEBO MarHeTHO IOJbE MEHha
MIpaBaIl je caMo MOJeN, TeopHja Koja 00Jbe CTOjU O IPYTHUX Y OAHOCY Ha unm-eHuIe. Hame
3HaKE BE3aHO 32 MMOPO3HOCT MarHEeTHOT 3Haa 3eMibe, IIpU Cydapy y 30HH PHKOHEKIHje Ha
HONHOj cTpanu je penaTUBHO cnabo.”

VY toMm cmuciy HHje Ha oaMmeT ciomenyTH aa ¢y Gomes J. F. P., Radovanovic M.,
(2008), xonHKO je MO3HATO, TI0 NMPBH YT Y HAYYHUM PaJOBOMA MOHY MK 00jallbene 1a Cy
BPTJIOKHA KpeTama Ba3[ylIHUX Maca y TPOICKHM 00JjacThMa, Takohe mocieanna npojaopa
CyHueBor BeTpa y ny0sbe ciojeBe Tponocdepe. 3a passiMKy oJ PHKOHEKIHWje, Y Tpornuma
BUCOKOEHEPIeTCKE YECTHIIe 3aXBaTajy Bas[ylIHE Mace W3HaJ| F€OMarHeTHUX aHOMalluja,
OJHOCHO HajJ 00JacTHMa IJie je MarHeTHO HoJbe 3eMibe Hajcnaduje. Y 3aBUCHOCTH OJ
KnHeTHuke eHepruje CyHUYEBOT BeTpa, Kao M O]l YIaJHOT yria, 3aBucuhe M 10 Kojux he
obylacTn JTocneTH NMOKpeHyTe BasnyiuHe Mace. [locToje mHIMKanmje ma ce HIp. IojaBa
Bpyhux Tanaca y cpenmoj EBpomn JermaBa mon OBakBHM ycioBuMa. [IpenMMUHApHH
pe3ynTaTH ykasyjy lla ce TakBa BPCTa pa3Boja BPEMEHCKHX CTamba MOXE OJpasuTH Ha
BpeMeHcKke nprinke u'y CpOuju.

VY yBomHOM geny pazga je OMIO peud O MambKaBOCTHMa BE3aHHM 3a HeIOoCTaTak
Mepera 3a KOHKPETHE cliydajeBe TpoMOu. Y 0BOM IpUMeEpy, Koju ce aecuo koxa Muhuje, He
caMo Jia ce He paclioyiaxxe KBaHTUTATHBHUM IToJaliMa, Beh OH HHje 3BaHMYHO HHU ITOTBphEH.
Panuje cnomenytn Amnbenkosuh I'., (2009) ca pesepBoM KOHCTaTyje Ja ce NPHOIMKHO
cBake Tpehe rojuHe KojJ HAC MOXKE IOjaBUTH OBaj BHJ BPTIOKHOT KpeTama Ba3IyLIHHUX
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Maca. Jlakiie, MUHH TOpHaZa KOJ HAC HUCY TAaKO 4eCTH (aKTOpH PH3HMKA M MOTCHIHjATHA
OIIACHOCT 32 MMOBHHY H JbYJICKE JKPTBE, Kao LITO jeé TO CIyd4aj y HeKHM JPYIUM AENOBHUMa
csera. MehyTum, TO He3HauM Oa paj Ha HHUXOBOM pasyMeBamy Tpeda 3aloCTaBUTH U
urHopucatd. CaBpeMeH MpPHCTYNl KOjH C€ OJHOCH Ha MOTEHIMjaJHO yTBphUBame Be3e
nzemby nporieca Ha CyHIly ¥ TpoMOH, HOCH Y ceOU elleMeHTe KOjU 3aXTeBajy UCTPaKHUBambe
MIPOjEKTHOT THIIA Ca YKJbYYHBAhEM CTPYUHbaKa U3 pa3InuuTHX HAYyYHUX 00JacTH.

3akpyuak

Moske ce KOHCTaTOBaTU JAa Cy TpoMOe peTka mojaBa Ha npoctopy CpOuje u 1a xao
u y BehuHM apyrux ciydajeBa y EBponm HMajy penaTMBHO KpPaTKO BpeMe Tpajama.
TpajexTopuje HUXOBUX KpeTama Cy Takol)e 3HaTHO Mame y OJHOCY Ha HIp. TOpHaja.
HacympoT B1X0B0j MPOCTOPHO] M BPEMEHCKO] OTPaHHYEHOCTH, IMTETE KOje U3a3UBajy MOTY
Ooutn 3HaTHE. Y HOBHjOj MCTOPHjH HHjE MO3HATO [a Cy y HAIOj Ap>KaBH MPOY3POKOBATH
Jpyacke xptBe. Jlocturayha y obmacTi HaydHHUX pes3ynTaTa Cy MIaK OrpaHHuYCeHA Y IOTJIeNy
HNPOTHOCTHYKHX CHMYJIanyja.

ITonazehu opn pesynTaTa AOCANAIIBbUX HCTPaKMBamba y paly Cy HCIHTaHE
MOTEeHIUjaJIHe y3pOouHO-nocieanyHe Bese uaMel)y mporeca Ha CyHIly U nojaBe TpoMOe Ko
Wunhuje 06. jyna 2008. rogune. [Tokazano ce 1a Ha pernOHATHOM HUBOY ITOCTOj€ OCHOBE 32
noseheme y Besy maMmely HaBeleHUX Ipoleca. Y NPUWIOr ONPABJAHOCTU XEIUIEHTPUYHE
XHMIIOTE3€¢ O HACTAHKY HMUKJIOHAIHUX KPETama TOBOPE M MOOUjCHH CTATUCTHYKU PE3YJITaTH
amm Ha mIo0aHOM HHUBOY. MelhyTum, Ha JIOKaJHOM HHBOY, IPEMa pacIloI0XKHBUM
CaTeJINTCKUM MEpemhHMa, Kao M TEOPHjCKHM Ca3HamKMa, HHje Moryhe /Joka3aTé Ha KOju
HauWH JI0J1a3| JI0 OJ/(Bajarba Mamux cHomoBa CyHYeBOT BeTpa oj rilaBHOr miaza. OBakBO
TyMademe MpPENCTaBlha MoTyhe MOTeHIMjaTHO ofjalImeme pa3Boja TpomOe, amu je 3a
HaBEJICHH IIPHCTYI HEONXOIHA pa3paja MoJieia KOjiu OW MOrao cyrepucatd Kaja u rae Ou
J0 HUKJIOHAJHUX KPETama OBOT TUIIA MOTJIO 10hH.
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WATERSPOUT NEAR INDJIJA-THE ANALYSIS
OF THE CASE FROM 6™ June 2008

Abstract: The spinning movements of air masses represent extremely rare phenomenon in the area of Serbia. Even
though mini tornados" are characterised by much weaker cyclonic movements of air masses than tornados for
example, their destructive power can cause considerable damage and represent the significant factor of risk for
casualties. Modern scientific researches are characterised by the impossibility of making the precise prognostic
models on the basis of which it would be possible to predict when and where not only the mini tornados are going
to appear, but also the more intensive phenomena such as tropical depressions, storms, hurricanes, etc. Considering
that in the last years there were many papers published with the evidences on the link between the processes on the
Sun and atmospheric disturbances, the arguments by which it could be pointed to such feedback were presented in
this paper. The potential causality was examined on the basis of the analysis of astrophysical parameters. By the
use of Mann-Whitney U test on daily data for the period from 2004 to 2007, it turned out that there was a
significant link between some variables, i.e. indexes of the solar activity and disturbances in the atmosphere.
Moreover, the calculations used by Wilcoxon test spoke in favour of the obtained results.

Key words: mini tornado, astrophysical predispositions, Indjija (Serbia).
Introduction

Waterspout i.e. mini tornados are very rare occurrences in our regions. They spread
over relatively small areas and they are most often limited on the time period of several
hours. Citing Radosavljevic M., (1978)Andjelkovic G. (2009) emphasizes that the first case
of waterspout in Serbia, which is scientifically described in details, happened on 10" July in
1977 at Nova Varos. Ducic V. and Tanasijevic Z.,(1978) give detailed review of the
waterspout which appeared on 10™ July 1992 in the districts of the villages Paune and
Rajkovic near Valjevo. Other cases have been connected to the statements of the
eyewitnesses and /or in the media. According to the available knowledge the only accessible
photography of the active waterspout on the area of Serbia refers to the case from 6™ June
2008 (picture 1) which happened in the vicinity of Indjija (about 45° 03’ of north latitude,
20° 06’of east longitude, 100m of altitude).

Picture 1. Waterspout near Indjija,6™ June , 2008

Studying this problem on the territory of Portugal, Leitdo P., (2003) considers that
probability for monitoring them on the meterological stations is small, because they occur
on the relatively limited area and, as a rule, on the significant distance from the monitoring
places.Tyrrell J1.,(2007), who analyzed the case in Ireland from 12" January 2004, also
emphasizes the lack of detailed parameterization for such cases. However, their sudden
occurrence presents particular problem, especially for medium and long-range weather
forecasts. Love G. B., (2006) concludes that the lack of cyclogenesis and their trajectories
also depend on the phenomena such as ENSO?, which still cannot be anticipated.

' Milan Radovanovic, PhD ,The Geographic Institute “Jovan Cvijic”, SASA, Belgrad, rmilan@net. yu
The paper presents the result of engagement on the project 146011 which is financed by the Ministry of Science
and Technologic Development of the Republic of Serbia.

D Mini tornado on Serbian means tromba or pijavica
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Markowski M. P., Richardson P. Y., (2009) also consider that the tornado genesis remains
without adequate knowledge.

In recent years there have been lots of studies in which the connection between the
processes on the Sun and certain climatologic elements have been researched. Studying
storms in Britain, Wheeler D., (2001) has relied on the general aspects of the procedure
which P. Corbyn used. These aspects were based on the variations of the Sun behavior, its
magnetic field, coronary eruptions and fluctuating character of the solar wind. The result of
this was accurate forecast of four out of five strong storms in the period from October 1995
to September 1997. The fifth one had a mistake of 48 hours, but this mistake (viewed from
the aspect of the methods which were just in progress at that time) can be considered as
marginal, simply because the forecast was made many months earlier. As we know, the
above mentioned Corbyn did not publish his methods because they would be used for
commercial purposes. Troshichev O. A., Janzhura A., (2004), Troshichev O. A., et al,
(2005) have proved direct connection between the air temperature and the intervals of
modification ,i.e.the gustiness of the solar wind. According to these authors, the disturbance
in the fluctuation of the solar wind causes the changes in the atmospheric electric field,
resulting in the alterations of the cloudiness of troposphere, atmospheric radiation budget
and dynamics. Georgieva K., et al, (2007) have come to the conclusion that long-periodic
correlation between the solar activity and the atmospheric circulation changes in the
consecutive solar secular cycles and it depends on the north-south asymmetry. When the
north Sun hemisphere is more active, the increasing activity causes the decrease of the
dominance of the zonal circulation forms in the Earth atmosphere and vice versa. The
authors also explain cause and effect connections between the solar electro-magnetic
radiations, the solar corpuscular radiation, coronary mass ejection, magnetic clouds and the
solar wind on one side and general atmospheric circulation on the other side. The
conclusions that Suparta W., et al, (2008), Kniveton D. R., et al, (2008) have made are also
in accordance with the aforementioned authors. On the basis of the available data, applying
complex linear regression, Milanovic B. , Radovanovic M., (2009) tested the connection
between solar activity and atmospheric circulation. The values for R? were calculated from
0,572-0,825.

Without entering into the discussion if and in which way possible anthropogenic
activity can cause the disturbance or the formation of cyclones, Vermette S., (2007) can be
mentioned. He says that as long as the number and the time of tropic origin storms seem to
be increasing, this increase can be ascribed to the multi-decade cycle, which is contrary to
the trend of global warming.

Statistic analysis of the data and the results

A test of possible connection between the changes on solar activity and
atmospheric disturbances on the global level was carried out, taking into consideration the
shown results and applying appropriate statistic procedures (Radovanovic M., Milovanovic
B., 2009). In that sense, the daily data on solar activity were used in the period from 2004 to
2007 (http://www.swpc.noaa.gov/ftpmenu/warehouse.html) and the daily data on cyclones
(From depressions to hurricanes)
(http://cimss.ssec.wisc.edu/tropic2/tropic.php?&testie6=1). With the graphic test of the
variable distribution with which solar activity is presented, it was established that none of
them had normal distribution. Therefore, Mann-Whitney's U- test was used as a test of the
significance of the value difference of these variables in the days when there is a certain
disturbance of atmosphere and in the days when there is not such a disturbance.(von Storch
H., Zwiers F. W., 1999).


http://www.swpc.noaa.gov/ftpmenu/warehouse.html
http://maps.csc.noaa.gov/hurricanes/reports.jsp
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It appeared that at variables 1 MeV protons, 0.6 MeV electrons and 2 MeV electrons there is
statistically significant difference, in other words, solar activity presented with these
variables is significantly higher in the days with atmospheric disturbance than in the days
when these disturbances are not registered. (table 1)

If we suppose that high-energy particles can be connected to the formation of
waterspout or any other form of the cyclonal movement of the air mass, than it is necessary
to consider the existence of certain time difference between the moments when the inflow of
the protons and/or electrons occurs and the formation of the disturbance. For that purpose
the design of the superposed epochs was applied, in which, considering that these are
statistically depended data (time series), Wilcoxon's test was used. The chosen level of
significance for which has been established to show statistically important difference is
p<0,1. It turned out that statistically important difference among certain days occurs only on
protons. When 100 MeV protons are observed, the significant difference appears only
between the day before the disturbance and the second day after the disturbance.With the
protons in energetic range of 10 MeV there is significant difference between the second and
the first day before the disturbance, as well as between the day in which the disturbance
happens and the day after it.When 1 MeV protons are observed, there is significant
difference between the second day before the atmospheric disturbance and the next three
days (that is a day before the disturbance, the day of the disturbance and the day after ).

The analysis of astrophysical and meterological conditions during
he waterspout near Indjija

The arguments which suggest causality in theoretic sense as well as in some actual
cases have been emphasized several times while studying hypothetical possibility of
connection between the processes on the Sun and atmospheric processes.(Radovanovi¢ M.,
et al., 2003, Radovanovi¢ M., et al., 2005, Gomes J. F. P., Radovanovic M., 2008,
Radovanovi¢ M., Gomes J.F.P., 2009). On the basis of the received data it can be concluded
that immediately before the formation of cyclonic activity the source of corpuscular energy
on the Sun in geoeffective position has to exist in the form of coronal hole and/or energetic
region. Such situation was in the case of the waterspout in Indjija. (figure 1)

The emission of energy from geo-effective position presents special problem in the
context of development of forecast models. The geometry of the ejection of certain jets of
the solar wind, from case to case, is characterized with different dispersion, i.e. dispersion of
the particles in space, so that even under the assumption of even dynamics, that is decreased
gustiness, the possibilities for the quantitative consideration of the distribution of energy
through atmosphere are limited. Meloni P., et al., (2005) also emphasize the importance of
non stagnation of geo-effective position.

Developing theoretic foundation of the influence of the solar wind on the
movement of air masses Stevancevi¢ M., et al., (2006) emphasize that reconnection presents
one of the crucial factors of development of the weather conditions. Reconnection means the
connection of interplanetary magnetic field and the Earth magnetic field and this in the
situations when the resulting vector of interplanetary magnetic field is negative. (-Bz). The
authors emphasize the necessity for detailed statistic parameterization which would provide
the foundation for proving and development of model, on the basis of which would be
possible to confirm or dispute the assumption that in such conditions the solar wind with the
hydrodynamic pressure grasps and moves air masse. Indirect indicator, which also confirms
possible connection, is Kp index. Elsner B. J., Kavlakov P, S., (2001) conclude that the
possibility for stronger hurricanes is bigger if Kp index is higher.

Figure. 1. The position of coronal holes and energetic source on the Sun a day
before waterspout occurrence in Indjija



308

Schielicke L., Névir P., (2009) also point at the potential possibility of the external
influence. According to them, in the case of atmospheric depressions the imbalance is
represented with the disturbance of the hydrostatic balance.

According to the source” from which figure 2 has been taken, the maximum
velocity of protons was about 450 km/s, while the maximum density of particles was 22
protons/cm’. It is important to emphasize that during the morning hours there was sudden
increase of the density and the velocity of the particles. From this point of view, it can be
supposed that the photograph of waterspout in Indjija was taken in the afternoon. It is also
necessary to emphasize the irregularity or pulsing of both the velocity and the density of
particles. In relation to this, Veretenenko S., Thejll P., (2004) also conclude that the
analyses of synoptic charts show that deepening of the cyclones, correlated with the solar
high-energy particles, can be taken into consideration for the regeneration of cyclones.
Monitored intensification of the regenerated cyclones in the vicinity of Greenland suggests
that high-energy particles create conditions which contribute to these processes. It is
assumed that for this reason the behavior of tornado in certain parts of the world shows
different characteristics but the cause for these differences, according to Giaiotti B. D. et al.,
(2007), has not been known yet.

Figure 2. The velocity and density of protons from 5”-7" June in 2008

The data on protons and electrons few days before and after the occurrence of
waterspout are shown in table 2, considering the fact that the examined parameters may be
accidental coincidence.

Table2. The flow of protons and electrons few days before and after the
occurrence of waterspout near Indjija

On the basis of the shown data it can be seen that there was only “slight” increase
of 10 Me V protons immediately before the occurrence of the studied waterspout.
Therefore, it can be concluded that potential causality can be ascribed to the increase of
velocity, density and the increase of protons in energetic range from 10 MeV. According to
Tinsley A. B., Yu F., (2004)” there has not been any decisive result which would discern
how many of the monitored decade variations was formed because of the entry of the flux of
particles, comparing to the total or spectral changes of radiation.”. However, there is not
such ambiguity concerning the correlation of the atmospheric dynamics with particle flows
on the weather scale day after day.”

If we take into consideration that the development of the weather conditions above
any part of Serbia cannot be monitored separately from the regional atmospheric processes,
the review of the air mass movement of wider surroundings has been given in the figures 3
and 4.

Figure 3. Synoptic situation on 6" June 2008 above Europe

It can be seen from the previous figure that in the middle Europe, during noon,
frontal diffusion was expressed, coming from the north. In that way it is theoretically
possible to connect the reconnection with the penetration of air masses from the Sub Polar
Regions . The eastern part of frontal line, in the area of the north Adriatic and the Alps,
shows the eastward development tendency. Also, the field of relatively low air pressure can
be clearly noticed above Serbia. The distribution of the fields of high and low air pressure,

» The data were measured on 1.5 million km from the Earth
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as well as the position of frontal line, indicated the presence of possible development of
stormy weather in our region.

According to Stevancevi¢ M., et al, (2006) with deeper penetration towards the
ground, kinetic energy of the solar wind decreases because of the friction with the thicker air
layers. In such conditions magnetic shell of the main jet weakens and some peripheral and
weaker beams separate. Exactly these separations are connected to the waterspout genesis.
However, separate division of the main jet into layers is offered explanation, which is
currently hard to prove. For the time being it can be concluded that in the case of waterspout
near Indjija there is causality between the processes on the Sun and the regional
development of weather conditions.

Figure. 4. The cloud system above Europe on 6" June 2008.

If we try to give a review of the shown results, it seems that the offered
explanations, at least in the domain of hypothesis that has been observed, have certain
advantage in relation to the contemporary achievements. Lilensten J., Bornarel J., (2006)
confirm that the studies of this kind are in the marginal field of science. According to these
authors,” a phenomenon which enables high-energy particles to enter the magnetosphere has
not been clear yet. Opening on the right side, when the solar magnetic field changes its
direction is only a model, a theory which is better than the others in relation to the facts.”
Our knowledge connected to the porosity of magnetic wall of the Earth, at the collision in
the zone of reconnection on the night side, is relatively weak.”

Accordingly, it may turn out to be useful to mention that Gomes J. F. P,
Radovanovic M., (2008), as it is familiar, for the first time in the scientific study have
offered explanation that whirling movements of air masses in tropic regions are also the
consequence of the penetration of the solar wind in the deeper layers of troposphere.
Contrary to the reconnection, in tropical regions high energy particles grasp the air masses
above geomagnetic anomalies, that is above the areas where the Earth magnetic field is the
weakest.The areas which moved air masses will reach depend on the kinetic energy of the
solar wind as well as on the incidence angle. There are some indications that for example
the occurrence of hot waves in the middle Europe happens under such conditions. The
preliminary results indicate that this kind of development of the weather conditions can
reflect on the weather conditions in Serbia as well.

In the introduction part of the paper there has been a word on the drawbacks
connected to the lack of measurements for the actual cases of waterspouts. In the example,
which happened near Indjija, not only that there were no quantitative data, but the case was
not even officially confirmed. The aforementioned Andjelkovic G., (2009) concludes, with a
hesitation, that almost every three years this kind of whirling movement of air masses can
occur in our regions. Therefore, mini tornados in our region are not so frequent risk factors
and potential danger for the property and casualties as it is a case in some other parts of the
world. However, it does not mean that we should neglect and ignore them. The
contemporary approach which refers to the potential establishment of the connection
between the processes on the Sun and waterspouts carries in itself the elements which
demand the project- type research including the experts from different scientific fields.

Conclusion

It can be concluded that waterspouts are rare occurrences on the area of Serbia and
that, as in majority of other cases in Europe, they have relatively short duration time. The
trajectories of their movements are also considerably smaller in relation to, for example,
tornados. Contrary to their spatial and time limitation, the damages they can cause can be
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significant. In recent history there has not been any data on casualties in our country. The
achievements in the field of scientific results are still limited in terms of forecasting
simulations

Starting from the results of the recent researches, some potential cause and effect
connections between the processes on the Sun and the occurrences of waterspout on 6™ June
2008 near Indjija have been examined in the paper. It appeared that on the regional level,
there is foundation for connection between the above mentioned processes. The received
statistic results go in favour of the justification of the heliocentric hypothesis on the
formation of cyclonic movements, but only on global level. However, on the local level,
according to the available satellite measurement, as well as theoretic knowledge,it is not
possible to prove the way in which smaller beams_of solar wind separate from the main jet.
This explanation presents possible potential clarification of the waterspout development, but
for the abovementioned approach it is necessary to develop a model which could suggest
when and where the cyclonic movement of this type may happen.
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