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Ot axpaieg Ppoyontdcels amoteAovv cofapr] KOWMVIKO-OIKOVOULKY] OTEIAT OTIS GUYYPOVESG
kowwviec. H dpaotnpiotta 1660 TV veEcE®V OGO Kol TMV KEPALVAOV GUVOLETOL LE TNV
EKONA®ON axpaiwV Ppoyontdcewv. Ioyvpés PpoyonT®daelg Kot TANUUVPES TOAD GUY VA GUVIEOVTOL
LLE TO TTEPAGLOL VOECEWMV, W1aiTEPO GTNV TTEPLOYN TG Mecoyeiov. EmumAéov, pavopeva Kataryidag,
070 07010 01 KEPOLVOL ATOTEAOVV YOPUKTNPIOTIKO YVAPICUW, GE TOALES TEPIMTMGELS KATUANYOLV
o€ axpaio ovoueva Bpoxng.

2V mopovco O100KTOPIKN O TP LEAETOVTAL OKPOiol VOPO-UETEMPOAOYIKA POIVOUEVO, GTNV
avatoAkny Mecdyeto. [Tio cuykekpipéva depeuvatat 1 TBavy CLGYETION TOL £XEL 1] EKONA®ON
EVTOVOV PBPOYOTTMOCEMV LE YOPAKTNPIOTIKA TV VPECEMVY Yo TNV Ttepiodo 1979-2011 ko pe tovg
KepaLvoLg Yo v mepiodo 2012-2014. Tleproyn peléng o avtn v gpyacia eivar To vnoi g
Kpnmg. Ouv Bpoyontdoelg mov ypnoomomnkoy o@opovyv G UETPNGES PPOYOUETPIKMOV
otobuov oe dudeopeg mepoyés g Kpnimmg. T v emelepyacio ko e€aymyn tov
YOPOKTNPIOTIKOV TOV VOECEDV YPNCIUOTOMONKOY TAEYHOTIKGA dedopévo avaivong 0.5°x0.5°,
ERA-INTERIM tov Evpomaikod Metemporoyuwod Kévipov Meconpdbeopwv IIpoyvdrcemv
(ECMWEF). Emiong ypnopomombnkav dedopévo kepavvov omd to Ilaykdouo Aiktvo
Kartaypagng Hiektpikodv Exkevooewv (GLN).

H 0éom ko n mpoéhevon TV vEEGEMY OALN KOl SOUVOLIKA YOPOKTNPICTIKA TOVG OTTMG 1| OKTiva,
10 Bd&Boc, M mieon, N évtaocm Kot M TOYVTNTO AVAEAVONKOV KOl GUGYETIGTNKAV LE TNV £VIOoN
SPOPETIK®OV Bpoyontdcemy. Me a&l0moinon TV opoKTNPIOTIKOV TOV VPEGEMY GYEOACTNKE
éva a0 mlavoTikd povtédo TpdPreyng g Bpoyomtmong. ‘Eywve a&loldynomn g TpoyvmoeTikig
SVVOUIKTG TOL LOVTEAOL TTAV® G€ TuYaia Oetypato veécemv. MeletnOnke emiong 1 dpactnpotnTa
TOV KEPOLVAOV Kol Katd TOG0o avtol cuoyetiCovtal pe ) Ppoyn. Xt cvvéyeln eEETACTNKAV dVO
teYvikég mov Pocilovial 6e OPOPETIK TPOGEYYIST” OTNV TPMTN TO KEVIPO TNG OVAALGNG
amotelel 0 6TAOUOG KaTaypapns TS PPOYNG EVA 0N OEVTEPT TO “VEPOG' TOV KEPOLVDV.

Ta xopokINPIoTIKA TOV VEECEDV TPOKLATEL OTL cvoyeTilovion pe v €viaon g Ppoyne. H
neployn mov e€eMaGETOL 1 VPEST] OALG KOt TUYOV OKPOIES TILEG OTLG SQVVOUIKES TOPAUETPOVS TNG
oNUaTOd0TOVV avticTtolya yeyovota Ppoyns. o tovg kepavvovg, Bpébnke 611  mBavoTTA VO
Exovpe Ppoyn Kovtd oe “VEQOS' kepavvmV givarl awEnuévn, onwg emiong Kot Tl 0 aplOudc TV

KEPOLVAOV £YEL KAAY GLUGYETION LE TNV €VTOoT TNG Ppoyns.



Abstract

Abstract

Extreme rainfall comprises a major socio-economic threat in modern societies. The cyclone and
lightning activity is associated with extreme rainfall in many cases. Intense precipitation and floods
are frequently related to cyclone passages, especially in the Mediterranean region. Also,
thunderstorms are frequently responsible for intense rain events.

In this work extreme hydro-meteorological events in eastern Mediterranean region are studied.
More specifically, the correlation between intense rainfall, with cyclones for the period 1979-2011,
and with lightning for the period 2012-2014 is investigated. The case study focuses in Crete Island,
Greece. Rain is recorded in meteorological stations in various locations over Crete. For the
cyclones, gridded data of high spatial resolution 0.5°x0.5° mean sea level pressure (MSLP) ERA-
INTERIM of the European Center for Medium-Range Weather Forecasts (ECMWF), are used.
Also, lightning data from the Global Lightning Network (GLN) are used.

The characteristics of the cyclones in the region of eastern Mediterranean related with rain events
of different intensity are studied. The position, the origination as well as the dynamic
characteristics of the cyclones such as the radius, the depth, the pressure, the intensity and the
velocity are analyzed and correlated with the rain intensity. Taking into account the cyclone
characteristics, a simple model for rain prediction is developed. The rain prediction model is
evaluated on random cyclone samples. The lightning flashes and their relation to rain is also
investigated. Two different methodologies are examined, the center of analysis in the first case is
the lightning cluster center and in the second is the meteorological station location.

The cyclone characteristics are found to be correlated with the rain intensity. The region of the
cyclone evolution as well as the dynamic parameters of the cyclones are correlated with the
corresponding rain events. As far as lightning is concerned, it is found that there is an increased
probability of rain in an area around the lightning cluster. Moreover, the number of lightning

flashes has a good correlation with the amount of rain.
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“Learn the rules like a pro, so you can break them like an artist.”

Pablo Picasso
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Evyopiotieg

Evyapiotieg

Y& avTo 10 onpeio BEL® va evYaPLETHGM OAOVS AVTOVG OV e foNONGAV GTNV OAOKANP®GT VTG
NG EPYNCLNG LE TIC YPNOUES GVUPBOVAES TOVG OALA Kot pe TNV EvOepUN VTTOGTHPIEN TOVC.

[Ipota and 6l Bo MBero vo exppdcm TIG BepudTEPES EVYOPIOTIEG OV OTOV EMPAETOVTA
kaOnynt pov Dr. Todvn lodvvn yia Tig ToAd ypnopeg oupuPovAiés tov kaboAn T ddpkelo TG
oLVEPYOGTOG HOG KOOMDS Kot Yo TNV AUEPLOTN EUTIGTOCVLYN OV £JE1EE 6TO TPOGHOTO LOV. AKONAL,
TOAD onuavtikiy Ntav 1 cvuPoAn g Dr. Aok ‘EAdevag, kopimg 6To HETE®POLOYIKO KOUUATL
OLTNG NG SWOAKTOPIKNG STPPNE, HE TNV Omoia 1) GLVEPYOGiH HOG 00NYNCE OTNV Amd KO1VoL
ékdoom OYeTIKNG Onpocicvone. Emiong, evyoplotd moAd TV TPUEAN] EMITPOT|] MOV Yo TNV
TOAOTIUN KaB0dN YN 6T Kot GUUPBOVAEVTIKN TOVG OTTMG EMIOG Kot OAOKAN P EQTAUEAT ENLTPOTN Y10
TN GUUUETOYN TNG OTNV TEAEGPOPNOT AVTNG TG TPOSTAOELOS.

MeydAn ocvpPoAr] otov gpeuvnTikd TPocavatoMopd pov eiye emiong o Dr. Kovtpoving
Apioteiong pe tov omoio eiyape po dprotn cvvepyacio. Ot cuvadedpotl pov Dr. T'puAAddxng
Eppavouni, Dr. AaAakomoviog lodvvng kat k. Zewpadakng Kootavtivog tav eniong omovdaiot
OLVEPYATEG GE EPELYNTIKO Kot TEYVIKO eminedo. [lpénet emiong va evyoplotnom Kot OAOVS TOVG
VIOAOIMOVG GLVOREAPOVG TOL gpyactnpiov «Atayeipiong Yoatwkov I[Topowv ko IMopdaktiog
Mnyovikne» (Hydromech) pe toug omoiovg eiyope po Gpiot cuvepyoasio Kot oxd TOVG 0moiovg
elya OAn v vwooTPIEN.

Télog €val pLeydAo EVYAPIGTA GTNV OIKOYEVELD KL TOV GVIPO, LLOV Ol 01010t TavTo 6T (N Hov pe

ompiCovv pe GAn TOVG TN SVVOUN KOt LE EUTVEOLY VO TPOXWPD KOl VO YIVOLLOL KOADTEP.
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Kepdiaro 1: Ewcoyoyn

1 Ewoayoyn
1.1 Tleprypoapn Tov TpoPANUaTOC

H exonlwon oaxpoiov  Ppoyomtdcewmv  ovvoéetar  pe  moAvdpiduo  mwpoPAnuota
KOW®MVIKOOIKOVOULKOD EVOLAPEPOVTOG OTTMOC TANUUDPES, KOTOMGONGELS, 0dukd aTuynpata K.o. [a
10 Adyo avtd, mANBOg peAETNTOV €Yxouv aoyoAndel pe SPOPETIKEG VOPOUETEMPOAOYIKES
TOPAUETPOVS TTOL GLVOEOVTOL LE T PPOoYOTT®OT Ko Tov Bor popovcay va xpnoiporombodv wg
TPOYVOGTIKO UEGO.

Tbéoo o1 vepéoelg 660 Kot o1 kepavvol £xovv cuvdebel oe TOAAEG emOTNUOVIKEG LEAETEG e TNV
exonAwon  éviovav  Bpoyortwcewv. H oOvBetn tomoypaepic tg Mecoyeiov n  omoia
yopoktnpiletor amd £viovn opeoypoeio Kot OdAAMOELS OKTOYPOUUES, EVVOEL TO TYNUATICUO
vpéoemv (Trigo et al. 1999; Lionello et al. 2006; Sanna et al. 2013). Ow vpéoeig oxetilovtan pe ™
Bpoyomtwon kvpimwg oty meployn ™G Mecsoyeiov, OmOV OMUOVPYDOVTAG EVIOVEG OVOOIKEG
KIVAGELS G€ GLVOVAGHO LE TNV VYPACIH TPOPOJOTOVV TO GLGTHILATA TOV 0ONYOVV GE PPoYOTTMOT)
(Campins et al. 2011; Reale and Lionello 2013). Edwotepa, ot Mecoyelakés vEcelg ival
vrevBLVES Yo TNV TAEOYN QIO TV AKPUIOV PALVOUEVOV TOV KopoD Kot Toilovv onHavTiKd poro
1060 610 YPOVO EKINAMONG TOVS, 660 Kot ot dtopudppwon tov akpaiov tipuov (Lionello et al.
2006).

O xepavvoti Exovv emiong peretn el amd TANODPA EPELVNTAOV CYETIKA LLE TN CLOYETIGT TOV £YOLV
pe v éviovn Bpoyomtwon. ‘Exel dtomotwOel and ) perétn tovg Ot po KaADTEPN KOTOVON o)
™mg oxéong toug Bo pmopovce va PEATIOGEL TNV OMOTIKN OVTIANYTN TOV KOTOLYIO®V Kol TG
Bpayvmpdbeounc npoPreyng tovg (Petrova et al. 2014; Siingh et al. 2014).

YVVENMS, AAUPAVOVTAG LTOYLY TNV aVOYKOOTNTA Y10 TPOPAEYT YEYOVATMOV EvTOoViG BpoyOTT™ong
e€atiag TV 0dVVNPAOV EMATOGEDV TOL UTOPOVV OVTA VAL £XOVV GTIG KOWVOVIKOOIKOVOLKES OOUEG
Kol LE YVOUOVO ToV KaBoploTikd poA0 Tov Tailovv o1 VPECELS KOl 01 KEPALVOL GTNV EKONAMON)
TETOLOV YEYOVOT®V, 1 €EETOON TNG CLOYETIONG TNG PPOYNS HE TIC VPECELS KOl TOVG KEPUVVOVG

Kpiveton eEPETIKA EVOLOPEPOLTAL.
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1.2 Ztoyol epyaciog

O Baocwkog 6tdY0Gg TG epyasiog stval 1 LEAETN aKkpoi®Y VOPOUETEMPOLOYIKMDY QOLVOUEVMV GTNV
nePLOYN NG avatolkng Mecoyeiov kot edwkotepa oty Kpnm. Avolvtikdtepa ot otdYOL TG

gpyaciog avtg £xovv mg eENG:

Alepedivnon TG CLOYETIONG CNUOVTIKOV UETEMPOAOYIKMV TOPAUETPOV OTMOC Ol VOECELG

Kol 01 KEPOWVOL pe T Bpoyn| Kol E101KOTEPA LE TNV OKPOiot EKONAMOT) VTG,

o Avantuén pebodwv ya tn pokpompdbeoun kot peconpodfecun mpoPieyn g akpaiog
Bpoydmtwong.

e Melétn TV OPOPAOV OTO YOPUKINPIOTIKA TOV LEECEDV KOl TOV KEPOALVOV GE

TEPIMTOGELS PPOoYOTTMOONG SLUPOPETIKNG EVTOOTG.

e A&womoinom TeYVIKOV CTOTIGTIKNG UEAETNG GE UETEMPOAOYIKES TOPAUETPOVS (VPECELS,

KEPALVOVG) Y10l E£0Y@YN CLUTEPACUATOV TOV ALPOoPOVV TN Ppoyn.

e  Anuovpyie ooy HOVTEAOL TO OTOl0 HE EAAYIGTO LTOAOYIOTIKO KOGTOG KOl UIKPEG

AmoUTNOELS o€ OYKO 0edopéEVMVY Ba pumopel va divel Tpogtdomoinom yuo axpaio fpoyontmon.
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1.3 Ilpwtotumo onueio

Ta wpotéTLTO onueio TG epyaciog 0EOPOVV GTOVE TOUElc NG Pacikng €pgvvag, TNg
EQUPUOGHEVTG EPEVLVAG KOL TNG OVATTUENG EQOPUOYDV. AVTA cuvoyilovtatl o¢ eENg:

Baown £pguva

ZV0YETION TOV YOPOKTNPIOTIKAOV TOV VOEGEDV UE TNV £VIAoN TNG PPoyOTTOoTC.
Epoppoyn 610popetikdv pebddmv yio T GLGYETION TOV KEPOLVAOV LE TNV EVTOOT] TNG

Bpoyoémtwong.

Eoopuoocuévn £pgova

Eneéepyacio kar avdivon ypovocepdv PBpoxng amd So@opetikods PpoyoUETPIKoVg
otafpotg omv Kpnm.

Eneéepyacio kar avdivon veécemv Onwg avtég TPOKOTTOLV and TO HOVTEALD OviyVELONG
VOECEMY TOV TOVETLIOTN IOV TS MeABovpvng pe dedopéva aTpoceapikng tieong (Mean
Sea Level Pressure - MSLP) reanalysis ERA-INTERIM tg ECMWEF.

Melétn axpoimV VOPOUETEMPOLOYIKMV POVOUEVOV 6T Meadyelo.

Avantuén evog gvkolov otn ypnon mbovotikod povtédov mpdPieyng Ppoyng to omoio

YPNOOTOIEL LOVO TANPOPOPI TOV APOPH GE SLUPOPETIKES TAPUUETPOVG TOV VOEGEWMV.

Avantuén poppoymv:

Avamtoén epaploydv yuo v eneepyacio Kot avaivon dedopEVOV Bpoyns, KEPALVMY Kot
vopéoewv oe MATLAB.

Avamtoén epoapuoy®v Yo v €€aymyn TOV LEEGEMV Kol XPNON TOL AOYIGLUKOD
EVTOTIGLOD VOECEMY Kol KUKAMVIKGOV Tpoxlov g MeAfodpvng oe C Shell Script, Bash
script, Python.

AvamTuén epaproy®V yio. oTTiKoToinon tov anotedecudtov oe Matlab, ArcGIS, Excel.
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1.4 Alota dnuocievcemyv

Anpooievoelc og d1ebvn meprodukd (Journal articles):

Iordanidou, V., Koutroulis, A.G. and Tsanis, [.K., “Investigating the relationship of
lightning activity and rainfall: A case study for Crete island”, Atmospheric Research, 172—
173:16-27, 2016.

Flocas, H., Tsanis, I.K., Katavoutas, G., Kouroutzoglou, J., lordanidou, V., Alexakis, D.D.,
“Climatological aspects of cyclonic tracks associated with flood events in Crete,
Greece,” Theoretical and Applied Climatology, September 2016.

Iordanidou, V., Koutroulis, A.G., Tsanis, L.K., “Mediterranean depression characteristics
related to precipitation occurrence in Crete, Greece”, Natural Hazards and Earth System
Sciences, August 2015.

lordanidou, V., Koutroulis, A.G., Tsanis LK., “Cyclone-precipitation analysis for the
island of Crete”, Journal of the Black Sea/Mediterranean Environment, 21, 70-73, Special
Issue, 2015.

Iordanidou, V., Koutroulis, A.G., Tsanis, I.LK., “A Probabilistic Rain Diagnostic Model
Based on Cyclone Statistical Analysis”, Advances in Meteorology, Vol. 2014, Article ID:
498020, 11 pages, June 2014.

Anpootedoels og cuvédpia pe kpirég (Peer-reviewed conference proceedings):

lordanidou V., Koutroulis A.G., Tsanis I.LK., Is rainfall intensity in thundery weather
related to lightning flashes? 2nd EWasS International Conference, June 1-4, Chania, Greece,
2016.

Iordanidou V., Koutroulis A., Tsanis LK., “Investigating correlation of lighting activity
and precipitation in an Eastern Mediterranean island”, EGU2015-9833, Vienna, Austria,
12-17 April 2015 (poster).

Tsanis, I.K., Floca, H., Alexakis, D.D., Vozinaki, A-E.K., Katavoutas, G., lordanidou, V.,
Palogos, I., Giannakis, G., Panakoulia, S., Morianou, G., Pappa, P., Papadakis, V.,
“Remote Sensing Meteorological Data Fusion for effective flood mitigation and

forecasting over Mediterranean” EWRA 2015, Istanbul, Turkey, 10-13 June 2015.
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e Flocas H., Katavoutas G., Tsanis LK., lordanidou V., (2015) “On the dynamics of synoptic
scale cyclones associated with flood events in Crete”, EGU2015-11307, Vienna, Austria,
12-17 April 2015 (poster).

e lordanidou V., Koutroulis A.G., Tsanis I.K., “Diagnosis of rainfall occurrence with the
evaluation of Cyclone Probability Maps over Eastern Mediterranean”, EGU2014-3947,
Vienna 2014 (poster).

e lordanidou V., Koutroulis A.G., Tsanis 1.K., Flocas H.A., “Qualitative Features of
Cyclones triggering high precipitation events in the Island of Crete, Eastern
Mediterranean.”, EGU2013-4410, Vienna, Austria, 07 — 12 April 2013.

Teyvikég exbéoelc:
Yvupetoyn ot cvyypaen topadotémv tov “REINFORCE: Remote sEnsing meteorologlcal data
fusioN for effective Flood mitigatiOn and foReCasting over Eastern Mediterranean, GSRT,

ARISTEIA 11 Action, Greece (2014-2015)”, pe emiotuoviké veevbvvo tov Dr. Toavn Iodvvn.
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1.5 AwgpBpwon epyaciog

Méypt avtd 10 onueio (010 TPOTO KEPAAUO0), EYEL YIVEL [0 EIGOYOYT GTO TPOPANUO TOV
peAetdtol o€ VTN TN SOAKTOPIKN SaTPPr}, GTOVE GTOYOVS KOl TO, TPMTOTLTO GNUEID OLTHG.
Eniong, mapovctdotnikoy ot SNUOGIEVGELS TOV EYIVOV GTO TAOIGLO TNG TOPOVGAS OOUKTOPIKNG
dwtppne.

270 0£VTEPO KEPAANLO, TAPOLGLALOVTOL 01 BE@PNTIKEG EVvvoleg TOV GyeTiloVTaL e TO OVTIKEIUEVO
NG TOPOVGOG EPYACIAG. ZE AVTO AVAADOVTOL Ol EVVOLEG TNG PPOYNGS, TOV VTOTPOTIKMOV KUKADV®OV
KOl TOV KEPOWVAV. TN GLVEYELX, YiveTal pio BIPAOYPOPIKY avacKOTNON CYETIKA LE TNV EPELVA
oV £XEL YIVEL KOl 0POPA TI) GLGYETIOT TOV VPEGEMY KL TOV KEPOUVAOV LLE TN PPOYOTT®ON).

210 TPiTO KEPALON0, TOPOVGIALETOL 1) TEPLOYN UEAETNG KO TO. SESOUEVOL TTOL YPT|CILOTOONKAV.
210 T£T0PTO KEPAAOLO0, TOPOLGLALeTOL avaAvTIKA M peBodoroyia. Exel yivetoar avapopd otic
EMUEPOVG LeBBOOVE OV YPNGLUOTOMOMNKOAV Y10 TIG VPEGELS KOl TOVG KEPOVOVS KOl TH GUGYETION
aVTAOV LE TN BpoydnTOON).

Y10 mépumTo Ke@AAoro, Topovoldloviol To AmOTEAECUATO TV EMUEPOVS HeBOS®V oL
ypnoworomnkav. Iapovsialoviot ot dSPopES TOV GLGTNUATOV VEEGEMY OV CYETILOVTOL e
mv évtoon G Ppoyng Kol To amoTEAEGHATO TOV HOVTEAOL pakpomtpoBeoung mpoPAEYNG NG
Bpoyng e xpnon xopT®dv ThovoTNT®V, YPNCULOTOIMVTAS TNV TANPOPOPia TOL SIVOLV 01 VOEGELG.
ZYETIKA LLE TOVS KEPOUVLVOVG, TOPOVCLALETOL 1) GLGYETION TMOV KEPAVVAV LE TN Bpoyn LLE TN ¥pNoM
300 SLOPOPETIKDOV TPOCEYYIGEDV (MG LOVASES KOl WG OUAGES KEPAVVAOV).

210 €KTO KEQAAOL0, TOPOLGLALOVTOL TOL GUUTEPAGLOTO TOV TPOKLATOVY OO TIG SLOUPOPETIKEG
peBodoroyleg mov ypMNOIUOTOMONKAY GTNY TOPOVCH OOUKTOPIKY STpiPr), VO TapAAANAL

npoteivovtal mBava BEpaTo LEALOVTIKTG EPEVVOLG.
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2 OeopnTikég EVVOLECS

2.1 Bpoyn

Ta xotaxpnuvicpoto 1 VOPOUETEMPO 1] VETOG ATOTEAOVV TO GLVOAKO VEPO TOV KOTOANYEL GTN Y1
a6 to ovvvepa o vYpN (Bpoyn, K.o.) N oteped popen (xovy, xaAdlL, K.o.). H dnuovpyia g
Bpoyng mpokvmTEL OTOV LOPOGTOYOVIdLN 1] TOYOKPVGTAALOL TOV VEPOLG EXOLV HEYEDOC KAV DOTE
EEMEPVOVTOC TNV VMO VO TEPTOVVY TTPOG TO £60p0G. EGv 01 vdpocTaydvES d10Tnprjcovy TV vYpN
TOVG LOPPY] TPV PTACOVV GTNV ETIPAVELD TNG YNG, TapoTnpeital To eavopevo e Ppoyns. H
Bpoyn amotelel To KLPLOTEPO VYPO KOTAKPNUVIGHO OO TA GOVVEQX G€ LopPn ataydvos 0.5mm 1,
peyoAvtepng dwaupétpov. To péyebog tov Bpoyoctaydvev eEaptdtal amd S1popovs TaPAyoVTES
omwg v e&dton mov cupPaivel katd T Sadpourn s PpoyxocTaydvag, To apykd TS pEyedog
Kot To KaBoOIKA pedaTO AEPQL.

O xvpieg katnyopieg ™ Ppoymg eivor tpelg Kou cuvoyilovial 6€: Bpoyég KATaKOPLONG LETAPOPAS
(convective rain), pHETOTIKEG PPOYEC Kot 0poypapikéc N avayAveov. Ot Bpoyés KaTaKOpuONG
LETAPOPAG TPOKVLTTOVYV OTAV AOY® TG OEPUOVONG TOV KATOTEPOV CTPOUATOV TPOKVTTEL
LETAPOPA VOPATU®V Ge peyaAdTepa Vyn O6mov 1 actdbeln tov aépa pmopel vo 0dNYNGEL GE
ocvumukvocels. Otav o Oeplog aépag cuvavtd Tov Yuyxpd aEpa TV VYNAOTEPOV GTPOUATOV TNG
ATULOGPALPOGS, OVEPYETAL OKOLO YNAOTEPA, LLE ATOTEAEG LA TN dNUIOVPYIN CHVVEP®V KATAKOPLONG
avamtuéng omd ta omoia GLVNOWE TPOKVTTOLV WKPTG OLAPKELNG OAAL LEYAANG GPOOPOTNTOG
Bpoyomtdoelc. Ot petomucés Bpoyég dOnuovpyodviat Bactlopeveg oe £vay avTicTor(o UNYAVIGUO,
OV OU®G AT TN PoPa YuypdS Kot VYPOS acTadNG aépag OEpyeTaL Endve amd Bepun empavela.
Xe OV TNV TEPIMTOON TPOKAAOVVTOL AVOOIKES KIVAGES AOY® NG OEPLOVOTG OTO KATMTEPO
OTLOGQALPIKO CTPMOUATO, LE CLUVETELD TNV OVOY®OGCT TOV VOPOTUAOV Kol Tn dnpovpyia Bpoyne.
A1 amoterel GuYVO PaIVOLEVO GTO LGOI YEOYPOPUKE TAGTN OTTOL CLVNOMG KATA TN BepLOTEPN
nepiodo TOL £TOVG EKONADVETOL e TN HOPPN Yuypol petdmov (Moyaipog Kot Mroio@ovtng
1984). H opoypagia éxel eniong onuavtikd poro ot dnpovpyia g Ppoyne, ne t ddraén kot
10 péEYehog avTNg Vo amoTEAOVY onUovTIKOUG mopdyovtes. H Bpoyn oe avtr v mepimtwon
EKONADOVETOL OTIG TPOCNHVEUEG KATOEG TOV Povuvov, OGOV LIAPYOLV Ol KATAAANAES cLVOTKEG
Om®G Yo ToPAdOEYHo 1 omoutoVUEVT] LYpacio kol 1 actdfsi Tov afpa. Kabog ta vépn
VIEPTNODVTOS TNV 0POGEPE X0V GLVNOM®G SMGEL TO CNUOVTIKOTEPO TOGO TNG LYPAUGING TOVGS, M

avtifen mievpd Tov Pouvvold cuvnBwmg d€yeTon TOAD Aryotepeg Ppoxés. To eoavdpevo avtd
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ovopaleton opPpookid M Ppoyookid. H opoypapio pmopel va odnynoer oe Bpoyn yi tovg
TapakdTem Adyous: o) e€attiog Tov opevol OYKov dnovpyeital actdabeia 1 OEppavon tov aépa,
B) emmpedletor n PpoxdmTmon evOg KLUKA®VIKOD GUOTHUOTOS WE TOV OpPEWVO OyKO vo Opa
EMPPASVVTIKA GTNV TOYVTNTO TOV GLGTHLOTOS, Y) O KOVOMGUOS TV KOWAdwv cuuBdiel ot
dNuovpyia BPoyns KaToKOPLENG LETAUPOPAC.

H Bpoyxdéntmon petpiéton og 1AMootd HYOUs TOL VOATIVOL GTPAOUNTOS GE OPLLOVTIO EMPAVELD,
OOV TOGOTIK(, £VO YIA0GTO VOUTOG G EMPAVELN EVOG TETPAYOVIKOD UETPOV 160OVVOEL LE Eva
AMtpo voarog. H Bpoyn avdroya pe to povikd mhaicto Tavm oto omoio abpoiletat, pmopel va eivar
wploio, NUepNot, UNviaic, ETNOLN K.0.. AVAAOYQ LE TNV EQOPLOYT, LTOPOVV VA ¥PNGILOTOIN 000V
Kot GAAES YpOoVIKEG KApakeg pétpnong Ommg to dekddenta, 10 odmpo k.o [o ™ perétn g
oLVUTEPIPOPES NG Bpoxns xpnotpomoteitat 1 Eviacm g Ppoxns, n omoia ekepdlel To VYOS NG
Bpoyns oe ytlootd oe kobopiopévo ypovikd ddotnua. Kabe devteporento @tévovv ot v
14,000,000m* vepo?, evéd emoing T0 PéGO MAAVNTIKO PPoYOUETPO PTavel T 900mm (ZTdong
2016).

Yapyovv onUovTIKES SLOPOPOTOCELS OT PPOoYOTTMOT OTIG OL0POPETIKEG TEPLOYES, AVAAOYOL LLE
TO UNva, KAatt 1o omoio amotelel Pacikd KApatikd otoryeio g kKabe meproyng. H etola mopeia
™G PPoyng KoAOOUEVT Kot O BPOYOUETPIKO GOOTNUA £XEL TIC TAPAKATO Pacikég Katnyopiec: o)
Bordacclo, B) NrepwTiKd, v) Mecoyelokd 1| LIOTPOTIKO, ) LOVGMVIKO, €) LONUEPVO KOl OT)
tpomikd. Onwg @aiverar Kot amwd T0 Gvoud Tov T0 BPOoYoUETPIKO GVGTNUO TOV EMKPATEL GTNV
wepoyn g Meooyeiov eivar 10 Mecoyelakd. Xto Mecoyewokd PpoyopeTpikd cOGTHA
napatnpeitan Oeptvo EAAYIGTO TG PPOYOTTOONG Kot YEWLEPIVO HEYIOTO.

H Bpoyn dev kotavépetol opLoOUOPQO GTIC JLPOPETIKEG TEPLOYES, AVTIOETOS LILAPYEL LEYAAN
avicokatavour] mn omoio oeeideton o mwANBog mopaydvtwv, OT®G TOMOYPOPIKOL KOt
Oepuodvvapuxol. ‘Eva moapddetypo 0mov @aivetor avti 1 010(pOopomToinon g KOTAVOUNG TNG
Bpoyomtwong mapovoidletar otov yaptn oty Ewdva 2.1, 6mov ¢aivetor m péon emown
Bpoyomtwon omnv Evpdnn yua ta £t 1940-1995. Tevikd, Bpoyn cuvavtdtol oe OAEG TIG TEPLOYES
TOYKOOUmG €KTOG TNG AVIOPKTIKNG, Kot 1 Tpomikn (dvn glvol  Teploy HE TIG TEPIOCOTEPES
Bpoyomtdoelc. Lto pecoio yemypapikd mAdtn 1 Ppoyn oesidetar cuvnBmg oTic eEMTPOTIKEG
voéoelg (Jansa et al. 2001b), eved mapdiinia 1 évtovn opoypapio avEAVEL GNUAVTIKA TNV EVTOOT

KOl T1 GLYVOTNTO TOV PPOYONTOCEMV.
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Average annual
precipitation,
1940-1995

mm
& [ 1-300
[ 300-500
[ s00-800
[ s00-1.000
[ 1.000-1.600
I 1.500 - 4000
No data

Qutside data
50° coverage

5

gy SRR

Ewova 2.1: Méon etiota kataxpriuvion yio. to £tn 1940-1995 oty gupitepn meproyn e Evpdnng (Nixon
et al. 2003).

&

%.:

[Mo ™ pérpnon tev KaTaKpNUVIGUAT®V TOL GTAVOLY 6T Y1 YIVETOL ¥PON EWIKAOV 0pYAvVOV TO
omoia pmopel va givar: o) amdd BpoydpeTpa ta omoia kévovv amin mapatipnon, B) Bpoxoypdeot
01 0TTO{01 KAVOLV QUTOUATH UNYOVIKT KaTaypagn, ¥) atcbnmpeg kou data loggers ot oroiot kévouvv
NAEKTPOVIKT] KOTOYPOPT Y10, LEYUAVTEPQ OLCTHATO KOt TEAOG O) o GVYYPOVA GLUGTIUOTO TO
omoio. amoteAoVvVTOL Oamd €WOWKOVS oucONTPES KOl TNAEUETASOOT OE KEVIPIKA GLGTHLOTO

NAEKTPOVIKOV LTOAOYIGTAOV. [0 T0 OTHOCEOIPIKE KOTOKPNUVIGHOTO (PNGLUOTOLO0VTAL: O)

Ppoxopetpa, B) Bpoxoypagot, y) paviap, 8) dopvedpot.
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2.2 EEMTPOTIKES VPEGELS

Me 10 yopaktpiopd e&mtpomikny Veeon N aAlmdg Veeon N Papopetpikd younid, opiletor to
oLGTNWO TO 0TOT0 EUPOVILEL KPES TIHEG OTLOCOOLPIKNG TLECTG OTNV EMPAVELD TOV €0G.POVE GE
oyxéomn e T YOpw meproyn. Mepikég Pacikéc £vvoleg Tov apopovV TIG LVPESELS Elval TO onNueio
véveong (Kvkroyéveon), to onueio ddivong (Kukrodidivon), n TPOYLE Kot TO KEVIPO TNG
vpeonc. Q¢ onueio yéveong (source) opiletar to oNUEI0 OOV TPOTOEUPAVIGTNKE 1 SLoToPyn
onradn N veeon (kukhoyéveon), eved wg onpeio dtdlvong yapaktnpileTor n teAevtaio ELEAVION
™m¢ veeons. H tpoyid (path) e deeong vrodnimvel v katedbvvon oty omoio Kiveitar To
KEVIPO TNG VPESNC KO Apopd TIG O1000)IKES BEoeLg amd TG omoieg £xel mEPAGEL TO KEVIPO NG,

Ot EOTPOTIKES VPEGELG 1 OAADG O1 VPEGELG TOV OVOTTOCCOVTIOL GE HEGOIO YEMYPAPIKE TANTY,
&yovv aktiva 1 omoio prnopet va Eemepaoetl ta 500 ylopetpa (Govorushko 2012). O e&mtpomikég
VOECELS KOl TOV 000 No@apiov cuvhilng TaEedovy Kupimg amd To SLTIKA GTA AVATOAMKA LE
Tomikég ToOTEG (Kévrpov) ota 30-50km/h (Govorushko 2012). Me dudpketa and Aiyeg nuéPeg
péYPL Kot whve omd pion fOOUAdN, GTOVG VTOTPOTIKOVS KUKANDVEG TOV BOPEIOL NUG@apiov M
KUKAOQOpPio TOL aépa £YEL POPA AVTICTPOPT OO QLT TOV JEIKTAOV TOL POAOY10V, G€ avtiBeon pe
OVTOVG TOL VOTIoL Moealpiov. Kovid oty empdvela tov £ddpovg (Adym TpiPng), o avepog
TéUVEL TIG 1I00Papeic pe pkpr| yovio suyKAtvovtag mpog 10 KEVTIPo To 0moio odnyel ot dnpovpyia
VEPOV TaL 0Toi0 GLYVA KataAnyovv og katokpriuvion (Jansa et al. 2000). Katd v e&éMén g
veeong ot PapoPaduideg -onAadr| n dtpopd NG TEONS G OEOOUEVT ATOGTACT- LEYOADVOLV,
dwadikacio mov yapoktnpileton g Babvvon e vepeong (deepening).

Ov  efotpomikég veéoelg  peyaAng  ouvoukotntog  mOAAES  @opég  €xovv  UEYAAO
KOW®VIKOOIKOVOULKO avTikTumo, kafmg oyxetiCoviot pe OuEAADIEIS 0vELLOVG Kot GOOOPES PPoyEc.
[Mapdoerypo amoterel o Aekéupprog tov 1999, dmov 3 1oyvpéc eEwtpomikég veéselg (AvatoA,
AdBap war Mdaptwv) yromnoav tv Evpodmn mpoxoidviag {nuid tov vyovg Ttov 18
doekatoppvpiov evpd (Catto et al. 2011). M kotoypaen ™G TOyKOGULOG KOTAVOUNG TOV

VIOTPOTIKAOV KVKADGV®V mapovstaletal otnv Ewova 2.2.
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Ewova 2.2: TToykoo o Katovoun vrotpomikdv kokAovav (Govorushko 2012).

'Hon amd to 1800 o1 vpéoeig NTov YvwoTég ¢ Popelg Suouevay Kauptk®v cuvinkav. ‘Etot to
‘Bapopetpo’ edpodbnke o Pacikd epyareio oty mpdPAeyn TV dAlaydv Tov Kopov. To
TPOPANUO GE VTN TNV TPAOUN TPOYVAOSCT WGTOGO, NTOV 1) (yVOll TOV GNUAVTIKOU POAOL TTOL
dwdpapatifer N aAlnAenidpacn TV oepiov pal®V GTO GYNUATICUO VTOV TOV GLUGTNUATOV.
JVVETMG, 0V NTOAV dLVATOG 0 KABOPIGUHG TV CLUVON KMV 01 0TolEG GLVTEIVOLY GTN YEVEST TV
VEECEDV PEXPL TOV TPAOTO ToYKOGHO TOAEpHo, O6mov por opdda NopPnydv emotnudévev
TEKUNPIOGAV TO TPAOTO LOVTEAO AVATTLENG Kot evioyvons TV veécemv. To 1921 1 emotnpovik
avty épevvo (Bjerknes and Solberg 1922) xatéinée oe oo dnuocievon otnv omoia
povtedomoteitoan 0 KOKA0G CmMg ¢ veeong (Yévvnon, avamrtvén, didAvon). v Ewdva 2.3

eaivetor o kKhkAog Lomng piag veeons cOue®va e To NopPnyikod Hovtéro.
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Ewova 2.3: O kokhog {omg g veeong cOpemva pe to NopPnywod povtéro (Lutgens and Tarbuck 2013).

Ot o cuvnBeig katnyopieg VEEGEWV EKTOC TOV LETOTIKOV YOUNADV To 0Ttoio TeEPLyplpovTal omd
70 NopBnywod povtéro givar ta Oeppukd kot ta opoypoeikd (| vavepa) yapunAd. Ta Bapopetpikd
GULGTHILOTA TTOL TANTTOLV T MEGHYELD TO YEUDVA Qaivoviot oty Ewkova 2.4. Avtd cuvoyilovtot
0€ VPECELS LECOYELNKOD LETMMTOV, OPOYPAPIKES VPECELS - OMwe To YaunAd g ['évoPag 1 to
YOUNAO TG 0pocelpds Tov ATAavta 610 Mapoko, To vynAo ¢ Zinpiag - Oepuikéc VEEGELS Kot

VOEGELG TOMKOD LETDTOV.
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Euwcova 2.4: Xapmg TV LEECEMV KOL TOV OVEUMV TOL OVOTTUGCOVTOL 6Tl MEGOYEID TO YEWWDVOL
(Chatzialekou 2016).
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2.3 Katoyidec-kepovvoi

Q¢ kepavvol opifovar ot NAEKTPIKEG EKKEVAOCELS TNG ATHOCPALPOS Ol OTTOIES dNUIOLPYOVVTOL
KUPlOG Katd T ddpKelo KoToryidog Kot TPpoKOTTOVY HETAED TOV {10V 1] SIUPOPETIKMOV VEPOV 1|
HETOED VEPOLG Kot £06PoVG. O1 KEPALVOTL ONOVPYOVVTOL AOY® TNG SLOPOPAS SVVOLIKOD HLEGH 0T
VEQT, N omoio oPeileTon 6TO OlYWPICUO apVNTIK®OV-OeTik®V @optiwv. Katd v e£éMEn tov
VEQPOLG Kot OOV aTO PTAVEL 0 PEYdAa VYT Kot yapmAdtepeg Oeppokpacieg (LIKPOTEPES T®V -
20°C) ot ovvOnkeg yivovior €uvoikég Yoo v avamtuén mayokpvotdAlwv. Efattiag tov
OLYKPOVGE®MV UETOED TMV TAYOKPLOTAAAWYV, Ol WKPOTEPOL OMOKTOVV OeTikd @optio Kot Ot
peyoAvtepol apvntikd. Adym g Papvntog, to PapvTepa 0pVNTIKO QOPTIGUEVO COUOATIOW
katevbvvovral ot Baon Tov vépoug, evd avtifeta o pikpodTEPO BETIKA POpTIoCUEVE COUATIOW
katevBuvovtor pe ™ Ponbela TV AVOIIKOV PELUATOV GTNV KOPLEN TOov VEPoLvs. H apvntikd
(QOPTICUEV TTEPLOYN TOV OMoVPYEiTOL 6TN BAGT TOL VEQOLS, TPOKAAEL TN CLYKEVTP®OT BETIKOD
@OpTiov GTO £00UPOG. LTAOIAKA 1) SLAPOPA SVVALKOD HETAED TmV 000 Teploy®V (gite petad tv
QOPTIGUEVOV TEPLOYDV GTO GUVVEQPO £lT€ UETAED GUVVEQPOL-EAPOVS) EEmePVE TN ONAEKTPIKY|
avTOY TOV 0EPQ Kot £XEL MG amoTéEAEGHA TOV KepavVO. XT1¢ Ewkdva 2.5 kot Ewova 2.6 paivetor n
KOTOVOUN TOV KEPOVVAV GE TAYKOGLO KAILOKO KOl TNV EPVTEPT TEPLOYT] TOV EAAAOLKOD YDPOL
avtictoya.

Ot kartoryideg amotelohv EVTOVa ATUOGOAIPIKE avOLEVO IE Paydaies PPOYOTTAOGELS, 1GYVPOVS
avépovg ot omoiot tdvouvv ta 50-100km/h, kepavvoig kot ToAAEG popéc xarhall. Me didpkela 1
omoia. cuvNOMG elvar PIKPATEPT TV dVO POV KOt LEYAAN Eviaom Ppoyng, ot Kotaryideg TOAAEG
QOpES 00MYyoLV og TANUpOpes. Ot katatyideg omuovpyodvion dtav Bepprog Kot vVYPOS a€pag
avoymvetal Vo ootabeils cuvOnkes g atpudceapag. Me tn Asrtovpyior avTi), guvoeitol 1
dNUovpyiot OYKMOIMV KOTOYL00QOP®Y VEPOV KATAKOPLONG avdmtuéng (cwpettoperavies) to
omoia Kot evBuvovrat yua v Kartaryida. Tpeig eival ol kOpleg katnyopieg kaTonyidag ovaioyo e
TOV TPOTO GYNUOTIGLOD TOVG: aépag LAlag (Tomkég 1) OepUIKES), 0poyPaPIKES Kot LETOMIKES. Ot
Katoyidoeg aéplag palog Ompovpyodvior Kupiog v mePiodo TOv KAAOKOPOL TAve omd
NREPOTIKEG TEPLOYES. O1 0pOoYPaPIKESG KATAYIOES OVOTTOGGOVTOL GTO SVTIKO TPOCTVEUN TMV
OPEWVOV OYK®OV TOV NTEPOTIKOV TEPLOYDV, EVD Ol UETOTIKES KOTALYIOEG £Y0VV GYEOM UE TN

diélevon veéoemv Kuping katd v tepiodo NoeguBpiov-Maiov.
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Ewova 2.5: H taykdopia katavoun kepoovav tnv nepiodo 1998-2013 and tov NASA/MSFC aebntipa aneikdévions Kepavvav.
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Ewova 2.6: H péon emolo katavopn| KEpOUVAY 6Tov upiTePo EALASIKO YDdpo Katd tnv mtepiodo 2005-

2014 6nwg £xel vroroyiotel and To Meteo (Talos Project).

Agv gival o1 Kepavvol Tov amroTeELoHV TO VOOUEPO Eva KivOLVO Yo TNV EREAVION TG KoToyidog,
OALGQ TEPIOGOTEPO AAAEG TOPAUETPOL TOL GLVOEOVTOL LE TNV KaTaryida. ‘Eva peydio mocootod g
TéENg Tov 90% TV KEPALVOVY, APOPE KEPOLVOVG TOV GLUPAIVOLY HETAED SUPOPETIKMV 1| TOV
1010V VEQOLG e AmOTELEG L, VoL UV @Tavovy TToTé To £dapog (Met Office 2011). Axdpa dp®s Kot
0l KEPOWVOL OV TEAIKG GTAVOLV GTO £30P0g TPOoKOAoOV apeAntéo {nuid kot akoAovBovv
pkpoTEPN-ypnYyopdTEPN Stodpopn, cuvHOOE HEGH YNAGV avTIKEWEVOY To omtoio Ppickovtal
amopovVOUEVO amd GAAa. Ot KupldTEPEG TMAPAUETPOL TOV GLVOEOVTOL UE TIC KOTOUYIOES Kol

amoTEAOVV eMKivOLVa Pavopeva ivatl 1 duvatn Bpoyn, To YaAdll Kot o1 6podpol avepot.
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H meproym pe tig meprocdtepes kataryideg eivan to vioi Iapa pe katd péco 6po 220 kepavvoig
nuepnoing. Avd tov kOGO o€ KAOe dedopuévn oty Aapfdavouy yopa mepimov 2,000 kotoryide,
nepimov 45,000 kdbe pépa kot Tave and 16,000,000 etnoimg (Lutgens and Tarbuck 2013). Xtig
TEPLOYES LE €VKPATO KA Ol KoToyideg ivar mo cvyvég v dvolén Kot T0 KaAoKaipt, ORMG
UTopovV va Tpokvyouv Kab’ OAN TN SldpKew Tov £Tovg ota Yuypd pétoma. Ot kotoryideg
AmOTEAOVV GTAVIO PULVOLEVO GTOVG TOAOVE AOY® TOL 1O1OUTEPMS YLYPOVL KATLOTOC KO T®V €V YEVEL

otabepav aepiwv palmv.
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2.4 B1ipMoypa@ikn ovacKOmTnon
2.4.1 Y péoeic ko Bpoyn

v mepoyn ™G Mecoyeiov Tt mEPLoGOTEPA YeYOVOTA Ppoyng OPeiloviol 6€ KLKAMVIKN
dpaoctnprotnto (Jansa et al. 2001a; Lionello et al. 2006). Xvykekpipévo ot EOTPOTIKEG VPEGELS
OLVOLOVTAL LE EVIOVO AVEWO Kol Bpoydmtmon ol kot pe aAlayéc ot Oeppokpacio (Ulbrich et
al. 2003), cuvOnKeg o1 0moieg ELVOOVV KATAGTAGELC VYNAOD KIVODVOL OTMG O1 PVISIES TANUUDPES
OALG Kot TANUUOPES gupelag KMUOKAG HE ONUOVTIKO OVTIKTUTO GTIS GUYYPOVES KOLVOVIEG.
ZUYKEKPIUEVO OTIC MECOYEIOKES TEPLOYES TOL TTATLLUVPIKG QOIVOLEVO GLUVOEOVTOL UE TIG TPOYLES
mov akoAovbolv ot veéoelg (Jansa et al. 2001a). Or Meooyelokég veéoelg Bempovvtat vievhuveg
Yy To oKpaio kopkd eowvopeve Kabopiloviag 060 10 ¥poOvo EKONAMONG TOVS OGO Kol TIG
axpaieg Tuég (Lionello et al. 2006). H avayvdpion tov KUKA®VIKGOV KEVIPOV Kol TOV TPOYLOV
TOVG £XOVV AOTEAECEL AVTIKEILEVO TOAADV EPEVVITMV LE SLOPOPETIKA OTOTEAEGUOTO OKOLOL KO
v kowég Paoel dedopévav (Ulbrich et al. 2009; Neu et al. 2013). Avtopatonomuéve cuGTHHATO
Bacwopéva e dlapopeTikong alyopilBuovg yxovv dnpovpynbel yi v avayvoplon Kot
yvnAdmmon tov veéoewv. Ot Neu et al., (2013) ocvvékpwvav 15 Sta@opetikd cvoTtipoTo
AVOYVOPIoNG KOl YVNAATNONG VOECEDV GE KON Paon dedopévov, kot Bprikav d1apopég oTov
aplpd v vepéoemv, otn duapkeld {ONG TOvg, TN GLYVOTNTA TOVG OGAAL KOU GE EMUEPOVS
YOPOUKTNPLOTIKES TOPAUETPOVS TOVG OTIMG M TOYVTNTA Kot To BAO0g TG VPESTG.

To oavtopatomompévo ovoTNUO OViYVELONS KOU YVNAATNONG TOV VLEEGEWV TO OMOi0
onuovpyndnke oto mavemotuo g MeAPodpvne, otnv Avotporo €xer ypnoipomomn el
EMTLYDC o€ TANOOC EMOTNUOVIKOV UEAETAOV, Ot UOVO Y10 TNV TOPAY®YN] GLVOTTIKNG KOl
SUVOIKNG KMUOTOAOYIOG, OAAG KO Ylo. TNV OVOKTNOT LEULOVOUEVOV VPEGEMV KOl TOL 1YVOLg
aVTOV aKOU KoL 6€ TEPLOYEG UE Wiaitepn aktoypapun 6nmg 1 Meooyesiog (Leonard et al. 1999;
Simmonds and Murray 1999; Flocas et al. 2010).

Ye mA00G EMOTNUOVIKAOV HEAETAOV £ovV pedetnOel yopaktnploTikd TV MEGOYEWKOV VOEGEDV
CLUUTEPIAOUPAVOUEVOD  TNG KUKAOYEVEOTG, TNG EMOYIOKNG UETOPANTOTNTOG, TNG YWPIKNG
KOTOVOUNG Kol TV Suvopkov yopaktnpiotikev tovg (Trigo et al. 1999; Maheras et al. 2001;
Flocas et al. 2010; Campins et al. 2011; Flaounas et al. 2014). Ou Trigo et al., (1999) pe
OLTOUATOTOMNUEVO GUOTNOL TOL YPNOGUYLOTOLEL TO YEWOLVOUIKO VYOG Y10 TN SEPEVVION TV

VOEcEV, HEAETNOOV 0T Mechyelo meploy€s KUKAOYEVESTG KOt KUKAOALONG OwG €miong Kot
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EMUEPOVS YAPUKTNPIOTIKA TV MEGOYEINKDV VOEGEDMV CLUTEPIAOUPAVOUEVOD TNG SLAPKELOG KO
™G évtaonc avT®v. Ta evpUATA TOVG 015V £VTOVT KUKAOYEVITIKN OpACTNPLOTNTA GTOV KOATO
g ['évoPag, voting g opocelpdg tov Atha Kot oty meptoyn s Méong AvatoAng, Omwg miong
VYN GUYVOTNTA ELPAVIONG YOUNADV, LAAGTO APOGOOKNTA VYNANG £VTOONS, KOTA TNV TEPI0d0
™m¢ avoiéng ot Popeia Appikr. Or Campins et al., (2011) digpgdvnoay v KApOTOAOYio TV
Meocoyelok®v veécemv Yoo po mepiodo 45 etmv (1957-2002) avadeikvoovtog Tig TEPLOYES TOL
kOAmov g ['évoPag, v Kompo, meproxég ot Popeia Appikn, v Ipnpkn xepodvnco,
O0dlacoa Tov Atyaiov Kot TG ALyeplag @G OMNUAVTIKEG TEPLOYEG KUKAOYEVEONC LE ONUOVTIKEG
emoyrokég dropopomomoets. Ot Flocas et al., (2010) npaypatonoincav a&loAdynon Tmv veEGEMY
oTNV TEPLOYT TNG avaTolKnG Mecoyeiov, yio pia mepiodo 40 ypdvav (1962-2001). e avth v
avIAVOT XPNGIULOTOONKE TO AOYIGUKO TOV TOVETIGTN IOV TS MeAfovpvng Kot dtametdinKoy
ONUOVTIKES SLOPOPEG OTNV TUKVOTNTO TOV VOEGEMV Y10, TOVG JUPOPETIKOVS UNVEG. AKOUO Ot
Maheras et al., (2001) kou ov Bartholy et al., (2008) avayvdpioov kot avEALGOV VEECELS
GLVOTTIKNG KApoKag otnv meptoyn s Mecoyeiov yua tig mepiddovg 1958-1997 wan 1957-2002
avtioTorya, Sivoviag EUEacT ot GLYVOTNTO ELEAVIONC, TOV TOTO EUPAVIONG, TV KUKAOYEVEDT
Ko TI¢ emoykég drapopomotioets. Télog, ot Rudeva and Gulev, (2007) peletdvtog Tig VOEGELS
10V Bopetov Nuiceapiov g meptodov 1984-2004, dwumictwoav 6Tt 10 Péyebog g veeomg elvar
0L GNUOVTIKT) TOPAULETPOG 1 OTtola £xEl EMidpacn 01N dbpkela {oNG Kot TV £VIAGT TG VOECTG.
H ovoyétion tov veéoemv pe ™ Bpoyn €xel emiong yiver avrikeipevo nAn0dpag PEAETNTOV.
[ToAlol cvpp@voLy OTL T YOPOKTNPIOTIKE TOV VOEGEMV KOL 1] GLYVOTNTO EUPAVIGNG TOLG
emmpealovv v ekdrwon PBpoydntwong. Xopewva pe tovg Flaounas et al., (2014) ot omoiot
e&étacav maveo and 200 cLGTAUATE VEECEDV UEYOANG £VIOONG GE W0 EIKOCOETN MEPI0d0, M
woyvpdTEPN PPOoYOTTOCN EVIOTICTNKE KOVTE GTO KEVIPO TNG VOECNG, VITOOEIKVOOVTOS GYETIKY|
advvapio Tov MecOYELNK®V VPECEDV GUYKPITIKA LE OVTEG TOV OVOTTVCCOVTIOL GTOVG WKEAVOVC.
Ot Jansa et al. (2001a) Bprkav OtL woyvpés Ppoyomtmoelg (neyaAddtepeg v 60 YAMOGTOV
nuepncing) oe dapopeTikd onpueion otnv meployn g Mecoyeiov, cuvdéovtan e TV Tapovsio
Veeong otn yopw meproyn. Ot Hawcroft et al., (2012) diepevvnoay kotd 1660 ot eEMTPOTIKES
VOEGELS TOV HEGUIMV YEMYPUPIKAOV TAATOV GLUVEIGPEPOVY 0T Bpoyn Tov Popeiov MUIGEALpiov
Kot Bpixav cvoyétion mov Eemepvd to 70%. Emiong ou Catto et al., (2012) nocotwkonoincav
OLGYETION NG PPOYNG LE SLOPOPETIKES KATIYOPieg LETOT®V Kot Bprkay 0Tt péypt Kot 10 90% g
Bpoydmtmong opeiletar oe Yyouypd kot Oepud pétmma. Zouemvo pe tovg Miglietta et al., (2013) to

43



Kepdlaio 2: OempnTikéc Evvoleg

YPOVIKO onueio mov cupPaivouy ot o Evtoveg BpoyonTtdcels elval TPy T Paom wpipavens g

VpeoNC.

2.4.2 Kepavvol kot Bpoyn

H ovoyétion g kePOLVIKNG OpacTnNplOTNTOS HE OYVPES PPoYonTMOE €)Xl AMOTEAECEL
avtikeipevo ToAlmv epevvitav (Pineda et al. 2007; Mazarakis et al. 2008; Michaelides et al. 2010;
Koutroulis et al. 2012; Siingh et al. 2013; Petrova et al. 2014). H épgvva T@V QUGIKOV QOIVOUEVDV
mov oyetiCovron pe 1 Ppoyxdmtmon €xel peydAn onpoacio kabdG or akpaieg PPoyYOnTOGCELS
ATOTEAOLY DYNAOD KIVODHVOL QUGIKEG KOTUGTPOPEG, LUE OPVNTIKES EMMTAOCELS 6TV €EEMEN TV
oOyypovav kowvovidv (Reale and Lionello 2013). Extog avtov, n kaAdTEP KATAVONGT TNG
oxéong netald e KePOLVIKNG dpactnpldtntag Kot TG Bpoxdntmong Bo pmopovce vo PEATIOGEL
TNV OMOTIKN OVTIANYM TOV YEYOVOT®V KaToryidoag 1 akdun Kot v Bpayvrpobeoun mpdpfreyn
akpaiov kataryidwv (Petrova et al. 2014; Siingh et al. 2014). MeydAn éugaocn £xet d00&i amd v
EMGTNLOVIKN KOWVOTNTO GTNV KEPALVIKT] dPACTNPLOTNTA, YEYOVOS TO 0010 OQEIAETOL EV LEPEL GTO
OTL TOALG GUYYPOVA TEXVOAOYIKE GUGTILLOTO TO OTTOT0 OMOTEAOVY GTAOUN-TNG-TEXVIKNG LITOPOVV
HE Heyain akpifeto Kot oXETIKE EDKOAN VO KOTOYPAWOLV TNV KEPALVIKY OPOGTNPLOTNTO.
AlpopeTikég otpatnykég €xovv akolovOnOel ya v digpedvnon g oxéong petald g
KEPAVVIKTG OpacTNPLOTNTOG KOL TV PPOYOTTAOGE®YV, Kupimg Wiyvovtag TV VIapén cuoyETiong
petald tov aplBpoy TV KEPULVAV Kol TNG CLGCMPELONG NS Ppoyns. Avdaioyo pe ™
pebodoroyia, Tov TOTO TV GESOUEVMOV KOt TN YE®YPUPIKT BEom g Teproymg peléng (Bardoaoa,
TOPAKTLOL 1) NTEPOTIKY]) TO OTOTEAEGHOTA UTOPEL v dtapEpovy onpoavtikd. Ot cuoyeticels peta&y
TOV OPOUOD TOV KEPOLVAOV Kol TNG TOGOTNTAS BPOoYNG EXOVV LEYAAN OTOKAIOT GE SLOPOPETIKES
ueléteg divovtag omd vynAn péxpt oL younAn cvoyétion (Katsanos et al. 2007; Michaelides et
al. 2009; Koutroulis et al. 2012).

H perém tov Katsanos et al. (2007), oty meproyn e Kevepikng kot Avatoiikng Meooyeiov yia,
nepiodo avaivong 6 unvav (oo tov OxtdPpilo 2003 Emg to Mdaptio Tov 2004) deiyvel 6TL VYNAES
TIWES PPOoYOTTMOONG CLUTITTOVVY LLE TNV EUPAVIOT] KEPOLVAV. ZVYKEKPUUEVA, Ol TEPUMTMOGELS BPOYNS
vynAOTEPNC ToLv 1Mm Bpébnkav va oyetilovtar pe kepavvovg 6€ T060oTd Tov Eemepvd to 50%
Kot povo 1o 6% tov ekdnidcewv Ppoyng pe Ppoxyn vyniotepn ard 10 mm va oyetilovtol pe
Kepawvovg. Xt pedétn tov Koutroulis et al., (2012) diepevviOnke n oxéon petaé&d tov yeyovotov

VYNNG Ppoydmtmong (ta omoio opeilovTal 6€ opVidleg PPoyES) Kol TMV KEPULVAV, LE TEPLOYN
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peréng v Kpnn, yuo m ypovikn mepiodo 2008-2009. YroroyioTnKe 1 YPOUUIKT GUGYETION TNG
aBpo1oTikng BpoydnTmong Kot TOV aplBUoD TOV KEPAVVDV Y10 SIUPOPETIKEG YPOVIKEC VOTEPTCELS
Ko aKTiveg EvIOmIG oV divovtag péon ovoyétion 0.33. H aktiva eviomiopov mov Bpédnke va divel
TO KOADTEPO QMOTEAEGLOTO 0T GLOYETION Ppoync-kepavvav givor ota 15 Km yopo omd 1o
oTaOuo Kol 1 PEATIOTN XPOVIKY VOTEPTOT EMTVYYAVETOL OTOV 1) AOPOIoT) TV KEPALVDV YiveTan 15
Aentd mpwv amd v avtiotoyn dOpoion e Ppoync. Ot Soula and Chauzy (2001) peiétnoay 600
YEYOVOTO KOTA TN SLApKELD TNG KOAOKOPIVAG TTEPLddov oty mteptoyn tov Iapisiov ko Bprkav
KOAT YOPIKT GLGYETION HETAED PPOYNS-KEPALVAV Y10, SLOPOPETIKES OVOAVGELS TAEYLLATOG 1 07Ol
etavel o 0.9 yia yopikn avéivon 30 km. H avdivon tov 30 km Bpébnke eniong va divel kaAd
anotelécpoto otn yopikn ovoyétion. Ou Michaelides et al. (2009) epdppocav o teyvikn
TAEYLOTOG 6TOVG Bpoyouretpikods otabpovg yuoo to vnot e Kompov, ywpilovtoag v meploym
EVOLPEPOVTOG G 12 TAEYLOTIKEG VTTOTEPLOYES KOl GVOYETILOVTAG TNV TOGOHTNTO TNG PPOYNS LLE TOV
aplipd TOV KEPOLVAOV Yo SPOPETIKA cevapla Ppoyng kKot kepavvov. H aviyvevon tng
KEPOVVIKNG dpactnplottog epopuootke o€ aktiva 10-15 km yopw and tovg Bpoyopetpicong
OTOOUOVG KOl OLPOPETIKEG YPOVIKES VOTEPNOELG Yo Ppoyn vynAodtepn Tov Smm, divovtog
ovoyetioelg peta&d 0.8-1 yio oplopéveg Tepmtdoels. o TIC TPEIG TEPUTTOCELS TANUUVPIKDOV
EMECO0IV OV avAAVONKOY GTNV TOPOVCH HEAETH, TO OMOTEAEGULOTO GLGYETIONG Ppoyns-
KEPOLVAV dEV NTOV apKOVVTIWG kavoromTikd. H cuvéyela g avdivong tov Michaelides et al.,
(2010) avagpopikd pe ™ cvoyétion PPoyNc-KEPULVOV Yo dEKOEVVEN YEYOVOTA PpOoyng otnv
Kompo, pe ™ ypnon piag xwpoypoviknig otatiotikng pebodov £dmoe PeAtiopéva amoteAEcOT
ocvoyétions. Me ) ypron tov dedopévav Tropical Rainfall Measuring Mission (TRMM) yuw
ddpopa pépn ™ Ivéiog, yio t xpovikn mepiodo 2003-2011, ot Siingh et al., (2014) doamiotdoov
Kot PEGo Opo Betikn| cvoyétion petabd kepovvav Ko Bpoyne n onoia eOaver to 0.53. Emiong,
Y10, 70 poviko dtdotnuo and 1998-2010 ot Siingh et al., (2013) Bprikav vynin cvoyétion (0.68
€m¢ 0.81) peta&d Kepavvmv Kot Bpoyns Tave oty TEPLoy TNG VOTIOL-VOTIOAVATOAIKN G Aciag. Ot
Barnolas et al., (2008), pelétoav o nepintwon minupdpog oty tepoyn ™e Kotoloviag kot
dwmiotwoov 0Tl péoa oe por aktiva 6 yIMoUETp®V 1 cvoyxétion UETaSDd Ppoyng-kepovvav
avéavetor 0tov avéavetatl o apluds TV KEPOLVOV GTNV GKTIVO EVIOTIGUOD (TEPIGGOTEPOL OO
100 kepawvvol o 30 Aemtd).
H pébodog g opadomoinong €xet ypnoiponombel gupémwc oTovg Kepavvols, TOGO Yol TN
Bpayvmpdbeoun tpdPreyn Tove, 660 Kat yio T ovvdeon Tovg pe t Bpoyr. Ot Strauss et al., 2013
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TPAYLOTOTOCOV YMPOYPOVIKT opadomoinon Paciopévn otn ypovikn olicbnon (yia didgopa
YPOVIKG TTopabupa) Kol 6T cLVEYELD VITOAOYIGOY TNV TTukvotnTo, Tov Tpnva. (Kernel density),
ypnowonowwvtag tov Extiunt Hopoyng Atpoceaipikng ITukvotntog (Atmospheric Discharge
Density Estimator), To onoia ota [Toptoyaiikd avtiotoyei oto akpwvopo EDDA. Tt cuvéyeio
EKTIUNONKE 1 cLOYETION HETASD TOV EVEPYDV KEMDV KEPAVVDV KO T®V dOUMV NG PPoyng 0mmg
avTéG TPoodlopilovTtal amd TIg EIKOVEG TOV POVTAP KAlpov, Kol EXOVTAG VITOGTEL KOTATUNOT Yo
LPOPETIKEG TIES TNG YOPIKNG KOt YPOVIKNG petatodmiong divovrog anoteAéopata and 0.1 mg
0.8 vy 000 TEPIMTOGEIS TANUUVPIKOV eNELG0diwV 6to Zdo [Idoro, Bpalihia. Xt pelém tov
Kohnetal., (2011), ue ypnon tov OAokAnpwpuévov Lvotiuatog I[pogidoroinong kat YmoothpiEng
Amogdoemv (Warning Decision Support System-—Integrated Information, WDSS-II), to omoio
amotelel EPYAAEID OTTEIKOVIONG TV KEPALVAOV KOL TOPEYEL TNV TOPAKOAOVONGN Kot TpOPAEYN TNG
eEEMENG TOV MAEKTPIKG EVEPYDV KEMMDV UE 1EPUPYIKT opadonoinon K-means, a&loroynonke 1
JPACTNPLOTNTO TV KEPAVVOV UE GTOYO TN PpoyvmpdBeoun Tpofieyn g mopeiag tng KaToryidog.
H mbovomro evtomopov ayyiCet to 0.519 kot 0.389 y akrtiva gvtomiopod 5 km kot yo
npoPadiopa ypdvov 30 kot 20 Aemtd avtictoryo. Ot Pineda and Montanya, (2009) ypnoyiomomoay
epapykn opadomoinon ommv Katolovia, Tpokelévon va avayvopicovy Teployés He Kowvovg
UNYOVIGLOVS TOL TPOKOAOLV TIG BPOYOTTMGELS.

Evd vmbpyovv onuavtikég evoeiEelg amd mponyovpeveg HEAETEG OTL oL Kepavvol pmopel va
AmOTEAECOVV Vo CNUOVTIKO gpyoieio yio v a&loAdynomn g Koatotyidog 1 akoun Kot g
BpoyvrpdBeoung mpdPreymg TV SLVNTIKE KOTOGTPOPIKAOV KATOYid®V, Ol O1popEés oTa
OTOTEAECUATO TOV OPOpOV UHEAETOV Otglyvouv 1oyvupn €EAPTNON NG GLUCYETIONG HE TN
peBodoroyia, tov TOmO TV dedopévav, TN Yeoypaplkn Béon g meproyng perémg (Bardooa,

TOPAKTLO 1] 1] NTEPWOTIKY]) Kol GAAOVG KALATOAOYIKOVG TOPEYOVTEGS.
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3 MéBooot
3.1 Yopéoeic ko Bpoyn
3.1.1 Aky6p1Buog aviyvevong veécemv

Orveéoelg aviyvebhovtal YpNeILOTOIOVTAS TO AoYIoko Tov [avemotnuiov g MeABovpvng (MS
scheme), To omoio akolovbei ™ Bedpnon katd Lagrange (Murray and Simmonds 1991; Lim and
Simmonds 2007). To MS scheme Aettovpyei pe gicodo nedio micong oty emipavelo e OGAacoog
(MSLP) mpofefAnuéva o€ TAEYUO TOMK®OV OTEPEOYPUPIKMOV GUVIETAYUEVOV UE YPNON TNG
uebodov mapepPoing bicubic spline. H avayvdpion tov mbavov zmeploydv  ovalntnong
EMTLYYAVETAL LE TNV OVOYVAOPICT TOV KAEICTOV GLOTNUAT®OV UEYIGTOL GTPOPIMGHOD OV
TaVTOYpOvVa cuvoLALovTal pe Tomikd eAdyiota ieonc. H otpatnykn avtn divel to mheovékTnuo
g €€eVpeong TG0 avoryT®V OGO Kol KAEIGTOV KUKAWVIKOV GUGTNUATOV, TPAYLO TO 0oio £xel
TOAD peydAn onpacic, 10Tt 01 LEESELS eEeAlocovTal Kot KOTA TN dtdpKeLe ToL KOKAoL (m1g Tovg
pumopovv vo aAAGEOVY KATAGTACT).

Ot duvopkég Kot OEpLOSVVOIKEG TOPAUETPOL, OTMG 1) AKTIVOL TNG VOESNG, TO fABOG Kot 1) évTaon
g vroloyilovtar amd o MS Scheme amd tovg pafnpotikods THIoVG 1oV BKOAOVOOHV:

H axrtiva g vpeong vroloyileton oty e&icwon (3.1):

1 N
R? = —Zriz 3.1)
N i=1

Ormov ri givor 1 andoTaon amd 10 KEVIPO NG VPESNS HEYPL T onueia dmov N Aamdlaciovn TG
nieong undeviletar, kot N gtvat 0 ap1Bpdg Tov aKTvev Tov vdpyovy pe alipovdia yovia petadd
tovg 20° (Lim and Simmonds 2007).

Q¢ avtimpoownevTiky] HEBOSOC Yoo T HETPNONG TNG £VTACNG TNG VPECNS YPNOCLUOTOLEITOL M
Aamhaciov) g mieong V2P (Murray and Simmonds 1991; Simmonds and Keay 2000; Lim and
Simmonds 2007).

To Babog g voeong vroroyiletar oty e€icmaon (3.2):

1
D= ZRZVZP (3.2)
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Onwg eaivetar otny e€icmon (3.2), to Babog g vepeong eoptdrar amd o uéyebog g VeEONC
katl Vv évtaon (Aomlaciovny g mieong). To PaBoc g Veeong VITOdEIKVVEL TN d10POPA TLEGNG
peta&h g akpng g HPEONS KoL TOV KEVIPOL TNG.

Avolvtikotepn meptypoen Tov adyopifuov MS scheme dideton amd tovg (Murray and Simmonds
1991; Simmonds and Keay 2000; Lim and Simmonds 2007).

V#P=0
mean radius
r
'
0.5 © lat radial
R Z;‘:_, r; find VoP=o

Ewova 3.1: Yroloyiopdg g aktivag thg Veegong (Lim and Simmonds 2007).

Intensity : V2P (hPa (° lal)?)

VP=0-—__\—

—

Depth (hPa)

/

Radius (° l;li)
Depth =0.25*Intensity*radius?

Ewova 3.2: Yroloyiopdg tov fabovg tng veeong (Lim and Simmonds 2007).

3.1.2 XHvdeon Bpoync-vpécemv

IMa ™ odvoeon TV yeyovotmv Bpoyns He Tig VPEoel a&lomomOnKe 1 YOPOYPOVIKT TANPOPOpia

TV dV0 pawvopévav. YiobetnOnkav 600 dpot pe Tov onoiovg epeéng Ba avaeépovtal ot VEEGELS
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avaAoya e TN YPoVIKY| €EEMEN TOVE 6TO TTEdio PeEAETNC. Qg EMIPDOVTES Bl AVOPEPOVTOL O1 VPEGELS
oV Oomd TN OTIYUN TOV TOPUTNPOVVINL, TOPATNPEITOL AvVTIoTOLY0 KATO10 YEYOVOC Ppoyng oe
Kamolov otafud oty mepoy] HEAETNG. AOY® NG YPOVIKNG OLTNHG COUTTOONG Kot 0éong,
Oewpeitar OTL o1 €mOPOVCEG LVEESELS €lvarl VIEVBLVES Yol TO YEYOVOS QVTO. AVOALTIKOTEPN
TEPLYPAPT] TOV YOPOYPOVIK®V Kprtnpiov Oa yivel mapokdtm. O 6e01epog 0pIGUOG aPOpa TIG
VEEGELS 01 0Toleg 0T O1dpKeln TG TopEiag Tovg Ba amoTEAEGOVV EMOPOVGA VYEST OTMG LT
opionke vopitepa. Ot vepéoelg avTég Ba avapEpPovTotl ¢ EVEPYEG VOECELG. LVUVETMGC, L0 DOESN
OV OVOPEPETOL G EVEPYT GE KATO10 EMONEVO Prpa TG mopeiag tng Oa yivel emdpovoa. Xpovikd,
TOL YOPOKTNPLOTIKA TNG VOEONS (0TS Y10 TAPAGELY L TO KEVTPO TNG) EKTILAOVTAL KAOE 6 MPES EVD
N minpogopia yw ™ Ppoyn eivor nuepiola. ZVVERAOS, 01 VPECELS TOV GLVAVIMOVTOL HETAED 2
JLBOYIK®V €YYPAPOV PPOoyNs ivar anTéC TOL SLVNTIKA TPOKAAOVV TO OEVTEPO YEYOVOS TNG
Bpoync. Zopuewva pe to 50°, 95° kot 99.5° eK0TOGTNUOPIO NUEPNOLOG GVLGCOPEVOTG PPOYNGS, TO
yeyovota Bpoyng yopilovral oe 3 katnyopieg:

o  Mcéon Bpoyontwon: 50° -95° ekatocTnudpLo NuePNGLOS BPoyngs.

e 'Evtovn Bpoydntwon: 95° -99.5° ekatootnudpio nuepnoag Bpoxng.

o Zodpn PpoyxdmTmon: >99.5° ekatocTnuoOpLo NUEPNGLOS PPOYNS.
Ta exatooTnuopta TG BPoyNS £XOVV VTOAOYIGTEL APOV £XOVV TPOTYOVUEVAOS AMOKAEIGTEL 01 ENPEG
nuépec, dMAad ot Muépeg otig omoieg €xel kataypaest Ppoyn HikpodTEPN TOL 1 YIAMOGTOV
nuepncing. swpovpe O6tL Exovpe Eva Yeyovog Bpoyng 0tav TOLAGYIGTOV £VaG €K TOV €V XPNCEL
HETEMPOLOYIKAOV GTOOUDV YL KaTaypayel Bpoyn HECH OTA YOPOYPOVIKA OPLoL LEAETTG.
‘Eva dAAo onpavtikd ototyeio mov ¥pnGILOTOoLEiTaL Y10 T GUVOEST) TV YEYOVOTMOV BPOYNS LE TIG
veéoelg elvar n Béom Tov K€vipov g Veeons oe oyéomn pe v mepoyn nekéts. H andotaon
petalh Tov KEVTIPOL TG VPESNS KOl TNG TEPLOYNG LEAETNG TPpEmEL va lvan pukpdTepm 1 iom pe v
aKTiva TG VPEDTG, ETCL MOTE 1 VPEST VA ‘“TEUVEL TNV TEPLOYT LEAETNG. Y ToAOYileTON 1 aOGTOCT
HETOED TOV KEVTPOL TNG VPECTG KO TV GLVOP®V TNG TEPLOYNG EVOLUPEPOVTOG Kol GUYKPIVETAL [UE
mv axtiva g Veeone. Edv n andotaon avtn sivor pkpdtepn g axtivag, n veeon Bewpeitan
vrevBuvn (EMBPOVGA VPEST) Y10 TO KATAYEYPOUUUEVO YEYOVOS Bpoyng. Aev BewpnrOnke oxdmLo
va ypnoponmoinfodv mo mepimAoko pETPO amdoTAoNG N v yivel PETPNON TNG OmOCTOONG
katevbeiav and to Ppoyounetpikd otabuod, Kabng o adydpBuog mov Ppiokel To KEVIPO Kol TNV
axtiva ™ Veeong umopel va TEPLEYEL GOAALLA KOt OTOKALGT GTNV EKTIUNGT TOV KAVEL KOL GUVETMG

vo 0dnNyNoel 6€ anmAelo mAnpopopiag. Eniong n mapadoyn 61t n veeon eivan KHKAOG 0OVGLOGTIKA
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OEV OVTIUTPOGMOTEVEL TNV TPOYUOTIKOTNTO, KOODS 1) HOPPOAOYIO TOV VPEGEDMV GTO YMPO &ivar
COP®OC O TEPITAOKT).

‘Eva opBoymvio cbvopo éxet BewpnBel yopm omd v meployn HeATNG, TO onoio ecmKAgiel TNV
neployn evolaeépovtog. Emiong, £xovv BempnBel topeig yopm amd v meproyn perétng: ot W, NW,
SW, S, SE, E, NE ka1t N avdAioya [Le TOV TPOGUVOUTOAIGUO TOVG GTNV TEPLOYN UEAETNG.

3.1.3 Xwpikoi ydptec mbavotTv

[Tpokepévou va vroroyiotel n mbavdTTa vo Tpokindet eneicdd10 Ppoyng oty meptoyn LeEAETNG
a0 0L VOEST) TOV £XEL EVIOTIGTEL GTNV EVPVTEPT TEPLOYT, XPNOHOTOEITAN TAEY DL KOBOPLGHEVIG
avdAivong. Ot veécelg mov dEpyovIat amd TV TEPLOYN EKYOPOVVIUL GTO TAEYUO AVAAOYQ LLE TNV
tonofecio Tov k€vipov Tovg. [0 cuyKekpléva, o1 TYES Yol TO YEWYPOPIKA UNKN Kot TAATH TOV
KEVIPOL TOV VPEGEMV GLYKPIVOVTOL LE TOL GVHVOPO TOV TAEYLLATOG KOl TOTTOOETOVVTOL AvAAOYD GTNV
KATAAANAN B€om. Ot mbavotnteg vmoroyilovrol g 0 AdYoS Tov aplBpov TV EVEPYDOV VOEGEMV
TPOG TOV GLVOMKO oplOud depydpevav veécemv Yoo Kabe KeM tov TAEYHOTOC Kot Yo KO

Katnyopia Bpoyng amd avTég TOL TAPOVGIAGTNKAY TPOTYOLUEVMG:

AC
Preyc = TCc,rc (3.3)
cre

Omnov Pr .. eivar n mBavotnro piog vVeeong mov tepvd amd To KeA € va mpokakel oty meploxn
evolapépovtog Ppoyn g katnyopiag rc. H napdapetpog AC avtictoryel otov opBud tov evepymv
veéoev kKot 0 TC o610 ocvvolkd aplBud tov vepéocmv. Kot ot 600 avtol mapduetpot
vroAoyifovton Yo kéBe KeAl ko Katnyopio Bpoyng.

"Eva debtepo pétpo mbovotntog mov papuoletal, eivar avtd TG KAVOVIKOTOMUEVG THAVOTNTOG
ue Bapn (WNP-Weighted-Normalized Probability), n omoia vrohoyileton 0nwe 1 amAn mbavotnta
TOV TEPLEYPAPNKE TOPATAV®, Pre 1o, TOAOTAOGIOGUEVT PE 10 LETOBANTT, TOV GTNV TEPIMTMOT
nag, etvor o aplpog tmv evepydv veécewv. 'Enetta, 1o anmotéleopa kovovikoroteitor peta&d 0-1

GTO GUVOAO TMV KEAMMV TOV TAEYHOTOG Y10 KAOe katnyopia Bpoyng:
% ACC,TC
maX(PrC,TC * ACC,‘FC)
c

WNP, . = Pre (3.4)
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Axopa, vroAoyilovion ot mbavotikol mvakeg Yoo TIG VPECELG LE akpain YopoKTNploTikd. Ta
YOPOKTNPIOTIKA TOV VPECEMV TOV 0POPOVV 6To PABOC TS Veeong, TV £viaon Kol TNV aKTiva
EMAEYOVTOL DGTE VO EXOVV TIUN UEYOAVTEPN TNG AVTIOTOLYNG MEONG TWNG GLUV dVO POPES TN
dwakvpavor. Avtd aviistoyel 6to 2.3% tov dedopévav AapuPdvovtag VoYY TNV KOVOVIKN
KOTOVOUN Kol OKOHO AyoTepa OTOV 1 KOTOVOUN €ivol aploTepd OGVUUETPN. ZE OLTH TNV
TePINTOON Ol Mopamave TOmol €§okoAovBovv vo 1oyvovy, aAAdlel povo o TANOBvordg TV

VOEGEMV.

3.1.4 IIpoyvootikn a&loAdynon

Or yopwol mivakeg mOBavoTNTOV 0&lOAOYOVVTIOL PE TO GTOTIOTIKA WHETPA NG evaicOnciog
(sensitivity), g edwodmrog (Specificity) kot g oxpifelog (accuracy) pe ta omoia yiveron
a&loAdynon tovg oto KaTd TOGo UmopovV vo ypnolpomoinfodv Yoo TV TPOYVOCT NG
Bpoydémtmonc. H puébodog g dactavpmpévng emkvpoong oe 10 uépn (10-fold cross validation)
o€ GLVOLAGHO pe TNV Tpocopoiman Monte Carlo yia 100 exavaiyelg £dwoav 1000 dapopeTikd
oLVOAQ SOKIUNG Kat eE€TaoNG TPOG AEI0AGYN o).

[T ovykekpyéva, pe ™ péBodo ¢ dwuotavpmpévng emkvpmons o 10 puépn 1o GHVOAO
dedOUEVDV opyavmveTaL e TVYi0 TpOTO 6e 10 drapopeTikég opadeg o1 omoieg amoTeEAOVVTOL OO
VOECELG 6 OAOKANPOUEVES TpOoYES. Ta 10 chvola KuKA®VIK®V TpoyldV avtorokpivoviot g 10
nepdpate oe Kobévo amd to omoio T0 €vo. GUVOAO YPNOCLUOTOLEITAL Yl TNV EMKVPMOOT TOL
HoVTEAOL Kol To. QAL 9 Yoo TNV ekmaidevon Tov, OMAAdN Y Tn Onpovpyic. Tov YAPTN
mBavotNTmv. O TpoTog Asttovpyiag TG neBddov dacTavpmuévng entkipmong oe K uépn eaivetan
kot otmv Ewova 3.3. H dwdwocio exavaroppdaverar 100 popég (uébodog Monte Carlo). H
uébodog Monte Carlo kpivetor 6KOTIUO VO EPUPUOCTEL, £TOL DGTE VAL EYOVE TEPLGCOTEPO, GVVOLA
dedopévov v ota oroio Bo extiunBodv Ta otatioTiKd péTpa mov eEetalovpe. Me avtdv tov
tpomo Oa pmopodv va e€ayxfodv acPUAEGTEPO GUUTEPAGHLATA APOL O GYKOG TWV OTOTEAEGUATOV
Ba etvon peyaddtepog.

To kpip1o yia va BewpnBel pio Heeon evepyn eaptdtot amd T0 KOTOGAL TG THOVOTNTS. AV TO
KEVIpo NG Veeomng Ppioketon oe KAmO0 KeEAl TOV TAEYHOTOG YOl TO OMOI0 1) LIWOAOYICUEVN
mBavotnto omd Tov mivaka mlavotnTeV ivol peyolvtepn and To KaHoPIGUEVO KATMPAL, TOTE 1|
Veeomn pumopel va BewpnBel og evepyn, duvnTikd ONAadn o€ KAmolo emOUEVO Prpa TG Topeiag TG

Bo mpokoAécel yeyovog PBpoyng oty mepoyn] evolpEépovioc. To katdeAL Tng mBavotnTag
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VIOAOYI(ETON [E TPOTO TETOOV MOTE VO PEATIGTOTOIEL TI TIHES TOV GTOTICTIKOV HETPOV TNG
evacnoiag, e 101KOTNTOG Kol TG aKpifelag. v TepinT®OT TOV TOPATAV® OTd VOGS TIVOKOG
TOOVOTTOV CUUUETEYEL OTNV ATOPUGCT] YL TO YOPOUKTINPIGUO NG VPEONG MG EVEPYN, TOTE AV
TOVAGLOTOV £VaG amd ALTOVG TOLG TTVaKEG ExeL OTIKN YN PO, SNAadN 1 TN TOL glvan peyaidtepn
amd T0 KaTdPAL TOV £YEL OPLOTEL, 1| VPEOT Bewpeitan evepyr. Me dAla Adyila o1 ETUEPOVG TIVOKEG
mhoavotitev divouv Betikny ymeo. TIévie SOPOPETIKES TEPIMTOGES TVAK®V TIHOVOTHTOV

e€etdlovrat kot Ttapovoidlovral otov Iivaxag 3.1.

k folds (all instances)
- >
fold
I A Y

1 PoF o4 F 2 3 0§ i
t] 2
u
r
n 3
S

/lesting fold

A &

Ewova 3.3: O 1pdmog Aertovpyiog g pebddov dwctavpopévng enkdpoons oe k uépn (k-fold cross
validation) (Borovicka et al. 2012).
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[Mivaxkog 3.1: Ot wivakeg TOAvOTATOV Y10 TO YOPAKTNPIOUO TOV VOECEMV.

‘NoCri’: O amAdg mivakag mbavotntev (NO extra criteria).

‘3Cri’: O amhdg mivakoag mOAVOTNTOV G cuvepyacia He mivakeg mOavVOTHTOV
AKPOLOV VOECEMY MG TPOS TO XOPAKTNPLOTIKA TOV BABovg, TG aKTivag Kot TG

évtaong tovg (criteria on cyclone selection).

‘WN’: WNP nivakeg mbavotntov.

‘WN3Cri’: WNP nivaxeg mbBoavotntov oe cvvepyosio pe WNP mivokeg mbavomtov
aKPOi®V VOECEMV MG TPOG TA YOPUKTNPLOTIKA TOV BAOOVC, TNG OKTIVOG KOl TG

£VTAOTG TOVG.

‘NoCri+WN’: O omiog mivakog mbavottov oe ocvvepyacioa pe tov WNP  mivaxo

mhavoTTOV.

Otov pio Vpeon € KATOW0 ONUEID TNG TPOYLAS TNG XOPAKTINPIGTEL COUPOVA LE TOVG TIVOKEG
mOaVOTHTOV MG EVEPYT, AVTO onuaivel 6Tt Bewpovpe 0Tt SuvnTikd 6€ KAmolo oNUelo TG TPOYLAC
™G OoT0 am®TEPO HEAAOV Bo yivel emdpovoa TPOKOAMVTIONS YeEYOvOog Ppoyng oty Kpnrm.
Avagopikd pe 1o v avt N andeact givor TEAKA cmot) 1 Aavlacuévn, vroAoyilovion to
OTATIOTIKG PHETPa TG evaucdnoiog, g ewdikoTTaG Ko TG akpifetog (Mcbride and Ebert 2000;
Vich et al. 2011). AkolovBel 0 0PIGLOG TV GTATIGTIKOV LETPOV THG EVOLGONGIOC, TNG E10IKOTNTAG
kot TG axpifetag. To pétpo g evarsbnoiag vroroyiletar oty e€icwon (3.5):
. rp_ TP
P TP+FN
Onov N evatcnecia S givar 0 Adyog peta&d tov oAndva etikodv Tydv TP (True Positives) tpog

S (3.5)

OAec T Betikéc Twég cwotd TP N oyt FN (False Negatives) avayvopiopéveg g Oetikég. H
gvocOncio avadetkviel TNV wovoTnTo TOL TTivake TOUVOTHTOV Vo EVIOTILEL TIG EVEPYES VPECELS.
Ooco vymhdtepeg Tpég €xel n evarcnoio, 1000 TEPIGCOTEPEG EVEPYES VPEGELS EVTOTILEL TO
HOVTELO Ko Apa TETLYOIVEL VYNAOTEPT TPOPAEYN TNG EMKEILEVNC BPOYOTTTMOTG.
To pétpo g edikdTNTOG VIOAOYIlETON 0TV E&lcwon (3.6):
TN TN

N TN+FP
Omov 1 €1d1koTNTO SP €ivorn 0 Aoyog peta&d tov mpayuatikd opvntikdv TN (True Negatives) mpog

SP (3.6)

OAec Tic apvntikég Tuég owotd TN 1 oyt FP (False Positives) avayvopiopéves wg apvntikéc. H
E0IKOTNTO AVASEIKVVEL TNV IKAVOTNTO TOV TTIVOKO TOOVOTHTOV Vo amoppintel opBmg Ty vdHeon
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ot pio vVeeon eivan evepyn. Oco vymAdtepeg TIHEG ExEL M €101KOTNTA, TOGO TEPICCOTEPES UM
evePYEC VOECELS eVTOTILEL TO HOVTEAD Kol Apo TETLYOEVEL TNV 0pON amdppIyn TS TPOPAEYNC
emkeipevng Ppoyomtmong kat apo Adbog cuvayeppod (wrong alarm).
To pétpo g akpifetag vroroyiletar oty e€icmwon (3.7):
TP+TN _ TP+TN

P+ N TP+TN+ FP+FN

Omov axpifeta AC givar o Adyog peta&d tov npaypatikd apvntikedv TN ko Oetikdv TP tpog Odeg

AC = (3.7)

TIG apVNTIKEG Kol OeTikég TWEC owoTd M Oyl AvayVOPIOCUEVES, ONANOT] TPOS TO GUVOAO T®V
veéoewv. Ztov [livaxoag 3.2 cvvoyilovtat ot 6pot amd ToVg 0moiovg LTOAOYILOVTAL TO GTATICTIKA

HéTpa TG vaustnoiog, Tng eWOKOTNTOS KoL TNG aKpiPetog.

[Mivakag 3.2: E&fynon tov 6pev arnd Toug 0moiovg vwoloyilovTol To GTATIOTIKA HLETPa. TG evailcnaciag,

NG E0IKOTNTOC Kot TNG akpifetog.

True Positive (TP): H vpeom mpoxodel poyn kot To te0T gival OeTiKo.

False Positive (FP): H vpeom dev mpokakei Bpoyn kot 1o TE0T givor OeTIKO.
True Negative (TN): H vpeon dev mpokadel Bpoyn Kot To TECT glvar apvnTiKo.
False Negative (FN): H vpeom npoxadel Bpoyn Kot 10 T€GT givar opvnTIKo.
Positive (P): Abpowopa tov TP kot FN.

Negative (N): Abpowopa tov TN ko FP.
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3.1.5 ITBavotikd poviérho Bpoyne

Ta otoyeia ta omoia avalvOnkay Tapardve aSloloynonkay yio T dnuovpyia evog LOVTEAOL TO
01010 EKUETOAAEVOUEVO TNV TANPOPOPia TOV divouy o1 LEETELS Ba umopel va divel Tpogtdomoinom
v evogyopeva yeyovorta fpoyns. Mo GuvorTiKY Tapovsiost avToh TOL LOVTEAOD PAIVETOL OTV
Ewova 3.4. Zoppova pe to Sdypappa, opywkd divovior mg dedopéva €16600v 1 péom
atpocealpikn mieon (MSLP) ko n Bpoyn. Ta dedopéva twv mécewv divoviol g £6000G GTO
Loyiopkd MS scheme amd 10 0moio TPOKOHLTOLY Ol VYECELS, Ol TPOYIEG TOVEC KOl EMUEPOVS
yopokINPotikd tovg. Ta dedopéva g Ppoyng aloloyodvior kot ywpilovtor oe katnyopieg
avdioya pe v évtact tovg. ‘Emetta yivetor 1 cvoyétion Ppoyns-veécewv. To medio perétng
yopiletor o ke kot yio KOs ke vroroyileTot 1 mOBAVOTNTO VO ATOTEAEGOVY EVEPYES VPECELG
o€ KOO0 HEAAOVTIKO Ypovikd Prpa ot diepyopeves veécelc. Me tn obvBeon tov KeEM®OV Tov
amoTEAOVV TO TTedi0 HEAETNG, TTPOKLITOVVY Ot XApTeg mBavoTTV. TENOG, YiveTor 1 TPOYVOGTIKN

a&loAOYN O™ TOV YOPTAOV.

Raw
precipitation MSLP Input data
data -
i v
Rain categories MS scheme
for the 50™, 95t o
and 99.5t" Cyclone and
percentile track detection
v v
Extreme rain Cyclones and
events \ 7 tracks
\\ //
\4,
Spatio-temporal .| Cyclone-rain
analysis association
Cyclone
grouping in grids
Method
Forecast | Probability maps
verification estimation
t |

Ewova 3.4: Zvvortikn anetkdvion Tov Hoviélov Tpofieyng e Ppoync.
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3.2 Kepavvol xat Bpoyn
3.2.1 ITeproyn avalitnong

IMa ™ diepedivnon g cuoyéTiong HETAED TOV KEPOLVAV Kal TNG PPpoyng XPNOLHOTooVVTaL 600
npooeyyicelg ot omoieg mapovotdloviar ypaewkd otnv Ewodva 3.5. Zmmv mpodtn mpocéyyion
YPNOUOTOIEITAL O KEVTPO TNG TEPLOYNS avalNTNONG TO KEVTPO TNG GLOTASNS KEPAVLVAOV OTMG
avTO £YEL TPOKOYEL OO TNV OLAOOTOINCT) TOV KEPALVAOV UE XPNoN oAyopiBumy opadomoinong
(G-means ka1 k-means). e avt TV TepinT®on vIoAoYileTal TO KEVIPO TNEG GLOTASNG KEPAVVAOV
Kol 6€ o Teployn YOp® omd avtd yuoo PETOPANTN axtiva dlepevviTol Katd TG0 LIAPYOoLVV
Bpoyopetpucoi otabpoi pe katayeypappévn Bpoyn (Ewkdva 3.5 otiin A). X1 debtepn npocéyyion
®¢ KEVTPO NG TEPLoyng avalnmmong Bewpovvror ot Bpoyopetpicol otabuol pe Katayeypoppévn
Bpoyxodmtwon. ' petafintn axtiva cap®dveTol 1 TEPLOYN YOP® ad TO GTAOUS Y10 TOV EVTOTIGUO
Tox6Vv kepavvav (Ewkdva 3.5 otiin B). Ze avt v nepintwon vroroyiletal n cvoyétion petad
TOV aPlBLoD TOV KEPALVAV LE TNV TOGOTNTA TG PPOYNG.

O wOKAog pe T0 ToPTOKAAL Ypdpa opilel v meployn avalnTnong Kot T0 avVIIGTOLYOL YPMUATOS
Béhog v aktiva eviomopol. X10o aplotepd ypaenua 1 teployn ovalTnong oKovAapeTOL yio TNV
€0peoT PPOYOUETPIKOV GTAOUDOV EVTOC QLTINS UE KEVIPO TO KEVTPO TNG GLGTAONS TV KEPUVVDV
evd oto 0ell M mepoyn avalntnong okavdpetor ywo v €dpeon kepavvav. Ot kepavvol
cuopuporifovior pe mphotvoug pUIKpovs KOKAoVS, ot Bpoyopetpikol otabpol pe ykpt otowpo, e
Hovpo X TO KEVIPO TNG GLOTASNG KEPALVMV Kot LE UTAE mepilypoppa opiletal n meployy] mov

E0MKAEIEL TN GLOTAON KEPAVVDV.
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A) B)
LIGHTNING CLUSTERING INDIVIDUAL FLASHES
T o ) L o
O
A By gm - <
/o o/ \ ¢ B o o
1; . B > o) o & » o
Y\\\ o] o o
\\o o o/;"
o
83 Cluster center o Lightning flash F— .
Gauging station ~— * Effective radius

N\

" =\

Searching area (\v) Cluster
Ewova 3.5: I'pagikn aneikdvion Tov S0 SLpOPETIKOV TPOCEYYIGEWDVY Y10, TN GLGYETION PPOYNG-KEPOLVAV.
Apilotepd cop®OVETOL 1 TEPLOYN YOP®O OO TN GLGTACN KEPOVLVAOV Y0 EVPECT] BPOYOUETPIKDY GTUOU®DV.

Ag&16. GOPOVETAL 1] TEPLOYT YOP® OO TO PPOYOUETPIKO GTAOUO Yol AVEDPEST] KEPOLVAV.

3.2.2 Mé0B0ooo1 opadomoinong

[Tpokepévou va cuykevipwBohv 6To YMPO Kot To YPOHVO T oUELD TOV APOPOHV GTOVG KEPAVVOVG
xpnoporomnke o adlydpBpog opadomoinong twv k-means (MacQueen 1967). O k-means eivou
évag omAOC, amOod0TIKOG KOl EVPEWMG YPNOCLUOTOIOVUEVOS aAYOpOHog Yoo éva peyddo €Opog
eQapuoydV o€ dapopovg topeic (Jain et al. 1999; Wagstaff et al. 2001; Jain 2010) kdrtt to omoio
TOV KaO16Td 100viKO £pYaAelo Yo TV OHASOTOINOTN TOV KEPAVVAV GTO YWPOYPOVO.

O k-means Eexwva pe K toyaio apyikd onpeio o omoio 0£1e1 ¢ KEVTPO TV OUAS®V KO 6T0, OTTOi0!
EKYMPOVVTOL TOL OMpEia TOV PpioKovTal o KOvTd MoTe va pelwbel 1o teTpaywvikd cpdipo. Ta
KEVIPO TOV OHAOMV EVILEPDOVOVTOL £TGL MGTE VO OTOTEAOVY TOV HEGO OPO TV GNUEI®V TO Omoia
anmotelovv TI¢ opdadec. ITo ocvykekpéva, éotm X = {X;},i = 1,...n o i-didotatog ydpog tov
onueiov mpog opadomoinon kot € = {C]}, j=1,..] 10 cbvoro twv J opddwv. Ta onueia

0pYOAVAOVOVTOL OTIS aVTIOTOEG OpHAdeS €Tol dote va glaylotomoindel to dbpoopa TtV
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TETPOYOVOV péca otic opadec. Ta kavovpla kévipa M = {,u j}, j =1, ...] vmoloyilovtot amd T
otoyEio TV opddwV Kol £melta To. onUEio amd OAEC TIG OMAOES OVOOLOTACCOVIOL (OGTE VO
Katatoyobv oty TAnciéotepn opdda. To dBpotopa TV TeTpay®VOV evtog ™G opddag opileTat
(e
_ 2
xiECj
Y160 Tov K-means sivai n ehayiotomoinomn tov afpoicuatoc tov WCSS ntdvem o€ OAEC TIG OUASES:
]

argmin Z WCSSCJ.
c 4
j=1

O k-means civat éva dminoto NP-dvokoriag mpofAnua to omoio pmopei va vroPaduictel o
amlovotepo Kot pa va Bpedel Avon udvo v o aptBpdg tov opddwv givol yvootog (Jain 2010).
O apBudc tov opddwv aropaciletar and évav dArlo alyopBuo, tov emovopalopevo G-means
(Hamerly and Elkan 2003). O G-means ywpilet ta dedopévo og opddeg pe ) Pordsia tov K-means,
HEYPL T dedopEVa OV Exouvv ekywpnbel og kdbe opdda va akolovBodV YKOOVCIOVY] KOTAVOLUT.
[T ocvykekpéva, av Ta dedopéva oe o opdda eivar Gaussian, tote n opddo dev yopiletan
TEPUTEP®, GE OLUPOPETIKT TTEPITTOOT N Opada droupeitar oo dvo pe xpnon k-means (k = 2).

Y1 SwtpPn o, ke @opd mov epapuoletal o K-means 1 Toyaio opykomoinon TOV KEVIP®OV
exteleitan 10 popég, mpokeipévon va emitevyel pikpdtepo teTpayvikd c@aipa. To 16T KAANG
epapuoyng chi-square (Snedecor, George W., Cochran 1989) exteleitar ota onpeio kébe opadog
hote va dmotwbel €dv akolovbolv ykaovotavr katavopn. To chi-square teot divel pua tuyaio

petapint (X2) n omoia opiletar oc:
k

X2 = Z M (3.9)

€i
Omnov 0;, € ivat 1 TOPATNPOVUEVT] KOL AVOUEVOLEVT] GLYVOTNTA TOV ¥®piov | Bswpdvtog OTL T
dedopéva Exovy yopiotet o€ K yopia. To eninedo onpoviikdtTog el emAeyel Enerta amd SOKIUES
o010 a=0.0001. O €heyyoc KOANG TPOCAPLOYNG OE OlEVEPYEITOL GTO. ALTOVGLN TPLOV JSLUCTACEWDV
dedopéva aALG oty mpoPoin avtwv ce pia dwdotaon. ‘Eotw v = ¢y — ¢, 10 1p1odidototo
VLG LA TTOV EVAOVEL TOL KEVTPA 600 Opddmv. Ady® Tov YeyovdTtog OTL TO dtdvuoua V Bempeitat
onuovtikd otov K-means, to dedopévo tpoPdAilovtan el
x! = (x;, v)/|[v||? Vx € ¢4, ¢y (3.10)
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Yvvortikd To fpata tov alyopifuov G-means sivon ta eEng:

o 1° Brjuo: Ayotounomn tov cuvorlov TV S£S0UEVOV e XpHon Tov akyopibuov K-
means yw k=2.

o 2° Biuo: I[Ipofoin twv dedopévemv Tmv 600 VTOGVVOAWMY GTO LLOVOSIAGTATO XDPO.

o 3°Bhua: Eeoppoyn og kabe vrosvvolo Gaussian 1ot yia va dtomiotodel edv to
dedopéva akolovBovV Ykaovolav Katavoun (6To LovodtioToTo YMPO).

o 4° Brjuo: Eravainym g dadwaciog and to 1° frua yio 61010 vTocuvoro dev

€xel 0E00UEVA TOV AKOAOVOOVV YKOOLGLOVT] KOTOVOLUY].

2KomoG Tov alyopiBpov ivar 1 KatdAnén otig TeMKEG opdoeg pe Kabe VTOGVLVOAO Vo okoAovOEel
ykoovolavny Katavour] (oto povodldotato ywpo). Ilepiocodtepeg Aemtopépeleg v Tov TpOTO

Aertovpyiag Tov G-means propovv va. Ppebovv oto Hamerly and Elkan (2003).

3.2.3 M£6000¢ 1 mpoypOoVIKNG OUOOOTOINoNG KEPALVAOV

Ot kepavvol 0pyovOVOVTOL GE OHAOEC-CVGTAOEG OVAAOYO LE TN XWOPOXPOVIKY] TOVG TOVTOTNTA,
dNradn v tomobecio Tovg (Yemypapikd UKo Kol TAATOS) Kol TN XPOVIKN Tovg oppayida. [
vo emtevyfel 1 0pyAvmON TV KEPAVVOV GE OUAOES LLE PLGIKT CMUAGIO XPNCLOTOLEiTaL oL
pébodoc opadomoinong. H opadomoinom Pocileror omn Aoywkr] tov 0Tl TO. dedOUEVOL
avayvopilovtol Kot opyovavoviol 6€ opdoeg faon twv opolottev tovs. 'Etot, avdioya pe 1o
YDPO 10TNTOV TOV 0E00UEVAV, 01 alyOp1OLol opadomoinong Ppickovy TeEPLOYEG TOV LITOPOVV VO
S @p1oToHV amd TIC GALEG AOY® TV AVOLOLOTHTMV TOVS, MGTE VO ATOTEAEGOLV Ui EEYMPLOTY|
olada. XN OKN KOG TEPIMTMON, N YPOVIKN TOLG GOPAYIdN Kol Ol GUVTETOYUEVES TV KEPAVVAV
YPNOLOTOIOVVTOL (O YOPOUKTNPIOTIKA Y10 TNV TOVTOMOINCT TOV TEPLOYDV UE EVIOVN KEPOVVIKN
dpacTNPLOTNTO.

211 cuvéyela, yivetar Bempnomn oG oKTivag EVIOTIGHOD Ol TO KEVTPO KAOE OLAd0G KoL 1) KUKATKN
neployn mov opiletor amd ovty TV okTiva gpguvdrtal Yo Ppoyopetpukods otabuovc. H
OLYKEKPIUEVN Oodkacion ETavalopuPAveTor yio SPOPETIKEG akTiveg evtomopov. H ypovikn
dlapKe TNG GVOTASAG KEPALVAOV OpileTal amd TOVg KEPAVOVS HEAN TNG OUASNS-CLGTASNG TOV
EYOLV TNV avTioTOo(N LEYOADTEPT KoLl LUIKPOTEPT XPOVIKN cppayida, ti-t2. Ot cuoThdeg KepavvmdV

Y TG omoieg Ba VLApyEL TOVAUYIOTOV €vog PBPOYOUETPIKOC GTaOIOG e KaTayEYPOUUEVT Bpoym
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otV meployn] avalntnong Ba avaeépovror epeéng wg evepyég opdoes. H mbavoétnta chuntwong
KEPOLVAOV Kol Bpoyng vworoyiletal avadloyo Le TO €4V VIAPYEL TOLAGYIOTOV £VOC BPOYOUETPIKOG
oTaOUOC pe KaTayeYpopUpUéVn BPoyOmTmon oty Teployn ovalntnong Katd m ypovikn tepiodo mov
dwapkel n ovatdda Tov kepavvav. H mbavotnta opileton og:

NEC
fr =Ne

Omov i givon  xoTnyopia ¢ Ppoyng avaroya pe v £viact G, I eivol 1) oKTiva EVTOTIGHOV,

(3.11)

NEC eivor o apBuog tov evepydv ouddmv kepavvav, kot NC etval 1o cuvoro T®v cuoTtddmv
KEPALVMV GTNV TTEPLOYN avalnTnong oty omoia mepi€yovtat BpoyoueTpikol otadpol (aoy€Tmg av
otoug PBpoyoupetpikovg otabuovg €xel kataypaest Ppoyn M O6xy). H mopamdveo mbavoétta
YPNOOTOEITOL MG HETPO GLGYETIONG HETAED TMV KEPALVAOV Kot TG Bpoyns. H duvapukn avtng
g mPocEyylong stvor va dtepeuvnBel kKatd TOCO OPYOVOUEVEG OUADES KEPOLVAOV GTO YMDPO KoL
070 XPOVO, Elval SUVATOV SLVNTIKA VO OTOTEAEGOVV EVOEIEN LLOG KATOLYIOOG IKAVIG VoL ETNPEACEL

™V gVpOTEPN TTEPLOYT).

3.2.4 Yvoyétion mosdttag Ppoync-aptdov Kepovvmy

Ye aun TV mepimTmon ot kepavvol avrtipetomilovior pepovouéve. Mo oktivo eVvTomiGHol
Bewpeitan and 10 kévipo kdbe PpoyopeTpikod oTadpov, péca oty omoia dtepevvdrtal | Vrapén
kepavvov. H dwdwkacio emovorlapfavetor yioo dStoa@opetikéc axtiveg evtomiopuov. H cvoyétion
vroAoyileton petald tov aplfpod TV Kepovvdv Kot TG TocdHTNTOS PPOYNS Yol To Un-Undevikd
(evyn pe ™) yPNON TOL TETPAYMVIKOD GUVIEAEGTN TPocdlopiopoy katd Pearson (r?). Omowg
avaeépeton Kot otn perétn tov Koutroulis et al. (2012) ot oAb yapmAéc £m¢ Kot UnNOEVIKES TILES
Bpoxdémtwong divouv avénuéves TWES CLOYETIONG TOL OUMG OV  AVTOTOKPIVOVIOL GTNV
TPOYUATIKY] EKOVO, QAIVOUEVO TO OTOI0 OMOPEVYETAL OTAV OMOAELPTOVV TETOLEC MEPIMTMGELC.
Eniong, anokieiovtag Tig undevikég TIHEG SIOMIGTAOVETOL EQV GE L0 KATOLY100 VITAPYEL GLOYETION
TOV OPOUOV TOV KEPALVAV UE TNV TOGOTNTA TNG BPpoyns. O cLVTEAEGTNG TPOGIOPIGHOD Eivar Eval
OTOTIGTIKO HETPO TO OTTO10 AVASEIKVOEL TN YT LETAED HeTAPANTOV Kot KupoiveTon peta&y 0 kot
1. Otav vrapyet woyvpn oxéon petald tov HeTafANTdV 0 OelkTNG GLGYETIONG £XEL VYNAES TUES
Kovtd 6to 1 pe 1o 1 vo vmodekvoeL Ty TANPT cLGYETION. AvtiBeta dTav OV VITAPYEL GUGYETION

HETOED TOV HETAPANTOV, TOTE 0 Ogiktng Aaupavel yauniés tpés. o tov yapaktnpiopd tov
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OLVTELEDTN TPOGdOPIopoD Ba ypnouonomBoiv ot katnyopieg Tov Iivakag 3.3 katd Dancy and
Reidy (2004):

[Mivakog 3.3: Xapoaktnpiopdg tng GLGYETNONG AVAAOYQ LE TNV T TOV GUVTEAEGTY| TPOGIIOPIGUOV.

TuvreheoTg mpocdiopiopot (R?) XopakTnpopog cueyiTiong
1 Télera
0.7-0.9 Avvotn
04-0.6 Métpua
0.1-0.3 Adbvaun
0 Mnodeviky

O ap1BudS TOV KEPAVVOV KOl Ol YPOVOCELPEG TNG GLGGOPEVOTG TNG PPOYNS Yo OAN TNV TEPI0J0
avdAvLoNg AAAG KO Y10 ETAEYLEVOL YEYOVOTO YPTCLULOTOMONKAY GTOV VTTOAOYIGUO TOV GUVIEAEGTY|
TPOGIOPIGHOD, Y10 SAPOPES YPOVIKEG VOTEPICELS Kot Ypovikd mapdBupa. Xpovikn votépnon
opiletar M YPOVIKN UETOTOMION OGS YPOVOCEPAS GE OYEOT UE o GAAN ypovocepd. Etvat
onuavTikn M €€€TaoT NG XPOVIKNG VOTEPTOTG KAOMG 1 amOKPIoT TNG LG YPOVOGEIPAS GE GYEOT
pe v dAAN pmopet va £xel KaBuotépnon. Ztny napodcea S100KTOPIKY| dtaTpiPr], 1 YPOVOCELPE TNG
Bpoyngs netartomiletan ypovika 0, 10, 20, 30, 40, 50 kot 60 AenTd OGTE VO EMETOL TNG KEPOVVIKNG
dpaoTNPLOTNTOC, 0PoD Eival YVmotd 0Tt 01 Kepowvoi Tponyovvral ¢ Bpoyng (Soula et al. 1998;
Strauss et al. 2013). A@o¥ yivel | YPOVIKN UETATOMION TMV YPOVOGEP®OV, EMAEYOVIOL TO, N
punodevikd {evyn TV YPOVOCEPOV Kot Le avTd vToAoyiletatl 1 0 cuvteElesTNS Tpocdlopiopov. H
avtiotoyn Swdwkacio akolovbeital Yo TIC XPOVOGEPES AVTES ABPOIGUEVES Yol JLOPOPETIKAL
xpovikd mopdbupa, and 10 Aemtd g dpag péxpt kot 60 Aemtd pe ypovikod e 10 Aentodv. ‘Eva
TOPAOELYLLOL TOV VTOAOYIGHOD TOV GUVIEAEGTI] TPOCIIOPIGHOV TAVM GTIS YPOVOGEPEG TMV
KEPALVOV Kot TS Ppoyng eaivetar oty Ewova 3.6. O vmoAoylopog yivetor Kot yio didpopa
oEVAPLL TOV APOPOLV TO TANBOG TV KEPALVAV (dNAadN Yo Tave amd 0, 5 kot 10 kepavvovg) kdtt
10 omoio kpivetan onuavtikd (Michaelides et al., 2009) kaBdg pikpdc apBpog Kepavvav dvvatot
VoL 001 YNGEL GE TOPATACVITIKG Kol LEPOANTTTIKA OOTEAEGHOTO. T O ATOTEAEGLOTAL TTOV CLPOPOVV
oTN GLOoYETION Yivoviol amodekTd €pOcov wkavormoteitar to 90% eminedo eUmMOTOCVLYNG OTN

GLGYETION.

61



Kepdraro 3: Mébodot

§

$2

12

0S¥l 800¢2/2L/2e

-
75]
1)

—
—

9

1.8|1.4

Oov-¥L 800¢/2L/2e

3

0€-¥1 800¢/ZL/Ze

02yl 800¢/2¢L/ee

1/49|59(60| 69 |74

0L-¥L 800¢/ZL/Ze

00-¥1 800¢/2ZL/Ze

8 | 8 18.4/9.2/10.6| 11

0S-€l 800¢/2L/ze

9

Ov-€1L 800¢/¢L/ce

0€-€l 800¢/ZL/ize

0Z-€l 800¢/ZL/ee

6190 411]19]16|10| 9

0L:€l 800¢/eZL/ze

11

00:€1 800¢/2LIZe

3\ | [5
({o] L ol
©
8{|[s)
-~
o N
e} D
o)) <
4.1 ||
o N
™
- (<6}
< ~
© ©
< N~
o (o]
< ~
® ©
Sp} N~
o =
(92 7_
SIAE
N ©

9

0G:Zl 800¢/eLiee

Hourly Cumulative
Flash count

ourly Cumulative

recipitation (mm)

H
=]

31|32 |39 (4248 |41
.2||6.8|7.4|7.6/7.6/7.6

0v-Zl 800¢/¢L/ee

0€-¢l 800¢/eLiee

02-Z1 800¢/cLice

0l-2l 800¢/ZL/Ze

00:21 800¢/2L/ee

0 4 33|76

0S-11 800¢/¢L/ee

sajnuiw g}
Be awi)

Flash count
Precipitation (mm)

Hourly Cumulative

Hourly Cumulative

Flash count

Precipitation (mm) [0.6/0.6/111.2|1.6/1.2] 1.2|1.2{1.2]1.2/1.6/1.4/1.4/1.2|1.6]| 2

JAIL

sajnuIw o
Be awi)
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4 Aedouéva Kot mePLoyN LEAETNG

4.1 Aedopéva

4.1.1 Yoéoeig ko Bpoyn

21 OOKTOPIK ovTH JTplPr], YPNOUOTOONKAY OESOUEVA HECNC OTHOGPOIPIKNG
mieong ot otdbun g Bdrlaccoc (MSLP) and to Evponaikdé Metemporoyucd Kévipo
Meoconpdbeopwv [Ipoyvircewv (ECMWF) ERA-Interim yia tnv mepiodo peta&d tov 1979
kot Tov 2011 oty meployn g avatoMkng Mecoyeiov petald 4° - 33° Avatoikd kot 32°
- 43° Bopeto 6mwg eaivetal oty Ewova 4.1.

Ta dedopéva ERA-Interim eivar mleypotikd dedopévo 6-wpng xpoviknig avaivong pe
ypovikn Baon 0000, 0600, 1200, kot 1800 UTC ko pe ympikn avarvon 0.5°x0.5° (Courtier
et al. 1998). H Baon dedopévav ERA-INTERIM givon 1 mo mpoceatn maykdouio féon
dedopévov oo ECMWE. H ypovikn kdAvym tov dedopévov g ekteivetan and to 1979-
2016 evo mapovstdlel onuavTikéS dopopéc o€ oOyKplomn pe ta dedopéva tov ERA-40. Ta
KOpla TAEOVEKTHOTE TNG o€ oxéon pe avtn tov ERA-40 givon | mapoyn dedopévev avd
12 opeg pe yopikn dwukdpoavon oe 4D, Bertiopévn oplovrtia avdivon (T255) (~ 79km),
véa avdAvom yu TV oXETIKN vypacio, PEATIOUEVO HOVTEAO QULGIKNG Kol PEATIOUEVO
cLGTNUA EAEYXOV OEOOUEV@V TTOV avTtAnOnke Bdor epmepiog amd to ERA-40.

Axoua, to dedopéva Bpoyng mov ypnotpomomdnkay 6ta TAAICIO L TNG TG SOOKTOPIKNG
SatpPng kataypaenKay amd £va diktvo 69 peTemPoroyIKOV oTafumy o 0An v Kpnt
oe nuepnow (YaunAn) xpovikn avéivon ywo o ypovikd ddotnuae and 1979 - 2011. Ta
dedopéva Bpoyng mapEYovtol amd To dIKTLO HETEMPOLOYIKMY CTAOUMV TNG TEPLPEPELNKNG
AtevBuvon Yodtov g Amokevipopévng Atoiknong Kpnng, n onoia ivor vrevBovn ko
Y10l T GLAAOYY] KOl TOV EAEYYO TMV OECOUEVOV.

"Eva opBoydvio chvopo €xet BewpnBel yopw amd v Kpnm 6nmg eaivetar kot oty Ewcova
4.1 10 onoio ecMKAEIEL TNV TEPLOYN EVOPEPOVTOC. XTN OIKY| HOG TEPIMTMOT 1 TEPLOYN
peAétng ekteivetanl petoly 23.4°-26.4° Avatoikd kat 34.8°-35.7° Bopeta. Eniong, £yovv
BewpnBetl Topeic YOpw amd v Kprtn ot onoior paivovrtal avaivtikd oty Ewova 4.1 ko
&yovv onuewmbel pe koéxkwvo wg W, NW, SW, S, SE, E, NE kot N avdroyo pe tov

TPOCAVATOMOUO TOVG 6 GYEoM pe To vnoi g Kprng.
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6E 8E 10°E 12°E 14°E 16°E IS°E 20°E 22°E 24°E 26°E 28°E 30°E  32°E

TR 1. Y. ni - ¢ 3
R B A A i g Lt 42°E

RS TS | £ =

! h ¥ : e . W PR - M !

T e e D e == ~ORERF - - - -l - - - S b - BN - o FlfSse i s e e nd -=1 40°E
INWi A 0 A ' :
389E------ e S REERRR Y W IC. R AR - F-- [ 38°E
g 72 2
L TR R e R ‘ o Riesviiiesgienery J0E
L SR S WU W . .-
R e IRA # i iy SRt Lt S KT
' SW! S ey 8 N t SE
' | : : . ! : U f ; :

#E E SE 10°E 12°E 14°E 16°E 18°E 20°E 22°E 24°E 26°E 28°E 30°E 32°E

Ewova 4.1: H meproyn peAétng Kot ot TOUELS YOp® omd TNV TEPLoy HEAETNC.

4.1.2 Kepavvoi kon fpoyn

Ta dedopéva TOL POPOVV TNV KEPUVVIKN dpactnpldtnta tpospyovtat amd To [Taykocuio
Aiktvo Kepavvov (GLN) Kol otdovtan and ™m Unidata

(http://www.unidata.ucar.edu/data/lightning/gln.html) yio ) ypovikny mepiodo amd tov

YentepPpiov tov 2012 péypt ko tov Ilovvio Tov 2014. To medio ™¢ avdAvong avapopika
HEe TOVG Kepawvovg opiletal oe o uputepn meployn yopw amd v Kpnm ko mo
ovykekpiuéva, amd 22° - 28° avoaroiikd kot amd 33.5° - 36.5° Bopeia. Ta otoryeio ng
nUepoUNviag, Tov ¥pOvVoL KATOyPaPTS Kol TG Tomodesiog (Ye@Ypapikd UNKOG Kot TAATOG)
elvar avtd mov a&rodoyovvtol e cuvovacud Kot pe To dedopéva g Ppoyns. To diktvo
GLN oamotelel éva ovotnua teyvoAOyiog oryung mov omoteAsiton omd ooOnTpeg
aviyveLONG TTMOTNG KEPALVOV TOTODETNUEVOVG GE GTPATNYIKA OMLEID OE TEPIGGOTEPES OO
150 tonobBecieg prhoeviag d1ebvag. H amoteleopatikdtnta o0vtoh TOL GLGTHUTOS PTAVEL
oe mOAD vyMAES Tég ot omoieg ayyilovv to 90-95% pe avtictoyn axpifeia Béong
UIKPOTEPT TOV EVOG YIMOUETPOV. Tl OEOOUEVA TOV KEPALVADV EXOVV YPOVIKT] OVAALGT EVOG
AETTOV KO1 OPOPOVV KEPAVVOLG HETOEDL VEQEOV KOl €00(QOVG OAAL KOl OVTOVG TOV
TPOKVTTOVV UETAED TOV VEPDV.

[Mepartépw, ta dedopéva Bpoyng Twv omoimv £ytve ¥p1ion oto TAaicto aVTG TG OLTPPNG
KaToypaenkoy armd Eva diktvo 22 HETEmPOAOYIK®V oTafumv og OAN v Kpnn oe 10Aentn
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(vymAn) xpovikn avaivon yio to xpovikd ddotnuo Xenteufpiov 2012 - Iovviov 2014. Ta
dedopéva Ppoyng mapéyovior amd 1o SIKTLO UETE®POLOYIKOV otafumv tov Efvikov

Aoctepockoneion AOnvav (EAA).

4.2 Tleproym pehéng

H Kpnn, givat to peyodvtepo vnot otnv EAAGS kot To mépumto peyardtepo otn Mecdyeto
KOAOTTOVTOG e EkTaoT 8,265Kkm?, éxet péco vyopeTpo 482m, péomn Khion 228 m/km kot
mAnBvopd 600,000 katoikovg. H Kprjtn €xetl évrova opevo yapaxtipa pe to Aguka Opn
6T OLTIKA TOV VNo1ov, TV opooelpd Ton oto kévipo ™ Kpning, kot v Aiktn kot
®punt| ota avatolkd. To kKAipa g Kpntng enmnpedleton and v kApatikny {ovn g
Meooyeiov. Katd xkvpro Adyo yapoaktnpiletor ¢ vto-vypo e TOPATETAUEVES, ENPES KOt
BepéC KaAOKAPIVES TEPLOSOVS Kol VYPO, GYETIKA WLYPO YEWLADVOAL.

H évtovn opoypagio g Kpnng enmnpedlet moAd 1o KAILO OTIC S10POPETIKES TEPLOYEC.
Koatd ™ o1dpkeia Tov yelpnava 1 Bepuoxpacio peidvetal avdiloya Le TO VYOUETPO Kol TO
KoAokaipt avEdvetal amd TIG TOPAKTIEG TEPLOYES TPOg TNV evdoywpa. Emiong, ot
Bpoyontdacelc dev etvat OLOOLOPPO KOTAVEUNEVES GTO VNNG1, e TO BOPELOSVLTIKO T
TOL VNG00 Vo AapPavel mepiocdtepn Ppoydntwon amd to votoovatolkd (Naoum and
Tsanis 2003; Koutroulis et al. 2010; lordanidou et al. 2015). E&outtiog tng 6éong kot g
ouvhetng Tomoypapiog g, N Kpnitn aintietal cuyva amd vQEGES GUVOTTIKNG KMUAKOG
OV TPOKOAOVV EVTOVES PPoyEg Kol TANUUDPES, WOUTEPMG KATA TN OLAPKELD TOL YEYLOVOL
(Lolis et al. 2004). H Kpntn kuping emnpedletol oamd 600 TOmoVg MEGOYEINK®DY VPEGEMV:
(i) voéoeig amd to fopelodVTIKA OV TPOEPYOVTOL ad TV Teptoyn ™G I'évoPag wan (ii)
VOEGELS OO TA VOTIOOVTIKG TTOL TPOEPYOVTAL VOTIMG TNG 0pOGEPAS TOL ATAavTa (TEPLOYN

™¢ Zayapoc) (Bartzokas et al. 2003; Lolis et al. 2004).
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5 Amoteléopata
5.1 Yoéoeig ko Bpoyn
5.1.1 Bpoyéc mov mwpokAnOnkay and veEcelg

Ao Vv avdivon tov dedopuévev, Bpédnke 6Tt 01 TEPIGGATEPEG OO TIG PPOYOTTOCELS TOV
ocvppaivovv oty Kprtn Aapfavouv yopa to xeyomva (50% g péong Bpoyne,™> 65% g
évtovng kot >75% tng opodpng Ppoyns) kot akorovbel to eOvOT®po Kat 1 Gavoién. To
YEYOVOC anTo givar ovumvo kot pe v Epgvvo. tov Koutroulis et al. (2010). O katnyopieg
Bpoyng omwg Ppédnkav yia v meployn perémg (Kpnmm) eaivovror otov Iivaxog 5.1.
Aoppdvovtag vToyty dAovg Toug dtabEctong BpoyopeTpikods otabovg, 0 ETHG10¢ HECOG
0pog yeyovotov avépyetoar oe 110 péong, 30 éviovng ko 10 c@odpng Ppoyomtdong
emoing oe dpopetikés tonobesieg oty Kpnn. O apBudsg tov Bpoxontdcemv avd
Katnyopio £vtaomg Kot emoyn yio tnv tepiodo g avéivong tapovsialoviot otov [ivaxog
5.2. Emmléov éxel vmoloylotel TO TOCOGTO TMV PPOYONTOCEMY TOV SVVNTIKA EXEl

pokAnOel and veéoels.

[Tivaxoag 5.1: Ot xatnyopieg Bpoyng yia v meproyn puerléng (Kpnm).

Karnyopia ppoyiig "Yyog nuepiicrog ppoyiis (mm/day)
Méaon Bpoyodntwon: (50° -95°): 10-50

"Evtovn Bpoyomtmon: (95° -99.5°): 50-100

Ypodpn Bpoyomtmon: (>99.5°): 100

[Mivaxog 5.2: Ta yeyovota Ppoyng omv Kpnm katd v mepiodo 1979-2011. Or un xpoUOTIGUEVES

OTNAEC QPOPOVV TOL YEYOVOTO BPOYNG Kol Ol YKPL GTHAEG TN OXETIKN cvyvotnta (%) cOUTTOONS

Ppoxfic-bpeone.
Mzéon Bpoxr) | Evtovn Bpoxn) | Z@obpr) Bpoxn Mzéon
Events % Events % Events % OUIITOOT)
Etmocua 3402 54 966 70 278 76 66
dOwonmpo | 846 51 257 70 78 73 65
Xewovag | 1720 54 540 68 159 76 66
Avoen 760 59 | 156 75 |37 81 72
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YOopupwva pe tov Ilivakag 5.2 10 pEYOADTEPO TMOCOGTO EVIOVOV KOL COOOPDV
Bpoyontdoewv mpokorovvtal and TG veioels. Mdlota, 10 70% TtV €ToLOV
ekdniwcewv éviovng Ppoyns kot to 76% tov £TCLOV KONADGE®V GOPOSPNS Ppoxng
oyetilovtar pe v gpedvion veécemv. Avtifeta, 10 54% TV ETNCIOV EKONADCEDV HECTG
Bpoyng cvvdéetar pe v gpedvion veéoewv. Etoimg, 1o 66% twv Bpoxontdcemv mov
ovpPaivovv otnv Kp1ftn cuvoéovion pe KOKA®VIKG GLGTAUATO GE GVUE®Via [ie Tovg Catto
et al. (2012) xon Hawcroft et al. (2012), ot onoiot Bpickovv mepimov 60-70% cvufoin tav
VIOTPOTKAOV KUKAGOVOVY oty Bpoydntwon Popeia tov 30°N. Ttnv enoyikn ovdivon,
Qaivetal 0Tt TOGO Y1 TIG EVTOVEG OGO KO Y10 TIG GPOJPES PPOYOTTMOCELG 1| GOUTTMOT| UE
NV EULEAVION KUKAWOVIKNG dpactnpotrag sivor peyaddtepn v dvoln (éog kot 80%
GOUTTMOOT) Y10 TIC GPOJPEG PPOYOTTAOGELS) EVM 0KOAOLOOVV 0 YEWLMVAG KoL TO POVOT®PO.
O vdromeg PpoyonTdGEIC TOL dev PpEdnKe va cuvdovtal Le VPECELS, aPopovV &ite
YOUNAG TOTIKNG KAILaKOG TOv gV Hmopolv va yivouv avtiinmtd and tov aiyopidpo MS
Scheme 7 givar Bpoyég katakdpLONG HETAPOPAC TOL dev oyeTilovtal pe ™ dtéAevon
KOTO0L UETOTOV 1] TPOKOAOVVTIOL ADY® TNG GOVOETNG TOTOYPaPiag KOl TNG EVTOVNG

opoypapiog mov mapatnpeitoan oty Kpntn (Naoum and Tsanis 2003; Lionello et al. 2006).

5.1.2 Ta yopaKINPIOTIKA TOV EVEPYADV KOL ETOPOVTIOV VPEGEMV

ZNUOVTIKES OUVOUIKES TOPAUETPOL TOV VPEGEMV amoTeAoVV 1| Ttieon, N évtaot, To fdbog,
N axtivo Kot 1 Toy0TnTe 014000MG TOVG. AVTA TO YOPOKTNPICTIKA OTOTEAOVY EVOEIKTIKA
Kprmplo e onpaciog Kot e enppons tov veéoemv (Simmonds and Keay 2000). Ta
IGTOYPAULOTO TOV TUPAUETPOV AVTOV Tapovstalovtal otnv Ewdva 5.1, kot apopodv to
KEVIPO TV VPEGEMV, Ol OTOIEC £XOVV EMAPKMOG HKPT 0ndGTACT] 0O TO OPLO0 TOV £YOVUE
opicet og oyéon pe v Kpnm. o ocvykekpyéva, cdppova pe m 8€on toug, Kpivovtag
oo TNV amOoTOCT TOVG amd 10 Kabopiopévo 6pto yupw amd v Kpntm kot v aktiva
TOVG, Oa UmopovcaV EVOEXOUEVMS VO TPOKAAECOVY €NEGOd0 Ppoyng otnv Kpnm, onwg
TEPEYPAPNKE GTO KEPAALO 3.

ZOUQOVA LLE TO OVTIOTOL( O IGTOYPALLUATO, O TYLES TNG TLEGNC Kol TG aKTivaS aKoAovBovv
KOVOVIKEG KOTOVOUEC. ATO v GAAN, M €vtaom, 1o Pdfog ko M ToydInTa. 014000MG
Tapovstalovy acovpeTpia Tpog Ta aptotepd. [lepiocdtepo amd 10 85% TV TGV TigoNnC

givar oto gvpog and 1.002 — 1018 hPa pe péon mieon 1010 hPa. 'Etot, o mepiocotepeg
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veéaelg Yopow amd v Kpnm eivon acBeveic ko pétplec cOpmva e v TaStvounon Tov
Maheras et al. (2001). ITepinov to 80% tmV Tin®V évioong ekteivovton omd 0.3-1.1 hPallat”
2 kar pe péom évraon 0.86 hPallat?. Emmléov, | mieloymoio Tov Tipdv Tov Padoue tov
vepéoewv eivar otnv kKhipoxo 0.4-4.6 hPa pe péso Badog 2.9 hPa to omoio givar kovtd ota
2.15-2.17 hPa mov Ppébnke amd tovg Flocas et al. (2010) eviog e mepoyng g
Avatolikng Mecoyeiov. Eniong, ot typég akrtivag peta&d 3.2°lat-5.4°1at apopovv to 80%
TOV VOECEMV Kol 1 avtioToym péomn axtiva eivon 4.4° lat. Avto ivon 6€ copP®Via e TOVG
Trigo et al. (1999), o1 omoiot Bpickovv mepimov katd péco 6po 4.5°lat aktiva veeons (1
500 km) omnv meployf Tov Atyaiov To YEWMOVA Kol TNV Gvoln. Xe YEVIKEG YPOUUES, M
axtivo TOv Mecoyelok®v VEECEOV  givol GNUOVTIKA pKpOTEPT Oamd eKelves T®V
ATAOVTIKOV GLVOTTIKOV cvuotnudtomv 1 omoio. @taver tig 18°lat (Lionello et al. 2006).
Télog, N mhelovoTTO TOV TILAOV TabTNTOG dtddoong ivar peta&d 0.5 m/s éwc 4.5 m/s pe

péon tun 2.8 m/s.
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Ewova 5.1: Ta 10ToypaupaTe TOV apopovV OTIC OUVOULIKEG TUPOUETPOVS TOV VOECEWVY (Ttigon,
évtaon, Baboc, axtiva, TaydTa) mov Ppickovral og BEon emppong oe oxéon pe v Kprftn yio

ypovikn wepiodo 1979-2011.

>ty Ewova 5.2 tapovcialovtol oe popen box-whisker n wigon, n évtaon, to fabog, n
axtiva Kot 1 oy Te S1ddoong TV ETPOVI®OV VEEce®V. ['a kdbe Eva amd Ta mapamdve
YOPOUKTNPIOTIKE ATOTVITOVOVTAL GTO Oldypappa yio Kabe kotnyopia fpoyng (d&ovag x) ko
KkéOe emoyn (To xp®UA TOL POHVTOL) 01 KUPLEG CTATIOTIKES TOVS 1O1OTNTEG,.

210 yphonua g mieong eaivetal peiwon g meons TV VEEGE®V UE TNV ADENCT TNG
évtaong g PBpoxns. Ov younidtepeg Tpég mieong evromilovtar v GvolEn Kot ot
VYNAOTEPES TO POWVOTTOPO. ATO TO YPAPNUO THG EVTACTG TAPATPOVUE OTL BPoyés e
pHeYaALTEPT cvoompevon oyxetilovion pe peyoddtepne €viaong veéoels. EmmAéov, ot
VYNAGTEPES EVIAGELS TAPATPNONKOAV Y10 TO YEWDVA Kol Ol YAUNAOTEPES TO POVOTWPO.
AvdLoyao copmepdouaTo TPOKLTTOVY Kot Yo 1o Béog, To omoio paiota Bewpeital oAy
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IKOVOTIOINTIKO LETPO EMPPONG TNS VPECNS LE VPECELS LEYAAVTEPOV PAOOVE VO cuVIEovTaL
ue Ppoyéc vyniotepng ovoowpevone (Simmonds and Keay 2000). Mwkpéc sivarl ot
OPOPEG OTNV OKTIVOL Y10 TIG SLPOPETIKES KaTryopies Ppoyng HE LEYOAVTEPES TUUEG
aKTIVOG VO TOPATNPOVVTOL TO YEWUMVO Kot UiKpOTEPES TV Gvolén. Téhog, n peyoalvtepn
TayhTNTO 014000MG TOPATNPEITAL YIOL TNV TEPITTMOON TOV GPOIPOV PPOYOTTOCEDY GE
oVuyKplon He TIC GAheg dv0 Katnyopiec Ppoyne, HE TIC LYNAOTEPES TOYVTNTEG VA
ONUELOVOVTOL TO XEWMVO KOt TIG YOUNAOTEPES TNV GvolEn. Xtovg [Mivakag 5.3 kot [Tivakog
5.4 ntapovcralovton ta anoteréopata Tov 90% kot 95% eninedmv GNUOVTIKOTNTOG Y10l TIC
SOPOPES TOV SVVOUIKADV TAPAUETPMV TOV DPEGEMV OTIS SLOPOPETIKES Kot yopiec Bpoyng
KoL TIG SLOPOPETIKEG EMOYES, OVTIOTOLYOL.

2mv Ewéva 5.3 mapovstaloviar ot Slopopés v SUVOUIKOV TUPUUETPOV TOV VPECEMV
avé TopEN. XNV aplotePn OTNAN glval 1 LEON TN TOV TOPAUETPOV YL TIG VOEGELS TOV
oyetilovtar pe omoladnmote Katnyopia Ppoyng kot otn de€d othAn mapovsidlovol Ta
avTioTOUYO OMOTEAEGLOTA Y10 TIG CPOOPES PpoyonTdoels. I'evikd yio Tovg dtopopeTikods
topeic emPePardvovror ta amoteléouato g Ewova 5.2. ITo ocvykekpyévo, oty
TAELOYMOI0 TOV TEPUTTOCENDV TO OLVOUKE YOUPOKTNPIOTIKA TOV LEEGEMV EIVOL O

“axpain” 6TIG VPEGEIS TOV GLVOEOVTOL LE PPOYOTTMOCELS LEYOADTEPNG EVIAOTC.
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IMivokag 5.3: Ta omoTeAEGUOTO OTOTIOTIKNG ONUAVTIKOTNTAS TOV dopopdv UeTald Tov
SLPOPETIKMV KATNYOPLDOV BpoyNg TV PACIKMV YOPOKTNPLOTIKMV TV EMOPOVIMV VOEGEDY Y10 TN
ypovikn mepiodo 1979-2011. Me ykpt @OVTO GMUEUDVOVTIAL Ol SLUPOPES TTOL OEV TAPOLGLALOVY
GTOTIOTIKY onuavtikdTnTa 610 90% 1N 95% eminedo. Me 1 onuetdvoviol To OTOTEAEGLOTO TOV

€xovv onpavtikotnta 610 95% evo pe 0 avtd mov Eyovv onuavtkodtnta 6to 90%.

g Mild- | Mild- | Strong-
eason
strong | heavy | heavy
Pressure
Annual |1 1 0
Autumn | 1 1 0
Winter |1 1 0
Spring |1 1 1
Intensity
Annual |1 1 1
Autumn | 1 1 0
Winter |1 1 1
Spring |1 1 1
Depth
Annual |1 1 1
Autumn | 1 1 0
Winter |1 1 1
Spring |1 1 1
Radius

Annual |1 1 1
Autumn | 1 1 0
Winter |1 1 1
Spring |0 1 0

Propagation Velocity
Annual |1 1 1
Autumn | 1 1 1
Winter |1 1 0
Spring |1 1 1
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ITivakog 5.4: Toa omoteAéopOTO OTATIOTIKNG ONUOVIIKOTNTOS TOV OlPop®V HETOED TV
SLPOPETIKOV ETOYDY TOV PACIKOV YOPUKTNPIOTIKAOV TOV EMWOPOVIMOV VOECEMV Y10 TN YPOVIKY|
mepiodo 1979-2011. Me ykpt @OVTO GNUELDOVOVTOL O SLAPOPES TTOL OEV TAPOLGIALOVY GTATICTIKY
onuovtikomto oto 90% M 95% eninedo. Me 1 onpeidvoviol To GTOTEAEGUATO TTOV EXOVV

onuovtikonta 6to0 95% evd pe 0 avtd mov éyovv onuavtikdmnta oto 90% emimedo

OTLOVTIKOTNTOG.
Rain Winter- | Winter- | Winter- | Spring- | Spring- | Autumn-
Category | spring | autumn | annual | autumn | annual | annual
Pressure
Mild 1 1 1 1 1 1
Strong 1 1 0 1 1 1
Heavy 1 1 0 1 1 1
Intensity
Mild 1 1 1 1 1 1
Strong 1 1 1 1 0 1
Heavy 0 1 0 1 1 1
Depth
Mild 1 1 1 1 1 1
Strong 1 1 1 1 1 1
Heavy 1 1 1 1 0 1
Radius
Mild 1 1 1 1 1 1
Strong 1 1 1 1 1 1
Heavy 1 1 1 0 1 1
Propagation Velocity

Mild 0 1 1 1 1 1
Strong 1 1 0 1 1 1
Heavy 1 0 0 1 1 0
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Average Heavy

N
1015 Pressure (hPa) 1015
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Ewova 5.3: Enoyixn kot £11610 TO.pOVGIN TOV SUVALIK®OV TUPAUETPOV TOV EVEPYDV VOECEDV Y10l

K60 Topéa mov £xel Bewpnbel Yopw amd v Kprtn, yio tnv mepiodo 1979-2011.
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5.1.3 H mpoérevon xar m O€omn TV EVEPYOV KOl ETLOPOVIWMV
VEEGEMV

SNUOVTIKA YOUPOKTNPIOTIKA TV VIO 0vAALGT VOEGE®V ivat 1) TpoéAevon kot 1) B€on and
™V omoia TpoKaAovV Bpoyontmon otnv Kpntn. Ot mepiocdtepol amd TIC EVEPYESG VPEGELS
Tpoépyovtal omd BopelodLTIKA Kot VOTIoduTIKdE TG Kp1tng Kot £xovv voTioavatolkég Kot
BopetoavatoAkéc KatevBivoelg avtioTolya, Yo TNV TAELOYNPI0 TOV TEPUTTOCEWDY. LTIV
Ewéva 5.4 ko otnv Ewkova 5.5 mapovcidlovion Aemtopepog 1 tpoédevon kot 1 0€on tov
VEEGEMV Yo KaBEvay amd Tovg Topeic Tov £xovv BempnBel, TOC0 emOYIKA OGO Kol GE ETNGLO
Béon. Ot topeic mov &xovv BempnBel wg meproyég avaivong yopw and tnv Kpntm eaivovton
avaAvtikd otnv Ewkéva 4.1 kar £xovv onuelndei pe koxkivo wg W, NW, SW, S, SE, E, NE
kot N avaroya pe ) 8€om toug avaeopkd pe v Kpnm. AxolovBet pio cdykpion tov
GYETIKAOV GLYVOTNTOV TNG TPOEAEVOTG TOV KEVIPOV TMOV EVEPYADV VOECEMV Kot TNG BEonc
TOV EMOPAOVIOV VPECEMY GTOVG TOUEIC. Xe avTd TO oneio va TovicOel OTL 01 TEPLOYES TV
TOHEWV OV Elval I0OKATOVEUNUEVEG.

2mv Ewoéva 5.4 ogaivetor pio ovoAvTiKy] Tpovsiosn TG TPOEAELONG TMV EVEPYDV
VOEGIOKAOV GUGTNUATOV, ETOYLOKA Kot ETNO, Yo kKaBe Katnyopia Bpoyng Kot yio kébe
Topéa yopw amd v Kpnm. INa kdbe emoyn moapovoidlovral 600 ypapruata 6mov to
TPATO OELYVEL TN GYETIKN GLYVOTNTO GLVOMKA Yio T POPELD, TN VOTIO KOl TIC VITOAOITES
KateLOOVGELS EVAD TO deVTEPO TAPOLGLALEL TO OVTIGTOLYO OMOTEAEGHOTA Y10, KAOE TOopEn
Eexoprotd, 6nwg avtol £xovv yoprotel oty Ewova 4.1. Xe emowa Bdon, mepimov to 70-
80% TV KEVIPOV TOV EVEPYDOV VOEGEMV TPOEPYOVTAL BOPEIOSVTIKG KOl VOTIOOVTIKE TNG
Kpnmeg. o cvykexkpipéva, mepimov 10 55% tov vpécemv Epyovtat omd BopeloduTikd Ko
nepinov to 15% amd votodvtikd g Kprng. Ocov agopd v eroykdtnto, pmopel va
napotnpn0el OTL T0 TOGOGTO TV POPELOIVTIKDOV VYEGEDV TO YEWUDVO EIval LEYOADTEPO (~
60%) kot Vv dvoign Hkpotepo (~ 45%), evad to axpPmg avtifeto 1oyDEeL Yo TIC VPEGELS
OV TTPOEPYOVTAL OO TOL VOTIOOVTIKA. AVOPOPIKA LE TIG SIUPOPETIKES KATNYOpieg Ppoyne,
0L VPEGELS LLE VOTIOOVTIKY TPOEAEVGT) LEAVOVTAL Y10 LEYOAVTEPES PPOYOTTMOGELS GE GYEGT
LE TIG LIKPOTEPEG, EVA TO avTifeTo cupPaivet Le TIC BOPELOSVTIKES VPEGELS OTNV OVTIGTOLYN
nepinton. Avtd cvpPaivel avtictorya oe OAEG TIC EMOYES AALA v o £vTovo TNV Avoién

OTOV 01 VPEGELS TTOL £PYOVTOL OO VOTIOOVTIKA KOl EUTAEKOVTAL LE CPOOPES PPOYOTTOGELG
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Eemepvov 1o 40%. Ot Flocas et al. (2010) xou Trigo et al. (1999) otnv épevvd Tovg
vrooTNPiovV OTL LIAPYEL LA TAPOATPOVUEVT] ADENCT TOV VPECEMV TOV £PYOVTAL OO TN
Bopelo Appikr] v GvoiEn o6& GUYKPIOT WE TIC GAAEG EMOYEG, OE CLUPOVIO UE TO
QTOTEAECLLATO/EVPNLLOLTAL TG TTOPOVGOG SIOUKTOPIKNG SLTPIPG.

O10€oe1g TV emMOpOVIOV LEEGEMY Tapovctalovtal otnv Ewova 5.5 emoylaxkd ko ethota,
v KaOe katnyopia Bpoyng Kot yio kabe topa yopw amod v Kpntn. o apedtepeg péoeg
Kot £VTOVEG PBPOYOTTMOGELS 1 TAELOVOTNTO TOV KEVIPOV TV VOEcEOV Ppiokoviar Bopela
(N, NW, SW) ¢ Kpnimg, Eemepvavtag 1o 50%. Ava@opikd pe TG SLOPOPETIKES
KaTnyopieg Ppoyns, T0 TOGOGTO TV EMOPOVTIOV VPEGEMVY UE vOTIa TotoBétnon (SE, SW,
S) av&dvetar yio peyolhTepes PPOYONTMOCELS GE GYECT LE TIG MKPOTEPES, EVD TO AVTIOETO
ovpPaivel pe tig emdpmvtec veéaelg pe fopela torobétmon (NE, NW, N) oty avrtictoyn
nepinton. Orveéceic mov Bpiokovtal fopElodVTIKA KO VOTIONVOTOAKE EIVOL AVTEG LE TO
HeYOADTEPO TOGOGTO OTIG POpeleg Kot VOTIEG KATELOVVOELS. AVOQOPIKO HE TNV
EMOYIKOTNTO, GE OAEC TIG MEPUTTMGELS, LILAPYEL LEIWON GTOV APOUd TOV VOEGEDV GTIC
Bopeteg katevBivoelg pe v avénon g PpoyonT®mong, e avaioyn avénon TV VEEGEDY
mov Ppiokovial og vOTIEG KatevBivoels. To o yopaktnploTikd Tapdoetypo mapatnpeiton
v voién, émov ot veéaels Tov Ppiokovtar Popeiwg petwvovior and 69% mov eivor 6TIg
TEPMTOGELS PEOTS PPoyNS, 610 32% Yia TG EvTove BPoYOnTMOCELS, VO avTIOETA 01 VOTIES

veéaelg avEdavovrat omd 18% oto 47%.

77



Kepdloo 5: Amoteléopara

80— Autumn———— 80 i 5 Spring
60 60 60
40 - 40 40
20 - 20 20
0 - 0 0

o Mild Strong Heavy N Mild Strong Heavy o Mild Strong Heavy
On On On
w W w
; E E

SwW SwW SW —
SE SE SE
S S S:
NW W NW
NE NE NE
N N N

0 50 100 150 200 0 50 100 150

80 Annual
60
= Norths
40
® Souths
20 " Else
0

Mild Strong Heavy

Else w

SW = Mild

SE
Sauthy H Strong

NW W Heavy
Norths | NE
N

T

0 50 100 150 200

Ewéva 5.4: Eoteg kot emoylokég oyetikég auyvomreg (%) TG TPoEAEVONG TV EVEPYRDV VOECEMY

Yo T ¥povikn mepiodo 1979-2011.
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Y N Ypovikn mepiodo 1979-2011.

5.1.4 Xopikn KoTavour ToV EVEPYDV Kol ETOPDOVIMOV DPEGEMV

O ap1Buog TV VEEGE®V TTOL glvar giTe evepyEG gite eMOPDVTESG Yo TV epiodo 1979-2011
napovctaletar oty Eikova 5.6. Ti¢ mepmtdoelc Tov HEGmV Bpoyontdeemy 1) TAEOYn(io
TV vrevbuvev vepéosmv Ppiokovior Popsto kKo avatolkd tng Kpntmg aAld kot
avatoAkd g [edomovvncov. Ot veécelg 6Tig omoieg 0PeiAovTal Ot £VTOVEG Kol GPOOPES
Bpoyomtdoelg evromilovion petaTomouéveg mpog Mo voTieg KatevBuvoews. TTwo
GUYKEKPIUEVD, Ol TEPICCOTEPES VOECEIS OYETILONEVEG He évtoveg PBpoyég evtomilovtal
avatoAkd g Kpnng, kdtt 1o omoio degv eivar 10660 £vTovo yia ovtég mov oyetilovion pte

CQOOPEG PPOYOTTMOGEIS. XTIC GPOOPEG PPOYOTTMGELS OL VOECELS €lval MO OUOOHOPO
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KOTOVEUNUEVES YOP® Omd TO VNGL Ko oty gvpvtepn meployn tov loviov. O apBudg twv
VOEGEMV gfvol IKPOTEPOGS YiaL TaL YeYOVOTa peyaldTepNS BpoyodmTmong, kabmg ta yeyovota

VT KATOTAGGOVTOL GTO OVATEP EKATOGTNUOPLN OG OKPAI0 KOl GUVETMG Eivar AydTepa.

A2)

A3)

4 6 D e P P S P
o WP N W &

Ewova 5.6: O apiBpog tmv evepydv Kot ETOPOVIOV DVOEGEMV YLo, T XPOVIKN mepiodo 1979-2011

vy Al) péon, A2) éviovn kat A3) opodpn| Ppoydntmon.

5.1.5 ITBavoTtikol ydptec

H mbavéommra vo sivor emdpovoa por DQeon mov SEPYETOL amd TNV TEPLOYN TNG
VOTI00vVaToMKNG Mecoyegiov, yio tnv oA kot otabpopévn mbavotnto (WNP) kot yio tig
Tpelg katnyopieg Ppoyng yia v mepiodo avdivong 1979-2011 eaiveror oty Ewkdva 5.7.
H mBavomta pog depyopevng veeong vo mpokoiécel Ppoyn otnv Kpnm etvon
vymAdtepn Otav mepvd votia e Kpnng yeyovog mov yiveton mo €viovo yia Tig Bpoyéc

peyaAvTEPNG cvoompevons. AvtiBétwg, n avtiotoryyn WNP divel Eppaon oty meploym
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avatoMkd kot Bopeta tng Kpnng kdtt 1o omoio aALAleL Yo TIC GPOOPES PPOYOTTOGELG
OTOV O1 TEPLOYEG UE TN UEYaAVTEPT ERpaoT Bpiokovtol voTia Tng Kprtne.

H mbBavomto vo sivor evepyn o 0eeon mov Oépyetal amd TNV TEPLOYN TNG
VOTLOOVATOAMKN G Mecoyeiov yio TV amhn Kot oTafcpévn mlovotnTo Kot yio Tig TPELS
Katnyopieg Ppoyng yia v mepiodo avarvong 1979-2011 gaiveton oty Ewova 5.8. Onwg
elvol OVOLEVOUEVO, Ol EVEPYEG VPECELS £XOLV UEYOALTEPN TOAVOTNTO GE UEYOADTEPT
amoctoon ond v Kpnm oe oxéon pe tic emdpwvreg veéoels. Eniong ot mbavotikoi
YOPTEG TTOV APOPOVV YEYOVOTO LYNAOTEPNG PPOYOTTOONG EXOVV WKPOTEPES TOUVOTITES
oe oyéon pe awtobg mov oyetilovron pe yeyovota mo péTplog Ppoyomtwons. Avto
cupPaivel 10Tt o1 LIKPOTEPNS EVTOONG PPOYOTTOGELS Elval TEPICTOTEPES KOL APaL GE AVTES
avTIoTOLXEL LEYOADTEPOG OPOUOS VOEGEMY GE GYEGN UE TOV GLVOAIKO TANBLGUO TOVG LE
amotélecpa peyarvtepeg mbavotntes. Tapatmpovpe 6t or veéoelg votia g Itaiog
€xovv peyaddtepn mhovotnta va etvar evepyég yo yeyovata péons BpoxdmTmong Kot 6TV
nepintoon ¢ anAng mbavomrag aAld kot otnv WNP o6mov emonpoivetol éviova 1
CLYKEKPLUEVN TEPLOYN. ZTIG KOTryopies vynlotepns PpoyOmtwong, ol VEEGELS TOv
gvBvvovrar epeaviCoviar vo £xovv peyaAtepm TOovOTNTO GE TEPLOYES LETATOTMIGUEVES GE
mo voTieg KatevBuvoels. [T ocvykekpiéva, 1 upOTEPT TEPLOYN AVOUTOAMKE TG ZiKEAOGS
amotelel TEPAGHA YO TIC TEPIOCCOTEPEG VPECELS OV GLVOEOVTUL LE YEYOVOTU £VIOVNG
Bpoyxodmtwong, evd yua TIC VPECELS TOL GYETILOVTAL LE GPOOPES PPOYOTTMOGELS TO KUPLO
TEPAGHO TOVG Qaivetal va evtomiletar votidtepa mpog 10 APukd mEAAYOS Kol oTNV
euptepn meployn tov dutikov loviov meldyovc. Kot otic 600 mepurtdoelg tov
mlavotikdv yoptdv (amhog kot WNP) or meployés evolapépoviog dev Slapépouv
onpovtikd. Ouwg o WNP toviler emmpocBétwg meployég dmov extdg G avénuévng
TOaVOTNTOS Lol SlepyOpeEVT DPeST va etvar evepyn, 0 aplBUOS TV EVEPYDY LPEGEMY ivar
peyaroc. Aniadn, og ot TV TEPINTOOT AAUPAvETOL VITOWLY Kol TO TANO0G TV EVEPYDV
VOECEMY TTOL JEPYOVTOL OO TNV TEPLOYN.

H mBavotra va elvar evepyn pio okpoaion DQeon mov OEPYETOL OO TNV TEPLOYN TNG
voTloavatoAMkng Mecoyeiov yio v amAn kot otafucpévn mbavoétnta kot yuo Tig 3
Katnyopieg Ppoyng yio v mepiodo avdivong 1979-2011 eaiveror otmv Ewdva 5.9. Ot
VOECELS Yo TIG omoieg vroAoyilovtal ot ThavoTnTEG EMAEYONKAV £TGL OOTE Ol TIUEG OTAL
YOPAKTNPIOTIKA TOL BABovg, Tng axtivag kol g €vtacns Tovg va Bpiokovtal ota dKpo
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Kepdiaio 5: Anoteléopota

TOV avTIoTOY OV KoTavopdV. O1 TeployEg 0mov ot ThavOTNTES Elvarl LYNAOTEPES PaivovTol
va givar avtiotowyes pe avtég oty Ewova 5.8. Ouwg, oty mepintmwon tov axpaiov
vopéoewv (Ewova 5.9) ot mbBavomreg eivor modd vyniotepeg Eemepvavtog 1o 70% oe
TOAAEG TEPIMTMGELS, YEYOVOG TOL 0ONYEl OTO GULUTEPAGUA OTL VOECELS WE OKpoio
YOPOUKTNPIOTIKO GE TEPLOYES TTOV OTTOTEAOVV TEPUGIL EVEPYDV VOEGEMY £YOVV ALENUEVN
TOavOTNTO Vo TPOKAAEGOLV €MEIGOd Ppoyng oy Kpntn. Avagopikd pe TiIG TpELg
Katnyopieg Ppoyns, mopatnpodE Kol GE QTN TNV TEPIMTMOOT UETATOTION TOV VYNADV

TOUVOTHTOV VOTLOL Y10 LEYOAVTEPNC £VTOONS PPOYOTTMOCEL.
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Al) BI)
A2) B2)
A3) B3)

Ewoéva 5.7: [IiBavotikog yaptng A) amrog kot B) WNP yia 11 emidpmvteg vpéoelg katd v mepiodo avéivong 1979-2011 nov npokdiecav

1) péon, 2) évtovn ko 3) c@odpn Bpoydntwon.
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Al)

A2)

A3)

B

v

o o

Ewoéva 5.8: [TiBavotikdg yaptng A) amdoc kot B) WNP yia Tig evepyéc vpéoeic katd tnv mepiodo avaivong 1979-2011 nov mpokdiesayv 1)
péon, 2) éviovn kot 3) cpodpt| PpoyxdémTmon
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Ewova 5.9: TTiBavotikdg xaptng yia Tig akpaieg evepyég VOEGELG KaTd TV mepiodo avaivong 1979-2011 mov npoxdAesav 1) péon, 2) évtovn
ka1 3) opodpn Bpoxodmtmon. Ta yopakTnpioTikd oG TPog To. onoio emAEyONKav o1 akpaieg veéoelg eivor A) To fabog, B) n axtiva ko ') n

£€VT00T1) TOVG.
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5.1.6 A&oAdynon tev TavVOTIKOV YopTOV

Ot dvvatdtteg TPOPAEYNC TS PPOoYOTTOONG TV TOAVOTIKAOV YOpT®V OOKILALOVTOL LE
TUY0HO0 SLOYWPIGUO TOL GLVOAOL TV VPEGEMY o€ ouddec dokiung (10% tmv dedouévov)
Kot ekmaidevong (90% dedopévov), OnmMG avTd TAPOVCIAGTNKE OTO KOUUATL TNG
pebodoroyiag. Ot mbavotikol xapteg eniong SoKIUAlovTal Y10 GUYKEKPIUEVEG TEPITTACELG
TANUPOpag oty Kpn.

>mv Ewéva 5.10 gaivovrot ta amoteléopota e aloAdynons Tov mavoTikdv yopTov,
OmoLv pepOVOUEVOL 1| e cuvovaoud ot mbavotikol xapteg eetdlovtol Yo TG TPELS
Katnyopieg g Ppoyne. Ta katdeiio T mbavdtnTag EMAEYOVTOL £TG1 MOTE VA divouv Ta
BéLtioTa amoteAéopata Yo TO TPI0 GTOTIGTIKA LETPOL TNG ELOCONGIOGC, TNG EWOKOTNTOS KOt
axpiferag. [a to emieypéva katdeio g mbavomrog oe kbbe Katnyopia Ppoyns, o
UEGOC OPOG OAWV TOV HEBOI®V TOV TOAVOTIKMV YOPTOV, OIVEL ATOTEAEGLLOTO LEYUADTEPOL
arnd 0.6 kot Yo ta tpio otatioTikd pétpa. Otav tibeton Bépa Pedtiotomoinong peta&y
evooOnoiog kot ewdwoOTTOC, TpoTwdTol M gvancHncio va elvar 660 tO Juvatdv
peyoivtepn, kabmg 1o {nroduevo givar va avayvopiloviol 660 10 duvatdv TePIoCOTEPES
TEPMTOCELS PPoyonTdoe®V. AVt glvar 13100TEPNG ONUAGING, KUPIMG Yoo EVIOVEG Kot
0POOPEG TEPMTMGELS Ppoyns, kKabmg 1 evatcOncio avimpocmnedel To edv eviomifovtat ot
evepyég voéoelg katd t O0éhevon tovg. Elvar mpoeavég Ot o1 évtoveg Kol GPOOPES
Bpoyomtmoeig elvar onpavtikd va mpoPrepBovv €161 dote vo pumopel va dobel pa ykapn
mpogonoinon yw akpaio yeyovota Bpoyng Kot mOavEeg TANUUOPEC.

Xoppava pe v Ewdva 5.10 yia ta yeyovota péong Bpoyng €xetl emieybel katdeil yio
v mhavotnta to 0.3, yio v évrovn Bpoyn to 0.2 kot yro ™ 6podpn Ppoyn to 0.1 petd
amd 00KIES. AVTO onuoaivel 0Tt o kdBe pio amd aVTEG TIG TEPUTTMGELS, £4V £XOVUE L
veeon M omoio Ppioketon o Eva KEAM TOL TAEYHOTOG e TNV avtioToym N peyohdtepn
mhavotnto oty avtictoymn xatnyopio Bpoyng, t0te pmopovpe va Bewpnoovpe OTL M
VOECT VTN lval gvepyn Kol G€ EMOUEV] GAGCT TPOKELTOL VO, TPOEEVIOEL TO OVOAOYO
enelc6010 Ppoyne, oniadn va yiver emdpovca. ‘Eva mapdaderypo g dadikaciog avtng
eaivetor otnv Ewova 5.11 6mov o0e€id PAEmovpe o dopveopikt| eikéva METEOSAT
mhvo oty omoia evromiletan n VPeoN Kot Exel oNUEWOEL 1 TpoYLd OV TNG e TOPTOKAAL,

aprotepd lvar o1 ThovoTIKol YAPTES Y100 TIG TPELG KOt yopies Ppoyng kot pe Pdorn v Tiun
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™G mMOavOTNTAS TOV YOPTOV Kol TO KATOPM 7ov £xel Ppebel g PéAtioto amd v

a&loA0yN o, OlveTol TPOELBOTOINGN Yo EMKEINEVO ENEIGOO10 BpOYNC.
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Mild Rain (0.3) Strong Rain (0.2) Heavy Rain (0.1)
0.80 0.80 0.80
0.70 0.70 0.70
0.60 0.60 0.60
0.50 0.50 0.50
0.40 0.40 0.40
0.30 0.30 0.30
& & & ¢® 3
o ’b O . o§ ’b
S &% (}\ é $$ Oo\x eo $§ $(}\

M Sensitivity ® Specificity ™ Accuracy

Ewédva 5.10: To anotédeopo g a&loldynong (evactnoia, sidikdtnto Kot akpifeia) tov mibavotikodv yaptdv (NoCri, 3Cri, WN, WN3Cri,
NoCri+WN). e mapévheon otnv kopuer| Tov dtoypappdtov Bpioketat n BELTIOTN T Kotm@Aiov yio v onoia Bpédnkoav ta eikovilopeva

OTOTEAEGULATO.
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Kepdiaio 5: AmoteAéopata

The previous cyclone
points within the track
have high probabilities to
effect Crete.

Strong Rain (0.2)

: = Specificity ™ Accuracy

Ewova 5.11: [opdadetypo xpnong Tov mhavoTiKdy yopTdv yio éva yeyovog TAnupopog otig 17/10/2006

Strong rain event
in Crete

Probabilities in
the range 0.3-0.7

otV TEPLoyn TS Alppidoc.

opeova pe avtd, topatnpovue and v Ewova 5.10 6t yio v péon Bpoyn o mbovotikdc
xaptg NoCri €xet ta KaAdtepa amotedéopato oty ewwotta (0.7) Ko ta yopunAdtepa otnyv
evaoOnoia (0.56). Avrtibeta o NoCritWN é€xet m younAdtepn ewdkoémro (<0.6) xor
neyoAvtepn evanctnoio n omoia ayyiCet o 0.8. Ta 7m0 10OPPOTNUEVE ATOTELECUATO TPOKVITTOVY
a6 touvg mBavotikovg yapteg WN kot WN3Cri 6mov 1 gvaustnoio Eemepva 1o 0.7 ot m
ewomta ayyiCet to 0.65. H axpifeia emiong onpeldvel kaAég emOOCELG O VTN TNV TEPINTOON
Eemepvavtog to 0.65. Xy mepintwon g Eviovng Bpoyns, ot mbavotikoi xdpteg NoCri kon 3Cri
€VUVOOLV TNV €0IKOTNTO 1| omtoia Egmepvd 10 0.75. Ao v dAAn peptd ot WN kot WN3Cri divouv
KOAVTEPA OmOTEAEGLOTA 0TV gvocOncio 1 omoia €d® Eemepvd to 0.7. Le avt TV TepinTmon

etvar younAotepn n ewdwoTo Ko M akpifelo pe Tpég kovrd oto 0.6. Lty mepintmon g
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o(POOPNG PPOoYNG OAES 01 TEPIMTMGELS TV TOAVOTIKAOV XaPTOV Eivorl TOAD 1KovomomTikés . E1dwd
o mBavotikdog xaptng 3Cri kar 0 WN3Cri emtrvyydvovv evousnoia kovid oto 0.8 kot e101kdTNTO
Kot akpifela g tééEng Tov 0.7.

Yuykpivovtog TiG amodOoEl; TV THAVOTIKOV YopTtdv, mapatnpovpe 0tt 0 WN divel kold
OTOTEAECLOTO KO Y10 TOVG TPELS OTATIOTIKOVS OEIKTEG KO Yl TIG TPELS Katnyopieg Ppoyns. O
mOovoTIKOG 1apTNG NoCri €xel KaAVTEPA QMOTEAEGLOTO OTNV €voucHNGio Kot o YoUNAQ otV
e101KOTNTO VM TO avtifeto cvpPaivel pe Tov NoCri+WN o omoiog €xel Kahdtepa amoteléopata
oTNV E0IKOTNTO Kot YounAotepa oty gvaictnoio. Xtov 3Cri vdpyetl mepODPLO Yo peYoAHTEPES
mOavOTNTEG IE cLVETELD Vo avEdveTon 1 evaicOncia oe oyxéon pe Tov NoCri kot it etvon ko m

Aoyu yro to Cevyog WN3Cri kot WN.

5.1.7 A&ohdynomn 1ov mlovoTIKOV YOpTOV GE YEYOVOTO TANUUOPOS

Extoc amd tic tuyaieg ookiuég mave otig omoieg agloAoynOnkav otr mbavotikol ydapte,
JOKILACTNKAY EMIGNG KO Y10 GUYKEKPLUEVO, YEYOVOTO TANUUVPOS TO. omoio Tapatifevtal oTov
[Tivoxag 5.5, 6mov eaiveror n nuepounvia. g TANUUOPAG, N KEYIGTN MUePoL Ppoyr| Tov
Katayplonke kol o aplipodg TV yeyovot®v Tov KoToypaenkoyv oty Kébe xatnyopia Bpoyng
(ONAadn TOcOL Omd TOVG GTAOLOVG KATEYPAYOV YEYOVOS GTO 0Pl TOV KATIYOPLOV BPoyns mov
&xovpue opioet). Ta amoteléopata yio ta yeyovota mAnupvpog eaivoviot oty Ewova 5.12. Ty
TEPIMTOON TOV TANUUVPIKAV EMEICOOIMV, OOKIUAGTNKAV 6TOVG TOAVOTIKOVS TIVOKES T
KATOEA0, Tov Bpebnkay amd Tig Tuyaie dokuég (kaboAkd KotdeAla otnv Euova 5.10) aidd kot
TAL KOTOPAL0 1OV PpEBnkay va 61vouv KOADTEPQ TTOTEAEGLLOTO Y10l TIC GUYKEKPULEVES TEPITTMOGELS.
210 yeyovota HEGNS Kot GPOOPNS PPoyOTTOONG TO OMOTEAEGLOTO TOV CTATICTIKOV OEIKTAOV Elval
KOADTEPO Y10 TTO AVGTNPE-VYNAGL KOTOPAMO GTIG TOAVOTNTES GE GYECN LE avTd Tov Ppébnioav
OTIG TUYOIEG OOKIUES. AVTO elval avapevopevo KaBMG o1 TEPUTAOGELS £0M givorl P TETO0 TPOTO
EMAEYIEVEG MOTE 01 VPETELS VoL GYeTICOVTON LE TIC TEPIOTOTEPES KOt yopies Ppoyns. Ev avtiBéoet,
otav o1 veéoelg yopilovtar Tuyaia, OnMc TepleypdenKe 6To KeEPAAMO 3, Ta yeYovoTo fpoyng etvat
MyOTEPO KO Y10 VO TO. TPOGOUOIDGEL TO HOVIEAO BEAEL MO ‘“YoAapoVs’ TEPLOPICUOVS oTa
KATOOALL TOV THOVOTHTOV. TNV TEPITTOON TOV YEYOVOT®OV TANUUDPOS, TO YOUNAG KoboAkd
KOATOOALNL OTTOG TPOEKLY OV GTY| YEVIKT] 0ELOAGYNOT TOL LOVTEAOD dTVOLV OTTMG Elval AVOUEVOLEVO

TOAD VYNAEG TYéES evanstnociog Eemepvovtag 1o 0.8. Opwg, dev meTLYOIVOLY OVTICTOLYO KOAES
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TIEG otV 101KOTNTA 1| omoia mpoaoeyyilel to 0.6. Movo oty mepintwon g £viovng Ppoyng to
KATOOAL otV Thavotnto Ppédnke va givar 1010 pe 10 KaBoAKo.

Avodutikdtepa, yoo TNV péon PBpoyn He TO KaBOAMKO KATOOAL TNG TOovOTNTOS 1 gvaicOncio
etévet to 0.8 pe Tov mbavotikd xaptn 3Cri ko 1 0KdOTTA TO 0.5. AVEAVOVTOG TO KOTMOAL TG
mBavotrog oto 0.5 n evaicOnocia petdveton oto 0.7 kot TapdAinAia aveBaivet 1 101KOTNTA GTO
0.8. T o yeyovota Evtovng PBpoyng to amoTeAEGHATO VoL TOAD IKOVOTOMTIKA e OAOVE TOVG
mBavotikovg yaptes. ['a Toug mbavotikovg yapteg NoCri, 3Cri kot WN emttvyydvetar n BEATIOT
ooppomia Yo To Tpio oTaTIoTIKA péTpa mov eEetdloviat. H evaioOncio oe avtn v mepintmon
etavel kar Eemepvd 1o 0.8 ko 1 ewdkdTTO KLpaivetor petald 0.6 ko 0.8. Téhog, mOAD
KOVOTIOMTIKGL OTOTEAEGILATO. ETLTVYYXAVOVTOL KOl GTO YEYOVOTO, GPOOPNS Ppoyng ®¢ mTpog tnv
evacOnoia, n omoia Eemepva 10 0.8 kot yia ta 600 KatdeAa mbavotntag (0.1 ko 0.2). ['a to
KkaBolko katdeit (0.1), n ewdkodTTO KLPAdveTon peTald 0.5 kot 0.6, evd yio to Babpovounuévo
katoeM (0.2) dropopeaveral oto 0.8.

2VVOMKA, o KOBOAKE KaTtd@AL TS TOAVOTNTOG dTVOLV TOAD IKOVOTOMTIKA OTOTEAEGLATO MG
pog Vv evaucincio evad to fadpovounuévo katdeAlo BEATIOVOVY TNV £EEOIKEVOT KPOTMOVTOG
o€ VYNAG emineda Kot v evauctnocio. Emione, o mbavotikdg xaptne WN oe kdbe mepintmon,
dtvel ToAD wavomomTikd amoteAécpato KATL To 0moio avTkoTonTPileETOl GTO GTATIOTIKG LETPOL.
Ye yevikég ypapupés, o NoCri givar 1 mo avotnpog mbavotikds yaptng divovrag yaunidtepn
gvatotnoio ko vynmiotepn edkotnta kot o NoCri + WN diver vynhdtepn gvaicOnoio kot
YOUNAOTEPEG TIEG otV €dwoOTNTa. Ot vEdAouTor mbavotikol yapTeg divouv amoTeAEGHOTA

EVOLALECQ TMV TOPATAV®.
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[Tivaxag 5.5: Ilepintdoeic Bpoyng mov odMyncav oe TANUUOPO TAV® OTIG 0Toieg aglohoynonkayv ot ivokeg

TOAVOTHTOV.

MénoTy nueptjorla. Méon ‘Evrovy 2podpn
Huepounvio,

Ppoyn (mm/day) Bpoyn (#otabucv) Bpoyn (#ertabuwv) Bpoyi (#etabuwv)
19940113 206 9 3 3
19940114 197.2 11 22 12
19970112 89 15 2
19970114 165.5 10 1 2
19991207 29.5 3
19991208 43.5 13
20000115 280 23 4 2
20000116 170 23 11 3
20000421 73.3 6 2
20001205 270 15 3 1
20001206 72 21 6
20001207 96.1 22 14
20010115 140 6 1 1
20010116 160 11 1 5
20020909 48.5 5
20021013 52.7 19 1
20021014 87.3 29 10
20030125 24.9 5
20030126 78 15 1
20030127 370 35 12 3
20030529 160 5 1 1
20030530 130 21 8 3
20041105 30 5
20041106 86 5 2
20050526 64 25 2
20061011 71.5 32 3
20061012 72.4 17 4
20061017 200 17 7 1
20061018 223.5 21 12 9
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Mild Rain (0.3) Mild Rain (0.5)
1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
0.00 0.00
(}\ (}\ O\ (}\
o % \
N 0)(_} éd\ %0 % ’bd\ 0\
Strong Rain (0.2) Strong Rain (0.2)
1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
0.00 0.00
(}\ (}\ (}\ (}\
& '5(}\ (}‘ & ? C‘\ 0‘
Heavy Rain (0.1) ° Heavy Rain (O ) Bl
1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
0.00 0.00
O\ (}\ d\ 0\
O ) ¢ .x O » £ -X
¥ 'bd\ $o(i*‘ » ’bd\ \Aod‘

® Sensitivity ™ Specificity ™ Accuracy

Ewcova 5.12: A&oAdynon mhovoTikdv YopTdv TEvVe oTo YEYOVOTO TANUUOPAG Tov cuvoyilovtal oTov

[Mivaxag 5.5.
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5.2 Kepavvol kot Bpoyn

5.2.1 Xwpoypovikr opodonoinon KEpovvmv

O1 Y0poypoVvIKEG OLADES Y10 TNV TTEPI0S0 OVAALGNC VTTOAOYICTNKAV LE XPN o1 TOL aAyopiBupov G-
means kot k-means. Zmv Ewéva 5.13 eaiveron po mepintwon kataryidag otig 16/11/2012 pe
KOTOYEYPOUUEVT OAN TNV TOPEiD TOV KEPAVVDV, 01 0TToiol Egktvohv duTikd g Kpntng ko votia
¢ ItaAiag kot axorlovBodv mopeion avatolMkn mpog v Kpntm, o6mov mpooeyyilovtdg tnv
enpaviCovtal yeyovota fpoyns o€ mAN00¢ oTabumv. X1 cUYKEKPUEVT TEPITTMON, TPOKVTTEL OTL
N EULPAVIOT TOV KEPALVAOV YOP® OO TNV TEPLOY UEAETNG cvoyeTiletal pe @avopeva Bpoyng.
Eniong, n akolovBia tov kepavvav dev etvar tuyaio aAld di€reTon omd LopPoAoyia TETOW OGTE
VO EMTPEMETAL 1] OLOOOTOINGT] TOVG GTO YMPO Kot 1o ypdvo. 'Eva mapddetypo tov opdadmv
kepavvov eaivetor otnv Ewdova 5.14. Ot diapopetikéc opddeg copforiloviat pe dapopeTikd
YPOUM, TO KEVIPO TOVG EMOTaiveTal e Eva cOUPoro X Kot ot otafpol pétpnong oto vnoti g
Kpntng ovppoiilovron pe otavpd. To cuykekpiévo mopdderypo Aappavel yopo o€ ddotnuo 6
opdv (12-18 UTC) kor oamotehel koppdtt pog woyxvpng Ppoxdrtmong otig 16/10/2012 mov
emnpéace kupimg ™ Avtikn Kpnm. EBSopnvia opddeg kepavvdv €xovv €VIomoTtel KOTd TO
yeYovog ontd pe péon Sidpketa 5.2 dpec, péon emedveio 497 Km? kot péco optdpd Kepovveov
peyoivtepo tov 100.

Av gotidloovple oty TAnyeica meployn TapaTnpeitan OTL To KEVTIPO TOV OUAd®V glvat TOAD KOVTA
0TOVG GTAOUOVG TOL KATAYPAPOLV TN UEYAAVTEPN Ppoyn KOl M XPOVIKN GOPAYIdN AVTOV TOV
opdd®V eivar KOVTA YPOVIKA GTO YPOVO TOL CTUELDONKAY 01 BPOYONTAOGELS GE TPELS EVOEIKTIKOVGS
Bpoyouetpucovg otabuote (Xaviov, Xavid Kévipo kot Bpuodv).

H aBpototikn] Katavoun tov YEVIKOV YOPOKTNPIOTIKOV TOV OUAO®V KEPALVAOV 1oL Ppédnkav
napovctaletar otnv Ewkdva 5.15 yia axtiva evromiopod 50 km. O opiloviiog aEovag apopd tov
apOpd TV opdd®mV (TOcEC OpAdES) amd To 50 uExpt 10 95 ekatootnudplo Ko o kdbetog dEovag
aPOPd TOL SLOPOPETIKA YOPOKTNPIOTIKA TOV ORAd®V (aplBUOC KEPALVDOVY, TEPLOYT] KAALYNG Kot
YPOVIKY| dtdpkela opddag) ywo mepimov 4.000 opddeg aotpandv, yioo v mepiodo avdivonc. H
TPMTI GTHAN TOL GYNLOTOG OELYVEL TNV ABPOICTIKT] KATAVOUY] TOV XOPAUKTNPLOTIKMY TOV OUAS®V,
EVD 1M OgLTEPN OTNAN 0QOPA TIG SAPOPES TV CLOTAOMY OV GYETILOVTOL HE U1 UNOEVIKEG
Bpoxomtdoel oe oyéomn upe ekelveg mov oyetiCovron pe Ppoyn vynmidtepn omd to 99°

ekatootnuopo (Bpoyn vymidtepn and 10.6 mm/h), dnradn woyvpn Bpoydntwon. O apBudc twv
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KEPOLVAOV, 1 TEPLOYN] KAADYNG KOl 1 XPOVIKY OPKED TV OpAdwv e&etalovtol Yo OAEG TIg
EVEPYEC OLAOEG KEPOWVADV Ol omoieg oyetTilovion pe Un UNoeVIKEG PPOYOTTOCELS KOl EOIKA Y10l
ekelveg mov oyetilovral pe Tovddylotov pia mepintmon wplaing Bpoxdntmong vynidtepng amd 5
mm/h 1 10.6 mm/h (dnradn Ppoyodmtwon peyaddtepn tov pécov 95 kor tov 99
EKOTOGTNUOPLOV TS mplaiag Bpoyng Yoo OA0LG Tovg oTafuovs HETpNoNg).

[TpotmdBeom yia va BewpnBel 611 pia opdda Kepavvadv oYeTILETO LE KOTAYEYPOUUEVT] OE KATOLO0V
Bpoyouetpucd otabud Ppoyn eitvar o otabuodg pétpnong va Ppioketol ‘Kovid’ 6To KEVIPO TG,
ONradn o otabuodg péETpnong va Ppicketotl Evioc e meployng avalTnong COUEMVA LE TNV aKTive
evtomiopob mov digpevvartarl (50 km oe avth v mepintwon). Emiong, n ypovikn cepayida g
Katayeypappévns Bpoyng Ba mpénet va givar vidg g YPOVIKNG SEPKELNG TNG OLAdOC, 1| OToia
opileTol amd TOV TPMTO KO TOV TEAELTAIO KATOYEYPOUUEVO KEPALVO TNG. PLGIKA, TEPIGTOTEPES
amod pio opddec Kepavvmv pmopel vor oyetilovror pe éva cupPdv Ppoyng copuemvo pe v
OmOGTACT] KOl TO KPLTPLO TOV YPOVOL TOL TEPLYPAPNKOAV TPOTYOLUEVMG.

opeova pe ) Euwova 5.15, ot opddeg mov oyetiCovia pe 1oyvpr| Bpoxdntmon Exovv peyaidtepo
aplOpd KEPOLVOV KOl KAADTTOLV HEYOADTEPT EMUPAVELN KATL TO OO0 YIVETAL IO EUPOVES YOl TIG
opades dve tov 50 exatootnuopiov. Ot dtapopés petald TG SIPKELNG TOV OUAO®V YLl TIC
SPOPETIKEG TEPIMTOGELS Ppoyng dev elvar Wwaitepa gppaveic. Xe ovt) v mepintwon, M
TAELOYN OO TOV OUAS®V TOV GLVOEOVTOL E YEYOVOTA VYNANG Ppoyns dapkel Aryotepo amd 6,1t
eKEIVEC OV aPopovV OAEC TIC Bpoyontdoels. H péon tetpaymvikn andxiion (MTA) vroloyiotnke
Yo T TP YOPAKTNPIOTIKE TG ovaAvong Tov opddwv divoviac MTAs= 22 kepavvoig, MTA. =
585 km? kot MTA¢= 45min 10 ToV aplOpd ToV KEPOUVAY, TV TEPLOYN KEALYNG Kot TN S1dpKela
TOV OpAd®V, avtiotolywc. ['evikd ot opddeg mov oyetilovtal pe cvuPavta 1oyvpNg PPoYOTTOGNS
glvol otV TAELOYNQI0 TOV TEPMTOCEMV KPOTEPEG YPOVIKE (dtapkovv AydTepo y¥povo),

LEYOADTEPESG GE EMPAVELD KOL [LE TEPIGGOTEPOVS KEPAVVOVG.
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Lightning activity
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Eucova 5.13: Tapdaderypa g mopeiog pia tomikng katonyidog otig 16/11/2012. Ot kepavvol o€ kKGO £1KOVO APOPOLV XPOVIKO SAGTNLO 6 0P®V KoL

avtictoyya 1 Ppoyn Yo Kabe otabuod xel aBpoisTel yio 6 dpEs.
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Number of clusters 70
Time period 12-18 am
Mean Cluster Duration (h) 5.2
Mean Cluster Area (km?) 479
Mean number of flashes 107

4 Gauging station

X Cluster center X
i
o | §| o
= clO| 8
£ Els| 2
@) % >
% o
Q
12:00 0.2] 0.4 11.8
13:00 0] 2.2 13.2
14:00 1.8 0.4 18
15:00 2.2l 1.6| 56.6
16:00 | 14.8] 6.6 0.6
17:00 2| 1.8/ 0.2
Chania Max rain
Center intensity| 14.8| 6.6 61.6
(mm/h)

Ewova 5.14: : Tlopdadetypo xopoypoviking OLad0ToiNcng TOV KEPULVMV Yo EVOL YEYOVOS 1oYLPNG Ppoxng

otig 16/11/2012.
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Ewova 5.15: Ta 4opokInploTiKd TV OpAd®V KEPAVVOV. TNV aploTePT] OTNAN 01 aBpOIoTIKEG KATAVOUEG

Yo opddeg oV cuvdéovtat pe yeyovota Bpoyng ave twv 10.6 mm/h, 5 mm/h ka1 0 mm/h kow ot de&id

oTNAN 1 S10pOopPd TOV OUASW®V OTO ETLUEPOVG YULPOUKTIPIOTIKAL.
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Ewova 5.16: H mbavotnto pio opddo Kepawvmv Vo COUTITTEL e DYNAN oplaic fpoyodmTtmon LeyaAdTepn

tov 5Smm/h (95° exatootnuopto),aviioyo. pe T SIGPKELE TC Kot ToV aptOud TmV KEPOLVOV.

H mBavétro g oduntmong piag opddag KEPOUVAV e CLYKEKPIUEVT dtdpkela Kot apOud
KEPOLVOV pE mplaio ekdfAmon PBpoxng vynAdtepng tov 95 ekatootnuopiov (>5 mm/h)
nmapovotaletar oty Ewkdva 5.16. Ocov apopd ta Tpidv dlootdcemv ypaenuato oty Ewova
5.16, ot 600 opildvtior GEoveg apopovv Ta ekatoatnUopta 10 pe 95 Tov aptdpod TV KepavVOV
KOl TNG YPOVIKNG O1dpKelag Tmv opddmv kepavvav. ITo cvykekpiéva, o dEovag yuo ) ddpkela

™G OUAOOG APOPA TIC OPLAOES TTOV EYOLV SLAPKELN LKPOTEPN 1) 10N LE TIG TIHEG TV ETIKETMV KO O
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a&ovag yuo Tov aplBud TOV KEPOLVAV 0POopPa TIG OLAES TOV OTOI®MV 0 aplBUdg TOV KEPOVVDV
vrepPaivel Tig avtioToryeg TIHEG TV eTikeT®V. H avdAvon epappudoletor Yo SlpopeTIKEG OKTIVES
evtomiopot (10-50 km). Zyetikd pe v péon mbavotnta, n omoio. vroloyiletar TAV® oM
JLpKELD TNG OUAOOG KOl TOL aPlOLoD TV KEPALVAV, 0VTN TapoLGtaleTal TNV Kopven TS Ewdva
5.16. Zopgova pe tn péon mbavotnta mpokvmtel 01t ota 25- 30 Km givar n BéAtio oktiva
EVIOTIGHOD, HECH OTNV OTO10 AV VEDOVTAL 01 TEPLEGOTEPES PpoyonT®oElg Thvm amd 5 mm/h (95°
EKATOOTNLOPIO TV OpLainV Ppoyontdcemv). Avtod givol oe cupemvia pe tovg Soula and Chauzy,
(2001) mov Ppiokovv emiong pe ™ péBodo g kavapov ta 30km va givar n Béhtiom avdivon.
Eniong, otv Ewdva 5.16, copemva pe ta Aemtopepn dtoypappota yio kabe oKTivo EVIOmIGHo,
eoatvetonr OTL peyolOtepn mMOAVOTNTO GUURTOONG TOPOTNPEITOL Yo OUAOES TOL  €YOLV
TEPLOCOTEPOVS KEPOLVOLG Kot pikpdtepn Odpkewo. o mapaderypa, n mbavoTTa Yoo aktiva

evromiopob 30 km givar peyolvtepn and 0.6, 6tav 1 opdda £xel Tavem omd 150 kepavvolc.

5.2.2 Zyéom Kepovvov Kal Bpoydntmong

2myv gvomrta avty moapovotdlovtor ta anoteAécpata e pebodoroyiog, dmov M KeEPALVIKN
dpactnprotnta avalnteitol o pa tepLoyn YOpw amd to Ppoyouetptkd otafud cOpupova pe v
emAeypévn axtiva evromiopot. v Ewova 5.17 gaiveton n péon mbavdtta cOURT®OONG TNG
oplaiog BpoxdmTmong yro to 99°, 95° ko 90° ekatootnudplo (VYNAN wptaio Ppoyxdntwon) OtTov
VILAPYOVV KePavVol (mepiocdTepol ToL €vOC Kepavvol otnv mepoyn avalnmong). H péon
mBavotnto vroAoyiletor ®¢ pEGOC Opog eml OA®V TV Ypovik®V votepioemv (0-60min) Ko
napadvpov (10-60min) kot tdvm and OAeg Ti¢ aktiveg evtomopov (10-100km), yia kabe otobuod
pétpnong. Ot éyxpopeg puoorideg oe Kabe yphonua avtictoyodv otny mhavotnta n onolo eivor
pikpdtepn M lon pe v avtictoryyn Ty Kot LYNAOTEPN amd TNV TWN NG TPONYOVUEVNG
KaTnyopiog. ZOUQMVO HE TO GYNUO 0LTO TPOKLTTEL OTL N wpwio Ppoyn move omd to 99°
EKOTOGTNUOPLO €lvar mo mOavd vo oxetileTon Le TV KEPOLVIKT OPOCTNPLOTNTO GTNV ELPVTEPT
TEPLOYN O GVYKPIOT LE YEYOVOTO wplaiag Ppoyns yopuniotepng éviaongc. Eniong, ot otabpoi mov
Bpiokovioar omv Popeto axty oyetilovior TEPIGGOTEPO HE TNV KEPOLVIKN OPOACTNPLOTNTO.
Emniéov, ot PBpoyopetrpikoi otabuol g SVTIKNG OKTNG £0oLV UEYAAVTEPT THAVOTNTO VO

oyeTilovTat e TNV KEPAVVIKT OpaSTNPLOTNTA GE GUYKPIOT) LUE TOVG AALOVG.

100



Kepdiaio 5: AmoteAéopata

) o @ @
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Ewova 5.17: H péon mbBoavotnto cOuntomong yeyovotwv wpilaiog Ppoxdémtmong 99, 95 kar 90

EKOTOOTNUOPION LE KEPUVVIKT OPOCTNPLOTNTOL.
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5.2.3 Méom ouoyétion Ppoyns-Kepovvmv

H péon tun tov ouvieheot] TPOGOIOPIGHOD YPNCLOTOLOVTING O0eOOUEVA amd OAOVLS TOLG
Bpoyouetpkovg oTafHovg Kol Yoo OAEC TIG OKTIVEC EVIOMIGHODV, Yl OLPOPETIKES YPOVIKEG
votepnoelc kot Tapdbvpa tapovsialetar oty Ewkdva 5.18. Ztnv apiotepr| 6THAN TOL G LATOG
0 HEGOG OPOGC EYELVTOAOYIGTEL TAV® GE OAES TIG YPOVIKES VOTEPNOELS, EVA 0TN OE10 GTHAT O LEGOG
OpOo¢ VITOAOYILETOL GE SLOPOPETIKA XPOVIKA TOpdOvpaL.

2V TPOTN GEPE PAIVETOL O CLVTELEGTNG TPOGOLOPICUOD Y10 EKONADGELS PPOYNG LEYAAVTEPES N
ioeg ToL 99 exaTooTNUOPIOL KOt SLAPOPETIKO OPlOUO KEPALVDOV GTNV TTEPLoyn avalnTnong. e
QLT TNV TEPIMTMOT], 0 GLVTEAEGTIG TPOGOIOPIGHOV EIVAL IGYVPOTEPOS OTAV Ol KEPALVOL GTT YOP®
nepoyn tvor ave tov 10 Kot yio T1g 500 TEPIMTAOGELS TV SOPOPETIKMV YPOVIKAOV TaLpaBipmVv Kot
voteproewv. H dtapopd tov cuviehest| Tpocdtopiool dtav vapyovv neptocotepotl and 10 1 5
KEPOWLVOL 6€ GUYKPLoT [E OTAV VTLAPYEL TOLALYIOTOV évag eivan onpavtikn. Emiong, o cuvteleotg
pocdoptopod etdvel 1o 0.75 (1oyvpn cvoyétion) o xpovikd mtopdbvpo 10 Aentdv o GOYKpIoN
pe to peyarvtepa tapdbvpa Tov xpovov, Omov givar ToAD younidtepn (LETPLA cLGYETION HeTAED
0.4-0.6). Avto givar avopevopevo, KoBm 660 HKPOTEPO EIVAL TO YPOVIKO SIAGTNUA THG OVAAVONG
1660 o opoloyevn eivol ta dedopéva. o mapddetypa, n Bpoyn o€ HKpd xpovikd moapadvpo
avapéveror vo  €xel Myodtepec petoforés. [evikd, o©TIG TEPIGGOTEPEC TEPIMTMOGELS TWOV
OWPOPETIKMOV  YPOVIKOV TopafHp®V Kol YPOVIKOV VOTEPNGEMV OVOIAVONG O GCULVIEAEGTNG
pocdoptopol Kupaivetal petalo 0.4-0.6 (pétpla cuoyétion).

>t devtepn oelpd g Ewkdva 5.18, dedopévov 0t €povpe mepiocdtepous amd 10 kepavvoic,
VTOAOYILETON O LEGOG CLUVTEAEGTIG TPOGIIOPIGHOD Y10 SIUPOPETIKEG GLGCWPEVSELS Ppoyns. Omwg
QOIVETOL, O CULVTEAEGTNG TMPOGOIOPIGUOL EIVOL UEYOAVTEPOS YOl UEYOAVTEPES GLGCMPEVGELG
Bpoyns. H drapopd peta&d tov 990v ekatostnudplov Ppoyns Kot TV AOITOV EKATOGTNHOPIOV
Bpoyng etvar onuovtikn. Arydtepo onuovtiky] givor 1 dwapopd petacy tov 95 war 90
exatootnuopiov Bpoyne. ITo cvykexpuéva, yio ta yeyovoto Bpoyng tov 99°° exatootnuopiov o
ouvtereotig poodoptopol eivar pétprog (0.4-0.6), evd otig dV0 GAAEG TEPUTTOOCELS Elvarl

advvapog (0.1-0.3).
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Ewcova 5.18: O pécog GuvteAesTG TPOGOLOPIGHOD Y10 SLOPOPETIKES YPOVIKES VOTEPNOELS Kot apdbvpa
v @) T0 99° ekatooTNUOPIO TNG PPOYNC KoL d10POPETIKO 0plOUd KepavvaV, B) Yia tdve amd 10 kepavuvoie

KoL OLOPOPETIKG EKATOGTNLOPLO BPOYNC.

5.2.4 Méon ovoyétion Ppoyns-Kepavvav avi otaduo

Ext0¢ amd ™ yeviKY| emMGoKOTN O™ TOL HEGOV GLUVTEAEGTY| TPOGOIOPIGHOV GE OAOVS TOVS GTAOUOVG,
e€etdleton eniong 0 GLVTEAEGTNG TPOGOIOPIGLOD Y10l TOVG SLAPOPETIKOVS GTABLOVS £T01 DGTE VoL
depeuvnBet ko yopikd n cuoyétion PeTasd Ppoyng Kot kepavvav. v Ewova 5.19 vroroyileton
N KGN TIUN TOV GLVIEAEGT] TPOGHIOPIoUOD Yo KAOE Ppoyouetpikd otabud yio to 99°, 95° ko
90° ekatoatnuoplo TG Ppoync. O HEGOC GVVTEAEGTNG TPOGOLOPIGLOL VTTOAOYILETOL ETL OAWV TV
YPOVIKOV votepricewv (0-60 min) kot wapabipwv (10-60 min) kot yio OAEG TIG AKTIVEG EVIOTIGLOV

(10-100 km) yio k¢0e Bpoyopetpikd otadud, dtav vdpyovy Tave ord 10 kepavvoi oty evpiTEPN
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neployn. Emonuaivetan 611 égovv Anedei voyy udvo ot otatiotikd onuavtikoi (yio 90% eninedo
EUTIOTOCVVTG) GUVIEAEGTEC TPOCOLOPIGHOD, Ol OTTOI0L GUUUETEXOVY GTOV VITOAOYIGUO TOV HEGOV
oLVTEAEGTI TPOGIOPIGHOY. O HEGOC GLVTEAEGTNG TTPOGOIOPIGHOV ElvaL LYNAITEPOG Y10 YEYOVOTA
Bpoyng peyorivtepng évtaong (99° ekatootnudplo). Xxeddv Yoo TOVG HGOVG PPOYOUETPIKOVG
o0100U00g 0 GLVVTEAEGTNC TPOGdlopIGov vrepPaivel To 0.5 oe avt) v wepintwon. 'a to 95°
EKOTOGTNUOPLO TNG Ppoyng ot piool amd Tovg oTafpos EX0VV GUVIEAEGTH TPOCIIOPIGHOD TOL
Eemepva 10 0.3. AvtifBeta, PO 5 amd Tovg 22 Ppoyouetpikods otabuovs £xouV GUVTEAESTN
TPocdoptopol peyardtepo tov 0.3 yia 10 90° ekatooTnuoplo g Bpoyng. Xmpikd, ot SVTIKY
TAELPA TOL VNGOV PATVETOL VO DITAPYEL LEYOADTEPT] CLGYETION HETAED PPOYNG Kol KEPOLVAV LE
TO GLVTEAEGTI] TPOGOOPIGHOV va Egmepva 1o 0.5 gdkd yia 10 99° gkatootnuodpo g Ppoyne.
Emiong, o moALODUG SuTIKOVG PBPOYOUETPIKOVG GTAOUOVG O GLVTEAEGTNG TPOGOIOPICHOD Elval
oyvpog Eemepvmvtag o 0.75 ya to 99° ko 95° exatooTnuodPLo TG PPOYNG.

2mv Ewoéva 5.20 vroroyiletor o pé€cog cuvieAesTig TPOGO0PIGHOD Yo KABe Ppoyouetpikd
otafud Yo teprocotepovg amd 0, 5 kot 10 kepavvodg oty gupiTEPN TEPLOYN TOL KABE 5TAOLOD.
O péc0g 6LVTEAESTNG TPOGOI0PIGLOD VTTOAOYILETAL ETL OA®V TOV XPOVIKOV vaTeprcewv (0-60min)
kot wapafdpov (10-60min) kot Tave omd o OAeG TG axtiveg evromiopov (10-100 km), yio kéOe
Bpoyopetpwcd otabuod, yuoo o 990 exorootnuopo g PBpoyns. o kdbe pia and 115 TPELS
TEPIMTMOGEL KEPOLVAV, TEPIGGOTEPOL OO TOVG WGOVS PpoyopeTpkods otabuods Eyxouvv
OUVTEAEGTI TPOGOOPIGHOD VYNAOTEPO omd 0.5. O GLVTEAEGTNG TPOGOIOPIGUOV YEVIKA, OTMG
eaivetor otv Ewodva 5.20 egivar vymAdtepog O6tav LIAPYOLV TEPIGGOTEPOL KEPALVOL TNV
evpOtepn meproyn| (mepiocdtepot amd 10 1 5 kepavvol oty meployn avalnong). Ze autn v
TEPIMTOON, O GLVIEAEGTNG TPOGOIOPIGHOV Eival VYNADTEPOG GTN SVTIKY TAELPA TOL VNGLOV.
Yvykpivovtog v mepintmon oty Ewova 5.19, dmov £yovpe dopopetikd katdAta Bpoyng oAAd
otabepd apduod kepavvov, kot v Etkdva 5.20, 6mov aALGLovy To KOTOPA TOV KEPAVVOV ALY
&yovpe otabepn (VYyNAn) Ppoxn, mapatnpovue OTL N YaunAdTepn Ppoyn ennpedlel mePocOTEPO
TOV GUVTEAEDTI GLGYETIONG (LIKPOTEPOG OTAV £YOVUE YOUUNAES TIES Ppoyng) o€ oxéon Le dtav
Eyovpe yaunAotepo aplBud kepavvov. ITo cvykekpyéva, mapatnpovpe 6t 1 TAEOYNPio TOV
Bpoyouetpikmv otabunv oty Ewkdva 5.20 £yovv tpég dvo tov 0.3 pe moAAovg amd awtods vo
Eemepvouv kat to 0.5. AvtiBeta omv Ewdva 5.19 poic yuo mévte PpoyopeTpikovg otadpode n

ovoyétion Eemepva 1o 0.3 oto 900 ekatooTNUOPLO TG BPOYNS.
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S

90 percentile L] -

Ewodva 5.19: O pécog cuvtereotng tpocdiopiopod yia to 90°, 95° kot 99° ekatootnuoplo g Ppoyng

dedopévou 6tL vITapyovy Ave TV 10 Kepavvol.
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>10 flashes L3 =

>5 flashes - ) =

>0 flashes 3 =

Ewova 5.20: O pécog cuviereotig Tpocdlopiopo yio teptocdtepovg amd 0, 5 kot 10 kepawvods yio to

99° exatooTnUOP1O TG PPOYNGC.
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5.2.5 Melétn mepintdcemv Eviovng Bpoyns

Ext6¢ and to mopandve, to omoia agopovv oA T (evyn PBpoync-KEPOLVMOY TOL TANPOVV Ta.
OVTIOTOT(O KATMPALO GTNV GLGGMPEVOT TNG PPOYNS KoL 6TOV aplOUd TOV KEPUVVAOV, EEETAGTNKE
KoL 1) TEPITTOOT PEYIGTNG wplaiag Bpoyxdntwong Yo Kabe otafpod. Xtnv Ewova 5.21 tapabétovpe
TI§ TEPUTTMOOELS UEYIOTNG wplaiag Ppoyxdntwong kabe otabuov pe tov aviictoyo aplud tov
KEPAWVAOV o€ aKTiva diepedvnone 50 km yopm amd 10 6Tadud Kot T cLGYETION TOL TPOKVTTEL Yid
T 500 peyédn. O ovvieheotnc Tpocdlopiopol eetdletan o€ Eva ypovikd ddotnua 240V wpdv
10 omoio mepAapPavel 12 dpeg mpv kot HETA amd TV £viovn Bpoyn. Movo ta un-undevikd {evyn
Bpoyn-kepavvav Aappdvovtol vwoéyn Yoo TV EKTIUNGCY TOL CLVTEAEGTH TPocdlopiopoy. H
OLGGMPELON NG PPOYNG KoL 0 APBLOG TOV KEPAVVOV £ival ®PLoic Kot TO XPOVIKO OLAGTNLLO TTOV
pecorofet petald g Ppoyn TV KepALVAOV apopd ypovikég votepnoelg and 0 émg 60 Aentd pe
dekaiento ypovikd Prpo. H péon opuaia Bpoyn vy Tig Mo €vioves ekONAMGES ®ploiog
Bpoydmtmong eni O wv TV Ppoyoustpik®dv otafudv sivarl 28.29mm/h kot o avtictoryoc uécog
ap1Ouog tov actpandv givar mepimov 28 light/h. Xe 10 and tovg 22 Bpoyopetpikov otadpoic n
évtovn exdniwon PBpoyng eivar emiong po exkdnimon katoryidog pe moAAoOVG Kepawvovs (> 5
light/h). Mévo pia petoymeio tov otobudv pétpnong pe peyain opiaio ppoyxdmtwon (6 amd tovg
22 otabuovg) de eaivetol va &gl Kepavvoig otny gvpltepn meployn. H €Adetyn kepavvav og
yeYovoTa VYNNG Ppoyodmtwong pmopel va opeiletat oe 01649POPOVE AOYOVG OTMG Y10l TAPASELYLLOL
N Bpoyn va givor oTpatdOROPON, 1| VoL OQEIAETOL GE OPOYPAPIKOVG TOPBEYOVTIES, 1| aKOUA 6TO OTL
Katoryioa vo £yel pua Stopopetikn mopeia. Ocov apopd Tov GLVTEAECTN TPOGOOPIoHOV, 6T S0
Aemtd votépnomn emrvyydvetor M LYNAOTEPN CLOYETION KOOMC O HECOG GLVTEAECTNG
TPOGIOPIGHOY Yo 6AOVG TOVG oTafoVs og avt Vv mepintwon eBdvetl to 0.36, 6nmg Paivetan
omv Ewova 5.21.

Yopeova pe tov mivaka g Etkéva 5.21, o1 5 amd tovg 10 otaduovg pétpnong (50% tov otabuav)
pe €vtovn katoryido, £xovv PETPLO-IoYLVPN CLGYETION UETOED TNG GLOCMPELONG TNG PPOYNG Kot
o0 aplBpov Tov kepavvov. Ta 5 yeyovéta mov epeavifouv T HEYOADTEPT GLGYETION
(emonpaivovtal pe KOKKIvo) mapovotdlovtar 6to ypaenua ¢ Ewova 5.21 ywo ™ Bértiom
YPOVIKT VOTEPN O, OTT(C 6ideTan oToV Tivaka. TOPP®VO pe Ta ypagnuata g Ewkova 5.21 yia ta
L0 YOPOKTNPIOTIKA YEYOVOTO, OGO TEPICTOTEPT BPOYN TOGO TEPIGGATEPOL KEPOLVOL LIAPYOVY TN
YOp® epoyn. Axoua, otnv Ewova 5.22 tapovstdalovtor AETTOUEPEGTEPO TOL TO YOPUKTNPLIOTIKE

yYEYOVOTQ LE T avTioToly dlaoThpata epmiotocvig (95%).
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Anogeia Station Event characteristics Coefficient of determination (R?)

10 Max Max
intensity Flashes

5 .Rz = ; l:S ; (mm/h) (flashes/h) Date Lag: 0 10 20 30 40 50 60
0 0- 20 0 Agios Nikolaos 16.2 2 27/12/2013
Chania Alikianos 16.2 0 3/12/2013
Anogeia
Chania
Chania Center 3 9/10/2012
Falasarna 28/1/2014

5 Fourfouras
§ Fourfouras Fragma Potamon 5/3/2014
E 40 Heraclion Port 73 2 27/12/2013 0.31 0.31 030 0.33 0.35 0.33 0.31
ﬁ 20 5:=0'73. lerapetra 7/3/2014
=
0 Knossos
0 20 40 Lentas
Knossos Metaxochori 21/9/2013
100 Moires 18.4 2 26/1/2014 0.19
&5 ';;"Q'?W‘ Paleochora 14.2 39 20/11/2012 0.17
o 8 Plakias 25.8 0 14/5/2013
0 20 40 Rethymno 19.4 0 9/10/2012
Lentas Samaria 21.6 72 20/11/2012 0.24 0.16 0.16
20 Sitia 26.6 3 25/12/2013 0.37 0.33 0.25
10 Rz;f‘~ ® Spili : 20.4 30 25/1/2014 0.14 0.14 0.16 0.16
i Tzermiado 17 161 8/11/2012 0.05 0.11 0.22 0.22
o B 56 iB Vryses 61.6 139 16/11/2012 014 019 017 016 0.14
AVERAGE 28.29 28.27 0.26 0.27 0.27 0.29 0.33 036 034
rain (mm/h)

Ewova 5.21: O cuvteleotng mpocsdlopiopol petald Ppoyng Kot KEPAuvAVY Yo T LEYOADTEPN wplaio Bpoyomtwon kdbe fpoyoueTpikod otabpoo.
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Anogeia

Flashes/hour

Flashes/hour

L i

15 20

Fourfouras

Flashes/hour

25 30
Rain(mm/h)

Flashes/hour

1

o

N
»

-
N

Flashes/hour
o

o

fe-]

36 35
Rain(mm/h)
Lentas

25

50

Chania

30 55
Rain(mm/h)

15 20 25

100 Knossos

20 ¢

25 30
Rain(mm/h)

10
20

10

20 25
Rain(mm/h)

15

Ewcova 5.22: O cvvieleotic Tpocsdiopiopod yia To mo opakInpioTikd yeyovota g Ewkova 5.21 pe ta

dtotnuaTo eumictocvvng (95%,

TPAGIVEG YPOLUEG).
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6 Xvumepdopota & UEALOVTIKY] EpEvva

6.1 Yoéoeic ko Bpoyn

2V mopovco. SOOKTOPIKN JTpPn eEeTdotnke N THOVOTNTO TOV VYECEDV GTNV TTEPLOYN TNG
LEGOVOTOAKNG Mecoyeiov va TPOKAAEGOLV ENEICOOIN LECTG, EVIOVNG KOt GPOJPNS PpoyOTTmong
omv Kpnm pe ypnon dedopévmv Bpoyng Kot ETPAVEINK®OV OTHLOCOUPIKMV TEGEMV TNG TEPLOGOV
1979-2011. 'Eywve vmorAoylopdc yoptadv mhovotntwv pe omAég Kol oTaOUICUEVEG TOOVOTNTEG
VTOAOYIGUHEVEG Yo KOOE KEM TOL TAEYUOTOC TAVED Oomd TNV TEPLOYN UEAETNG. XN GLVEYXELD,
alohoynOnke 1 TPOYVAOGSTIKY OLVOUIKY] TOV YOPTOV OGOV aQOpPd TNV €VPECT] EMEICONIWMV
dpopeTIkNG évtaong Ppoyns, mpoteivovtag €va SloyveoTikO HOVIEAO Ppoyng to omoio
a&lomoudvtag TV TANpogopia Tov dtvovv ot veécelg Ba pumopel va mpogdonolel ykaipmg yo
dUVNTIKA aKpaieg PPOYONTMOGELS.

H aviyvevon tov vpécemv kot g mopeiog avtadv, KaddS Kol T YOpoKTNPIOTIKE TOV VOEGEDMV
omw¢ to Babog, N Evioon Kol M aKTiVo, ETITVYYAVETAL IE TN XPHoN Tov aAyopibpuov MS Scheme.
Ot vopéoelg kot ot PPoYomnTOCEL TOV KOTOYPAPNKAV GTOVG UETEMPOAOYIKOVS oTalfovg
oyetiCovrot avaroya pe tn Béon g VPeong oe oyéon pe v Kpnm kot ) ypovikn tadtion tov
dvo awvopévav (Ppoyng kot veeonc). Ov amiol kot otafpicuévor yaptec mOAVOTHTOV
vroAoyifovton avarloyo e ToV aplOpd EVEPYDV-EMOPDOVIMV VPECEMY GE GYECT LE TO GOVOAO TV
depyduevev veécemv yio Kabe keM Tov TAEYpaTOG Kot Yo KaOe katnyopia Bpoyng. [Ipokepévou
va yivel N TPoyveOoTikn aloAdynon TV TOAVOTIK®V YOPTMOV, TO GCUVOAO TV VOECEOV YwpileTot
oe Tuyaieg opdadeg SOKIUNG Kot eKTOidELONG Kol LE TN YPNOY| TOV CTUTICTIKOV UETPOV TNG
evacOnoia, g eWOIKOTNTOG Kot NG akpifelag depguvdrtol 1 amdd0cN TOVG GTNV TPOYVOGT TNG
Bpoyns. H yevikevon g a&oAdynong mg npoPreyns tov THavOTIK®OV YOPTOV ETITVYYAVETOL
péom g mpocopoimong Monte Carlo (x100) ce cvuvovaoud pe ) péBodo TG dGTAVPOUEVNG
emikvpoong oe K pépn (k=10) dnpovpydviog évav 1kavomomTtikd optbpd aveEaptntov
nepopatov. Ot mbavotikol yapteg a&loAoyoLVTOL ETIONG Y1 TIC TEPUTTOCELS TOV SOTICTOON KAV
TANUpopeg oty Kpn.

Ot vynAotepeg mBavoTNTEG EvepydV vEEcewv Ppédnkav votia g Itorioc. Ot peyaidrepeg
NUEPNGIEG GLYKEVIPAGELS PPOYNG TPOKAAOVVTIOL OO VOECELS GE VOTIOTEPEG KATEVOVVOELS GE
oyxéomn Ue TG Ppoyég KpOTEPNG NUEPNOOG CVYKEVTPMONG, 01 0Toieg oyeTilovTat Kupiwg e To

Bopeteg LEEGELS. ZYETIKA LE TNV TPOYVOGCTIKT IKOVOTNTO TOV THAVOTIKOV YOPTAOV, TO GTATICTIKA
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péTpa TG evalchnciag, g e0kdTTOG Ko TG akpifetog kopaivovron petald 0.6 €mg 0.8 yu
Toyoio mEpAapato wov mpayparoromonkay. OAot ot daPopeTikol GLVIVACUOL TOV YOPTOV
mhavoTnTog etvor tkavomomtikoi pe Tov kabféva va £xel kaAvtepn amdd00T G€ SLPOPETIKA LETPOA.
Ta emAeypéva katdeAa TOavoTTOG TAVE 0td T 0TToia pio VOEoN UTOPEL VAL YOPAKTNPIOTEL G
EVEPYN EMAEYTNKOAV UE YVOUOVA TN PEATIOTONTOINGN TNG TAELOYN QLG TOV GTATIGTIKOV LETPOV Y10
TOVG OPOPETIKOVS GLVOVOCUOVS TeV Yaptdv mhavotitewv. To pérpo ¢ evaicOnciog
TOPOVGLALEL TO LEYOADTEPO EVOLAPEPOV, EIOIKE Y10l T ENEICOI0 GPOIPDV PPOoYONTOCEMV, KAB®DS
avtd eivor kvpiowg ta yeyovota mov ypnlovv &ykapng mpoewomoinons. H a&oldynon
OLYKEKPIUEVOV YEYOVOT®OV TANUUVpag otnv Kpnn divel emiong evdlapépovia amoteAéGOTA,
eBdavovtag oe moArég mepumtwoelc 1o 0.8 ota ototioTiKA pétpa g gvousHnociog kot TG
E101IKOTNTOG,

2V Topovod S10aKToptK StatpiPi, yiveTar yp1on S10QOPETIKOV TOPAUETPMV TV VOECEDVY Y10
mv TpoPreyn enelcodiov Bpoyng (Léong, Eviovng | 6eodpng Ppoxdmtwong). H moAd amodotiky
YPNON TOV TOHAVOTIKOV XOPTOV OO ATOYT) VTOAOYIGTIK®Y TOPM®V, YPOVOL KOl TOAVTAOKOTNTIG,
0étel moAD vyMAEC mpocdokieg Yoo To poviédo mpoPAreyng g Ppoyns. To omoteiécpota

amoTeEAOVV £vaL XPNGIULO GUUTANPOUOTIKO EPYOAEID GTNV TPOYVAOGT TNG PPoynS.

6.2 Kepavvoi kot Bpoyn

Xopkn kot xpoviky mAnpogopia amd €va diktvo Bpoyoupetpikav otobumv otnv Kpntm ko
dedopéva kepawvav amd 1o diktvo GLN a&lomombnkay yuo ) diepedvnon g oyéong netal&d e
vynAnc-okpaiog Ppoyxodmtwong kot Tov Kepavvav. o v ermitevén oavtod tov oTdHYOVL
EPAPLOCTNKOAV dVO OPOPETIKEG peBodoroyieg. Xty pdTn, £yve avalnmon PpoyoUeTpikdv
otafumv pe Kotayeypapuévn Bpoxdntmon oe po teployn avaltnong mov oprodeteital and to
KEVIPO 1TNG OMAOOG KEPOLVAOV KOl WK OKTIVO €VIOTMIOUOD. XTn 0g0tepn, €ywe avalntnmon
LELOVOUEVOV KEPOLVAOV CE pio meployn avalnmong mov oprobeteitoan and to KEVIPO TOV
Bpoyopetpucoh oTabpov Kot po aKTive EVIOTIGHOV.

Avapopikd pe T HEB0d0 TV OPEd®V TOV ¥PNCLUOTOONKE Y1, TN depehivnon TS oxEonG LETOED
Bpoyng kol Kepowvav, yu TNV TAEOYNQI0 TOV OpAd®V Kepowvav LINpée TovAdylotov £vag
oTafUdC pe KoTaypa®n tovidylotov 5 mm Bpoyng o€ mepiodo piag wpag. H Pértiom axtiva

depedivnong evtog g omoiag 1 ovUTTOoN Ppoyns-Kepovvmdv etavel To 60% sivarl ta 25-30 km
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KAt oL épyeTan o€ ovupovia pe Tovg (Soula and Chauzy 2001). XZvykexpipéva yia axtivo 30 km,
N ovuntmon petadd Ppoyng Kot kepavvav Eemepvd to 80%, dtav vdpyovv mepiocotepot amd 150
KepaLVol otV opdda. Me Bdon avtd uropovpe vo vrootnpiEovpe 6Tt 6TaV VILAPYOVY OUASES LU
peyaro appud kepavuvav, oe meptoyn avalntmong pe axtiva eviomopov 30 ytMopuETpv vdpyet
mBavotnto wyvpns PBpoyns. I'evikdtepa, ot opadeg kepawvmv Tov oyetilovtal e Mo EVTOVES
BPoxomTtdoeElS, KAADTTOLV €VPVTEPT TEPLOYN, Elval HUIKPOTEPNG YPOVIKNG OLAPKEING KoL LUE
HEYOADTEPO aplOUd KeEpOLVAV amd ekeivec mov oyetifovior pe YEYOVOTO YOUNAOTEPNG
Bpoyomtwonc.

[Ma Tov TpoGd10pIGd TG CLGYETIONG HETOEL PPOoYNG KOl KEPOV®VY ¥PNCLUOTOMONKE emiong 10
LETPO TOL GLVTEAESTH] TPOGOOPIoHOV. O OCULVTEAESTNG TPOGIOPIGUOL EPAPUOCTNKE GE
YPOVOGELPEG KEPOVDV Kot Bpoyng Yiot SoPOPETIKA YPOVIKE Tapdbupa, ¥pOVIKES VOTEPNGELS Kot
aKTiveg evtomopov. o v gpappoyn tov PETpov awTov eANeONcay voyn Uovo ta ‘evepyd’
Cevyn Bpoync-kepavvav, dnradn ta Levyn eketva Tov OV Exouv Undevikég TEG 00TE Yy T Bpoyn|
aALGQ 0VTE Y1 TOVG KepavVoLs. EEeTdotnke T0 6hHVOLO TV Ypovocelp®dv kabe oTabpod aAld Kot
01 7O €VTOVEG EKONAMGELS wpraiog Ppoydmtmong Kabe Bpoyouetpikod otabpov. Aéka and tig 22
TEPIMTMOGELS EVTIOVNG PPOYOTT®ONG GTOVS PPOYOUETPIKOVG GTAOUOVS SamoTOdnKay va givat
Katolyloeg e kepavvikn dpactnpotra o po aktiva 50 yikopétpov yopo and to otabud. To
50% ovtdv TV ekdnAdcewv katoryidag Ppédnkov va €govv cvoyétion Ppoxns-Kepovvov
peyaavtepn tov 0.3. H péom cvoyétion tov ypovooelpmv Ppoyng kKabopiopévng Ppoxdmtwong pe
TOVG KEPALVOVG OElyveL OTL OTAV 1] GLOGMPELOT TNG PPoyNg eivar peyarhtepn, TOTE 1| GLGYETION
Le Tov apBpud tov kepavvav eivar vymidtepn. Eniong, mapoatmpeitor adénon g cvoyétiong dtav
0 aplBuog TV Kepavvodv givar peyalvtepos. EmmpocsOétmc, pkpdtepa ypovikd mapabuvpa (10
min) ka1 ypovikn votépnon 30 Min divel Tig PELTIOTES TYHEG TOV HEGOV GUVTEAEGTN TPOGOIOPIGHOD
Kol apa g ovoyétions. Kot og avtr] Aoutdv v mepintwon mopotnpovpe 0Tt £vog HEYOAOGC
ap1Buog kepavvov (taveo omd 10) o o amodotacn péyxpt ko 50 Km and to otabud pétpnong
etvar mBavo va ddaet pa woyvpr| Ppoyxdntmon. Gucikd yia vo pmopel var 600l o mo akpipg
pOPAeym mpémel va ANeOBel vTOYV Ko 1 BE01M TOV GTAOHOV OAAG Kot 01 YEVIKOTEPES EMKPATOVGES
KOPIKEG GLVONKEG GTNV TEPLOYN LEAETNG.

H ‘amoxwdikomoinomn’ 1tng oxéong METOEL 1TNG KEPOLVIKNG OpaocTnpldTnTog Kol TV
BPoyonTMOGE®V UTOPOVV VO TOPEXOVLY CNUAVTIKEG TANPOPOPIES Yia TN Ppayvurpdfecun TpoPAieym
™G Katoyidag, Omwg edvnke oamd TNy moparave avdivcor. O cuvoLOGUOS TNG KEPOVVIKNG
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dpacTNPLOTNTAG LE GAAEG LETEMPOAOYIKEG TOPAUETPOVS EIVOIL OLVATOV VO ATTOTEAEGEL EVOL YPN GO
EPYOAEID YlOU TNV KOTOOKELY €VOG GLOTNUOTOS TPOEIOOMOINCNG OYETIKA HE TIC OKPOiEG

Bpoyonthoels.

6.3 MeAllovtikn épevva

H napondve pebodoroyia Bo pmopovoe va mhel éva Prpa mopokdto petafaivovtag omd toug
amTAOVG TOOAVOTIKOVG YAPTEG GE MO GVVOETES KOl LOVTEPVES HeBAdOVE Katryoplomoinong/Aync-
ATOPAGEDV OTIMG T, SEVTPOL ATOPAcE®V (T, TVuyoia ddon), Ta VEVP®VIKA dikTva Kot To. bayesian
dtkTuo. AlQOPETIKES TAPAUETPOL TTOV APOPOLV TIC VOECELS BOL LTOPOVCAV VO OMOTEAEGOVV TIG
€16000V¢ G€ TETOL0 GLOTHLATA, TO OTtOle G€ EMOEVO Pria OBa amoaivovtal GYETIKA Le TO Qv Ba
vrdp&el yeyovog Bpoxns N Oxt. Ot mapamdved LAOTOMCELG LAMGTA EKTOG OO TN AEITOVPYIN TOVG
WG LOVAOEG, UTOPOVY VO GUUUETEXOLV GTI ANYN OTOQAGE®V Yo, TNV TPOPAEYM TG Ppoyns ue
‘Yeo’, pe M xwpis m xprion Papdv.

Emmpocbétmg, Oa pmopovoay vo a&toroynfodv g mpog TV mTPOYVMOGTIKY|] TOLG SLVOTOTNTO Kot
GAAEG TOPAUETPOL (TEPAL TV VPECEMV KOl TOV KEPAVVDV) 0TS 1) Beprokpaciol, 1 GYETIKN VYPACGia
K.0l. 6TV meployn peAég. o ovykekpuéva, Bo pmopovoe va d1ievpuviel To 6TATIGTIKO LOVTELD
TEPALTEP® (OTE VAL avTAgitonl TANpoPopio Kot amd GAAOVLG TOPAYOVIEG TOL VA APOPOVV TIG
LETEMPOLOYIKES TAPAUETPOVG TNG TEPLOYNG GTNV OToia LILAPYEL TOAVITNTA BPOYOTTOGCTC.

Me Bdon to mapoandve, Oa propovoe va dnpovpyndel Eva poviého mpdyvmong g Ppoyns to
omoio Ba AapPavel amo@doelg and ToAlamAd vrocvotpato. To kdbe vrocvoTUA, HUTopEl va
YPNOLOTOIEL SLUPOPETIKES TAPAUETPOVG KOl LeBAAOVS Yo vaL AdPeL TNV amdPacT) Tov. AQov KdaOe
VIOGVOTNUA KATOANEEL GE amOeacT, Ba yivetar dwayeipion Tov empuépouvg amo@dcemy and Eva
VIEPGVOTNUA, LE KPLTHPLO TN BEATIGTOTOINGT TOV TPOYVOGEMV.

Ye avtd to onpeio mpémel va emonpuaviel 6Tl To amOTEAEGHOTO TNG TAPOVGAS OOOKTOPIKNG
STPIPNg VIOKEWVTOL GE TEPLOPIGLOVG AVOPOPIKA Le T dgdopéva kot T pebodoroyio: o) m
TUKVOTNTO TOV BPoyOUeTp®V ivol LAALOV YOUNAN Kol ®G K TOVTOV, TO, OEOOUEVE, LWITOPEL VaL NV
AVTUTPOCMOTEVOLV EXAPKMG TNV TEPLOYN, ) N ATOI0CT TOL SIKTHOV KEPALVMV, OTWS GE OAO TO
diktio peyding eppéretog oev givor 100%, y) 1 popporoyio Tov £6dpouvg kot 1 kotebhvvon Kot
TPoéAevon TV Kotoryidwv dev Aapupdvovtor vroyty. IHopdia avtd, 1 ypon TS KEPAVVIKNG

dpacTNPOTNTOG KPIVETOL TOAD OTOTEAECUATIKY] OEOOUEVOL OTL Umopel vo aviyvevuBel yilddeg
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YMOUETPO LOKPLA OO TV TNYN NG, LE OYETIKA LYNAN akpifela. Avtd elval TOAD onUAVTIKO,
10104TEPA V10U TIG TEPLOYES OV OEV KOADTTOVTOL OO POVTAP 1) OEV EYOVV TOTIKA UETEMPOLOYIKA
ovotuate (Kohn et al. 2011). £ peloviikry épevva Bo pmopovoov Vo GVUTEPIANEOOVV
TOPOTAV® OEWPNGEIS KOl OVOPOPIKA LE TO YOPOKTNPO TNG KOTOYIdOG Kol G GYECN HE TIG
EMUEPOVS WOIUTEPOTNTEG TV PPOYOUETPIKDV GTOOUDV.

Téhog, To Topomdve Umopohv vo EQAPUOGTOVV GE OEOOUEVO TTOV TPOEPYOVTIOL OO KALOTIKA
HOVTEAQ, MOTE d1EPELVNOOVV 01 TAGELS KOt Ol SLLPOPOTOGELS TV VOEGEMV KOl TOV BPoYdV 61O

HEALOV.
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Kepdiaro 7: TTapdptnua

[ Tlopaptnuo
7.1 ZoumAnpoOUaTIKEG  TANPOQOPIEC Y1 TIC VEECES TOL
oyetiCovtou pe Bpoyn otnv Kpnm
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c1: Mean Lon 35.9982: Mean Lat 29.8072 c2: Mean Lon 38.3186: Mean Lat -2.3376 c3: Mean Lon 34.6011: Mean Lat 34.0012 c4: Mean Lon 43.8322: Mean Lat 10.5852 c5: Mean Lon 31.9387: Mean Lat 12.0416

¢12: Mean Lon 57.1244: Mean Lat-7.8244 ¢13: Mean Lon 30.4709: Mean Lat 18.1217 c14: Mean Lon 41.5523: Mean Lat 3.2283 ¢15: Mean Lon 30.3379: Mean Lat-3.0575

Ewova 7.1: Ot tpoyiég tav evepydv veéocmv (yia Bpoyn >10mm/day) yio v mepiodo 1979-2011 ympiouévol og ympikég opddeg avaioyo pue v

TPOELEVLGT] TOVG.
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Cluster Lon Lat AptIuo¢ upéoswv 1 1.5 2 25 3 35 4 4.5 5 55 6 6.5 7 75 8 max

cl 29.81 36.00 105 26 25 23 21 19 18 17 17 18 18 18 19 19 19 19 26
c2 -2.34 38.32 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
c3 34.00 34.60 88 6 7 9 10 11 12 13 14 14 15 15 14 14 13 12 15
c4 10.59 43.83 124 6 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6
c5 12.04 31.94 45 10 10 9 9 8 9 9 8 7 7 7 7 8 8 9 10
c6 22.01 37.13 128 35 36 37 37 37 36 35 33 32 31 30 29 28 27 25 37
c7 16.88 39.09 95 23 23 24 23 22 22 22 22 21 20 19 18 16 15 15 24
c8 4.73 29.85 30 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
c9 25.47 40.64 95 15 15 16 17 17 18 19 19 20 20 20 20 19 19 18 20
c10 25.33 30.32 49 28 27 27 29 29 30 31 32 34 35 36 34 31 28 24 36
cl1 -20.15 42.14 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c12 -7.82 57.12 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c13 18.12 30.47 54 17 13 13 14 15 16 17 19 20 20 22 22 23 23 23 23
c14 3.23 41.55 40 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
c15 -3.06 30.34 28 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 2

IMivaxag 7.1: O apBudc veicemv ovd opdda kot 1 THavOTTA 01 VPECELS TTOL TEPVOLV GE OTOGTAGT) SIAPOPETIKNAG OKTIVOS 0td TO KEVTPO TOL cluster

va, givon evepyéc.
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c1: Mean Lon 31.7416: Mean Lat 27.1977 c2: Mean Lon 42.8329: Mean Lat 9.3523 €3: Mean Lon 31.0652: Mean Lat 6.8133 c4: Mean Lon 30.7683: Mean Lat -2.2928 c5: Mean Lon 39.4543: Mean Lat 24.9894 c6: Mean Lon 34.8778: Mean Lat 32.456

0 45°E [ 45°E [ 45°E

o 45°E 0 45°E 0 45°E 0’ 45°E 0’ 45°E

Ewova 7.2: O evepyéc voéaeig yia v mepiodo 1979-2011 yopiopéveg o yoPIKEG OUASEC.
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CLUSTER LON LAT 1 15 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 MAX
C1 27 32 55 51 49 47 42 40 37 32 27 22 19 17 16 16 16 55
C2 9 43 5 6 5 5 6 6 6 6 6 6 6 6 6 6 6 6
Cc3 7 31 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
c4 -2 31 3 2 2 2 2 2 2 1 1 1 1 1 1 3
C5 25 39 20 19 20 21 22 22 23 22 22 22 22 21 20 18 16 23
Cc6 32 35 4 5 6 7 8 8 9 9 10 10 10 11 10 10 10 11
Cc7 13 43 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7
Cc8 21 38 31 31 33 33 33 32 31 30 29 28 27 26 25 23 22 33
c9 21 31 19 20 20 22 22 22 23 25 26 26 27 28 28 28 28 28
Cc10 34 40 1 2 1 2 2 3 2 3 3 4 4 4 5 6 6 6
Ci1 12 38 15 15 15 15 15 14 13 12 11 11 11 11 11 11 10 15
C12 14 32 11 10 11 11 11 11 12 13 13 13 13 13 12 12 12 13
Ci3 -10 54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ci4 19 35 52 48 46 41 38 36 33 31 30 29 27 26 25 24 23 52
C15 5 54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cie -11 39 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2
C17 29 36 24 28 28 26 22 19 16 15 14 14 14 14 14 14 14 28
C18 3 40 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3
C19 17 40 22 20 20 20 19 20 20 20 19 18 17 16 15 14 14 22
Cc20 25 36 57 53 49 43 39 37 36 34 33 31 28 25 22 19 18 57

[Mivakog 7.2: H mBavotnTa o1 VeEGELS TOL TEPVOVY GE AOGTACT] SLOPOPETIKNG AKTIVAG OO TO KEVTIPO TNG OLLASAG VO VOl EVEPYEC.
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7.2 O1 OMuoc1edoelg
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Abstract. The charactenstics of the cyclone tracks that
caused precipitation events of vanable mtensity for the pe-
niod 19792011 over the island of Crete are presented. The
data set used for cyclone identification is the 0.5° = 0.5,
30 years European Centre for Medm-Range Weather Fore-
casts (ECMWE) ERA-Interim mean sea-level pressure. Cy-
clone charactenistics are caleulated wath the md of the Mel-
bourne University algornthm (MS scheme). Daily precipita-
tion data from a dense gauging network over the island of
Crete are also used for the classification of the precipitation
events in terms of ram accunmlation (Intensity). Daly pre-
cipitation Is classified m three categonies and the associated
cyclones are chosen according to their distance from Crete
1sland. The seasonal and anmal cycle of the physical charae-
tenstics of the cyclone tracks are vestigated with respect to
the cyclones” relative position to the island of Crete. It was
foumnd that cyclones affecting Crete most frequently approach
from the westemn side of the island and the actual cyclone
centers associated with precipitation events are usually lo-
cated northwest and southeast of the Crete domam Cyclone-
indueced ranfall increases in fimetion to cyclones” depth, 1a-
dims and propagation velocity increase as well as cyclones’
pressure decrease. Spong cyclones that affect Crete with
rainfall present lower pressures and higher cyclone propa-
gation velecity in contrast to the ones associated with winter
and autumm precipitation events. The exammation of the re-
lation between cyclone characteristics and precipitation oc-
currence provides valuable information related to forecast-
ing potential and management of the water resources and the

ramnfall extremes.

1 Imfroduction

In the Mediterranean region, a great mmnber of precipita-
tion events are trggered by cyclome circulation pattems
(Jansa et al., 2001b; Lionello et al, 2006). The extratrop-
ical cyclome circulafion pattems are frequently associated
with wind, heavy precipitation and changes in temperature
(Ulbrich et al. 2003), generating high msk situations such
as flash floods and large-scale floods with significant 1m-
pacts on hman life and bult emvironment. Particulardy m the
Mediterranean region, flood events are highly related fo spe-
cific eyclone pathways (Jansa et al | 2001a). Mediterranean
cyclones are responsible for the majority of extreme weather
phenomena, goveming the ime of occwrence as well as the
magnitude of their extreme values (Licnello et al., 20046).

The identification, tracking and evaluation of cyclone
characteristics has been the subject of much research, pro-
viding diverse results even when the examined data sets are
identical (Neu et al., 2013; Ulbrich et al.. 2009). In an ef-
fort towards objective analysis, automated systems and algo-
nithms have been developed for the identification and track-
mg of cyclones as well as the extraction of their character-
istics based on spatio-temporal data sets of mean sea-level
pressure (MSLF). Neu et al (2013), after companng 15 de-
tection and trackmg schemes (ncluding the MS scheme) on
a common cyclonic data set, foumd that there are differences
m the mumber of cyclones, their hifetime, frequency as well
as their charactenstics, such as depth and speed.

The state-of-the-art cyclone finding and tracking scheme
(MS scheme) developed at the Melbourne University, Aus-
tralia (Murray and Smmmonds, 1991), has been widely wsed
for the defimition of closed and open systems on reanalysis
data and has proven to be effective, not only for the genera-
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tion of an objective climatology, but also for the assessment
of mdividual tracks in an inland sea with complex shoreline
topography, such as the Mediterranean. Evaluation of the MS
scheme has demonstrated its efficiency for both the detec-
tion of mdridual fracks as well as its effechiveness m pro-
viding cyclene climatologies (Flocas et al., 2010; Leonard
et al., 1999; Simmonds and Murray, 1999). While the MS
scheme 15 capable of identifying cyclones m a range of lo-
cations with different charactenstics, it has previously been
employed in the eastern Mediterranean for the identification
and analysis of cyclones (Flocas et al., 2010) and explosive
cyclones’ characteristics (Kouroutzoglon et al , 201 1a).

Many studies have thoroughly investigated vanous char-
actenistics of Mediterranean cyclones including cyclogen-
esis, temporal vanabality, location and dynamues. Tngo et
al (1999} performed cyclene detection and tracking using
the critenion of geopotential height in order to identify cyclo-
genesis and cyclolysis regions, as well as cyclone character-
istics including duration and mtensity m the Mediterranean
region. Therr findmngs include strong cyclogenesis activity m
the Gulf of Genoa region, south of the Atlas Mountains and
in the Middle East, as well as high frequency and unexpect-
edly high mtensity of spring lows over North Afnica. An eval-
uation of the stracture and vanability of cyclones affecting
the eastern Mediterranean region for the 1962-2001 40 year
period was performed by Flocas et al. (2010), using the MS
scheme, venfying considerable intermonthly vanations for
eastern Mediterranean track density. For the same period and
using the same scheme, (Kouroutzoglou et al., 2011a) imves-
tigated the characteristics and behavior of Mediterranean ex-
plosive cyclones as well as their verfical structure (Eourout-
zoglou et al., 2012). Furthermore, Maheras et al (2001) and
Bartholy et al. (2008) identified and analyzed the synoptic-
scale cyclones that ocoured m the Mediterranean region for
the peniods 1958-1997 and 1957-2002, respectively, focus-
ing on the frequency of ocoumence, location, genesis and sea-
somal variations.

Except for cyclone parameters and tracks, many studies
have imestigated the association of cyclones with precipi-
tation. According to Flaoumas et al. (2014) who exammed
the 200 most mtense cyclones over a 20 year penod, the
strongest ramnfall is observed close to the center of the cy-
clone, suggesting relative weakness of the Mediterranean cy-
clones compared to cyclones formed over the man oceans.
Jansa et al (2001) mvestigated the simultaneous ocourence
of heavy precipitation and cyclonic centers for the west-
em Mediterranean using data sets from relative databases.
For the penod 19582000, Karamannidis et al. (2009) ex-
ammed extreme precipitation events in Europe triggered by
cyclones, focusing on the characteristics and frends of ram
events rather than the features of the causative cyclones.
Hawcroft et al (2012) evaluated the contmbution of mud-
latitude cyclones to the precipitation of the Morthern Henm-
sphere, showing association of precipitation with cyclones
by over 70 % m two different reanalysis data sets. Simularly,
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Catto et al. (2012) quantified the association of precipitation
to the different categonies of frontal systems and found us-
ing information of global precipitation and reanalysis data,
that up to 90 % of rainfall 15 due to cold and wamm fronts.
Also, Mighetta ef al. (2013) found that it 15 before the ma-
ture cyclone phase when the most intense comvective activity
and rainfall happens. In the same manner, Claud et al. (2010)
stated that it 15 in the early stage of Mediterranean umicanes
(medicanes) that significant precipitation ocours.

The majonty of extreme ram events in the Mediterranean
Tegion are associated with cyclones and rarely develop under
different circumstances such as small comvective cells (Li-
onello et al., 2006). Investigating the charactenstics of the
cyclones causing extreme precipitation is of great Interest for
the Mediterranean area, where the relatively small frequency
of adverse weather and extreme events creates a false sense
of safety that results many times In more damage and se-
VeTe soclo-economic consequences (Lionello et al., 2006). n
this context, Jansa et al. (2001) mvestigated the cyclone—rain
relationship considering the extreme cases of precipitation
with heavy rain (> 60mmday 1) and heaviest rain events
(== 100 nam day 1) for different Mediterranean regions. Alsa,
Tsanis et al. {2012) performed an analysis of cyclones asso-
ciated with flood events, concentrating on the genesis, tracks
and depth of those systems.

The goal of this study is to evaluate the characteristics of
the cyclones related to precipitation events of specific accu-
mmilations in the island of Crete. Cyclone centers related to
rainfall oecurrence are identified and analyzed. Furthermore,
the relationship between the intensity of the precipitation and
both location (cyclone position) and quantitative characteris-
tics (pressure, intensity, depth. radius and propagation veloe-
ity) of the cyclones 1s imwvestigated Here we make the hy-
pothesis that a better understanding of the association of cy-
clomac charactenstics and precipitation events will be helpfial
for early waming against extreme events that can potentially
pose risk to life and property. The analysis presented in this
paper aims towards a better evaluation of the atmosphenc
systems’ charactenistics for cyclones suspected to be assoc-
ated with ramn events i the island of Crete.

1 Methodology and data sets
11 Methodology

The main goal of this research 15 to reveal the stafistics of the
cyclones causing precipitation of specific intensity intervals.
Statistical analysis is performed on the cyclones, matched to
defined rain categories. The ongination, location and char-
acteristics (pressure, intensity, depth, radius and propagation
velocity) of those systems are distmguished and examined.
The analysis is also extended concerming seasonality (winter,
sprng, autumm) of the events.

wwwnat-hazards-earth-syst-sci.net/15/1807/2015/
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Here we consider that event intensity can be assessed ac-
cording to the amount of ramfall accumulated at 2 ganging
station over an arbitrary amount of time. Events are classified
Into three infensity imtervals (rain categones) with respect to
the 50th 95th and 99.5th percentiles of cummilative daily pre-
cipitation according to the empincal data distnbution. Each
percentile is estimated for every station and then the average
of the commespondmg percentiles of all the stations isusedas a
boundary for each ram category. The concept of choosing the
specific percenhles is the statistical analysis of cyclones, as-
sociated with precipitation outside of the average pattern. In
particular, the 99.5th percentile concems extreme rain events
over 100mm day ! which, on average, affects a gauging sta-
tion in Crete once in every 3.5 years (there is a different re-
turn period for every staticn). The percentiles for every gaug-
ng station are estimated after the exclusion of “dry™ days
(lower than 1 nom day~ 1y, We conzider a rain event to have
occurred if at least one of the stations has records of ram
within the mtervals of the raim categones, so that ram of dif-
ferent seventy categories can be recorded on a daily basis.

The cyclone identification and tracking m thus analysis 1s
carmied out with the aid of the Melboume University cyclone
finding and tracking scheme (M5 scheme) which uses the
quasi-Lagrangian perspective (iuray and Simmonds, 1991;
Simmonds and Murray, 1999). A special characteristic of the
scheme 15 its ability of defining closed and open systems,
with the aid of both pressure and relative vorticity fields (Flo-
cas et al, 2010; Leonard et al., 1999; Ulbnch et al., 2009).
This is a great asset of the algorithm because using just the
information of local minima can exclude certam types of sys-
tems and in confrast, vorticity maxima are not always con-
nected to local pressure minima. The parameters of the cy-
clone tracks are remeved from the M5 scheme and inchade
the cyclone pressure, rading, depth, intensity and propagation
velocity.

Radius R is defined as

R==52 m

where r; is the distance of the radial line from the cyclone
center to the points at which the Laplacian of the pressure is
zero (at the edege of a cyclone) and N 13 the munber of the
radial lines drawm for every 20° (Lim and Simmonds, 2007;
Murray and Simmonds, 1991}

The intenzity of the cyclone is given by the Laplacian of
ﬂlenentralprﬁm?‘!‘{lamandﬁnnmnnds 2007; Mumray
and Simmonds, 1991; Simmends and Keay, 2000). Iheu:lepm
D of the cyclone is defined as

ﬁ:dl.qﬂvzn ()

The depth of the cyclone represents the general influence of

the nclonemtﬂms of intensity and scale as it 1s proportional
to V2P and R.

www.nat-hazards-earth-syst-seinet/ 15/ 1807/2015/
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Finally, the propagation velocity of the cyclone is given by

—Ju2+ud 3)

where [/g 135 the eastward component of cyclone-steering
velocity and [f; is the northward component of cyclone-
steering velocity.

Pegarding tracking algorthms, there are inconsistencies
withm the context of the estimation of the cyclone center and
rading (MNen et al, 2013). Detailed distance measures, such
as from the cyclone center to the ganging station can comey
insufficient information when MSLP data set grid spacing is
set at poor resolutions. Accordngly, this estimation of ex-
act distances between the cyclone center and each gauging
station could lead to the omission of ram events associated
with the comesponding cyclone. Motivated by this, a method
of spatial matching between cyclone appearance and precip-
itaticn events in the area of interest is proposed here. The
simple measure of Euclidian distance between the cyclone
center and a boundary surrounding the entire area of inferest
15 considered approprate to overcome uncertamiies concem-
ing cyclone exact position and size. In order to restrict the
area of interest, a rectangle boundary enclesing it is defined.
So, a cyclone 1s considered to be sufficiently close to Crete
when its radius 15 greater than the cyclone’s center Euclidian
distance to the rectangle boumdary surrommding the area of
inferest. For this approach to be accurate, it 15 necessary for
the area of restriction to have dimensicns comparable to the
local cyclones” radius.

Another issue of inferest is the temporal association of
the cyclones to the precipitaion events. The temporal syn-
chronization of rain and cyclone recordings leads to a direct
matching. However, the recordings of different data sets do
not usually have temporal synchronization. In this context,
if the rain data set has time intervals [T7, T2] where T7. Ta
are two consequent rain recordings, the cyclones responsi-
ble for event T3 are those recorded within [ 77, T3], At this
point, it has to be noted that when the exact time of the rain
15 not available (e g, daily rain recordings) cnly an approx-
mate sinmiltaneity between cyclone occwrence and ram can
be assumed. Thus, there 15 a possibility that the cyclone sys-
tems considered as respensible for precipitation events are
not actually triggenng rain.

Finalizing the procedure, after the cyclones are matched to
the defined ram events, resultmg m the so-called “affecting”
cyclones, their characteristics are evaluated.

1.2 Data sets

The data set used in this study for the identification of cy-
clone tracks imvolves analysis of MSLP data ona 0.3° « 03¢
regular latitnde—longitude grid at a 6-hourly temporal reso-
lution for the period 19792011 as derved from the ERA-
Interim Peanalysis of ECMWE. The calibration scheme used
in this study is equivalent to the one used by Flocas et al.

Nat. Hazards Earth Syst. Sei., 15, 1807-1819, 2015
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Figure 1. Location of smdy area and borders (red) of gecgraphi-

cal sectors, commesponding to their relative position to the island of
Creta.

Table 1. The rain categories according to the daily rainfall acourmm-
laton

Fain Fuain amount
category {n:m:tdz}'_l}
Afild 10-50
Srong 50-100
Heavy = 100

{2010). Tracks in Mediterranean region have an average life-
time of 28 h when short-lived systems are excluded (Trgo et
al, 1999). So, to be consistent with other studies (Bartholy
etal., 2008; Flocas et al.. 2010; Kouroutzoglou et al, 20111
Lim and Simmonds, 2007; Muray and Simmeonds, 1991;
Meu et al, 2013; Simmonds and Murray, 1999} a mmmmm
life span of 24h 1s imposed on the tracks included in this
analysis. In addition short-lived cyclone systems lasting less
than 24h are not considered important as they provide less
precipitation (Bartholy et al, 2008).

The study domain for the detection and 1dentification of
the cyclones mclodes part of the nuddle-eastern Mediter-
ranean area and extends between 4-33° E and 32432 N. The
domain of Crete was defined within the domain of 23.4—
26.4°E and 34.83-357"N. In Fig. 1 the study domain and
Crete boumdary are shown. The sactors of analysis are char-
acterized as northwest (NW), north (), northeast (INE),
southwest (SW), south (5), southeast (SE). west (W) and east
(E}, considermg their relative position to the Crete domain.

Thres types of intensity are defined for daily precipitation
m Crete, summanzed in Table 1. Figure 2 presents the 50th,
95th and 99 5th percentiles for the whole ganging network: of
Crete, spatially interpolated with the inverse distance weight-
mg (IDW) method.

Accunmlated precipitation is recorded at 06:00 UTC cn a
daily basis for every station, while the cyclone tracks are ex-
tracted at a temporal resolution of every 6h at 00:00, 05:00,
12:00 and 18:00 UTC, according to the MSLP data set. So
the tracks considered to be responsible for a specific precip-
itation event are checked for the date the rainfall was mea-
sured at 00:00 and 06:00 UTC and also for the previous day at

Nat. Hazards Earth Svst. Sci., 15, 1807-15819, 2015
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Figure !. Spatially interpolated (IDW) daily precipitation fields for
the (a) 50th percentile, (b) 95th percentile and (c) 99.5th percentle,
based on records from §9 ganging stations.

18:00, 12:00 and 06:00 UTC in order to include every possi-
ble cyclone which could have cansed the recorded precipita-
tion in the analysis. This way, a day-long duration 15 checked
for cyclone appearance for every rain recording.

3 Study site

This study is focused on the island of Crete which is lo-
cated in the southem part of Greece. Crete is the largest is-
land m Greece and one of the largest in the Mediterranean,
with an area of 8265km”, mean elevation of 482 m, rang-
mng from sea level to approxmately 2450 m, and an average
slope of 228 mkm 1. Crete has a sublumid Mediterranean
climate, characterized by long, hot and dry summers and rel-
atively nmid and cold winters. As such most annual rain-
fall ocours in winter and rarely dunng sunmmer (Boutroulis
et al . 2010). Also, the northwestern part of the 1sland re-
ceives greater precipitation than the southeastern part (Chart-
zoulakis and Psarras, 2003; Koutroulis et al., 2010; Vroch-
dou and Tsamis, 2012). Precipitation n Crete varies be-
tween Jw}mmi,fear‘l for lowland coastal areas and over
2000 mm year— for mountainens areas such as Askafon up-
land in Chama (Koutroulis and Tsanis, 2010).

In the present study. precipitation charactenstics are ana-
lyzed based on a data set of 69 daily gauging stations which
are llustrated in Fig. 2. The WEDPC (Water Fesources De-
partment of the Prefecture of Crete) service is responsible
for the compilabion and quality of the daily precipitation
records (Koutroulis et al, 2010). Out of the entire data set,
14 gauges recorded data for periods less than 10 years and 49
recorded data for more than 30 years. The temporal discon-
timuty of the rain recordings is of miner importance as the

www.nat-hazards-earth-syst-sei.net/15/1807/20157
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Figure 1. The wack and radins of each track point of the cyclone which caused the flash flood in Alminda on 17 October 2006, The
background information is the infrared METEOQSAT image at 00:00 UTC on 17 Ocrober 2[006.

Table 1. The precipitation events in Crete per season for the period 1979-2011. The non-shaded columns contain the nomber of precipitaton
events and the shaded columns show the relative frequency (%) of simultaneity of cyclone and rain.

Mild rain Srong rain Heavy rain Mean
Events % Events % Events % coincidence
Annual 3402 54 066 70 278 T4 1]
Antumn 846 51 57 70 T3 65
Winter 1720 54 340 468 158 74 &6
Spring TH0 59 156 75 3T Bl T2

present analysis focuses on the coincidence of cyclomic ap-
pearance with precipitation events; in this case there should
be at least one gauge station which has ram records. Also,
approximately 85 %o of the gauge stations’ records are found
to be dry (= 1 mm day ).

Characteristic flash flood events in Crete inchide those i
the Giofyros basin on 13-14 January 1994 (Gaume e al |
2009; Koutrouhs and Tsams, 2010; March et al_, 2010) and
in the Almirida basim on 17 October 2006 (Grillakis and Tsa-
mis, 2010; Marchi et al., 2010; Tsams et al., 2008, 2013),
which have been thoroughly studied Figure 3 presents an
mfrared METEOSAT snapshot at 00:00UTC en 17 Octo-
ber 2006, corresponding to the accunmulated water vapor of
the atmospheric system. causing the flash flood event in the
Almirida basin. The orange line shows the route of the cy-
clone passing through the blue points which comespond to
the cyclone centers as estimated by the M5 scheme. In the

www.nat-hazards-earth-syst-seinet/ 15180772015/

figure, white dashed circles cormespond to the radms of the
cyclone centers and red circle to the radms of the red cyclone
center which is the cyclone evident on the METEOSAT im-
age. M5 scheme estimation of the cyclone is accurate, com-
panng the cyclone location and its radms to the actual phe-
nomenon recorded n the METEOSAT image. The cyclone
track has an eastward direction, and at 00-00TUTC on 17 Oc-
tober, centered at a southwest position in relation to Crete’s
bounded area. it starts precipitating in agreement with Gril-
lakis and Tsamis (2010).

Nat. Hazards Earth Syst. Sei., 15, 1807-1819, 2015
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Figure 4. Annual snd seasonal relative frequency (%) of the origination of cyclones affecting Crete, 1970-2011. The stacked bar diagrams
concern every sector and the simple bar diagrams are the grouped results for norh (27, WE, MW, south (5, SE, 5W) and the remaining (E,
W, On) sectors. On represents cyclones located within the Crete domain,

4 Results
41 Cyelone-induced rainfall

Most of the rain events occur in winter (30 % for mild raimn,
= 35 % for strong and heavy rain), followed with great dif-
ference by autmmn and spring, consistent with Eoutroulis et
al (2010). Considering all the available gauge stations, an
annual average of 110 mild rain, 30 strong ram and 10 heavy
rain events occur at different locations in Crete. The mumber
of precipitation events per intensity category and season for
the penod of analysis 15 presented mn Table 2. In addition,
the percentage of the events which could be tggered by cy-
clones are estimated, concerning the comncidence of precip-
itation and the appearance of “affecting”™ cyclones within a
sufficiently close distance from Crete’s boundary.
Agccording to Table 2, mostly strong and heavy rainfall 13
camsed by cyclones. As a matter of fact, 70% of the anmmal
rain events for strong rain are likely to be related to cyclone
activity and 76 %o of the annual rain events for heavy rain. In
contrast, 54 % of the anmaal rain events for mild rain might be
tmggered by a cyclone passage. Anmually, 66 %5 of the ramfall
events n Crete are associated with a cyclone, i agreement
with Catto et al. (2012) and Haweroft et al. (2012) who found
an approximately 6070 % contribution of extratropical cy-
clones to precipitation north of 30° N. Taking into consider-

Nat. Hazards Earth Svst. Sei., 15, 1807-1519, 2015

ation the seasomal results of Crete, it appears that for both
strong and heavy events, rain—cyclone coincidence is greater
in sprng (up to 0% for heavy rain) followed by winter
and autunmn. The remaining precipitation events that are not
found to be comnected to cyclones are either local-seale lows
that cammot be captured by the MS scheme or are proveked
due to the complex Cretan land topography and cregraphic
effects (Lionello et al , 2006; Maoum and Tsams, 2003).

4.1  Cyclones inducing rainfall over Crete: track

amalysis

Most of the “affecting” cyclones criginate northwwest and
southwest of Crete and they have southeast and northeast di-
rections, respectively, for the majority of cases. Figures 4 and
5 show in detail the vanability of the cyclones’ onigmation
and location for each of the sectors we have considered both
seasonally and anmmually. There follows a compansoen of the
cyclone centers’ relative frequencies within the sectors, tak-
ing into consideration that the areas of the sectors are not

Dn-ananmmlbasis, approximately 70-80 %2 of the cyclone
centers originate northwest and southwest of Crete. More

specifically, approximately 55 % of the cyclones are gener-
ated northwest and about 15 % southwest of Crete.

wwwnat-hazards-earth-syst-sci.net/15/1507/2015/
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Figure 5. Annual and seasonal relative frequency (%o) of the positon of cyclones affecting Crete, 1979-2011. The stacked bar diagrams
concern every sector and the simple bar diagrams are the srouped results for north (1, NE, W), south (5, S5E, 5W) and the remaining (E,
W, On) sectors. On represents cyclones located within the Crete domain.

Fegarding seasomality, it can be cbserved that wimnter has
the greatest percentage of northwest cyclones (-~ 60 %) and
sprng the least (~ 45 %) while the exact opposite holds for
the cyclones onginating from southwest directions. Also, the
more Intense the precipitation, the greater the percentage of
cyclones ongmating southwest compared to northwest. This
holds for all seasons but 1t 15 more profound in spring where
northwest cyclones reach to 40% of the total cyclones and
southwest decrease to approximately 35 %. Both Flocas et
al (2010} and Trge et al. (1999) agree that there is an ob-
served merease of the North Affican tracks in spring com-
pared to the other seasons m agreement to our findings. This
difference between winter and sprmg is more profound for
heavy rain events.

The positions of the cyclones causing precipitation events
n Crete are presented in Fig. 5. For both mild and strong
rain, the majority of the cyclones centers are located north
of Crete, reaching approximately up to 60 and 530% of the
total events, respectively. In comparison with mild rain, the
cyclone centers located m the south become more frequent
than the ones in the north when heavy rain ocours. Northiwest
and southeast sectors are those that principally contribute
the north and south directions respectively.

In the seasonal analysis, n all cases there are fewer north
cyclone centers as precipitation gets more infense with a pro-
portional increase of cyclone centers located south. The most

www.nat-hazards-earth-svst-scinet 1518072015/

profound example of this behavior 1s spring, where north cy-
clone centers decrease from 69 % in mild rain cases down to
32 % for heavy rain, and on the other hand south cyclone cen-
ters mcrease from 18 up to 47 %. In particular, southwest and
northwest centers are the principal south and north cyclone
centers in sprng.

4.3 Cyclones affecting Crete: characteristics’
histograms

A cyclone mechanism can be described by many parame-
ters meluding its pressure, mtensity, depth, radius and propa-
gation velocity. These characteristics constitute measures of
cyclonic systems’ mportance and influence (Simmonds and
Eeay, 2000).

The histograms of the values for these charactenistics are
presented mn Fig. 6. The histograms concem the parameters
of the cyclone centers which have a sufficiently close dis-
tance from the boumdary we have defined for Crete. More
specifically, according to their location, they potentially af-
fect Crete judging from their distance from the defined
boundary and their radis.

According to the respective histograms, the values of pres-
sure and radms follow normal distnbutions. On the other
hand, intensity, depth and propagation velocity values have
left skewed distnbutions. More than 85 % of the pressure val-
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Figure 6. Histograms of the basic characteristics of the cyclone centers whose radius reach the Crate domain.

ues are in the mnge of 1002-1018 hPa, with a mean pressure
of 1010hPa. So, most of the cyclone systems sumoumding
Crete are weak and moderate aomrdmg to the classification
of Maheras et al. (2001).

Approximately 20 % of the infensity values of the cyclonic
centers extend from 0.3 to 1.1hPa® lat-? and their mean ap-
proaches (.86 hPa*lat-2. In addition, the majority of the cy-
clonic depth values are in the range of 0.4—4.6hPa, giving
a mean depth of 2.9hPa, close enough to the 2.15-2.17hPa
mean depth foumd by Flocas et al. (2010) within the eastemn
Mediterranean region. Also, the values extending from 3.2
to 5.4° lat concemn 80 % of the cyclones’ radius and the cor-
responding mean 1s 4.4° lat. This 1s in great agreement with
Trigo et al. {1999} who found the average cyclone radms to
be approximately 4.5° lat (or 300km) in the Aegean region
in winter and spring. Generally, the radius of Mediterranean
cyclones 15 considerably smaller than that of Atlantic synop-
tic systems which reach 12° (Lionello et al., 2008). Lastly,
the majority cuf propagation velocity values are between 0.3
and 45ms~1, with a mean of 2.8ms~!. The propagation
velocify range . in which most cyclones appear near in the do-
main includes 3.6-3.9ms !, characterizing eastern Mediter-
ranesn cyclones according to Flocas et al. (2010).

44  Cyclone-rain coincidence for Crete island: cvelone
characteristics

In this section. we give a statistical overview of the cyclone

charactenistics for the cyclone systems associated with pre-
cipitation events in the island of Crete. Figure 7 demonstrates

Nat. Hazards Earth Svst. Sci., 15, 1807-1519, 2015

pressure, intensity, depth, radms and propagation velocity of
the cyclonic centers in box-and-whisker plots. The diagram
of each charactenstic shows the main statistical properties for
every rain category (r axis) and every season (background
color band). The statistical sigmficance of these characteris-
tics is checked pair-wise for the different ram categories and
segsons, and the results are presented m detail in Tables 3
and 4, respectively. For the majority of pairs, the differences
between the populations of the charactenistics are found to
be sigmficant. An analysis for every cyclone feature follows,
according to Fig. 7.

The pressure diagram of Fig. 7 shows pressure decrease
of the cyclone centers with the increase of precipitation. The
lowest pressure values are observed in spring and the highest
mn gutummn. The distribution of autmn pressures exlubits the
smallest variations and winter the largest, and this is the case
for all cyclone center features. Also, for all seasons, variabil-
ity 15 smallest for heavy rain events. According to Table 3,
pressure differences are statistically significant i all rain cat-
egories except in strong—heavy events which have significant
differences in pressure only in spring. Concﬂ'ﬂm.gﬂxdlffer
ent seasons, winter strong and heavy events® pressures do not
have significant differences compared to annual pressures.
Table 4 shows that the differences observed between the cy-
clone pressures for all the other seasons are significant.

The cyclone intensity for the different seasons and rain
categones 15 also demonstrated m Fig. 7. It appears from
the graph that infense ram 1s associated with cyclomes of
greater infensity. In addition, the highest intensities are ob-
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Figure 7. Seasonal and annnal analysis of the basic characteristics of the cyclones miggering precipitaton events over Crete island for the

period 1878-2011, in box-and-whisker format.

served for winter and the lowest for automn. Cmly for heavy
ran events, for the majonty of cases, cyclones are more -
tense in spring. Likewise, the depth of cyclonic centers as-
sociated with precipitation events shows an increasing mag-
nitude with increasing rain intensity. This is expected, tak-
ing into consideration that cyclone depth is considered to be
a very satisfying measure for cyclone influence (Simmonds
and Eeay, 2000). The values of cyclomc depth are higher m
the winter period, followed by spring and autmm. Gener-
ally, both intensity and depth have statistical significant dif-
ferences for the rain categories and seasons, except for a few
cases which are not statistically sigmificant. The cormespond-
ing results are presented m Tables 3 and 4.

Agccording to Fig. 7, increasing magmitude 13 observed for
the radius of the cyclones affecting Crete. This is mere evi-
dent for nuld and strong rain. The radii of cyclones associ-
ated with heavy rain have neglimible differences to those as-
sociated with strong rain, especially in autumn which is also
not statistically significant In contrast to the other seasons.
Also, greater radins values are observed for winter cyclones,
followed by auhmnm and spring.

www.nat-hazards-earth-svst-scinet/ T3/ 180772015/

The last graph of Fig. 7 shows the cyclone propagation ve-
locaty. The propagation velocity of cyclones ncreases with
the rain intensity. Thus, greater propagation velocity is ob-
served for heavy rain compared to the other two ram cate-
gories. Additionally, higher cyclone velocities are observed
in spring compared to the other seasons. The differences of
propagation velocity for the rain categonies are significant ac-
cording to Table 3. Also, as shown in Table 4, statistically
significant differences are found for the majority of propaga-
tion velocity seasonal pairs.

The charactenstics of the cyclone centers whose appear-
ance 15 associated with rain events in the island of Crete are
presented in Fig. 8. In particular, the first column shows the
average values of the characteristics for all three ram cafe-
gories and the second colunm shows the average value for
cyclone centers associated with heavy rain events. In order
to 1dentify possible patterns and trends in cyclone character-
1stics, the cyclone centers are considered according to their
relative position to Crete (sectors as presented in Fig. 1).

For both average and heavy rain, the lowest pressures
are observed m sprng, followed by winter and autumn for

Nat. Hazards Earth Syst. Sei., 15, 1807-1519, 2015
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Table 3. Statistical significance results for the charactenstics of “af-
fecting” cyclones concerning the different rain categories. The sta-
tistical significant differences ar 5 %o significant level are denoted by
1. The zere vales denoted in bold font are those not significant in
neither 1, 5 mor 10 % siznificant levels and zero values which were
not noted are significant at 10 % significant level.

Season Mild—strong  Mild-heavy Stong-hesvy
Pressure
Anmmal 1 1 o
Aunmnn 1 1 o
‘Winter 1 1 1]
Spring 1 1 1
Intensity
Anmmal 1 1 1
Auumn 1 1 ]
Winter 1 1 1
Spring 1 1 1
Depth
Anmmal 1 1 1
Aunmnn 1 1 0
Winter 1 1 1
Spring 1 1 1
F.adius
Anmmal 1 1 1
Auumn 1 1 1]
Winter 1 1 1
Spring 1] 1 a
Propagation velocity
Anrmal 1 1 1
Autumn 1 1 1
Winter 1 1 ]
Spring 1 1 1

all sectors. Generally, cyclones associated with heavy ran
events demonstrate lower pressures than the average pres-
sure. The different sectors have negligible vanations, except
for the west sector which has the greatest pressures for both
average and heavy rain in autuon and the lowest pressures
in spring. This is more profound in heavy rain cases. Also,
the north (N, NE. W) cyclone centers have lower pressures
than the south ones (5, SE. 5W).

Cyelone intensity and depth seem to show sinular behavier
which is justified because depth is proportional to intensity
(Simmeonds and Eeay, 2000). The lowest values are observed
m auhmm and the highest for winter and spring. Addition-
ally, both mtensities and depths are greater for heavy am
events. Anmually, the west sector 1s found to have the great-
est intensity and depth Winter and spring are In agreement
with this behavier, wath the exception of aufumn which has
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Fizure 5. Seasonal snd snnual analysis of the basic characteristics
of the cyclones miggering precipitation events over Crete island for
the period 1970-2011_ The left column represents the average for all
rain events and the right column only represents heavy precipitation
EVents.

its greatest values in intensity and depth for the southeast sec-
tor.

The cyclone radins 15 greater n winter and m mest of
the cases, it has greater values for heavy rain i contrast o
the average. Also, its lowest values are observed in autumn
{west sector) and spring (northwest and northeast sector).

www.nat-hazards-earth-syst-scl.net/ 15 1807/2015/

132



Kepdiaro 7: TTapdptnua

V. Iordanidou et al.: Cyclones related to precipitation in Crete

1517

Table 4. Stmatistical significance results for the characteristics of “affecting” cyclones concerning the different seasons. The statistical sigmif-
icamt differences at 5 % significant level are denoted by 1. The zero values denoted in bold font are those not significant in neither 1, 5 nor
10 % significant level and zero valoes which were not noted are significant at 10 % significant level

Rain category  Winter-spring  Winter-autumn = Winter-anomal — Spring-aummmn Sprin-snmmal — Antumn-annwal
Pressure

Mild 1 1 1 1 1 1

Strong 1 1 L 1 1 1

Heavy 1 1 1] 1 1 1
Intensity

Mild 1 1 1 1 1 1

Strong 1 1 1 1 L 1

Heavy ] 1 0 1 1 1

Depth

Mild 1 1 1 1 1 1

Strong 1 1 1 1 1 1

Heavy 1 1 1 1 a 1

Fadius

Mild 1 1 1 1 1 1

Strong 1 1 1 1 1 1

Heavy 1 1 1 L 1 1

Propagation velocity

Mild ] 1 1 1 1 1

Strong 1 1 0 1 1 1

Heavy 1 ] 1] 1 1 ]

The greatest radms magnitndes for all seasons are observed
n the south sector.

The last cyclone charactenistic presented in Fig. 8 concems
cyclone propagation velocity which demonstrates its greatest
values in spring and lowest m autmmnn for the majonty of
cases. Also, the north sector has the lowest propagation ve-
locity values compared to the other sectors and NW, W, SW
sectors have the greatest. Additionally the cyclone propaga-
tion velocity is greater for heavy rain rather than the average
case.

The results depicted in Fig. § provide an insight mfo
location-specific charactenstics of the cyclones associated
with precipitation events in Crete. In most cases, the cyclone
charactenistics per sector presented in Fig. 8 confirm the gen-
eral behaviar of the cyclone characteristics demonstrated m
Fig. 7. Generally, seasonal differences among the sectors are
observed as well as extreme values for heavy rain events.
Conceming the defined sectors, the west sector stands out
demonstrating the lowest and highest values for the major-
ity of cyclone charactenstics in spring and autumn which 1s
more profoumd in heavy ram case. Also, spring cyclone cen-
ters located in the north sector are distingished for the low
pressure and propagation velocity values as well as ntensity,

www.nat-hazards-earth-syst-sclnet 131807/ 2015/

depth and radms magmtdes which are considerably high
compared to the other sectors.

5  Conclusions

In this work the main characteristics of cyclenes associated
with precipitation events in Crete have been explored for
a 30 vear period (1979-2011). The identification, tracking
and feature defimtion of the cyclones was accomplished with
the aid of the Melboume University algorithm (M5 scheme).
This analysis allows us to better imderstand the behavior of
atmospheric systems related to ramfall sitnations introducing
a step-by-step methodology for the association uchlones
with rain. In addition. although of a local nature, the study is
of great interest, since Crete has a key location in the eastern
Mediterranean basm.

Tt was foumd that for the majonty of strong and heavy rain
events, cyclones were detected nearby Crete and that the sea-
son of the greatest coincidence between rain and cyclones is
sprng, followed by winter and autumn In addition 1t was
verified that cyclones affecting Crete mainly originate from
the northwest, followed by the southwest. Passing from muild
to heavy rain events, the proportional difference between the
origmation of the associated cyclone percentages is getting

Nat. Hazards Earth Syst, Sci., 15, 1807-1819, 2015
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smaller. Alse, the cyclone centers north of Crete were the
mamn triggenng mechanisms of mild and strong ran events,
followed by those located in the south This still applies for
events of greater ramfall, although the difference is slighter
and especially in spring, the majonty of heavy rain events are
cansed by southem cyclone centers.

The distnbution of the values of the cyclone characteris-
ties 1s normal for pressure and radius and left skewed for
the rest of the charactenistics. Moreover, increasing or de-
creasimg trends can be distinguished for the charactenistics of
the cyclones associated with ramfall. A negative frend 1s ob-
served for pressure, and positive trends for intensity, depth,
radins and propagation velocity with rain mcrease. Season-
ally, spring cyclones are more prone to lower pressures and
greater cyclone propagation velocity, while winter cyclones
vield greater intensity, depth and radivs. This behavior ap-
plies for the majority of the sectors considered aroumd Crete,
with some vanations.

This study exammes the charactenstics of the cyclones
associated with rainfall events in Crete. To the best of our
knowledee, this 15 the first attennpt to relate the character-
istics of the cyclones such as pressure, depth and radius to
rain intensity. Although cyclones have been extensively stud-
ted for their climatology, topology, frequency (Flocas et al,
2010; Neu et al.. 2013) and also their relation to physical
phenomensa like rain and wind (Catto et al., 2012; Hawcroft
etal.. 2012). this is the first time the relationship of their char-
acteristics to the mtensity of the ram events is imvestigated.
This methodology was recently applied for the construction
of a ramn prediction model (Tordamdou et al., 2014) provid-
ing information that can be valuable and supplementary for
forecasting purposes. Individually or in association with ad-
ditional information, the development of a basic waming sys-
tem for the management and mitigation of flood events can be
achieved. Further analysis of the cyclomic tracks and charac-
tenstics projected by climate models can provide valuable in-
formation for the impact of global change on the atmosphenic
systems in the wider eastern Mediterranean.
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Data from a dense network of &9 daily precipitation gauges over the island of Crete and cyclone climatological analysis over middle-
eastern Mediterranean are combined in a statistical approach to develop a rain dizgnostic model. Regarding the dataset, 0.5 =
0.5, 33-vear (1979-2011) Furopean Centre for Medium-Range Weather Forecasts (ECMWTF) reanalysis (ERA-Interim) is used. The
cyclone tracks and their characteristics are identified with the aid of Melbourne University algorithm (MS scheme). The region of
interest is divided into a grid mesh and for each grid the probability of rain occurrence from passing cyclones is estimated. Such
probahility maps are estimated for three rain intensity categories. The probability maps are evaluated for random partitions of the
data as well as for selected rain periods. Cyclones passing south of ltaly are found to have greater probability of producing light
rain events in Crete in contrast to medium and heavy rain events which are mostly triprered by cyclones of southern trajectories.
The performance of the probability maps is very satisfactory, recognizing the majority of "affecting” cyclones and rejecting most
cyclomes that do not trigger rain events. Statistical measures of sensitivity and specificity range between 0.5 and 0.8 resulting in

effective forecasting potential.

1. Introduction

The growth of popularity, tourism, and industry in the
Mediterranean region increases its sensitivity to the impact
of natural disasters such as floods and landslides [1, 2].
In addition, the complex topography of the Mediterranean
region characterized by its orography and coastlines is
vulnerable to cyclone formation or “cyclogenesis™ [3-5].
Cyclones and rainfall are strongly associated [1, 6] especially
in the Mediterranean where they have a great contribution
in organizing the low-level flow and moisture and as such
feeding the precipitation systems [2, 7].

It has been subject of numerous researchers to analyze
the relationship of rain with cyclones in the Mediterranean
region. The majority of studies agree that cyclones’ attributes
and frequency influence precipitation regime. Both Hawcroft
et al. [8] and Catto et al. [9] agree that most of the total
precipitation in the northern hemisphere is triggered by

extratropical cyclones. The same verification holds for the
south hemisphere according to Papritz et al. [10] who found
that 60%-90% of “strong” precipitation is triggered by those
systems. Extreme rainfall is also connected with cyclonic
circulation patterns. fansa et al. [11] found that heavy rain
events (>60 mm/day) gauged in different Mediterranean sites
are associated with cyclones” appearance in the wider area.
In addition. Reale and Lionello [2] observed that there is a
higher probability to detect a cyclone within a distance of
20° (about 2000 km) for intense precipitation events at 15
Mediterranean coastal locations. The Mediterranean rainfall
decrease especially during the winter is found to be related
with cyclones’ frequency decline [12]. Changes in cyclonic
circulation patterns also are responsible for precipitation
amount and occurrence according to an analysis over the
Greek territory [13]. In addition, regarding future climate sce-
narios, changes of precipitation are consistent with changes in
cyclonic activity [5, 14].
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Frgure I: Analysis procedure diagram.

Many algorithms and software packages have been devel-
oped for the identification of the cyclones and their tracking.
The intercomparison of midlatitude storm diagnostics (IMI-
LAST) team has evaluated 15 different algorithms of cyclone
identification and tracking for the same dataset and found
inconsistencies among the schemes for both reanalysis (ERA-
Interim} and model simulations (ECHAMS/OMI} concern-
ing variables such as the number of identified cyclones,
cyclone frequency, and life cycle [15, 16].

Being an important driver for precipitation, cyclones
have been thoroughly investigated with respect to their
lifetime, frequency, evolution, and origin. Campins et al. [7]
investigated the cdimatology of Mediterranean cyclones for a
45-year period (1957-2002) pointing out the gulf of Genoa
and Cyprus as two important cyclogenetic regions along with
regions in Morth Africa, the Iberian peninsula, the Aegean
sea, and the Algerian sea. In this study seasonal variabilities
are identified in agreement with other studies [4, 17-21]
noting significant difference in cyclones’ frequency. In both
Nissen et al. [22] and Flocas et al. [19] a negative trend in
western cyclonic systems is identified in contrast to eastern
Mediterranean where a small increase can be observed. With
regards to cyclone development, Rudeva and Gulev [23]
found that for cycdones of the northern hemisphere over the
period 1948-2004, cyclone size (radius) is a crucial parameter
affecting cyclone lifetime and intensity. In this direction with
the aid of MS scheme Simmonds [24] shows how the cyclone
radius grows through the life of a cyclone.

Motivated from the fact that precipitation is dosely
related to cyclone presence and that a great effort has been
made for the proper comprehension of the cyclonic systems,
this work suggests a simple probabilistic model based on
the statistical analysis of cyclones, for rain prediction. Our
methodology is based on the estimation of probabilities on
a pridded area of analysis concerning the cyclone passages
and their association to recorded rain events. The estimated
so-called “probability maps™ are then used as drivers to
give a prediction for a potential rain event. The verification
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procedures used here are the measures of sensitivity (referred
to as probability of detection in other studies), specificity
(also referred as false alarm ratio), and accuracy [25, 26].
The proposed methodology is evaluated on middle-eastern
Mediterranean region for the rain events of the island of
Crete, Greece.

2. Data and Methodology

The main objective of this work is the estimation of spatial
probability maps of cyclones responsible for rain events. In
addition, a statistical approach is evaluated for rain events
forecasting. The statistical analysis is extended including
conditional cyclones characteristics such as cyclone intensity,
depth, and radius. Figure 1 presents a brief diagrammatic
overview of the procedure. In a nutshell, during the first step
of the analysis three independent procedures take place. (a)
Rain categories are selected according to specific percentiles
(depending on the application, 50th, 95th, and 99.5th in our
case), (b} cyclones and their characteristics are recognized
with a selected algorithm (MS scheme in this work), and
(c) the selected area of interest is partitioned in grid cells of
preferred resolution (0.5 = 0.5 deg. of lat. here). Temporal and
spatial information of the cyclones and the area partition are
evaluated for the cyclones’ grouping and rain-cyclone features
are examined to associate the two physical processes. The
probability values are computed for each grid cell according
to the rain-cyclone association leading to the formation of
the respective probability maps. The final step of the analysis
concerns rain forecast verification using the cyclone statistics
of the probability maps and the original cyclone data.

21, Data. In the present analysis we use the European
Centre for Medium-Range Weather Forecasts (ECMWE)
ERA-Interim reanalysis dataset for the period between 1979
and 2011 The ERA-Interim data are of 6-hour temporal
resolution at base times 0000, 0600, 1200, and 1800 UTC and
have a regular latitude-longitude with a spatial resolution of
0.5 = 0.5° The field of mean sea-level pressure (MSLP) is
analyzed for the identification of the cyclones’ positions and
parameters as well as their tracks. Investigated are autumn,
winter, and spring covering the months from September to
May. Summer peried is excluded from the analysis as there
is negligible rainfall over Crete. The cyclones are treated as a
whaole in time and not seasonally grouped which is expected
to be investigated in our subsequent work. Seasonality con-
sideration is expected to lead to different results regarding
to the fact that the majority of rain events in Crete occur
during winter. The domain of study for the detection and
identification of the cyclones includes part of the middle-
eastern Mediterranean area and extends between 4°-33"E and
343N,

The area of interest according to the rain events is Crete
which is enclosed within the domain of 23.4°-26.4°E and
34.8°-357"M. The domain of study and Crete boundary
are shown in Figure 2. Precipitation records in Crete were
obtained for 69 daily gauging stations, compiled and quality
controlled by the Directorate of Water of the Decentralized
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Fravre 2: The domain of study including part of middle-eastern Mediterranean. Noted is Crete for which rain events are investigated.

Administration of Crete. Flood events affecting Crete are
also investigated, selected from several flood events databases
(http://ceopis-floods.web.auth.gr/) for which more informa-
tion can be found in [27-29].

2.2 Cyclone Tracking. Cyclones are detected using the Mel-
bourne University finding and tracking scheme (from now
on referred to as M8 scheme) based on the quasi-Lagrangian
perspective [30, 31]. MS scheme works with PMSL fields
projected on a polar stereographic grid with the aid of bicubic
splines. The identification of possible search areas is achieved
by looking for maxima of the pressure gradient, an approach
similar to vorticity maxima identification. Thereafier, pres-
sure minima are identified in the selected areas. This strategy
gives the advantage of finding both close and open cyclones
which is of great importance because cyclones develop during
their life cycle. Hence, missing open lows could lead to time
series break of a cyclone system. Hope et al. [32] developed
a frontal analysis scheme based on MS scheme for the better
identification of open cyclone-precipitation association due
to the fact that open depressions’ identification is of great
importance as they are usually associated with rainfall.

Cyclone radius, depth, and intensity are retrieved from
M3 scheme and are calculated according to the following
formulas.

Cyclone radius is estimated as

[ ()

Z|—

N
32
=l

where r; is the distance of the radial line from the cyclone
center to the points at which the Laplacian of the pressure
is zero. N concerns the number of the radial lines drawn for
every 20° [30, 33].

The Laplacian of the central pressure V' appropriately
describes cyclone intensity [30, 33, 34]. Cyclone depth Drisa

measure proportional of pressure gradient and radius given
by

D= %RIVIP. (2

2.3. Cyclone-Rain Association. The cyclones identified with
the aid of MS scheme need to be associated with specific rain
events in the region of interest. Cyclone-rain association is
achieved with temporal and spatial information analysis of
cyclone and rain records.

Two definitions of cyclones state were adopted in terms
of their temporal evolution over the domain of the study.
From this point on, “hifting” cyclones are defined as the
cyclones at a specific time-point of their track that at the same
time are responsible for rain occurrence over Crete. Thus,
“hitting” cyclones have both temporal and spatial relation
with the recorded rain event, as follows in the description.
The second definition characterizes the cyclones that within
the track evolution at some subsequent point will affect the
area of interest by producing rain and will be referred to as
“affecting” cyclones. If a cyclone is characterized as “hitting”
{rain producing) at some point within its track, then at its
previous points the same cyclone is an “affecting” cyclone,
which will eventually trigger a rain event over Crete.

Temporally, cyclone characteristics (like center) are esti-
mated every 6 hours while rain records are daily. Hence, the
cyclones between two successive rain recordings are those
that potentially trigger the second rain event. According
to the 50th, 95th, and %95th percentiles of daily rainfall
accumulation, rain events are divided in three rain categories
of light, mediem, and heavy rain, corresponding to 8.5, 47.3,
and 106 mm/day, respectively. The rain thresholds used in this
study are 10, 50, and 100 mm/day in terms of simplicity, which
approximately correspond to the exact values and oocur after
“dry” records of less than Imm/day are excluded from the
analysis. A rain event is defined when rainfall of more than
I mm is recorded for at least one of the 69 stations of Crete.
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Another important aspect of rainfall-cyclone association
is the cyclone center location in relation to the area of
interest (Crete). The “sufficient affecting” distance between
the cyclone center and this region should be less than the
cyclones radius. A rectangular boundary (Figure 2) enclosing
the area of interest is defined and Euclidian distance between
the cyclone center and the boundary is estimated and com-
pared to cyclone radius in order to define the specific cyclone
as “hitting.” and thus practically associated with the recorded
rain event over Crete. More complex distance measures are
not considered due to inconsistencies of the tracking scheme
with regards to the cycone center location and its radius.
Also, distance is not measured directly from the cyclone
center to the exact gauging station because cyclone structure
is mot an exact circle so considering the exact distance could
lead to loss of information.

2.4. Spatial Probability Maps. In order to estimate the prob-
ability of a cyclone detected within middle-eastern Mediter-
ranean area to trigger rain events in the area of Crete we use
2 0.5 = 0.5 grid mesh. Passing cyclones are assigned to each
grid according to their center coordinates (longitude-latitude
values compared to the grids boundaries). Probabilities
concern the number of cycones affecting Crete to the total
number of cyclones and are estimated for every cell according
to

AC
Pr,.=—-—, (3)
R | S
where Pr_,_ is the probability of a cydone passing over cell ¢
to affect the area of interest with a rc rain category event. AC

corresponds to the number of affecting cyclones and TC to
the total number of cyclones. Both of these are estimated for
every grid and for every rain category.

Another probability measure applied is that of weighted-
normalized probability (WNP) which is estimated by multi-
plying Pr, . with the number of cyclones C. The result is then
normalized to range between 0 and 1 over the total number
of cells for each rain category:

Pr . ~C,. .

WHP,, =——mm——
o max, I::Pr.r.m: * Cn:.:r\c}

(4)

In addition probability maps are estimated for cyclones
having extreme characteristics. The characteristics of depth,
intensity, and radius are constrained to be greater than their
mean value plus two times their variance which corresponds
to 2.3% of the data, considering normal distribution, and even
less in distributions of positive skew.

2.5, Forecast Verification. Spatial probability maps are tested
with statistical measures of sensitivity, specificity, and accu-
racy which show the performance of cyclone matching to
the rain events. 10-fold cross-validation combined with 100
Monte Carlo simulation results in 1000 different test and train
datasets for this testing. More specifically, with 10-fold cross-
validation the dataset is randomly grouped in 10 different
classes consisting of full cyclone tracks. These 10 experimental

Advances in Meteorology

Tanee I: Tvpes of probability maps.

"MNoCri™ Simple probability maps (no extra criteria).
Simple probability maps complementary to

"3 constrained probability maps on depth, radius,
and intensity {criteria on cyclone selection).

TWHN: WHP maps.

NI WHNP maps complementary to WNP constrained

probability maps on depth, radius, and intensity.

“MoCri + WN™ ?‘::ile probability maps complementary to WNP

datasets correspond to 10 experiments that for each one of the
classes is used as a test dataset and the remaining 9 as a train
dataset. The procedure is repeated 100 times in terms of the
well-known Monte Carlo simulation.

The criterion for a cyclone to be considered as “affecting”
depends on a probability threshold. If the cyclone center is
located in a grid cell whose estimated probability (in the
probability map) is higher than the defined threshold, then
the cyclone is considered to be an “affecting” cyclone. The
threshold is optimized to give the higher values to the three
statistical measures of sensitivity, specificity, and accuracy.
When more than one probability maps are taken into account
to decide the effectiveness of a cyclone, each map has a
positive impact on the decision of whether the cycone affects
Crete or not; in other words each map gives a positive "vote””
More specifically, if at least one of the maps gives a probability
value over the defined threshold (positive vote) then the
decision is that the cyclone is an "affective” cyclone that will
eventually “hit”™ Crete. Five different probability maps (simple
or combinations) are investigated (Table 1).

Once a cyclone at a specific point of the track is found to
be affective according to the estimated probability maps, this
track is considered as an affecting pathway that will eventually
“hit” Crete. According to whether this decision is true or
false, the statistical measures of sensitivity, specificity, and
accuracy are estimated, constituting well-known verification
procedures [25, 26].

The following terms need to be defined in order to present
sensitivity, specificity, and accuracy (Table 2).

Sensitivity measure is given by

" TP

S=F ST

(s
where sensitivity § is the ratio of true positives to all the
real positive values, recognized or not as positive. Sensitivity
indicates the cyclone probability map's ability to identify rain
events. The higher the sensitivity the more cyclones causing
rain events are identified.

The formula describing specificity is given by

™ TN

e R

(6]
where specificity 3P is the ratio of true negatives to all the
real negative values, recognized or not as negative. Specificity
indicates the cyclone probability maps ability to correctly
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TasLe 2: Sensitivity, specificity, and accuracy definition terms.

The cyclone produces rain and the test is

positive.
. ~ The cyclone does not produce rain but the
False Positive (FP): fest is positive.
. . The cyclone does not produce rain and the
True Negative (TN} test is newative.
. _ The cyclone does produce rain but the test is
False Megative (FM): negative.
Positive (P): Sum of TP and FM.
Negative (N): Sum of TH and FP.

reject the hypothesis that a cyclone causes a rain event. The
higher the specificity the more cyclones not causing rain
events are identified.

Lastly, accuracy is given by

CTP+TN  TP+TN

AC= P+N ~ TH+TN+FP+FN’ @)

So accuracy AC is the ratio of the correct positive and
negative choices made from the cyclone probability map to
the whole cyclone population.

3. Results/Discussion

3.1 Distribution of Affecting and Hitting Cyclones. The com-
bined number of “hitting” and “affecting” cyclones for the
19792011 period is presented in Figure 3. For light rain events
the majority of responsible cyclones are located over north
Levantine Basin (east of Crete], over the Aegean Sea (north),
and over lonian Sea (northwest) of Crete. For medium and
heavy rain events, the related cyclonic activity is found
further south. Cyclones causing medium rain are primarily
located east of Crete. This is less marked for heavy rain, where
cyclones seem to be uniformly distributed around Crete. The
number of identified affecting and hitting cyclones are in
agreement with the findings of Kouroutzoglou et al., [35]
regarding the frequency of explosive events developed in
eastern Mediterranean, who also found that that almost 55%
of the events occur during winter and no cases in sumrmer,
supporting our exclusion of summer period. Obviously, the
number of cyclones gets smaller for rain events of greater
accumulation, as the majority of rain events are of light rain
category (50th-95th percentile) and very few are in medium
rain category (99,5th percentile).

The probability of a “hitting” cyclone as well as WP
measure for the 1979-2011 period is illustrated in Figure 4.
The probability of a passing cyclone to “hit™ Crete is higher
when passing south of Crete, which gets more profound for
greater rain accumulation. On the other hand, the corre-
sponding weighted probability emphasizes regions east of
Crete as “hitting” hotspots. Again here hotspots are moved
south of Crete for greater rain accumulations.

The corresponding results for “affecting” cyclones for the
same period are presented in Figure 5 As it is expected,
“affecting” cyclones are in bigger distance than the “hitting”

(A3)
55 D s |
T =2 2 8 &4 =B %2
S Y4 2w g oy 3

Frauvee 3: Mumber of “affecting” and “hitting” cyclones for the time
period 19792011 for (1) light. {2) medium, and (3) heavy rain events.

cyclones. Cyclones passing south of Italy have greater prob-
ability of affecting Crete. The "affecting” cyclones” pathways
are concentrated southerly, over western lonian Basin, for
medium and especially heavy rain events. For WNP measure,
hotspots can be distinguished on the maps as more “location
specific” areas. The western lonian Sea region south of Italy
stands out for light rain as an important hotspot, as both the
cyclone probability to affect Crete and the number of cydones
(Figure 2) are high in this case. For both medium and heavy
rain, hotspots are shifted south and the weighted probabilities
are lower compared to the ones of the light rain events.
These high probabilities located at the boundaries between
central and eastern Mediterranean are in correspondence
with the findings of Kouroutzoglou et al. [36] that the upper
levels (500 hPa) maximum intensity and size of the explosive
cyclones and the maximum geostrophic vorticity at 500 hPa
in the Mediterranean are formed at the same area.

Figure & illustrates the estimated probability maps for
“affecting” cyclones constrained on the extreme values (upper
tails) of their depth, radius, and intensity. The regions where
“affecting” cyclones have higher probabilities are distributed
relevant to those of Figure 5. Probabilities in this case are
higher supgesting that cyclones with extreme characteristics
are more likely to affect Crete. For light rain a robust pattern
of affecting cyclone activity is observed in the wider southern
Ttaly region for all cyclone characteristics’ constrains. Heavy
rain events are associated with extreme cyclones passing over
south lonian Basin, a finding in great correspondence with
the results of Kouroutzoglou et al. [36] that the greater depth
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Figune 4: Spatial probability maps (2) and weighted -normalized probability maps (WNP) (b) of “hitting” cyclones for the time period 1979~

2011 for (1) light, (2) medium, and (3) heavy rain events.

values of surface explosive cyclones are found in the southern
Ionian Sea and Gulf of Syrte and western Crete (boundaries
between the central and eastern Mediterranean).

3.2. Validation Testing of Probability Maps. The forecasting
potentials of the probability maps are tested with random
partition of the dataset in testing and training groups.
Probability maps are also validated for specific time periods
in which flood events are documented in Crete.

Figure 7 presents the validation results, evaluating the
probability maps alone or combined for the three rain
categories. The probability thresholds are selected to give the
optimal results for the three statistical measures of sensitivity,
specificity, and accuracy. For the selected probability thresh-
olds, the mean of all probability map methods for each rain
category gives results greater than 0.6 for all three statistical
measures. When it comes to choose between sensitivity and
specificity optimization, sensitivity is preferred to achieve the
optimal values (close to one). This is crucial, especially for
medium and heavy rain events, because sensitivity represents
cyclones identified to affect Crete during their passage.
Medium and heavy rain events are important to be forecasted
50 as to give a proper alarm for potential flooding.

For light rain events, the selected threshold for the
probabilities is 0.3. Simple probability map “NoCri” achieves

the best specificity results (0.7) and the lowest sensitivity
results (0.56). On the contrary, "NoCri + WN" has the
lowest specificity (<0.6) and sensitivity reaches 0.8. The most
balanced results are achieved with "WN” and "WN3Cri”
in which sensitivity is 0.73 and specificity 0.65. For these
probability maps accuracy is also satisfactory reaching 0.67.

The results concerning medium rain are obtained for a
0.2 probability threshold, over which cyclones are considered
as “affecting” “NoCri” and "3Cri” favor specificity reaching
0.8 and 0.75 correspondingly. “WN” and "WN3Cri” are those
considered most satisfactory giving sensitivity results greater
than 0.7 and specificity-accuracy beyond 0.6.

For heavy rain events, the optimal results are obtained for
the lowest threshold value (0.1) compared to the other two
rain categories. All probability maps give very good results
for this threshold. Especially, “3Cri” and "WN3Cri” achieve
sensitivity close to 0,8 and specificity-accuracy reaching 0,7.

Generally, satisfactory results are achieved with “WN” for
all rain categories. “NoCri” is the stricter one in sensitivity
and favors specificity while "NoCri + WN” does the exact
opposite, favoring sensitivity. “3Cri” relaxes the probabilities
giving higher sensitivity results than “NoCri” and the same
holds for "WN3cri” compared to “WN™.

In addition to testing random partitions of data to
validate the probability maps forecasting potentials, certain
rain periods that correspond to storms leading to flood events
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(A2)

FiGunk 5: Spatial probability maps (a) and weighted-normalized probability maps (WNP) (b) of “affecting” cyclones for the time period

1979-2011 for (1) light, (2) medium, and (3) heavy rain events.

are also tested and the results are presented in Figure 8. In
this case, the preselected rain periods are tested with both
the global probability thresholds obtained from the random
testing and with the optimal thresholds found for the specific
events. In both light and heavy rain the results are better
for stricter probability thresholds (thresholds higher than
those found in random testing) which is expected because in
the selected periods the majority of tracks concern “hitting”
cyclones. On the contrary, when data partition is random,
tracks concerning rain events are much less so in order to
“catch” them the probability thresholds have to be relaxed.
The relaxed thresholds in this case have very satisfactory
results in sensitivity reaching even 0.8 though specificity
hardly reaches 0.6 in a few cases. Only for medium rain the
thresholds are found to be identical in both random testing
and the specified rain periods.

In more detail, for light rain using the global threshold,
sensitivity reaches 0.8 with “3Cri” probability map evaluation
and sensitivity 0.5. “3Cri” probability map, using 0.5 as
probability threshold, approaches 0.7 in sensitivity and 0.8
in specificity. For medium rain events, good results are
obtained with all probability maps combinations. However,
“NoCri,” “3Cri,” and "WN" achieve the optimal balance in
the statistical measures of interest. Sensitivity reaches and
exceeds 0.8 and specificity ranges between 0.6 and 0.8. Finally,
very satisfactory results in sensitivity are obtained for heavy
rain events outreaching 0.8 for both 0.1 and 0.2 probability

thresholds. For the global threshold (0.1), specificity ranges
between 0.5 and 0.6 while the calibrated threshold (0.2)
obtains specificity results reaching 0.8.

Allin all, global probability thresholds give very satisfac-
tory results in sensitivity though the rain period calibrated
thresholds improve specificity. Also, “WN” in all cases obtains
outstanding results in the statistical measures. Generally,
“NoCri” is the most rigorous probability map giving the
lowest sensitivity and highest specificity results and "NoCri
+ WN” is the most relaxed probability map giving the
highest sensitivity and lowest specificity results. The rest of
the probability maps give results in-between.

4. Conclusions

In the present study, we have estimated the probabilities of
middle-eastern Mediterranean cyclones to affect Crete with
rain of specific daily accumulation for the period 1979-2011.
Probability maps of simple and weighted probabilities are
estimated for the gridded area of study which are thereafter
evaluated for their rain forecasting potentials suggesting an
alternative rain diagnostic model.

The detection of the cyclones and their tracks as well as
cyclone characteristics such as depth, intensity, and radius, is
achieved with the application of MS scheme. Cyclones and
rain events recorded in the gauging stations are matched
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FiGune 6: Spatial probability maps of “affecting” cyclones for the time period 1979-2011. The cyclones used are constrained on their {a) depth,
(b) radius, and (c) intensity for (1) light, (2) medium, and (3) heavy rain events.
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Figune 7: Validation results (sensitivity, specificity, and accuracy) for the probability maps alone and in combinations for the three rain
categories. In parentheses are the probability thresholds over which a cyclone is grouped as "affecting”

according to cyclone position relative to Crete. The simple
and weighted probabilities of cyclones to affect Crete are
then estimated according to the number of affecting cyclones
over the total number of cyclones for each prid cell. In
order to evaluate the probability maps of affecting cyclones,
the cyclone dataset is partitioned in random groups of test
and train data and with the use of sensitivity, specificity
and accuracy measures are investigated their forecasting
potentials. The generalization of the forecast verification of
the probability maps is achieved via Monte Carlo simulation
(x100) combined with 10-fold cross-validation obtaining a
satisfactory number of independent experiments. The prob-
ability maps are also evaluated for recorded cases of well-
known floods in Crete.

The higher probabilities of affecting cyclones are found
south of Italy. Generally, greater daily rain accumulations are
triggered by cyclones located in southern regions compared
to lower daily rain accumulations. With regards to forecasting
verification of the probability maps, sensitivity, specificity,
and accuracy measures range between 0.6 and 0.8 for the
random experiments. Probability maps are estimated using
different probability measures on all cyclones or part of
them according to the extreme values of their characteristics
(radius, depth, and intensity). The probability maps are
evaluated alone or in combination giving very efficient results
for the tree statistical measures used, in all cases. According

to the probability thresholds selected and how strict (high
probability threshold) or relaxed (high probability threshold)
they are sensitivity, specificity, and accuracy obtain lower or
higher scores. The selected probability thresholds over which
a cyclone is characterized as affecting optimize the majority
of the statistical measures for the diferent combinations in
the probability maps. A statistical measure of great interest
is that of sensitivity, especially for heavy rain events, as it
identifies rain events giving a warning for potential hazards.
The evaluation of specific flood events in Crete also gives
promising results reaching in many cases 0.8 in sensitivity
and specificity measures.

The scientific community has made a great effort for the
study of cyclone dimatology [3-5]. Researchers have proved
the strong relation between cyclones appearance and precip-
itation events [5, 13, 14]. In this study, we make one further
step, by evaluating the forecasting potential of cyclonic sys-
tems alone with the estimation of simple probabilities of rain
occurrence. Results could serve as useful-complementary
information when combined with other forecasting tools and
methods.
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1. Introduction high to very low correlation (Katsanos et al, 2007; Koutroulis et al.,

The assocation of ightning with severe minfall events has been the
subject of many researchers (Koutroulis et al, 2012; Mazarakis et al.,
2008; Michaelides etal, 2010; Petrova et al., 2014; Pineda et al, 2007;
Siingh et al, 2013). The investigation of physical phenomena related
to precipitation is of great importance as extreme @in event sconstituke
high risk natural disasters with negative impact to the soco-eoonomic
evolution of modem societies (Reale and Lionello, 2013 ). Besides, the
better understanding of the relationship between lightning and precp-
itation could improve the holistc perception of thunderstorm events or
even the nowcasting of extreme storms [ Petrova et al., 2014; Siingh
et al, 2014). Scentific foous to the lighining activity is partially due to
the Bct that many state-of-the-art modem technological systems can
capture lighining activity relatively easy and with great accuracy.

Different strategies have been followed for the imvestgation of the
relationship between lighining activity and predpitation mainly study-
ing the association between the flash count and the rain accumulation
Depending on the methodolgy, the data type and the geographical
location of the case study [insular, coastal or continental ) results can
be completely different [ Petrova et al., 2014). Correlations between
lightning flashes and rain amount have large varaton yielding from

* Comesponding authar at: School of Environmental Engineen ng, Techmic] Lm wrsty
of Crete, Chama CRFI00, Creas

hitp: b deoiorg, 100101 6§ atmaoesres 3015 12021
016880058 201 & Elsevier LA All rights reserverd.

2012; Michaelides et al, 2009 ). Results vary significanty even for the
cases of min with commaon origin such as convective rain events alone
[Pineda et al, 2007; Siingh etal, 2013, 2014 ; Soula and Chaury, 2001)
or both stratiform and convective @in events (Koutroulis et al., 2012;
Petrova etal., 2014; Yair et al, 2014).

The study of Katzanos etal (2007 ) in the area of central and eastern
Mediterranean Sea for 6-month period of analysis [from October 2003
up to March 2004) showes that high min amounts coincide with the ap-
pearance of lightning flashes. They showed that more than 50% of rain
oocurrence higher than 1 mm is related to flashes and only 6% of the
rRin events with rain higher than 10 mm are not related to Aashes.
Rain and flashes that were accumulated within G-hour intervals and
lightning were searched in a fixed 0.15° radius around the stations. In
the study of Koutroulis et al (2012) the reladonship between intense
precipitation and lightning activity over Crete Island for the ime period
2008-2009 is imvestigated, with a spedial focusin intense flash flood
triggering thunderstorms. Correlation of min accurmulation and flash
count isexamined for different ime lags and effective radii giving an
average correl ation of the order of 0.33. The effective radius giving the
higher results in correlation is found to be 15 km around the station
and the optimal time lag is achieved when the Alash count tois 15 min
prior to the rain accumulation. Soula and Chauzy (2001]) studied 2
summer events in Paris and found good spatial correlation between
lightning and flashes on a grid mesh of variable resolution, reaching a
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coefficent of determination of 09 fora 30 km resolution grid The reso-
htion of 30 km is also found to gve very good results in temporal cor-
mrelaton Michaelides et al (2009) employed a gridded methodology
on the m@in guges on Cyprus sland spliting the area of interest in 12
areas and correlating rain with the number of flashes for different sce-
narios oflightming and rain. The detection of lightning actvity is applied
withina 10-15 km radius around the rain gauges and different time lags
for rain amounts higher than 5 mm Three flood events are analyzed in
this shudy with rather poor performance in correlation. The extended
analysis of Michaelides et al (2010) in rainfall-lightning relationship
identification for nineteen rainy events in Cyprus employing a spatio-
temporal statistical methodology gives improved correlation results.
With the use of TRMM data for different parts of India and for the
time period of 2003-201 1, Siingh et al (2014) found average positive
cormelation between lightning fllashes and comvedtive rainfall reaching
053, Also, for the time period of 1998-2010, Siingh et al. (2013)
faund high correlation [0UGE—0.81) between lightning flashes and con-
wective rainall over sout h-southeast Asia. Bamolas et al. (2008) studied
a flash flood event in Catalonia and found that within a 6 km radius
rin-lighming comelation increases when there are mare flashes in the
effective radius [more than 100 flashes in 30 min).There is significant
evidence from previous studies that lightning can be established asan
important tool for the evaluation of thunderstorm and even the
nowcasting of potentially disastrous storms. Hence, the variation in
the different studies’ results infers a strong dependency of rainfall vs
lightning correlation, to the methodology, the data type, the geograph-
ical location of the case study [insular, coastal or continental | and other
climatological Botors.

Lightning clustering has been widely used in the field of lightning
analyss both for nowcasting lightning activity and associating lighining
actvity with predpitation Strauss et al. (2013 ) performed spatio-
temporal dustering based on atemporal diding-window and then est-
mated the kemel density using the Atmospheric Discharge Density

Table 1
The agorithmic seps of lighning duser analysis
Chrster analysis sieps
1. Spatio-emparal chestering of ightning
2 Definition of seanching area around the cemter of the duster
3 Probahility estimation for the dusers which contain gauges in the searching
area

Estimator tool (EDDA). Thereafter, correlation was estimated between
lightning active cells and precpitation structures identified by weather
radar images. Image segmentation was applied for different values of
spatial and temporal shift giving results from 0.1 to 0.8 for two case
studies of flash flood in the Sao Paulo State, Brazil. Kohn et al. (2011)
with the aim of Waming Dedsion Support System-Integrated Informa-
Hon (WDS5-1) lighning visualization tool that provides tracking and
prediction of the evolution of eledrically active cells with hierarchical
k-means clustering, evaluated lightming activity for the nowcasting of
the storm track. Probability of detection reaches 0,52 and 0.39 for effec-
twveradius 5 kmand for a lead tme of 30 min and 120 min correspond-
ingly. Pineda and Montanya (2009) used hierarchical agglomerative
clustering in Catalo niain order to identify areas with similar convective
triggering mechanisms

This paper aims to imeestgate the relationship between precipita-
Hon amount and flash density. Coefficient of determination is used to
mieasure comelation between lightning flashes and rain keeping only
non-zero pairs of lightning-rain in the estimation. Also, a new strategy
to find relationship bebeeen lighming activity and precipitation is intro-
duced due to the use of clusters for the grouping ofthe lighining flashes
in space and time. In Section 2,the datasets are presented along with the
methodo logy of both cormelation esimation and clustering. Section 3
concerns the study area and Section 4 presents the results of the 2
applied methodo logies. The main results are summarized in Section 5.

L Materials and methods
2.1 Dotose s

Lightning data used in this work are acguired from the Global Light-
ning Metwork (GLM) and provided by Unidata [ http:/fwww unidata
ucar.edu/datalightning'g@nhtml) for the time peried September 2012
to june 2014, The domain of study for the lightning flashes is confined
from 227 to 28° E and 33 5" to 365 N. GLN is a cutting-ed ge tec hnology
system which consigsoflighining stroke detection sensors strategically
located at more than 150 international hosting partner sites. The effi-
dency of thissystem reaches 90-95% with comesponding location acou-
racies less than 1 km The lightning data have 1-minute temporal
resolution and concern cdoud-to-ground lightning stroke data and
some Cloud flash discharges. Furthermore, the rain data recorded from
212 meteorological stations all over Crete in 10 minute high tempoml
resolution for the tme period from September 2012 to June 2014
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have beenused. The rain data is provided by meteomlogical stations of
the National Ohservatory of Athens [NOA).

22 lighming chusters

In order to examine the correlation of rain events with lightning
activity two different approaches are applied Fig. 1 demonstrates the
strategy for a) lightning clustering and b) individual lightning flashes.
In the first approach, fllashes are teated as group-entties according to
their spatio-temporal 10D [ lengitude, lattde, Gme). Inorder to identfy
the physical groups of lighning, a clustering met hod is applied. Juster-
ingholds from the idea that groups of data ame identified and organized
in classes or chusters hased on their similarities. Hence, according to the
atiribute space of the data, clustering algorithms fnd regionsthatcan be
separated from the others due to the dissimilarities and form a separate
group. Here, for the lightning flashes the time of ocourrence along with
the x and y coordinates are used as attributes for the identification of
regions with intense lightning activity.

Thereupon, an effective mdius from the center of each cluster is con-
sidered, within which the areais searched for gauging stations Different
effective radii are tested for which the existence of gauging stationsin
the searching area is ecamined. Prohability of coincidence is estimated
according to whether at least one of the gauging stations in the
searching areaof the lighining cluster has rain records within the dura-
tion of the ightning cluster. The lightning duster duration is defined
from the minimum and maximum tme instants of the lightning flashes
which are members of this cluster, t,—t, Other cluster characteristics
included in the analysesalong with the cluster duration are the mumber
of flashes in the cluster and the coverage area of the cluser.

A lightming cluster for which there is at least one gauging station at
the searching area with recorded rain of the requested rain intensity
within the tme period of the custer will be hereafter referred to as
effective cluster. The probability is defined as:

NEC
P =T

where iis intensity of the rain events of interest, r is the effective radius,
NECisthe number of effective clustersand NC the number ofall the dus
ters which include gauging stations in the searching area. Probability is
evaluated as a comelation measure between the lighming activity and
rain events. The intenton in this analysis is to find out if organized
structures of flashes could potentally be an indicator of a thunderstorm
in the wider area Both the probability of coincidence and the special
chamceristics of the clusters are evaluated. The steps of the dustering
appmach are synoptically presented in Table 1.

For the cluster to be related to a rain event recorded in a station, the
gauging station should be ‘close’ to the station which means that the
gauging station is within the cluster'ssearching area according to the ef-
fective radius applied. Also, the time the rain event is record ed should
be within the tme interval of the cluster which is defined by the first
and last mcomded lightning flashes in the lightning cluster. More than
one cluster can be related with a min event according to the distance
and time criterion previously described.

Tahle 2
Corelation @egonies ararding to Allik et a [2014)
Squared] Pearson mefficient of determination :'szl Correlation characten zation
1 Perfect
07-049 Strong
04-06 Moderar
01=07% Weak
i} Zero

Table 3
The algarithmic steps of lightming comelation anahysic.
Correlation analysis seps
1. Definition of searching area around thecenter of the gauging s4tion
2 Time seties of lightning and rain acumulated for 1060 min
3 Time seties of rain shifted 0-60 min
4 Pairs of the time series filkerad on zero vaues. Exdusion of pairs hawing zenos.
5 Extimation of mrrelation

221, Oustering methods

In order to group the points of lashes in space and tme the cluster-
ing algorithm of k-means [ MacQueen, 1967 ) isapplied. Simple, efficient
and widelyused for avarietyof applications of different disciplines [Jain
et al, 1999; Jain, 2010; Wagstaff et al, 2001} k-means is considered as
the ideal tool for the classification of lightning in space and time. The
k-means starts with k random initial points as centers of the clisters
and assgns the points to the closest clusters so as to reduce the squared
emmor. The centers of the clusters are updated to be the mean of the
consttuent points. More specifically, et X=[X;}.i=1, ...n be the
n-dimensional set of points to be clustered and C={C},j=1....]be
the setof [ chisters. Points are aranged to the corresponding chisters
50 as to minimize the within-chisters sum of squares. New centers
M={u}lj=1,..] ar estimated from the constituent points of the
clusters and all the points are rearmnged to the closest clusters. The
within-clusters sum of squares is defined as:

e, = - s
BEC)
The goal of k-means isminimizaton of the sum of WSS forall dusters:

]
argcn'lj nd " WIS,

=1

The algorithm of k-means is a greedy, NP-hard problem which can be
minimized only if the number of dusters is fxed (Jain 2010). In this
study, the number of clusters is decided from another algorithm, the
so-called G-means [ Hamerly and Elkan, 2003). G-means algorithm

Tabie 4
The rain 95th percentile for each gauging sation for different tme windows for the peniod
af analysis 2 2-2014.

D Canging sation

Timewindow [min)
pLi] 0 30 40 50 &l

a Agios Mikaolaos 320 460 A8 700 200 a0
1 Alikianos 300 430 500 G00 GET 740
2 Anogeia 380 5% AR 200 a2 1033
3 Chania 480 LU W] 1015 1.7 1226
4 Chania Cemer 300 460 A0 720 780 240
5 Fadzama 500 TE AE0 1142 1185 1445
L] Fourfouras 481 i 259 1060 1230 1303
7 Fragma Potaman 400 560 A 09 a7 1020
-] Heradion Part 5489 R L, K] 949 1156 1248
E] letapetta ELTR L] 1075 147 1220
10 Knomos 462  GER  AGR 1040 1135 1180
1 Lentas 340 480 A64 G20 GG Ga0
12 Meaxochor 340 534 AG2 839 419 10,00
13 Maires 420 A4 760 20 a7 10,00
14 Paleschara 420 543 AA 700 116 TE0
15 Plkias 340 464 540 G00 720 TR0
1% Rethymno 380 5E0 . 915 994 1020
17 Samaria 380 A06 B4 1000 1150 1307
18 St 480 160 A0n G988 JLE] 1178
19 Spili 380 560 ] 840 EE] 1050
0 Tzermiada 337 513 A6D 745 LG 10,00
n Wryses 383 A60 A00 934 1053 1219

Average [mm) 408 5484 ] BET L 1050
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Tabhle 5

The mefficient of d ebemination between rain and lightning fl=hes for thetop hourly rain inensity event of each gauging station for the period of anahysis 212-201 4

Statian Event characteristics Coefficient of determinasion [R7)

Max rainfall imersity [mamy'h) Max flzhinensity [ fasheh) Dae Time: Lag { min )

L] 10 20 i) L] 50 G0

Agies Mikolaos 162 2 2TA X AN3
Alikimnos 162 L] IN22M3
Anogeia X2 7 161 27213 0y i) 0zy 035 035 LI 045
Chamia s 41 2400/amz2 w7 ik ] 052 i1 ] i) il 062
Chamia Center 172 3 90,2002
Falimarma 2 L] 281,204
Fourfouras et ] 8 TaR3 025 L] il ik ] 056
Fragma Potaman nE [i] 50014
Herachion Part 3 2 2TA X AN3 [y mn 030 ik 035 s 03
leapetra B4 [i] A4
Kneesos 4 L1l 1711722 wis 026 04z
Lentas ns 1 2011/am2 050 030
Metmochar po1 ] 1 2182013
Muaires 184 2 261,204 Lk L]
Paleachara 142 M\ 2011/am2 w1y
Plici= ) L] 14520013
Rethymna 194 L] 90,2002
Samaria 28 T2 2011/am2 i) LI [ 016
Sitia 206 3 251 2/ An3 oy ik 025
Spiki 204 i) 251,24 14 i4 L& [ 016
Tzermixda 17 161 811,202 il i oz 02z
Vryses 616 124 16117212 014 w19 iy L& [ 014
Average mxE 7 i 1 [ier) 0z L] sy 036 034

splits the data in groups with the aid of k-means until the data currenthy
assigned toeach cluster follow a Gaussian distribution. More specifical-
by, if thedata in acluster are Gaussian, the chuster is not further split in a
different occasion the chuster is split using k-means (k = 2). For this
study, every time k-means is applied the random initialization of the
centers is executed 10 times in order to achieve smaller squared error.
Chi-square goodness of fit gaussianity test [(Snedecor and Cochran,
19E9) is applied on the data of every cluster. The test statistic is a chi-
square random variahle (x°) defined by the equation:

k ¢ 2
(o —ey)
2oy
[=1]

wheme oy and e; are the observed and expected frequency for bin i re-
spectively, if data is divided in k bins [Cruzetal, 2015). The level of sig-
nificance for the test is chosen to be a = 00001, The test of Gaussian fit
is not applied on the raw 3-dimensional data but on the projection of
the data to 1 dimension. let v=c; — ¢; be the 3-dimensional vector,
connecting the centers of teo clusters. Due to the fact that v is consid-
ered to be significant in k-means, data are projected on v;

= e v}V Y€ oz

2.3, Lighiming-nmin comelation

In the second approach, lighining flashes are treated as individual
entities. An effective radius from the center of each gauging station is
consdered within which the area is searched for lightning lashes. Dif-
ferent effective radii are tested for which the existence of lightning
Aashes in the searching area is examined. A correlation criterion is
used to imeestigate the relationship between lightning and minfall

The number of flashes and the rain accumulation time series in the
period of analysis are used for different time lags and time windows.
Timelags are defined asthe tme shifts of the rain ime series compared
to the lightning time series. This is important to imestigate, as the
responseof atime seres compared to anothercan be delayed. With re-
gard to this analysis, the min tme series is shifted 10, 20, 30, 40, 50 and
B0 min [timelag) posteriorto the lightning tme series for the period of
analysis, hased on the fact that lightming activity precedes the precipita-
Hon evolution [Soula et al, 1998; Strauss et al, 2013). Thereafter from
the shifted and original tme series are selected the non-zero pairs of
rain accumulation and lightning flashes for which R is estimated. The
same procedure is followed for flashes and rain accumu lated in different
time windows, from 10 minto &0 min with a 10 minute ime step. Also
different scenarios for the number of flashes are tested [ more than 0, 5,
and 10 flashes). This isessential asa small number of flashes can lead to

2

? 3

99 hossly rain percesailes (mmf) * B .
a2
a

Fig. 2 The spatial distribution of the 95th pereentileof hourly rainfll for the gauging stations of Creie over the period of analysic 20012-2014
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Time period 12-1B am 0 75 150 km
| I N
Mean Cluster Duration (k) 5.2
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Fiz 3 Exanpleof thelightning cheter methodo logy for the 16:/11,2012 inenserain event All the dusters around Crete 2= well 2 2 2pomin the area of inerest are presented. (Far
imeTpretation of the references ta mlar in this figure, the reader i referred o the online version of this chapeer.)

bias and misleading results [Michaelides et al, 2009). Correlation re-
sults are accepted if the 90% confidence level is satisfied. The steps of
the correlation approach are synoptically presented in Tahle 3.

23.1. Correlotion criterion

Comelation is estimated with the aid of squared Pearson coefficient
of determination (R*) for the non-zem pairs of lightning flashes
and min intensity. Comelation is a statistical measure to denote the rela-
tionship betwaeen varables and varies between 0 and 1. 1f there is no
relation between the variables correlation is Q. Increased strength in
the melationship of varables gives high comelation with the value of 1
implying a perfect relationship. Zero orvery kow valuesof rain and light-
ning flasheslead to enhanced comelation [ Koutroulis et al., 2012 ] which
is avoided here by excluding the zerovalies. The reason that zerovalies
are eccluded is also because the gpal is to identify if the amount of rain
in a thunderstorm is associated with the number of lightning flashes
that soourred in the wider area. For the characterization of comrelation
the categories are used as presented in Table 2.

3.Case study

The methodology developed in this study isapplied in the island
of Crete which is located in the southern part of Greece (Fig. 2).
Crete which is the largest island in Greece and the fifth largest in the
Mediterranean Sea covers an area of £265 km®, has a2 mean elevation
of 482 m and an average slope of 228 mkm. Mountains are dominant

in the landscape with Lefka Ori (2453 m) in the east of the island,
Idi [2456 m) in central Crete, and Dik i (2148 m) and Thripti Mountains
[B60 m) in the east. The climate of Crete is affected by both the
climatic zones of the Mediterranean and North African, though it is
primarily characterized as sub-humid Mediterranean with prolonged,
dry and hot summer periods and humid relatively cold winter
[Tsanis et al., 201 1). Precipitation is not uniformly distributed in the
island, with the northwest part receiving greater precipitation than
the southeast part of the island [Koutroulis et al., 2010; Naoum and
T=anis 2003). Also, the majority of rain events in Crete and espedally
the ones that bring high predipitation, are trigzered by cyclonic systems
of spedific chamcteristics (lordanidou et al., 2014 ; Koutroulis et al.,
2010).

The th percentile of hourly rain for every gauging station in
Crete for the period of analysisis presented in Fg. 2. Each station in
the figure is represented with the 1D that corresponds to Table 4,
where the 10-60 min rain percentiles for each station are shown
For more than halfofthe stations, the @9th percentile of hourdy min
eceeds 10 mmyh. Also, more than half of the stations with @inintensi-
ty higher than 12 mm/h are observed in the west side of the island. At
this pointit has to be noted that the gauging stations are not uniformily
distributed over Crete with the majority located in the westem part of
the island [Koutroulis et al, 2011 ). The inland stations with high hourly
rin areinthe wider amea of mountainous regions [Lefka O stadons 17
and 21 and Psiloritis: stations 19, 7,6 and 2] and assuch greatly afiected
by orographic min [Koutmoulis and Tsanis, 2000).
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Fig- 4. {n the loft panel: The lightming-chester charactenstic onmu bitve distribution aoncening the chester related to hourly @in evens over 106, 5 and 0 mmyh. Onthe right panel: the
difference between chesers giving high hourly rain and theones gwingany rain, for the total period of analysis (201 2-2014).

4. Results and discusion
41. Lighming chisters

The spatio-temporal clusters for the ime period of analysis are esti-
mated with the aid of k-means and G-means, as described in Section 2.
An example of the clusters of ightning flashes is demonstrated in Fig. 3.
Qusters of lightming are noted with different bubble colors, theircenter
is pointed out with the symbol x and the gauging stations are symbaol-
ized with a cross [+ ). The spedific example is within a 6-hour interval
[12-18 UTC) for arain event which oooumed in 16,10/2012 and mainhy
affected Western Crete. Seventy lightning chisters have been identified
for this event with mean cluster duration of 5.2 h, mean clhister area
497 km?* and mean number of flashes more than 100. The zoom in the
affected area in Fig. 3 shows that the centers of the custers are very
close to the gauging stations affected and the mean hour of those chis-
ters is close to the recorded time of the intense min events that ocourred
atthe 3 indicative gauging stations of Chania, Chania Center and Vryses.

The curmulative distribution of the general chamacteristics of the
lightning clusters for all the period of analysis (2012-2014) is presented
in Fig. 4 for an effective radius of 50 km The horizontal axes depict the
number of clusters in terms of percentile [from 5th to 95th) and the
vertical aoes depict the different cluster characteristics for about 4000
lightning clusters. The first column of the fgure shows the cumulative
distribution of the clusters’ characteristics while the second column
shows the differences of clisters related to non-zero rain events to
those related to min higher than the @9th percentile (rain higher than
1006 mm,h ). The number of flashes, area of coverage and duration of
the dusters are examined for all the effective dusters giving non-zem
rmin events and for those specifically related to at least one event of

howrly rmin higher than 5 mm/h or 10,6 mm/h (the mean 95th and
9ath percentile of min for all gauging stations).

Accordingto Fig 4, clusters related to high rain events have a greater
numberof flashes and cover a larger area which is most evident for the
50th percentile and above. The differences between the cluster duration
for the different rain cases are not as significant. In this case, the major-
ity of the high rain custers last less than those concerning all rain
events. Root mean square deviation [RMSD) was estimated for the
three characteristics of cluster analysis giving RMSDy == 22 flashes,
RMSD, == 585 km® and RMSD4 = 45 min for the number of flashes,
amea of coverage and duration of the dusters accordingly. Generally,
clusters related to intense minevent are in the majority of cases larger
and with smaller duration.

The probahbility of coincidence of a lightning cluster with specified
duration and number of flashes with an hourly @in event is presented
in Fig. 5. With regard to the 3-dimensional fgures of Fg. 5, the two hor-
izontal aoes concern the 10th-95th percentiles of the number of flashes
and cluster duration. More specifically, the axis for the duster duration
concerns the custers having duration less or equal to the values of the
labels and the axis for the number of flashes concerns the clusters
whose number of flashes exceed the corresponding values of the labels.
The analysis is applied for different efliective radius [ 10-50 km). Accord-
ing to the mean probability over the cluster duration and flashes pre-
sented at the top of Fig. 5 25 and 30 km are the optimum affective
radii around which most rain events over 5 mm/h [95th percentile of
houry rain) are detected. This is in agreement with Soula and Chauzy,
2001 who also find with a gridded methodology 30 km to be the opt-
mal resolution. Also,in Fig. 5 according to the detailed diagrams for
every searching radius, better probability of coincddence is observed
for dusters having more lightning Alashes and shorter duration. For
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Fig. 5. The probanl tyof 2 ightming clhuster d
period of analysis2012.2014

example, probability for 30 km searching radius is higher than 0.6 when
the cluster has more than 150 lightning flashes.

42. Lghtning—ran correlation

This section includest he results ofthe met hodology where lightning
activity is detected in a searching area around the gauging station de-
fined by the effective radius. In Fig. 6 is demonstrated the mean proba-
bility of coincidence of hourly 99th, 95th and 90th percentile @in events
with lightning activity (more than one lightning flashes in the searching
area). The mean probability is estimated over all time lags (0-60 min)
and windows ( 10-60 min} and over all the effective mdius (10-
100 km) for each gauging station. The colored bubbles in each graph
correspond to the probabilities which are lower or equal to the noted
value and higher than the value of the preceding bubble. According to
the figure, it emerges that hourly rain over the 99th percentile is more
probable to be related with lightning activity in the wider area
compared to @in events of lower intensity. Also, stations located on
the north coast are mostly related with lightning activity. In addition,

ch 172-173 (2016) 16-27

55
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% © s duragan and ber of flashes © comcide with an houdy ran event with rain ligher thanthe 9 5¢h percentile |5 mmh ) forthe

the gauges of the West Coast have higher probability to be related
with lightning activity compared to the others.

The mean coefficient of determination for different time lags and
windows is presented in Fig. 7. The mean coefficient of determination
is estimated over all gauges and effective radius. In the left column of
the figure, the average is also taken over all time windows while there
is adifferent estimation for each time lagand in the right column the av-
erage is taken over the different time lags having a different estimation
for every time window. In the first row is demonstrated the coefficient
of determination for minevents higher or equal to the 99th percentile
of min and different amount of flashes in the searching area The coeffi-
centofdetermination is higher when lightning flashes in the surround-
ing areaare more than 10 forboth cases of different time windows and
lags. The difference in coefficient of determination between having
morethan 10 or5 flashes compared to having more than 0 flashesissig-
nificant. Also, coefficient of determination reaches 0.75 (strong correla-
tion) for 10 min time window compared to the other time windows
where it is much lower (moderate comrelation between 0.4 and 0.6).
This is normal because rain intensity is expected to have less variation
for smaller time intervals. Additionally, in all cases of different time
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windows and tme lags coefficient of determination achieves moderate
values between 0.4 and 05. In the second row of Fig. 7, given more than
10 flashes, the mean coefficient of determination for different rain acou-
mulations is estimated. The coefficient of determination is higher for
gmreater @in accumulations. The difference between the 99th rain per-
centile and the other rain percentiles is significant. Less significant is
the difference between the 95th and 90th rain percentiles. More specif-
ically, for min events of the 99 th percentile coefficient of determination
is moderate [0L4-0.6) while in the two other cases it is weak [(0.1-03).

Apart from the general overview mean coefficdent of determination
on all stations gives, we also examined coefficient of determination on
the different stations to have a spatial perspective. In Fig. B is estimated
the mean coefficient of determination for every gauging station for
the 98th, 95th and 90th percentiles of rain. The mean coefficent of de-
termination is estimated over all time lags [0-50 min] and windows
[10—60 min} and over all the searching radius [ 10-100 km) foreach
muging station, given that more than 10 flashes exist in the surmund-
ing area of the station. Also, only statistically significant [ at 90%) coeffi-
cdent of determination terms are induded in the mean coefficient of
determination estimation. The mean coefficient of determination is
higher fir r@in events of greater intensity [99th percentile ). More than
half of the gauging stations’ coefficient of determination exceeds 0.5 in
this case. For the 95th percentile approximately half of the stations
hawve coefficient of determination exceeding 0.3. On the contrarny, just
T ot of 22 gauging stabons have a significant coefficient of determina-
ton for the 90th @in percentile. Spatially, the 99th percentile m@in for
gauging stations in the west side of the island is more cormelated with
the number of flashes (R* = 0.5). Alsn, for many west gauging stations

in both @9th and 95th percentiles of min cases the values of coefficient
of determination are strong [higher than 0L75).

In Fig. 9is estimated the mean coefficient of determination for every
gauging station for more than 0, 5 and 10 flashes in the surrounding
areaof each station The mean coefficent of determination is estmated
over all ime lags [(0-60min | and windows [ 1050 min) and over all the
searching radius [ 10-100 km) foreach gauging station forthe 99th per-
centile of minof each station. For each of the three cases of flashes more
than half of the gauging stations have coefficient of determination
higher than 05, Coefficient of determination generally as it is demon-
strated in Fig 9 is higher when mome flashes are presentin the wider
area [more than 10 or 5 flashes in the searching area ). Here also, coeffi-
dentof determination is higher in the west side of the island. Com par-
ing Fig. 8 and Fig 9, while in Fig. 9 for the 99th percentle of rain for all
cases of more than 0, 5, and 10 fashes the majority of gauging stations
have moderate-strong comelations, in Fig. B lower rain percentiles have
higher impact in correlation as half of the stations have moderate-
strong correlations for the 95th percentile of rain and only 5 of the 22
stations have moderate-strong correlations for the 90th percentile of
min

In Tahle 5 and Fig 10 the case studies ofthe most intense hourly rain
eventsfor each gauging station and their comelation with the number of
flashes in anarea 50 km around each station are shown. The coefficient
of determination is examined over a 24 h interval including 12 h before
and after the intense rain event. Cnly the non-zero pairs of min-flashes
are considered for the coefficent of determination estimation. The rain
accumulation and the flash count are hourly and the tme lag between
the time series of the rain and the flashes concerns time lags from
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zemo o B0 min with a ten minute tme step. The average hourly rain for
the most intense hourly rain eventsof the gauging stations is 282 9mm/
h and the corresponding mean number of flashes is approcimately
28 fashes/h In 10 out of 22 gauging stations, the intense rain event is
also athunderstorm event [ =5 flashes/h ). Only for a minority of the
gauging stations (6 out of 22) no lightning is recorded in the wider
area. With regard to the coefficient of determination, 50 minute lag
has the highest score, as the mean cosfficient of determination for all
the stations in this case reaches 036 According to Table 5, the 5of 10
gauging stations [50% of the stations) with intense thunderstorm
events, have moderate-strong comelation between rain intensity and
the number of lightning flashes. The graphical representation of the 5
top-correlated events is presented in Fig. 10 for the optimal ime lag
as it is given in Table 5 According to the graphs of Fig. 10, the more in-
tense the rain, the more flashes are recorded in the wider area of the
thunderstomm event

5. Condusions

Spatial and temporal information from a raingauge network in Crete
and lightning data from the GIN arewsed to investigate the relationship
between lightning activity and pred pitation. Two different methodolo-
mesare applied for the coupling of the lightning with the min activity. In
the first approach, lightning flashes amre identified within an effective
radius around each gauging station In the second apprach, rain events
are identified within the effective radius of each lightning cluster.

Environmental and cloud microphysical factors have not been incor-
porated. Nevertheless, different factors can affect ightningactivity such
as thermodynamic and omgraphic ones, the presence of cold frontal

systems and the origin of the aimmass (Altaratz et al, 2003 ). However,
the use of lightning is beneficial considering that it can be detected
thousand kilometers away from its source, with great accuracy. This is
very important especially for regions that are not covered by radar or
do not have local meteorological systems (Kohn et al, 2011). The low
spatial resolution of the gauging stations" network as well as the detec-
ton efficiency of the lightning detection system als consttute physical
limitations of this study [Koutroulis et al., 2012). Als, the existence of a
remaote sensing tool with very high resoluton covering the study site
scale [gauging stations) would probably improve comelation as then it
wiould be possible to distinguish convedtive precipitation from other
types of precipitation [Petrova et al, 2014).

Both temporal and spatial relationships are distinguished between
lightning and predipitation datain the context of this work. For the ma-
Jjorty of the lightning chisters there exists at least one station with re-
corded hourdy min over 5 mmy/h. The optimal effective radius within
which min-lightning mean coincidence reaches (UG is 25-30 km that is
inagreementwith Soula and Chauzy [ 2001 ). For the specific mdius of
30 km, coincidence between lightning and precipitation exceeds B0E
when more than 150 flashesexistin the cluster. Generally clustersrelat-
ed to more intense rain events, cover larger area, are smaller in duration
and have more flashes than those of lower rain acoumulation.

The correlation measume of the coefficent of determination is also
applied on the time series of the lightning flash number and rain
accumulation for various time windows, time lags and efective radius
amund the gauging stations. The application of this measure takes
into consideration only ‘active’ pairs of ightning-rain excluding the
pairs having zero values. The mostintense houdy precpitation event
of each gauging station is examined along with the whole time series
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Fig. 10. Craphizl presemation of the mefficient of determination between observed
precipitation and lightming flashes for the 5 mostcornd abed events of Table 5 The area
betwesn thegrey lines represents the 955 mn fidence inervals.

of the stations for selected precipitation thresholds. Ten of the 22
stations’ most intense hourly event happens to be a thunderstorm and
50% of the thunderstorm events have moderate—stmong correlations.
Mean correlation on the ime series of rain events of specified intensity
showsthat more inten= rain events are more correlated with the num-
ber of flashes in the searching area. Also, correlation is higher when
fashes exceed the 10 fash threshold. Furthermore, smaller tme
windows [10 min} and 30 min tme lag give the optimal values in
mean correlation estimation

According to the analysis, it ooours that lightning and rainfall are
closely related. The association of these two physical phenomena is
not random and it depends on the distance and the number of flashes
of the storm from the region of interest. More specifically the area most-
ly influenced with rain due to the appearance of a group of lighining
activity is within a 30 km radius from the center of the group. On the
contrary, correlation between the rain and the number of flashes is

not a trivial matter. Different gauging stations might have significant
differences in correlation depending on their position and the diference
of the landscape [ mountainous, coastal, urban) but also to the @in itself
[storm direction and origin). Comparing the different tme lags and
windows, ime lags smaller than 40 min gave the best results in cormela-
tion and 10 min time windows. Comrelation in smaller ime windows is
expected to be higher than in bigger windows, because rain has higher
uniformity in smaller ime windows. According to the 22 cases of the
most intense hourly rain in the gauging stations, in halfof them rain
was not accompanied by lightning activity. The storm direction, oro-
graphic rain, non-comvective rain or even loss of sensor data could ex-
plain the absence of lightning flashes in these cases. For the other half
cases wheme lightning activity was present 50% had comelation higher
than 0.3, Again heme, the storm direction but also the hourly time win-
dow where rain attitude can vary are important factors for half of the
stations’ rain to be weally correlated with lightning flashes

Tothe best of the authors’ knowdedge, the spatio-tem poral cluster-
ing technique described here has not been presented el sewhere. Other
waork whem lightning clustering is employed in time and space first
use spatial chustering and then split or merge chisters of different ime
steps [Strauss ef al., 201 3). Also, software algorithms such as WDS5-11
need to take as input the number of clusters k in order to do the k-
means clustering procedure [Kohn et al., 201 1). On the contrary, in
this study k-means custering is applied from the beginning on the
spatio-tempaoral attributes of the lightning data and the number of the
clusters is decided also automatically by an optimization algorithm
so-called G-means.

The ‘decoding’ of the relationship between lightning activity and
precipitation can provide important information for the nowcasting of
thunderstomms. The combination of lightning activity of longer time
period with other meteorological parameters could provide a useful
tool for the construction of a warning system of extreme precipitation
events
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