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O POAOZX THX ENNI®ANEIAKHE OEPMOKPAXIAY OAAAXIAY KAI TON
OYZIOTPADPIKOQN XAPAKTHPIXTIKOQN XTHN ANAIITYZH EKPHKTIKHX
KYKAOI'ENEXHX
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2 veritovto Ecwtepixdv Yddzwv, EAnviké Kévipo Oaldooiwv Epsovdy
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Tunua L'ewioyiog, Apiototédero Havemariuio Ocooolovikng

IIEPIAHYH

Yy mopovoa gpyocio peretdrol vo Babd KukAmVikd cOOTNE, TOV avarTuXONKE 6TV AVATOMKN
Meaooyelo Kol ennpénce ot GLVEYELN TIG TapaKTieg Teployég g Notag EALGdag. o va tpocdiopicbei n
evalonoio ™C «Kotoyidag o€ JlPOpeTikEg TNYEG  EMQAVEWNKGOV  Ogppokpacidv  Odhacoag
TPOYLATOTOMONKAY GUYKPITIKEG apIOUNTIKEG TPOCOUOIDGEIS UE TNV EPAPUOYN €VOG U1 VOPOGTATIKOD
ATHOGQUIPIKOD HOVTEAOV. AvoAbONKe emiong 1 €MOPOCT TOV QLGLOYPUPIKDOV YOUPAKTNPIOTIKAOV OTNV
avantoén g Koatoryidag, HECH TPOCOUOIDCEMY LE TPOTOTOUEVY] TOTOYPOQPIO. Kol KOTOvVOUn ENpog-
0draocac. Ot TPoGOUOIDoELS £J€1EAV ONUOVTIKY] OTOKPLOT TNG OTLOCPALPAS GTOV EVIOMICUO TV {OVHOV
VETOV KOL OTIG EMPAVELOKES POEG BepUOTNTAS. ZUVOAIKA OUMG, 1| PAoN Kot 1 dopf TOV GLOTNUOTOG OgV
eMNpedobnKay oNUOVTIKA Ao TIG SL0POPOTOLNUEVES OPLIKESG CLVONKEG.

THE ROLE OF SEA SURFACE TEMPERATURES AND THE PHYSIOGRAPHIC
CHARACTERISTICS ON THE DEVELOPMENT OF AN EXPLOSIVE CYCLOGENESIS

P. KATSAFADOS! , E. MAVROMATIDIS' , A. PAPADOPOULOS? AND |. PYTHAROULIS®

! Department of Geography, Harokopio University of Athens, Greece
? Institute of Inland Waters, Hellenic Centre for Marine Research, Greece
% School of Geology, Aristotle University of Thessaloniki, Greece

ABSTRACT

This paper studies a deep cyclonic system that developed over Eastern Mediterranean and affected the
coastal communities of Southern Greece. To this end, comparative numerical simulations were performed
based on a non-hydrostatic regional model, in order to determine the sensitivity of the event to various SST
sources. The impact of the physiographic characteristics on storm development was also analyzed through
sensitivity experiments with modified topography and sea-land distribution. Model outputs suggested a
significant atmospheric response in terms of rain-band location and the surface fluxes. However, the phase
and the structure of the system were not significantly affected by the different boundary conditions forcing.

1. EIZATQIH

Ymhpyer por €101 KaTNnyopio. VTOTPOTIKAOV KUKAMV®OV, Ol 0Toiol avomTOGGOVTOL
Kuplwg Katd Vv yeepivi epiodo, oe BOAAcT10 TEPPAAAOV KOl GE TEPLOYES LLE LOYVPES
Babuideg ¢ emoeavelnkng Oeppokpaciog Bdlaccag (EOG/ 10 °C avé 180 km). Mia
EKPNKTIKN KukAoyéveon pmopel va yopaktnpiobel cav “Boupa”, edv n Kevipikn mieon
070 enimedo ¢ péong otdbunc BdAaccag tapovoidoel ttmon kKatd 1hPa avd opa yo
TovAdylotov 24 dpeg otig 60 N veoypapikd mAdtog (Sanders and Gyakum, 1980). O
POLOG TV EMLPAVEINKAOV POMOV KOl TNG CLVOTTIKNG KUKAOQOpiag otV yéveon Kot eEEMEN
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AVOAOY®V GUGTNUATOV OTOTELECE AVTIKEIIEVO ekTeETANEVNG perétng (m.y. Gyakum and
Danielson, 2000; Martin and Otkin, 2004). IIpécopateg epyocieg eotialoviol otnv
TPOCOUOI®MON TOV GLVONKADV OaVATTUENG TEPMTOCE®V EKPNKTIKNG KLUKAOYEVEGNC
(Yamamoto and Hirose, 2007; Kathleen and Capehart, 2008). Ta 7o yopoKTHPIGTIKA
GLUTEPAGLLOTO OO TIG TOPATAVE LEAETEG fvart OTL: ) 01 WoyVPES “POuPes” evioybovTat
paydaio. 6tov dwaoyilovv meployéc 6mov emkpatovv peydieg Pabuideg EOO, B) ta
QULOOYPAPIKE  YOPAKTNPIOTIKA Kot 1 Katavoun Enpac-Odiaccag eivar  Poocikol
mapdyovteg mov emmpedlovv v ovamtuén kotoyidmv ovtod Tov TOTOV KOl Y) Ol
apluntikéc mpocopowdoels elvar aitepa gvaichnteg otTig oplakég cuvONKEG TNG
EMPAVELOG.

210 TAOICI0 NG OLYKEKPUEVNG HEAETNG Tapovstaletar pio avaokOmon Tmv
QTOTELECUATOV GLYKPITIK®V OPOUNTIKOV TPOGOUOIOCEMY EVOG EMEIGOOI0V EKPNKTIKNG
KukAoyéveong oe Boddcoclo mepdAdlov pe MV €papuoyn €vOC U1 LOPOGTATIKOV
ATHOGPALPIKOD HOVTEAOV. XTIC GLYKEKPLUEVEC TPOGOUOIDGCELS YPNOIUOTOMONKOY ©G
KATOTEPEG OPLOKES GLVONKEG avaADGES KABDS Kol dOPLPOPIKEG KOt KALOATOAOYIKES
Baoeig dedopévov EO@O pe okomd tov TPocdlopiopd G EMIOPACTS TOV SOPOPETIKOV
myov EO@O omyv avantuén kot v évtacn g Kataryidag. AtepevvnOnke emmiéov 1
EMIOPAOT] TOV PLGLOYPUPIKDY YOUPOUKTNPIGTIKOV GTNV OVATTLEN TOV GUGTHUATOG HECH
nepapdtov evacnciog pe tpomomonpuévn Tonoypapia kot kotavoun Enpds-0diaccag
Yoo TV TEPOoYn mpocsopoimong. o v avdivon emiéyOnke m mepimtoon 21-22
Iavovapiov 2004 KaBDS TO0 GLYKEKPUEVO EMEIGOJO KOATATACOETOL UETOED TMOV TPUDOV
1OYLPOTEP®V KUKAMVIK®Y GUGTNUATOV oL avarthydnkav otn Meodyelo Tic tehevtaieg
dexaetieg (Lagouvardos et al., 2007).

2. TIEPITPA®H TOY MONTEAOY KAI ZXEAIAZMOX TQN ITPOXOMOIQIEQN

Mo ™mv peAétn tov GLOTNUOTOC EPOPUOCONKE TO PN VOPOCTOTIKO OTHLOGPOPIKO
povtého WRF-NMM, c¢ staggered Arakawa E miéypo 305x273 onueiov pe 0.09°x0.09°
optlovtia yopikn drakprronra (Zyqua 1).

Topography height (m)

-384 0 316 666 1016 1366 1716 2066 2416 2766 3166 3466

YXHMA 1. Tomoypaia (M) TG TEPLOYNG OAOKANPOOTG TOV LOVTELOL.

H ¢vown tov povtélov Paciletar oto oynua pukpoeuoikng Ferrier (Ferrier et al.,
2002), oto oyquo. GFDL yio v aktivofoliion pikpodh kot peydlov pUNKovg KOUOTOC, TO
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oyfuo Betts-Miller-Janjic ywo. tqv avodikn petaeopd (Janjic, 2003), to oynue. Monin-
Obukhov-Janjic ywi ™V @UGOIKA TOV ETLPAVEINKOD GTPOUOTOS, TO GYNUO TVPPMDOOVG
Kwntikng evépyelag Mellor-Yamada-Janjic yio 1o oplokd otpdpo koi, TENOG, TO
vropovtéro edapovg tov NOAH (Chen and Dudhia, 2001).

210 TAaic1o NG depehivnong TG amdKPIoNG TNG OTULOGPAIPOS GE GUVOTTIKN KOl LECT)
KMpoko otig dapopetikég myés EOO, mpaypatomomdnkav tpia (3) mepdapotoa. H
nepiodoc mpocouoinong frov amd 00:00 UTC g 21" Iavovapiov 2004 uéypt 00:00
UTC ¢ 23"™ Iovovopiov. Q¢ apyikéc Kol TAELUPIKEG  OPlOKES  GLVORKEG
ypnoonomdnkov ta media avarvong tov European Centre for Medium-Range Weather
Forecasts (ECMWF) ne opilovrtia avaivon 0.5°x0.5° g 12 16oPopikd eminedo péypt ta
50 hPa.

ECMWF SST (K) 21/01/2004 at 00:00 UTC ECMWF — AVHRR difference of SST (K) 210172004 at 00:00 UTC

T 1
-4 -3 -2 -1-050 05 1 2 3 4 (B)
ECMWF - ClimOI difference of SST (K) 21/01/2004 at 00:00 UTC AVHRR - ClimOl difference of SST (K) 21/01/2004 at 00:00 UTC
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XXHMA 2. (a) Opiiovtia katavopun e EOO oto mAéypo Tov HoVTEAOL OO TNV GVAALGT] TOL
ECMWEF, (B) Awpopég EOO peta&y tov ECMWE kor AVHRR (y) Awagopéc EOO petatd tov
ECMWF ka1 ClimOl, kot (8) Awagopéc EGB peto&d tov AVHRR kat ClimOl. Awagopéc gbpoug
-0.5°K émg 0.5°K epgpavifovror pe Aevkod ypopa. Huepounvia: 21 Iavovapiov 2004 otig 00:00
UTC.

H npodt mpocopoimon, mov Bewpeitar mpocopoimon eAEYxov, Tpaypatonomonke e
™ ypnon dedopévov avédivong EOO and to ECMWF (Zynuo. 2a) pe oplovria ympikn
dwkprrdmra 0.5°%X0.5° ko Oa avaeépetor mg Tpocopoioon ECMWE-SST. Xt devtepn
npocopoioon (AVHRR-SST) ypnowomombnkav dopveopikd dedopéva EOO ato
vrépuBpo tomov AVHRR (Advanced Very High Resolution Radiometer) ue opilovrtia
avaivorn 0.25°x0.25° (Reynolds et al., 2007). Tw v tpitn 7pocopoimwon
ypnowonomdnkov unvioia  kKhipoatoroyikd dedopéva. EE®@ 30 etov (1971-2000)
npogpyouevo amd tnv Optimum Interpolation SST V2 Bdaon dedouévov tov National
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Oceanic and Atmospheric Administration (NOAA) (Reynolds et al., 2002) ce avdAivon
1°x1° (ClimOI-SST). Ta Bacwkd yopaktnplotikd tov E@® mov ypnoponomdnkov ota
nepapata cvvoyilovtan otov Ilivaka 1, eved ota Zynuota 2 €o¢ 20 mapovctdlovtal ot
dpopég Tovg oty meployn orokAnpwong (Katsafados et al., 2009). Ouv avaAdoelg
ECMWEF gpoaviCouv péypt 3°K Oepuotepeg katavouéc EOO oto Atyaio oe oxéon pe ta
dedopéva AVHRR (Zymua 2B), eved dev evtomilovtol OMUOVTIKES OL0POPOTOMGELS
peta&d ECMWE kou ClimOl (Zyfuo 2y).

IMINAKAEZ 1. Ot mpocopoidoelg Kot ol tnyég tov EOO

IIpocopowwaceig Inyéc EOO Opiévria avarvon (°)
1. ECMWEF-SST Agdopéva E@® avdivong too ECMWF 0.5°x0.5°

2. AVHRR-SST Aopopopikd dedopéva E@® ardo AVHRR | 0.25°x0.25°

3. ClimOI-SST Khpatikd dedopéva EOO amd 1o NOAA 1.0°x1.0°

3. XYNOIITIKH IEPITPA®H

H ovvontikn mepypaer] tov ovotiuotog Poociletor ota  amoteléopato NG
npocopoioong ECMWEF-SST. To kuvklovikd ocvotnuo dnuovpyndnke xotd Tig
peonuppvéc opeg g 21™ Iovovapiov tov 2004 otov KOAmo tmg Zoptng, Kot
GLVOLAGTNKE LE EVO OMOKOUUEVO YOUNAO Tave omd T APom (Zynua 3a). O amdivtog
otpoPihondc ota 500 hPa mapovsioce péEYIoTo SVTIKA TOV KVKADVA ETPAVEING IE TN
TEPimov 30.0x107 s™ EmMua 3B). To ovotua evieyvdnke pe pubud 11 hPa oe 12 mdpeg
(amd 12:00 UTC g 21™ Tavovapiov uéypt 00:00 UTC g 22% Iavovapiov) kot
KwvnOnke mpog ™ Notia EALGOa.

L N R ()
EXHMA 3. (0) Tewdvvapkd vyog oto 500 hPa (avd 20 gpm), kot B) atpoc@opiky wieon ot
péon otdbun Bdiaccag (cuveyeic ypoupés avé 2 hPa) kot andivtog otpofiiicpodg 6to eninedo
tov 500 hPa (avé 5.0x10° s, anewoviCovran tipée peyorbtepeg amd 15.0x10° s, eotioopéva
otV Avatolkn Meooyeo, ya v 21" Tavovapiov 2004 otig 12:00 UTC. Me v KOKKivn
ypapun oto (o) cupfoAileTol 1 TPAYUATIKY TPOYLE TOV GLGTHIOTOG 6T HEo oTabun BdAacoag.

Y1ic 12:00 UTC tnc 22% Tovovapiov 1 GUVOMKN HEI®ON TNG EMPAVEIOKNG TEGNG
ntov 24 hPa oe 24 dpec. Eivon yapaxmmpiotikd 011 ot Zdpo Koataypdenke mieomn
emoeoveiog ion pe 976 hPa, evd 10 andivto eldyioto (972 hPa) mopatnprdnke oy
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Ixapio (Mrpikog, 2006; Pytharoulis, 2008). Kot 10 cuykekpipévo ypovikod d1aotnuo. o
ambivtog  otpofihiopnds oty Avotohky Meodyewo fHrov 60x10° st eved
KOTOY100QOPOS dpacTnploTnTO peylotonominke oty meproyn petaéd g Kompov kot
TV ToupKiK@OV akTOV KaBdg 0 AEOVOS TS VPESNG TNV AVATEPT ATUOGPALPO KIVONKe
avorolka (Lagouvardos et al., 2007).

4. ANAAYXIH TQN ATIOTEAEEMATQN

H amdékpion 100 GUOTAUOTOG amtd TNV €QAPUOYN SPOPETIKNG ¢vone EO® wg
KOTAOTEPOV OPLOIKAOV GUVONKOV OTIS TPEL TPOCOUOIMOELS gvonctnoiog epgavileTon
OYETIKO Tepopopévn. Ot onuovtikdtepee Olapopés evtomiloviar otV TOyOTNTO
petapaong g {dvng veTov, 1 omoia Paivetol va Kiveitol Tayditepo oIV TPOGOUOI®OT
ECMWE-SST o¢ oyéon pe v mpocsopoimon AVHRR-SST (Zynupa 4a). v nepintwon
tov mpocopotdoev AVHRR-SST kot ClimOI-SST n {dvn vetov kweitar toydtepa
omv mpocopoioon ClimOI-SST (Zynua  4B). Avtibeto, mOAD HKpEG SaPOpPEG
enpaviCoviow oty toydtra  kivinong g Covng Ppoxomtwong petald  tov
npocopoincewy ECMWEF-SST kat ClimOI-SST.

40°N 40°N

30°N 30°N

20°E 30°E 20°E 30°E

[1] L[]

I [T [ [ [ [ ][ [T I T [ [ ][] [ [T ——
-24-20-16-12 8 4 0 4 8 12 16 20 24 () 24201612 8 4 0 4 8 12 16 20 24 ()

YXHMA 4. Awogpopég g 12-mpng abpototikng Ppoyomtwong (MmM) peta&d TV TPOCOUOIDGEDV:
a) ECMWEF-SST kot AVHRR-SST, kot ). AVHRR-SST kot ClimOI-SST yio. tv mepiodo 18:00
UTC, 21 Iavovapiov 2004 £éwc 06:00 UTC, 22 lavovapiov 2004.

H roydtepn petaxivnon g {ovng Ppoxdmtwong oty TPOGOUOI®moN HE TNV
Beppotepn EOO, opeileton oTiG 10Y0PATEPEG EMPAVEINKES POEG DepUOTNTOC, Ol OTOIES
eVIoYOOLV TNV 00TAOEID GTO KATMOTEPO CTPAOUOTO TNG KOToyidag. TNV TPOCOUOimoN
ECMWE-SST ot empavelakég poég Aavidvovoag Oepuotntog eivar avénuéveg péypt Kot
150 W/m? GLYKPITIKA UE TIC EMPUVEINKEG POEG TOV VITOAOYILOVTOL GTNV TPOGOHOIWoN
AVHRR-SST (Katsafados et al., 2009).
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389N
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34°N

|- 32°N
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20°E 2°E 24°F 26°E
YXHMA 5. Tpoyiég tng kataryidag ywo v ypovikn mepiodo amd 18:00 UTC g 21™ Tavovapiov
émwg 12:00 UTC ¢ 22% Tavovapiov 2004 tov Tpidv TPOCOUOIDCEDY OV AVAPEPOVTOL GTOV
mivaka 1. Ot Tuég avapépovtal otny kevepikn wwigon (hPa) tov cvotuatog evéd ot Tég oTIg
napevBécelg avtiotoryov ata tpimpa (1-7) yia T cvykekpévn tepiodo.

Ot exTiovpEeveG TPOYLEG NG Katolyidag ywoo Kabe meipapo pe TG TWEG NG
ATHOGQUIPIKAG TEGTS 6TO KEVTPO TOL XounAol (avd 3 dpeg) omd Tig 18:00 UTC g 21™
Iavovapiov 2004 uéypt tic 12:00 UTC g 22% Tavovapiov 2004 mwapovsidloviol 6To
Zmua 5. Me Bdon to amotedécpata, n ¥poN OPOPETIKGOV VTV EOO ¢aiveton va
€XEL TEPLOPIGUEVT EMIOPAOT] OTNV £VTOOT] KOl GTNV PAGT TOV GLGTHUATOG. Ol TPOYLEG Ko
ol TIEG TlEOMG 6TO KEVTPO TOV YOUNA0D ep@aviCovol TapOUOLES Yol TIC TPOCOUOIDGELS
ECMWF-SST «otr ClimOI-SST, &v®d oyetikd onNUOVTIKOTEPES  OLOLPOPOTOLNGELC
evromilovtar oto meipopo AVHRR-SST 6mov 10 ovomuo @aivetor va Kwveitor og
OYETIKA Popeldtepeg TPOYIES.

0 1000 2000 3000 4000 () 4 6 8 10
YXHMA 6. (o) Tpomomompévn tomoypapio TG mePLoyng oAoKANpwong Kot (B) Tpomomotnuévn
E@O Buciopévn otnyv avéiven tov ECMWEF yio tv 21" Tavovapiov 2004 otig 00:00 UTC.

[No v ektignon g emidpaons TV QLOLOYPUPIKOV YOUPOUKTNPICTIKOV KOl TNG
Katavoung Enpac-0diaccag otnv avamtuEn TG KoTtowyidag mpoaypatomomdnke €va
emmAéov  meipapa (ECMWF-NOTOPO-SST) pe Pdon oevopo koatd to omoio
EKTETAUEVEG TEPLOYES ENPAg maveo omd Tig omoieg kwvnOnke 10 ovotua (6mwg 1
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[Tehomdvvmoog, 1 Kpn kot vnotd tov Kevrpukov ko Avoatoikov Atyaiov) Bewpodvton
Bordooieg (Zymua 6a). Ot Twég EOO tov avaivcewv tov ECMWE, otic meployég émov
ATOLOKPOVONKE TO avAyALPO, avTIKATOoTAONKAY pe TN HEB0d0 dwVLIKNG TopeUPOAng
amo Tig Oeppokpacies Oahaccag TV yertovik®v onueiov (Zynua 6p).

Xe oLYKPION HE TO OMOTEAEGHOTO TNG Tpocopoimong ehéyyov ECMWE-SST ot
Sl0popéc oTIC EMPAVEIOKES posc havOdvovsag Beppottag vrepPaivovy ta 250 W/m?
OTIG TEPLOYEG UETABOANG TOV QUGLOYPUPIKADOV YOPUKTNPIOTIKOV (Zynua 7a). Ouwmg, ot
ONUAVTIKESG YOPIKEG SLOPOPOTOIMNGELS TOV EMLPAVELNKDV POMV OV POIVETAL VO ETLPEPOVV
OVLGLOGTIKY OTOKPIOT GTNV TPOYLA Kot TNV £VIOoT TOV GLOTHUATOC. Edikdtepa, oto
neipape ECMWFEF-NOTOPO-SST evtoniletor meplopiopévn amdKAon oIV TPOYLL TNG
KoToyidag Tpog To VOTLO KOTO TO TEPACHO TNG OO TO KEVTIPIKO Alyoio VM Ol KEVIPIKES
TEGELS TOV GLGTILOTOG TAPOUEVOLY aUETAPANTES (Zymua 7).

ECMWF-ECMWFNOTOPO difference of Latent Heat Fluxes (W/nf) Storm trajectories 21/01/2004 at 18:00 UTC - 22/01/200 at 12:00 UTC
& MSL Pressure (hPa) | 22/01/2004 at 06:00 UTC - >
T 7 T A B SN 4
\ Gk 40 N+ . t L
45N+ y - i | <e3
f;'_ ~ 4(7) 975 (7) Lag N
L3 6)%976 (6)
40N+ P 38 N x& Z e
> }ﬁ;’ -
35 N— \F AN 3WWoss @ I 36N
Y / P
36 N
30 N -
34 N
25 N - 34N+
ECMWE-SST
/ / . | \ \ | ECMWE-NOTOPO-SST
10w 0 10E 20E 30E 40F 9% (1)3%.Q) | song
-250 -150 -50 0 50 150 250 (a) 20E 22E 24 E 26 E (B)

LXHMA 7. (0) Awagopéc AavBavovoag porg Oeppdtnrog (W/m?) petoéd tov ECMWF-SST kau
ECMWE-SST-NOTOPO yua t1g 22 Tavovapiov otic 06:00 UTC. Awgopég evpoug -50 W/m? £wg
50 W/m? amewcoviovrar pe Aevid ypdpo (B) Tpoyés e katoryidag yio Ty povikh tepiodo amd
18:00 UTC g 21™ Iavovapiov péypr tig 12:00 UTC 1ng 22% Iavovoapiov 2004, tng
npocopoinong eréyyov ECMWE-SST (kokkivn ypappn) Kot Tng TPOCOUOI®ONG HE TNV
tpomomoinpévn tonoypapicc ECMWFEF-NOTOPO-SST (umie ypopuun). Ot Tipég avagépovtal otny
kevtpikn migon (hPa) tov cveTuatog evd ot TYES oTig TapevOEsElg avTioToryoby ota Tpimpa (1-
7) Y10 TN cuykekpluévn mepiodo.

5. LYMIIEPAXMATA

21N GLYKEKPEVT epyacia dlepeuviOnKe N AmOKPIoN oG TEPIMTMOONG EKPNKTIKNG
KUKAOYEVEONC OTIC empovelnkeés poés. H avdivon viomomnke pEo® GLYKPITIKOV
APIOUNTIKOV TPOCOUOIDCE®MY HE EPAPUOYT dapopeTiKNG eOong EO® w¢ katmtepeg
oplokég ovvOnkec. Emiong, diepevvibnke mn  emidpacn  TOV  QLUGLOYPOPIK®V
YOPOKTNPICTIKOV OTNV avantuén g katalyidag pécm mepapdtov evoiodnociog pe
TPOTOMOMMUEVT],  TOmOYpapion kol Koatavour Enpac-0diaccag ywoo v meEPLoyn
0AOKANPOGCTG.

Ot mpocopowwoelg evaucnoiog €06ei&av oYeTIKd TEPLOPIGUEVN  OTOKPIOT)  TOV
GLGTNUATOG OTIC EMUPAVELNKES PoEC v oamd 10 Baddooio mepBEALOV. EMUOVTIKES
dlpopomomoels g AavBdavovcsag pong OBeppotmrag (150-250 W/mz) dev emépepav
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avaloyeg HeTaBOAEC oV GAoT Kol TV évtaoT Tng kataryidas. To cuonua eaivetol 0Tt
ereyyotav KLpimg amd TIG CLVONTIKEG GLVONKEG TOV EMKPOTOVGOV GTNV OVAOTEPN
atpoceatpa. Metaforéc oty taydtTo petdfoaong tov (OvAaV VETOV GTIC TEPITTMOGELS
Beppotepov EOO umopovv va amodofovv Kupimg 6TIC 1I6XVPITEPES EMUPAVEINKES POES, O
OTOIEC TPOKAAEGAV 1GYLPOTEPN ATOCTAOEPOTOINGT GTO OPLIKO GTPMOUO TNG KATOLYIONS.
O unyoviopdg oOUEOVE HE TOV OTMOI0 Ol JPOPEC TMV  EMPAVEINKADV PODV
(mpoepyodueveg amod dapopéc twv EO®) givor 1o aitio yio T peTafoAN TOV TAXLTHTOV
petéfoaong ot {dveg vetod, omoutel mepattépm Olepedvnon Kot EUTAOLTIONO pE
EMITAEOV TEPUTTAOCELS LEAETTG.
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IIEPIAHYH

v gpyacio ovth yprowonoteital to petewporoykd poviého WRF (Weather Research and
Forecasting model) yio v zmpocopoinon evog encicodiov woyvpdv Ppoyontdcewv mov oyetiletor ue
nepintmon KukAoyéveong otny meployn tov Atyaiov ITehdyovs. To enelcddo avtd Elafe ydpa otig 7, 8
kot 9 Oktofpiov 2006 ot Bopewo kot Kevipwkrp EALGSa emmpedloviog kupimg tv xepodvnco Tng
XoAkdkng, 0mov onpet@nkov oNUAvTIKES TANUUOpEG Kot Kataotpopés. EEetdotke n enidpoon tov
SPOPOV CYNUATOV LIKPOPVGIKNG OTO OTOTEAEGLOTO TMV TPOCOUOIDCEMY LE TN XPNON dOPLPOPIKOV
EKTINCEDV PPoYOTTOONG Kol JOEGILOV EMPUVEIOK®DY UETPNoE®Y otV Vo e&étacn meployn. TéAog
aKoAoVONCE GUYKPLOT TNG YOPIKNG KOTAVOUNG TG PPoyOTToNng amd To OTOTEAEGLLOTO TG TPOYVOONG LLE
TO. AVTIOTOLYO SOPLPOPIKA OESOUEVQL.

NUMERICAL SIMULATION OF AHEAVY RAINFALL EVENT IN NORTHERN
GREECE.
COMPARISON OF DIFFERENT MICROPHYSICAL SCHEMES.

G. EFSTATHIOUY®, D. MELAS?, N. ZOUMAKIS®, AND P. KASSOMENOS!

'Laboratory of Meteorology, Department of Physics, University of loannina
?Laboratory of Atmospheric Physics, Department of Applied and Environmental Physics,
School of Physics, Faculty of Sciences, Aristotle University of Thessaloniki
$Laboratory of Applied Physics, Atmospheric Physics Group, A.T.E.I. of Thessaloniki

ABSTRACT

In this study the Weather Research and Forecasting (WRF) model is used to simulate a heavy rainfall
event associated with a case of cyclogenesis over the Aegean Sea. This major precipitation event occurred
on 7, 8 and 9 October 2006 over northern and central Greece and especially over Halkidiki peninsula
causing severe flooding and damage in the area. The impact of the different microphysical schemes on the
rainfall forecasts was investigated using satellite rainfall estimates and available rain-gauge data. The
model results indicate that the different microphysical parameterizations alter significantly the dynamical
large-scale processes and as a result the spatial and temporal distribution of precipitation. Finally it is
shown that model-predicted rainfall roughly agrees with the satellite data and surface observations.
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1. INTRODUCTION

Over the Mediterranean region, heavy rainfall events occur throughout the year,
especially over the central and eastern Mediterranean during autumn and winter,
producing significant amounts of rain leading to flooding (Kotroni et al., 1999,
Lagouvardos et al., 1996). Major precipitation events are often attributed to mid-latitude
cyclonic systems related to large — scale upper air disturbances. It is recognized that
central and eastern Mediterranean cyclogenesis is usually forced by a variety of upper-
level tropospheric circulation features, while the lower tropospheric physical and
dynamical processes follow. The unstable synoptic conditions are reinforced by the
surface factors that seem to play an important role for the deepening of the surface
depressions (Prezerakos and Flocas, 1996). A case-study of the heavy-rain event that
occurred on 7, 8 and 9 October 2006 over northern and central Greece was carried out
using the Weather Research and Forecasting (WRF) model. This heavy precipitation
episode, associated with a case of cyclogenesis over the Aegean Sea, caused severe
problems and extensive flooding especially over Halkidiki peninsula. In this study, the
high resolution model results were compared with satellite data and available rain-gauge
measurements, in order to investigate the ability of the WRF model to reproduce the
heavy rainfall event using different microphysical schemes.

2. SYNOPTIC DESCRIPTION

The synoptic description of the heavy rainfall case is based on the use of the 1° x 1°
gridded analysis fields provided by the National Centers for Environmental Prediction
(NCEP) Global Forecast System (GFS). At 00:00 UTC 6 October 2006 a long-wave
trough is observed to the southwest of Greek peninsula and a ridge to the east-northeast at
the 500 hPa level (Fig. 1a). During the following 48h the trough moved eastwards and
evolved into a closed circulation system (Fig. 1b). At 00:00 UTC 8 October a surface low
developed on the eastern side of the trough axis producing in the next 24h significant
amount of rain over northern Greece (Fig. 1d). Figure 2 shows 500 hPa relative vorticity
and absolute vorticity advection at 12:00 UTC 7/10 and 00:00 UTC 8/10. The area over
Peloponnese is characterized by a positive advection of absolute vorticity at 12:00 UTC
7/10 (Fig. 2¢) and 12h later by a maximum value of relative vorticity (Fig. 2b) marking
the initiation of surface cyclogenesis (Prezerakos et al., 1996), while the absolute
vorticity advection is maximized in the vicinity of the surface system. In the next 12h
(12:00 UTC 8/10) a maximum of positive relative vorticity is observed over halkidiki
peninsula (not shown) were heavy precipitation occurred.

According to Flocas and Karacostas (1996) the synoptic situation as described above,
favors cyclogenesis over the Aegean Sea. In their study they used dynamic and
thermodynamic criteria for the identification and classification the circulation types at
500 hPa and the surface associated with cases of cyclogenesis. Their main criteria were a
geopotential height fall and a temperature drop every 12h greater than 50 gpm and 3 K
respectively. In this case these criteria are fulfilled at two grid points over northern
Peloponnese and Korinthiakos gulf were a maximum value of positive relative vorticity is
observed at 00:00 UTC 8/10 (Fig 2d). The above findings suggest a weak case of
cyclonic development with a short lifetime. Due to the small spatial resolution of the
gridded analysis data and the sub-synoptic scale of the examined phenomenon,
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FIGURE 1. Geopotential height (gpm) on 500 hPa at (a) GFS analysis valid at 00:00 UTC
6/10/2006 and (b) 12:00 UTC 8/12/2006 and mean sea level pressure (hPa) at (c) 00:00 UTC
6/10/2006 and (d) 12:00 UTC 8/12/2006.
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FIGURE 2. Relative vorticity (10° s™) on 500 hPa at (a) 12:00 UTC 7/10/2006 and (b) 00:00 UTC

8/12/2006. Only values greater than 5x107° s are plotted. Dashed lines represent geopotential
height (gpm) on 500 hPa isobaric surface. Absolute vorticity advection (10° s?) on 500 hPa at

(c) 12:00 UTC 7/10/2006 and (d) 00:00 UTC 8/12/2006. Only values greater than 10x107*° s?
are plotted.
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cyclogenesis over the Aegean Sea is often mispresented in the synoptic analyses and
therefore is difficult to identify and investigate the characteristics of surface cyclogenesis
over the Greek area.

3. MODEL SETUP

The numerical simulations are carried out using the Weather Research and
Forecasting (WRF) model Version 3.0. The WRF model is a fully compressible non-
hydrostatic, primitive — equation model with multiple nesting capabilities. The version
used in this study is the Advanced Research WRF (ARW). Three two — way nested grids
have been defined for this work (Fig. 3): Grid 1 covers the major part of Europe, the
Mediterranean and northern Africa coasts with a grid spacing of 27 Km. Grid 2 has a 9
Km grid increment covering a large part of the eastern Mediterranean and Grid 3 is
covering northern and central Greece with a grid spacing of 3 Km. In the vertical
dimension, 28 unevenly spaced sigma levels were selected. The simulations were
initialized at 00:00 UTC 6 October 2006 and lasted for 96 hours. The GFS 1° x 1° gridded
analysis fields at 6-hour intervals have been used for initial and boundary conditions.

GRID T
45°N —

“FGRID 2

40°N —

GRIDE

35°N —

30°N

I I I I
0 10°E 20°E I0°E

FIGURE 3. WRF model domains used in this study.

Several physics options are available in WRF for boundary layer and convective
parameterization, microphysics, land surface modeling and radiation. For the simulations
performed in this study the Yonsei — University (YSU) and Noah scheme were selected
for boundary layer parameterization and land — surface modeling respectively. The Kain
— Fritsch cumulus parameterization scheme was used for Grid 1 and Grid 2 while the fine
resolution domain (Grid 3) was run without any convection parameterization and
precipitation was explicitly resolved. As the objective of this study is to test the ability of
the WRF model in simulating a heavy rainfall case, only the more sophisticated and
realistic microphysics schemes (Skamarock et al., 2008) have been considered: the WRF
Single-Moment 6-class (WSM6), the Pardue Lin scheme and the Eta Grid-scale Cloud
and Precipitation (ETA Ferrier microphysics) scheme. Comparison of model results has
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been made using the aforementioned schemes to investigate the impact of the different
microphysical schemes on the rainfall forecasts.

4. SIMULATION RESULTS

The WRF-model simulated 24h rainfall amounts for 7, 8 and 9 October 2006 are
shown in Figure 4(a) — (c). Heavy precipitation is seen over Halkidiki peninsula at 7/10
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FIGURE 4. Simulated 24h accumulated precipitation (mm) in domain 3 at 3 Km resolution for a)
7, b) 8 and ¢) 9/10/2006 for different microphysical schemes and daily TRMM satellite data.

using the Lin and WSM6 schemes, while in the ETA simulation rainfall is more equally
distributed over the domain. In the next two days model-predicted rainfall shows a
distinctive maximum (Fig. 4b) over the eastern coasts of Greek peninsula (especially over
Mount Pelion and Evia island) and central Greece (Fig. 4c). The validation of the
distribution and amount of model-predicted precipitation is a difficult task due to the
limited number of available observations in the area under examination. For the purposes
of this study, satellite rainfall estimates have been used from the Tropical Rainfall
Measuring Mission (TRMM) for the comparison with model results. The 24h
accumulated rainfall for 7/10/2006 from TRMM shows widespread rainfall over Greek
mainland (Fig. 4a). Model results indicate clusters of heavy precipitation over Halkidiki
peninsula (Fig. 4a). During the following 24h a precipitation maximum is observed in
the TRMM measurements over northern Greece (near Strimonikos Gulf) where extensive
flooding was reported (Fig. 4b). Model simulations failed to capture the position of
intense precipitation over northern Greece producing a zone of heavy rainfall (over 100
mm) over Mount Pelion and Evia island which is not observed in the TRMM data (Fig.
4b). On the next day (9/10/2006) heavy rainfall is seen in Magnisia and Sterea region
according to satellite estimates (Fig. 4c). The spatial distribution of model predicted
rainfall exhibits a clear similarity with the satellite measurements (Fig. 4c) although the
ETA simulation overpredicts the total amount of precipitation while the Lin and WSM6
simulations failed to capture the location of maximum precipitation. As an example,
figure 5 shows the comparison between predicted precipitation and rain gauge
measurements from Poligiros weather station (40.4° N, 23.4° E) at Halkidiki operated by
the National Observatory of Athens (www.meteo.gr/meteosearch). Model results show a
slight overestimation of 24h accumulated rainfall (Lin and WSM6 simulations) for the
first day (7/10/2006) while 24 hours later, heavy model-precipitation has shifted
southwards in all simulations (see Fig. 4b) failing to reproduce the observed high amount
of rainfall over Halkidiki peninsula.
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FIGURE 5. Comparison between simulated 24h accumulated precipitation in domain 3 at 3 Km
resolution using different microphysical schemes. Dashed lines denote 24h accumulated rain
gauge measurements from Poligiros weather station.

The simulations using the three microphysical schemes exhibit important differences
in the spatial distribution of daily accumulated precipitation, both in the location of
maximum rainfall and the magnitude of precipitation values. WSM6 and ETA schemes
give similar results in general even though the ETA simulation produces significant
higher amount of rainfall over the simulation period. Although the parameterizations of
cloud microphysics in the WSM6 are similar to that of the Lin scheme (Skamarock et al.,
2008) there are differences in the simulated precipitation between the two schemes.
Larger scale processes seem to play an important role in the formation of these
differences. Model-predicted 500 hPa geopotential height and mean sea level pressure in
Grid 2 at 00:00 UTC 8/10 (Fig. 6) show the development of a surface low over the north
Aegean region in the simulation done with the Lin scheme while in the WSM6 simulation
the low pressure centre is located in the maritime area between Peloponnese and Crete.

44N —|

42°N —

40°N —

38°N —

36°N —

FIGURE 6. Mean sea level pressure (bold line) and 500 hPa geopotential height (dashed line)
using a) Lin and b) WSM®6 microphysics scheme at 00:00 UTC 8/10/2006 as predicted by WRF
grid 2.
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FIGURE 7. Model - simulated 10m wind vectors and 2m dew point temperature from the high
resolution domain (Grid 3) at 00:00 UTC 8/10/2006 using a) Lin and b) WSM6 microphysics
scheme.

This variation caused by the change of the location and intensity of the upper level trough
(Fig. 6), had an impact on the distribution of precipitation in the high resolution domain.
As seen in Figure 7a the creation of a cyclonic vortex in the Lin simulation caused low
level convergence and high precipitation amount over Mount Athos and Halkidiki
peninsula in general (see Fig. 4a). In the simulation using the WSM6 scheme a
convergence zone is observed near the coasts of the Greek mainland (Fig. 7b) over the
Aegean Sea producing a precipitation band with heavy rain (Fig. 4a).

In the next 48h, the low level flow of humid air (Fig. 7b) is subject to coastal
convergence due to increased surface friction (Kotroni et al., 1999; Melas et al., 2000)
and forced upslope lifting by the mountain barriers (Kassomenos et al., 2005) producing
significant amounts of rain over the eastern coasts of Greek peninsula and central Greece
(Figs. 4b-c). Due to the sub-synoptic scale of the examined phenomenon direct
comparison between GFS analysis and model predictions is not feasible because of the
coarse resolution of the gridded analysis fields (1° x 1°).

5. CONCLUSIONS

The present study shows preliminary results from the simulation of a heavy rainfall
event using three different microphysics schemes of the WRF model. All three schemes
exhibit important differences although Lin and WSM6 scheme share common
parameterizations. Model results indicate that the use of different microphysical schemes
may have an impact on the simulation of the larger-scale processes that can affect the
mesoscale distribution of precipitation. Variations in the treatment of ice microphysical
processes (which is the most notable difference in microphysical parameterizations) can
alter the thermodynamic environment of a storm (Hong et al., 2004). A comparison has
also been made between model-predicted 24h accumulated precipitation and TRMM
satellite data and available rain-gauge measurements. The model failed to accurately
reproduce the location and time of maximum rainfall although some similarity between
model-predictions and TRMM estimates is present. All simulations highly overestimated
the total amount of rainfall. However, given the lack of surface observations in the area of
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interest, the results of this study are inconclusive. Future work will focus on the impact of
different physical parameterizations on the simulation of severe weather events in the
Greek area.
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XAPAKTHPIZTIKA YIIEPKYTTAPHE KATAITTAAX
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IIEPIAHYH

IToAD 1oyvpn Kkatatydoeopog dpactnpotnta Eminée v Kevrpikny Makedovia kot t Oesocario
ot 11 Avyovotov 2009 kot vmepkvTTopn KOTOyido Tpokdiecse yaAdll peyébovg pmleAo £m¢ Kot
Kopvdov og pia ktoon pikovg 60 km kot midtovg 15 km otoug vopoig IéAAag kar Huabiog. E&etaleton
1N OULVOTTIKY] KOTAGTOGN YPNOYLOTOIOVTAS YAPTEG EMPAVELNG KOl AVAOTEPNG ATUOCOUPOS, KOOMG Kot
TAPATNPNOES eMPavelag, eved 1 Ogppoduvapikn dopn tov mepPdilovtog egetdletor e v avdivon
poadopforicewv. Avolvovtor ymoewkd dedopéva pavtdp kapov mov emPefoidvouv v Vmapén
VIEPKVTTAPTG KATALYIOOG [LE YOPOUKTNPIOTIKA AYKIGTPOEWOOVS NYOVG KOl TEPLOYT AGBEVOVG NYOVG. TKOTOG
™G peAéng givar n diepedvnon tov cuvONKOV oL guvomoay TV avamtuén kat e£EMEN TV TOAD 1GYVPOV
KaToyidmv Kot E01KE TG VIEPKOTTOPNG KOTOLYIdaG, 1 omoio gival apKeTd acvVOIGTO PALVOLEVO Y1o TOV
EMMVIKO YDpoO.

SUPERCELL CHARACTERISTICS OVER CENTRAL MACEDONIA
M. CHRISTODOULOU * AND TH. KARACOSTAS *

! Meteorological Applications Centre, Hellenic Agricultural Insurance Organization
? Department of Meteorology — Climatology, School of Geology, A.U.Th.

ABSTRACT

Very intense thunderstorm activity occurred in Central Macedonia and Thessaly on August 11", 2009
and a supercell caused pea to walnut size hail in a hailswath of 60 km long and 15 km wide at Pellas and
Imathias prefectures. The synoptic condition is examined using surface and upper air charts, as well as
surface observations. The thermodynamic structure is also examined through soundings analysis. Digital
weather radar data are analyzed, which confirm the existence of the supercell structure with the
characteristics of hook echo and weak echo region. The purpose on this study is the investigation of the
favorable conditions for the development and evolution of the severe storms and especially the supercell,
which is a rather uncommon phenomenon in Greece.

1. EIZATQIrH

H vreprotropn kataryida (supercell storm) yapaxtnpiletar and v mapovcio evog
WOYLVPOD CLVEYDS TEPICTPEPOUEVOL OVOOIKOD PEVUOTOS KOL €VOG «UEGO-KUKADVOL
KMpoakag kataryidog (mesocyclone). Amd tovg TpElc KVPOVG TOMOLG KoToryidag
(LovoxvTTOPT, TOAVKVTTOPY, VIEPKLTTOPY)), 1 VAEPKVTTOPN Kotolyido eivor 1 mo
omévia, 1 MO EVIVIMOGCLOKY, OAAA Kot 1 Mo Kotaotpo@ikn. [IpokoAel Ploto ot
KATOGTPOPIKA QAVOUEVA, OO KATAPPOKTAOIELS Ppoyég Kot TANUUOPES, YaAdlL peydlov
peyéfovug, 1oyvPovS AVELOVS, EMIKIVOLVES NAEKTPIKEG EKKEVAOCELS KOl G° €V TOGOGTO -
pikpotepo tov 30%- dnpovpyet avepooTpOPllovg péEGH 6TO PECO-KLUKAGVO. Zvyva
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EUQOVICETON LELOVMUEVT] KO UTOPEL VO ETNPEAGEL TOV TOTIKO KApO HLOG TEPLOYNG, AOY®
OV GLVNO®G peydAov peyEBovg TG Kol Tov Heyaiov ypdvov (ong tng.

H vrepridtropn kataryida propel vo mapotnpndel omovdnmote 6tov KOGUO, EQOGOV
BéPara cuvtpéyovv ot KOTAAANAEG atpoc@alpikés cvvinkeg. Koatd kopovg, morroi
EPELVNTEG €YOLV UEAETNHOEL TN doun Kot To 1dtaitepa yopaktnplotikd tmg (Browning,
1964; Donaldson, 1962; Marwitz, 1972). Eivai éva @owvopevo mov copfaivet pe peydan
ovyvotnta otig Kevipikéc Hvopéveg Iolrteieg (meployr Great Plains), aAld kot 6” dAleg
TEPLOYES TOV HECOV YEOYPOPIK®V TAaTAV. ['lo Tov eEAMAnvikd yopo Bewpeitar apkeTd
onavio gawvouevo (Zwovtag et al., 2002) kat yio To Adyo awtd, yiveral mpoomddeio vo
avoALBoOV To it TOV TPOKAAEGOV TNV OVATTLEN Kot €EEMEN TNG VTEPKLTTUPTG
Katoyidag, mov mapatnpnOnke otic 11 Avyovotov 2009 ce meployn G KEVIPIKNG
Makedoviag,  omoio Kot TPOKAAEGE CNUOVTIKEG (NUEG TOAADY EKOTOUULPIOV EVPO GTIG
aypotikég KoAAEpyeleg tov vopmv IIEAAag kor Hpablag, eéotiag tov ektetopévov
YOALOLOTTMCEMVY KOl TV IGYVPDV OVELWOV TOL TI GLVOSEVAV.

2. 2 YNOINTIKO MEPIBAAAON ANAINITYEHX THE YHHEPKYTTAPHE KATAITTAAX

H emkpatovca cuvontikny Katdotaon g atpnoceapag e€etdletal e v avaivon
YOPTOV EMPAVELNG KOL AVATEPTG UTHLOCPULPOS, KOOMG KoL YOPTMOV SVVOUIKOV dESOUEVMDV
v t0 odotua 10-12 Avyodotov 2009. Ou ybpteg dmuovpyndnkav pe ypnon Tov
neploykod povtéhov WRF (Weather Research and Forecasting Model).

Ewwotepa, otig 11 Avyodvostov 2009, 00:00 UTC n EAldda emnpedleton amd
VYNAéG miéoelg, Kabmg Pploketar oto KPAGTESD €VOG EKTETAUEVOD OVTIKUKAMVO, UE
kévipo ot Pwoia, evd otic 12:00 éva oyetikd aobevég yaumio 1014 hPa dnuovpyeiton
otV kevipikn Moakedovio (Zynuo la), to omoio cvvovdleton pe éva acBevég medio
avépmv, o avtiBeon pe v oyvpr PapoPfabuida mov emkpatel 6to Atryaio ITéhayoc.
[ToAY vynAd mocd oyeTkng vypaciog (> 80%) mopatnpovvtar oto eninedo Twv 700 hPa
Emua 1), Ta omoia otadakd avéavovral oto ddotnua 12:00-18:00, evd mopdiinio
010 eninedo tov 850 hPa, amd tig 00:00 émwg tig 12:00, Aapupdver ydpo Evrovn Bepuikn
LETAQOPA, 1| omoia TpokaAel avénon g Oepuokpaciog g taéng twv 4°C.

‘Eviovn Bopoxhvikdémra yopaktnpiler ta yopunAd kol HECHi. CTPOUATO TNG
aTHOGEAPOG Kot gival 1dtaitepa epeovic oty ooPfapikn otabun tov 500 hPa, 12:00
Eympoa 1y), 6mov ot 1obyeig TEUVOLY pe pHeydAn KAlom, oxedov kdbeta, Ti¢ 1600epuec. H
Bapoxiwvikn {dvn eivor meploy] MOV EVVOEL TNV 1GYLPOTOINGN TV CLGTHUATOV KOt
yopokpiletoar omd dwotuntikd dvepo. Bopelodvtkd pedpo emnpedler tov eAladkod
YOPo, evd 0 Beppkoc avimvag mov evromiletar otig 00:00 maveo oamnd v Itaiia
petaronileron otig 12:00 ot Bopeio. EAAGSa, Tpokakdviag otadiokd yoén éog kot 4°C
onw¢ eaivetatl oto yaptn tov 18:00. ITapdiinia, oto 24wpo 11/00:00 pe 12/00:00, oto
eninedo Tov 500 hPa mapatnpeital 6Tod10KN TTOCT TOV YEOSLVOUIK®OV LYdV (40 gpm),
avENoT TOV GYETIKOV GTPOPIAMGHOD o€ TéG 6-8 X 10° s* EyMuo 18) kot dnuovpyia
EVOG QLADVO VYDV LLE TOVTOYPOVT ETKPATIOT] KUKAMVIKNG KUKAO(QOPLNG.

2y avotepn tpomodcealpa, oto eninedo tov 300 hPa kot kvuping tov 200 hPa
Emua 1g), dwmotdvetar 1oyvpd Tedio avEp®Y, AOY® TNG UETATOTIONG EVOG TUNUATOG
(Bopegiov A@piknc) Ttov VIOTPOmIKOL 0EpOYEdppoL Thvew amd tnv EAAGda. O
VIOTPOTIKOG OEPOYEILAPPOG EAEYYEL TNV KUKAOPOPIODL GTNV KATMOTEPT GTPATOCPOLPO Ko
avAaTEPN TPOTOCPOLPO Kot cuVNO®G 1 Béom Tov PBpioketal TAve omd TOV EAAAOTKO YDPO
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10 kohokaipt (Prezerakos and Petroliakis, 1988). tic 11/06:00, ota 200 hPa, o moprvog
0V agpoyedppov (50 m/s), eotialeton ave and v kevipikn EALGOa mtpokaidvTag
€161 woyvpn SdTuNon otV ToLTNTO TOV AVEUOD, £V KOTO TN OdpKew TG MUEPOS
otadlokd petotomileton mpog ta NA. Adym g B€ong Tov aepoyeltdppov, aAd Kot TG
OEAELONG TOL AVADVE HKPOD UNKOLS KOUOTOS TOPOTNPEITOL ONUOVTIKY avENon NG
amdrhong (6-8 x 10 s ota avdrepa enineda (Syniuo 10).

10m Wind Speed (m/s) & MSLP (hPa) Tue 122 11/08/09
. < = | PR

E= C

YXHMA 1. Yvvortikoi yapteg empdaveiag (o), 700 hPA (B), 500 hPa (y), oxetikod otpofiiiopod
(8), 200 hPa (&) xat amdxkiong oo 200 hPa (§) otig 11 Avyovstov 2009, 12:00 UTC.

3. OEPMOAYNAMIKO MEPIBAAAON KAI ITIEAIO ANEMOY

To Beppodvvopikd mepipdiiov mailel kaBoploTiKd POLO GTNV OVATTVEY, OAAL Kol
omv &&éMén g katoryidag. H ovumeprpopd pog watoryidog wabopiletor omd
TOPAYOVTEG, OTMG M 0oTAfE KATAKOPLENG METAPOPAS, TO TEHI0 OVEH®MV TOV
nwepPdArovtog Kot T0 péong kMpokag aitio avoyoons. O cvvovacuds mapoayoviwv
avéPov Kot OepHodLVOUK®VY omotteiTol Yoo TN Onuovpyion vvoikov TEPPAAAOVTOC
AVATTUENG VITEPKVTTUPTG-TEPLOTPEPOUEVTG KOTOLYIOOGS.

Ioyvpog kaBetog dratuntikdg davepoc (vertical wind shear) dwomiotdvetar Ot
VIPYE OTN PASIOPOAICT) TOV HETE®POAOYIKOV oTafuod Mikpog Osccarovikng otig 11
Avyovotov 2009 06:00 UTC, omv omoia Oupmg, dev ftav gpeavig n 0eppoduvapukn
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aotafelo mov ekdnAdOnke oapydtepa. H avtictoyyn padioforon otic 12:00 odev
TpaypaToromOnke Kot yu' avtd emyeipeiton n tpocopoinon padtoforiiong otig 12:00 ko
15:00 oto onueio pe yewypopuéc ovvtetayuéveg 40.7579N - 22.2727E mov avtiotoryet
oV mepoyn tov F'odatddwv. Xpnotpomombnkay dedopéva amd To TayKOGUIO LOVTEAOD
NCEP/GFS, pe ypriion tov meployikol atpoopoipikod poviéhov WRF-ARW, ce pia
avaivon 2 km x 2 km (Skamarock et al., 2008), eved ywo 11 15:00 ypnoponomndnkay
dedopéva TV Tpiopwv Tpoyvacewv tov WRE.

2mv mpocopoiowon padtoforong otig 12:00 UTC (Zyua 20) SomotdveETOL M
Omapén  avénuévng  Sbéoung  SUVNTIKNG  EVEPYELNG  KOTAKOPLONG  UETOPOPAG
(CAPE=2519 J/Kg), n omoia emiPeformvotay Kot omd TG VYNAES TIUEG TOV OEIKTMV
aotabelog, onmwe tov KI=37, TTI=50, LI=-7, SI=-1 won SWEAT=328, evdd n apvntiKn
Beticny meployn Mrav mepopiopévn (CIN=40 J/Kg). H aotdbeio ovtf enétpene v
ekONAmon TOAD 1oyLPAV KaToyid®mV HE KOpPLEEG mov Eemepvodoav TO VYOG TNg
tpomdmavong (EL=11,7 km > Trop=10,7 km) kot pe 1oyvpd avodikd pevpa, evd M
OXETIKA ENPN aTUOGPAIPO OTO HECOIO. GTPMUATO MTOV ELVOTKN Yo TN Onpovpyia
WOYLPOV KOOOSIK®OV PELVUAT®V. XTO XOUNAG GTPOUATO VINPYE WoYVPN DeproKpacioKn
avaotpogry (CAP=3,7°C), mov omoutovoe v vmapén Svvauikov 1 Oeppikod artiov yio
mv exkdnilwon g aotdbeloc. To eminedo ocvumdkvoong Aoym avoywong (Lifting
Condensation Level-LCL) ftav younid ota 2,140 ft (650 m) emtpémoviog avénuévn
€10PON LYPACIOG. X& VIEPKVTTOPEG KATOYIOEG e aveROaTPOPIAovg Exovv TapatnpnOei
Tég LCL pukpdtepeg and 2,600 ft (800 m) (Rasmussen and Straka, 1998).

To medio Tov avépmv Tapovsiole 16yvpo KAOETO SaTUnTIKd AVELO OE £VTAGT], TOV
Nrav oto eninedo 0-3 km = 5,5 x 107 s xon 610 eminedo 0-6 km = 3,6 X 102 s ko1 o¢
dievbvvon mapovsiale otpoen kad’ Vyog, n omoia éptave Tig 120° gvidg Tov VEQOUG.
Yreprotrapeg KOL‘COLWiSS% cuvBwc vrdpyovv Otav M kaBetn OdTUNCT TOL AVEHOL
xopaivetoan omd 2,5 X 10 émc 4,5 x 107 st (Marwitz, 1972). To oyvpbd medio avépov
emPeParmvotay kot and T VYNAES TES Tov detktdv BRN = 66 (Weisman and Klemp,
1984) kar BRN shear = 38 m?/s® (Davis, 1998), 6mov o teAevtaiog SHAmVeE KATAAAAO
SVVOUIKO Yol avATTTUEN VITEPKLTTAPOV. XE OVTO GLVNYOPOVCE KO 1) EVTACT] TV OVELMY
ota peoaio 400-600 hPa kat vynAid otpopato 300-200 hPa. Eriong, o deiktng Storm
Relative Helicity (SRH) oto eninedo 0-3 km firav 64 m%/s? ko &dwve éva pétpo tov
PELLOTOG GTPOPIMGHOD TTOL ATOPPOPATE PECH GTNV KOTOYidO, OmOTEAMVTOG LETPNON

TOL SUVOHIKOD TEPLGTPOPHS. H odoypdpog (Zynpa 2p) mapovciole popen
VREPKVTTOPNG KOTOLYIOOS, HE KOUTOLAMON
AVTIKUKA®VIKNG @opdg kaf’ Hyog, m omoia
GLVOVTATOL OTOVIOTEP. XE OVLTH TNV
nepintowon ot duvapuels tieons cuvovalovan
Yo Vo ONUIOVPYNGOLY OVOOIKES KIVIGELS
OTNV 0PLOTEPN TAELPE TNG KaTOLYIdOG Kot
eumodiovv v avamtuén Tov  aVOodIKoD
pevpatog otn de&ll TAELPA, YEYOVOG TOL
YXHMA 2. [Ipocopoiowcn padtofortoncg kot OSm’,‘C'l omyv  EMKpATHON op wrapa:
0d0ypagpov otic 11 Avyovetov 2009, 12:00  KWVOLHEVOV Kot AV TIKUKADVIKG

UTC, oto onueio 40.7579N - 22.2727E. nePLoTPEPOUEVOV vrepkutTapoy (Weisman
and Klemp, 1984; House et al., 1993).
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4, MEXHE KAIMAKAX ANAAYZH THE YIIEPKYTTAPHE KATAITTAAX

4.1. Xopoypoviki eEEMEN 1e EIKOVES pAVTAP KOLPOD

H onuovpyio ko e£€MEN ™¢ vrepkdTTOpNg KOTOyidog KoTd Tn OdpKeE TOV
xpovou {ong g ovolveTon pe Paon to ynelaka 0E00UEVE TOV KATEypowye, ava 3,5
Aemtd mepimov, to povidp koapov Divpov, tomov C-band. Ot kataypagég avtég divovv
po. oAoKANpoUEVY £1KOVOL TG Kapikng dpactnpiotrog g 11" Avyovstov 20009,
KaODS Kot SuvaTOTNTO AETTOUEPOVS OVAAVONG TV YOPOKTNPIOTIKAOV TNG KOTUYIO0C.

H xatoryido@opog dpactnplotto apyloe va. eKONAGVETOL TIG UECUPPIVES DPEG
ot ®egoocalio, eved TV 0o ®pa TOAD 1oYLPEG Kataryideg mapatnpnnkay Popeldtepa.
[Tepimov otig 15:00 UTC 1oyvpéc morivkidtTapes KoToryides dpyioav vo ovamTuGGOoVTaL
omv Kevipikn Mokedovia, or omoieg kwvovueveg amd BA mAncialav v Ilepioym
HpoBioc-ITEAAag omnv omoia epapuoletor to EOvikd [pdypappa Xaralikng I[lpoctaciog
tov EA.T.A. Z1ig 15:36 1oyvpn moAvkvtTopt Kotaryida mapatnpndnke BA g 'Edecoac.
g oot AMyov AETT@V TO VOTIOTEPO OO TO TPio STETAYUEVA GE YPOUUN KOTTOPQ
Gpyloe vo eVioyvETL, GTOOIOKA cuveVOONKE e Ta dAAo V0 katl cuvtopa eEeAlydnke ot
pa oAb woyvpn kotoryida (Eucova 1 a-0).

EIKONA 1. Xwpoypovikr| eEEMEN TG YEVESTG TNG VIEPKLTTOPTG KOTAYIO0S 0md KATAYPUPES TOV
pavtap P1vdpov, otig ypovikég otrypuég 15:33 (a), 15:36 (B), 15:43 (y) kou 15:49 (6) UTC.

g 16:01 n  xotowyida mopovciace wEPpUTEP®  evioyuon  PTAVOVTOG
avaxhootikotnta 69 dBz kot kopveég 13 km (Ewova 2B). Kabng evioydetat, To avodiko
peopo. yiveton mo 1oyvpd Kou maipvel oxeddv kdbetn khon pe amoTéAECHO VO
dnovpyeitan po meployn acbevovg nyovg (Weak Echo Region - WER) oto younid
emimeda Ko po Evtovn Pabuido avakAaoTikoTtov ota pecoio emineda, omddeén g
VoPENG 1oYLPOY AVOSIKOL PEVUATOG OTNV TEPLOYN €lopong ¢ katoryidag (inflow
notch). IapdAinio 1 KOpLEN TOL VEPOLE TTAPVEL KAION, EVOEIKTIKT TNG OQOSPOTNTOG TNG
katoyidog. Xtig 16:10 m katoryido ep@dvile YOpOKTNPIOTIKA VIEPKLTTOPNG LE
eviunmotlakn aykiotpoedn Nxo® (hook echo), n omoio dnAdver v meployn cVYKAONG
aVAUESH GTO KVUPLO 0vOdKd pedpa Kot 6To KaBodkd pevpa micm mievpds (Ewova 2g),
kaBmg kol ™ B€on Tov péco-Kuklmva. H aykiotpoedne ny® avayvopiletal o 0eiktng
o(QodpOTNTAG KOt TOVHG dpaoTnploTnTog avepootpofiiov (Battan, 1959).

H vrepkidtrapn kotaryido £xovioag punikog mepimov 30 km kou midrog mepimov 20
km, mapovcialer éva evtvmoolakd moprve dwopétpov 15 km, pe moAd 1oyvpéc
avoKAOOTIKOTNTEG pEYaADTepeg and 70 dBz, 0 omoiog aviirpocmmedel Kot TV TePLoyn
onuovpyiag tov yoralov. To yahdlt peydhov peyéBouvg méptel amd 10 16YLPO KHTTOUPO
nov mePParAet v oproBetnuévn meployn acbevoig nyovg (Bounded Weak Echo Region
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- BWER - vault), (Ewova 3 a-B), evdd ot évtoveg Ppoxont®ocel méEPTOLV Omd TO
UTPOOTIVO  aploTepd  TUMUe. ¢ Kotoryidoag (Browning, 1964). Otav  vrdpyet
avepootpofirog, cuvnbwg Pploketal Kovid 6To MYOOUEVO GKPO TNG OYKIGTPOELOOVG
Nxovg, ota de&1d TG TEPLoYNg Eviovav PBpoyortdcewmv (Fujita, 1963).

E&icov eppovic oto pavidp Mrav kot n popen V (Ewodveg 2 ko 3) mov
yapoktipile 1o nyoduevo akpo tov dxuwva (V-notch) mov exteivero avoatolkd péypt ta
70 km (Ewodvo 3y), 6mwg owtd dvorye amopakpuvouevo amd 1o Koplo Kabodiko,
EVOEIKTIKO TOL QITOKAIVOUEVOL PEVUATOG TOV SNULOVPYELTAL YOP® OO TO 1oYLPO AVOIIKO
peopo. H vmeprdttopn xoataryido ovomtoydnke oe €vo cOGTNUO TOAVKLTTOPIKOV
KOToyidwv, aAAd NTOV GYETIKE OMOUOVOUEVT), YEYOVOS oV YapakTnpilel Tic Kataryideg
aLTOV TOL TUTTOV TTOV £YOLV TN SOLVATOTNTA VO, OPYAVAOVOVTOL UE AVEEAPTNTO OLVOOTKA Kot
KkaBod1Kd pevLATAL.

EIKONA 2. Xwopoypovikr] €£EMEN NG VIEPKOTTOPNG KATOYIO0G OO KATAYPAPEG TOL POVTIOp
Ka1poh O1bpov, 6To 0pllOVTIO KOl GTO KATOKOPVL(O EMINedO, OTIS YPoviKeG oTiyués 15:55 (a),
16:01(B), 16:04 (y) ko 16:07 (3), 16:10 (), 16:16 (C), 16:23 (1), 16:29 (0) ko 16:35 (1) UTC.

To vrepkvTTOpo Myelto oG YPOUUNG omd KOTTOpa, ©¢ TOo Oefld Kivovpevo
oyvpotepo kuTTopo (Ewkdva 38) kou eiye kivnon and 285" pe péon tayvmra 40 km/h.
210 Popelo MUIoEAiplo OAeG Ol oYVPES KoTowyides Kvovvtar oto 0e&ld Tov HEGOL
TPOTOGPOIPIKOD OVELOVL, OTAVIWG GTO APLoTEPA, Kot £YOoLV cuvey O1ddoomn, dnAaomn
CLVEYN OVAYEVVNOT TOV OVOOIKOD PEVLLOTOG GTN UIPOCTIVI] TAELPA TG KOTOyidog Kot
oV K0Bodikoy oto miow pépog (Browning, 1964), to omoia otV TPAYUOTIKOTITO
SLUPUOVOLY KOl JTNPOVVTOL Yio peydAo dtdotnua. X115 16:29 mapovoiace tn péyiom
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avokAaotikotnto tov 73 dBz koi kopveéc 14 km, téc egopetikd vymiéc yio to
eMnvikd dedopéva (Ewcova 20). Kab’” 0An t didpkeia tov ypdvov {ong e mov nToav
oxedov Tpelg mpeg (14:24-17:08 UTC), dtotnpovce moAd 10 vpa YOpOoKTPLOTIKE, OTMG
SMGTOVETOL Kot otd TN HEAETN dOPLPOPIKDV POTOYPUPLOV.

EIKONA 3. Opildvtiec kot KATOKOPLEOES TOUEG TNG VIEPKLTTAPNG KoTaryidag ot 16:07 Kot
16:10 UTC 6mov eivar gpooavig 1 ayKioTpoedng ny® (a), n oprodetnuévn meproyn acbevoic
Nxovg (B), 0 EKTETOUEVOS AKUVAS (Y), KaODOG Kot 1 ypopun kotoryidmv otig 16:23 (9).

4.2. Mopoatnpnosig emeavelag Kot arotonopévy {avn yorallod 610 £60.90g

H vrepxidtropn kotoryida katd v mopeio g amd ABA wpog ANA népace mévo
amd v neployn [oaratddwv [TEAAaG ko dimha and v meproyn Merikn Hpabiog, otig
omoieg €lval ykotesTUéVOL dV0 avTOHOTOL peTemporoyikol otabpol tov EAT.A. Z10
dwwomuo 16:00-16:15 UTC mov emmpéace v mepoyn [oaratddov (yoraldperpo ap.
101 ommv Ewoéva 3B) dwumiotovetar 6TL  Oeprokpacio Tapovsiase onpavTiKy TTdom
™mg 16éng tov 7°C, evéd mapdAinio mopatnpiOnke onUAvTIK avéENoN THG GYETIKNG
vypaciog (Zynua 3). O dvepog TpodcKopa VIcYOONKE Kot KoTaypdonke pHéylotn évioon
46 km/h (25 kt). Tavtoypova 6to 1610 dtdotnua kataypdenke a&loonueimto 1060 VETOV
28,6 mm, yeyovog mov o@eihetar 6to O0TL 0 oTtaBUOg PBprokdtay oty guPérela tov
KaBod1kov pevpotog Tiow mTAsvpdg g katatyidag (Rear Flank Downdraught-RFD) and
t0 omoio o vetdg €ptave oto €0apog (Ewdva 3a). Atyo apydtepo, otic 16:29 1
vrepKOTTOPN Katoryida Edmae YoAdll peydAng mukvotntog kot peyéhovg kapvdlov mov
Kataypaenke oto yaraloperpa ap. 11 kot 106, eved oto ddotnua 16:41-16:50 népaoce
avatoAké tov otadpod Melikng, o omoiog katéypaye mtmon Ogppokpaciac 3,6 °C pe
TAPAAANAN aDENCT TNG GYETIKNG VYPUGTIOG.

2 ddpketa Tov ¥pdvov CmNG TG 1 VTEPKLTTOPT KATOYIO0 GAPWGE PEYAAO TUN LA
g Ileproyng Hupabiog-TTEA . Zopeova pe ta dedopéva Tov S1KTOOL YOAALOUETP®V
onueONKav 1oxvPEC YoAALOTTOCELS Kol KOTaypapnke yoAdll peyéfovg pmlelov €mg
Kol Kopuolov, HKPNG €wg peyding mukvotrog, o€ 33 yaAalopetpa, TV omoiwv ot
axppeig Béoelg amewoviovrar oto Zynua 4. Katd tv mopelo g n vrepkiTTOpm
kataryido mpokdrese o Lovn yoralod (hailswath) mov kdAvrte éxtoom pkovg 60 km
Kot TAdtovg 15 km pe mpocavatoioud amd ABA mpoc ANA, cg amdALTH TAVTION UE TV
kivnon g ko Wwitepa Pe TNV TEPLOYN TOL TLPNVA LYNADV ovoKAAcTIKOTT®wV. H
HEYIOTN SLAUETPOG XOAALOKKOKOL TTOV KOTAYpAPNKE fTay 27 MM Kot onuelddnke oto
yoraloperpo ap. 106 oty meproyn xviitor Huabiog.
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Merewpohoyikog Tadpos Maharadwy MéAhag

YXHMA 3. Xpovooelpd  HETE®POAOYIK®V XXHMA 4. Anotdnwon g (ovng yorallod
TOPOUETPMOV  TOV  CVTOUATOV UETEMPOAOYIKOD GUUE®VE HE TO OdoUéVe TOL  SIKTOLOL
otafpov IN'nhatddwy otic 11 Avyodotov 2009. yoralopétpov tov EAT.A.

5. XYMIIEPAZMATA

mv mapodoa epyacio eEetdotnke N avanTudn Kot €EEMEN LG VITEPKVLTTAPTG
Katoyidog mov Tpokaieoe extetapéveg yohalontwoelg oty Kevrpikn Makedovia oTig
11 Avyovotov 2009. H ovykekpylévn xotoryido KOTOTAGGETOL GTNV KOTNyopio Tng
VIEPKVTTOPNG KATOYId0S AOY® TOL PeYAAov HeYEBoLS, Tov peydlov xpoévov Lmng, TV
e€opetikd oyvupov yapakmprotikov (73 dBz/14 km), tov ektetapuévov TvpPHVO
OVOKAQOTIKOTHTOV — HEYOADTEpY amd 65 dBz, g vmopéng YopoKTNPIOTIKNG
AYKIGTPOEWOVG NYOVG Kol TEPLOYNG acBevohg Myovs, Tov ekteTapévoy o oyfua V
dxuova uirkovg 70 km kan g ektetapévng (ovng xorallov ufkovg 60 km kot mhdtovg
15 km katd pikog g mopeiog Kivnong tng Kataryidog.

Ot ovvOnkeg mov guvoOMmGay TNV AVATTLEN TNG VREPKOTTOPNG KoTonyidag Mtav 1M
avéNpévn vypoaocio oto YouNAd Kot VYNAL GTPOUOTO Kot 1 LEYEAN dBéotun duvnTK)
EVEPYELD KATOKOPLONG UETOPOPAS OV €kdNAdOnke AOy® muepnolog Oéppavong ko
evioyOOnke amd T délevon tov Beppikod avAdva pe TV TapdAAnAn Padvvon evog
OQLADVO IGOVY®V, TOV GLVOOEVOVTAV OO CUAVTIKY 0DENGT TOV GYETIKOV GTPOPIAGHLOV
ota 500 hPa. H woyvpn kéOetn didtunomn tov avépov, oeeldpuevn koping oty drapén
TOV OEPOYEYUAPOV OTO OVATEPO EMITEDQ, EMAEE TPOTEVOVTA Kot KOBOPIoTIKO pOLO GTN
onpovpyia 16yLPOY TEPIGTPEPOUEVOD OVOIIKOD PEVUATOS TOV EXNPENGE TNV OPYAVMOCT,
™ pokpofloTnTa Kot T 6POodPATNTO TMV TOAD 1GYLPOV KOTAlYidmV Kol Wwaitepa g
VIEPKVTTOPTNG KOTALYid0s.

Ta 1dwitepo YOPAKTNPIOTIKA TOV EUPAVIGE 1) LIEPKVTTOPT] KOTALYid0 GTO pOvTdp
Kopo¥ 1010iTEPO AVTA NG AYKIGTPOEWDOVG NYOVS Kol TNG TEPLOYNS acOevoHg NYoVs o€
ouvdLOoUO HE TO JPOpeTkd péyebog yoAallov cuvnyopodv oty Katdtaln g
OCLYKEKPIUEVNC KOTOYIdOG OTNV  KaTnyopio. Tng KAMGGIKNG vrepkvTTapng (classic
supercell). H avtikoklovik] kapmdAoon tov avépov Kob’® dyog, Omm¢ omoTuI®MVETOL
oV 000YPAPO KOUTOAN, OITIOAOYEL TNV aVATTLEN TOL 0VOdIKOD PEVUOTOS GTNV
aplotepn TAELPA TG Katoryidag, eEnyel tov acvviOn, mtpog Boppd, TPocavaTOMSUd TNG
AYKIGTPOEWOVG MYOVG Kot yopaktnpilel tnv Kotoryido ®G 0ploTeEPA-KIVOOUUEVT] Kot
avtikukAmvikd tepiotpepouevn vrepkottopn (left-moving, anticyclonic supercell).
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OEPMIKH AXTIKH NHXIAA KAI ENIEIZOAIA KAYZQNA XTHN KYITPO

A. PETAAHZ(1), A. TIAPQNHE(2), 2. MIXAHAIAHE(3), . TYMBIOZ(3), A. XAPAAAMITOYZ(3),
A. XATZHMITZHE(4) KAI AGQY ATAIIIOY (4)

(1) Ivouirovto Epevvav Hepifiallovioc & Bioaiung Avarroéng, EOviko Aotepookoneio AOnvav
(2) Ivonitovro diaotnuuxov Epapuoywv & Thlemorkomnong, EQviko Aotepookoneio AOnvav
(3) Metewpoloyixy Yanpeoio Kompov, Aevkwaio, Kompog
(4) Teyvoloyuco lavemotiuio Kompoo, Tunuo. [olitikav Myyovikav ko Myyovikwy
Tewminpogopikne, Epyactipio Tylemorxornnong, Agueaos, Korpog

IIEPIAHYH

H epyacio avoeépetol ota mpdTO OTOTEAEGLATO TOL EPELVNTIKOD Tpoypdupatog «MeAétn Tov
eowopevov g Aotikig Ogpuikniis Nnoidag omyv Kompow», mov ypnuatodoteitor omd to Tdpuvpa
po®bnong Epevvag g Kompov. Baocikdg o10x0¢ ™G gpeuvntikng mpotacmng eivar va peketndel to
QOVOLEVO TNG OOTIKNG Bepikig vnoidag kat 1 €éviact] Tov, KaBmg Kot va dtepevvndet dtoypovikd 1 oyéon
TOU QOWOLEVOL HE TNV avATTLEN TOL AOTIKOD 16TOV KOl TOV OAAOY®V KOADYNMG YNG. ZVYKEKPYEVOL,
TAPoVCLAloVTOL To AMOTEAESHATE TNG €MEEEPYACIOG TOV BeplKDV YopTOV amd dopuPOpKd dedopéva
MODIS yw v mepiodo 2002-2008 oe cuvoLAGUO pe T avTioTOlYO HeTemPoAoykd dedopéva. H épevva
EMIKEVIPAOVETAL OTIV QViYVEVOT| EXEICOOIMY KOHOMVO, KOl TI GUGYETIOT SOPLPOPIKADV KOl LETED POAOYIKDV
SedOUEVOV e GKOTO TNV OVATTUEN OTOTELEGLOTIKOV TEXVIKOV Y0, TV OTEKOVION TG Oeppikng vnoidog
KoL TG VTOoNG TOL POIVOUEVOU.

URBAN HEAT ISLAND AND HEAT WAVE EVENTS IN CYPRUS

A. RETALIS(1), D. PARONIS(2), S. MICHAELIDES(3), F. TYMVI0S(3),
D. CHARALAMBOUS(3), D. HADJIMITSIS(4) AND ATHOS AGAPIOU(4)

(1)Institute for Environmental Research & Sustainable Development, National Observatory
of Athens
(2) Institute for Space Applications & Remote Sensing, National Observatory of Athens
(3) Meteorological Service, Nicosia, Cyprus
(4) Cyprus University of Technology, Department of Civil Engineering & Geomatics,
Remote Sensing Laboratory, Lemesos, Cyprus

ABSTRACT

This paper presents the first results of an ongoing research project, entitled “Study of the phenomenon
of Urban Heat Island in Cyprus”, funded by the Research Promotion Foundation of Cyprus. The aim of the
project is the study of the urban heat island effect and its intensity, examining also its temporal relation
with urban expansion and land cover changes. The results based on match-up data sets comprising MODIS
retrieved thermal maps and in-situ meteorological data are presented for the period 2002-2008. The
research focuses on the detection of heat wave episodes, the cross-correlation between satellite and
meteorological data and the development of efficient procedures for mapping heat island and its intensity.

1. INTRODUCTION

The urban heat island (UHI) effect is defined as the temperature increase in urban
areas compared to that in surrounding rural areas. It is caused due to the increased use of
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impervious land surfaces covered by anthropogenic material, the complexity of the three
dimensional structures of the surface, and the coincident decrease of vegetation coverage,
as well as anthropogenic heat discharge due to human activities (Kato S. and Yamaguchi
Y., 2007).

Remote sensing has been widely used for mapping and measuring the UHI, in terms
of Land Surface Temperature (LST). LST is a critically important variable associated
with weather and climate change research and refers to how hot the ground is to the
touch, a measure that is different than the reported air temperatures.

Many efforts have been devoted to the establishment of methodology for retrieving
LST from remote sensing data. Most of them are associated with the study of the urban
heat island effect (Rajasekar and Weng, 2009; Liu et al., 2007; Xiao et al., 2007; Tran et
al., 2006; Kato and Yamaguchi, 2005; Dousset and Gourmelon, 2003; Lo and Quattrochi,
2003; Streutker, 2002). Others are interpreting validation of satellite LST retrievals with
ground measurements and/or inter-comparison of LST products from different sensors
(Kabsch et al., 2008; Colombi et al., 2007; Monteiro et al, 2007; Stisen et al., 2007;
Madeira et al. 2005; Mostovoy et al., 2005; Jones et al., 2004). Fewer attempts have been
also made on the assessment of LST during heat wave events (Cheval et al., 2009;
Zaitchik et al., 2006; Dousset et al., 2007).

This paper presents the first results of an ongoing project funded by the Cyprus
Research Promotion Foundation. The main objectives of this study are (a) the assessment
of climatological land surface temperature fields based on MODIS LST products for the
period 2003-8; (b) the construction of temperature anomaly maps from MODIS data for
the specific event; (c) the assessment of the correlation between MODIS LST and air
surface temperature from meteorological stations in Cyprus.

2. DATA AND METHODOLOGY

The methodology adopted consisted on testing the suitability of using MODIS LST data
for generating mean monthly climatological LST maps, examining an intense heat wave
event and an attempt to correlate MODIS LST data with air surface temperature data in
both rural and urban areas in Cyprus for assessing the impact of urban heat island effect.

2.1 Satellite land surface temperature data

The MODIS sensor, onboard Terra and Aqua polar satellites, provide one day and one
night image under clear sky conditions. MODIS is particularly suitable for the land
surface temperature product due to its global coverage, radiometric resolution and
dynamic ranges for a variety of land cover types and high calibration accuracy in multiple
thermal bands. The underlying algorithms use other MODIS data as input, including
geolocation, radiance fields, cloud masking, atmospheric temperature, water vapour,
snow, and land cover. Temperatures are extracted in Kelvin; accuracy of 1 Kelvin is
yielded for materials with known emissivities (Wan, 1999).

In the present study, the LST 1x1 km? product MYD11A1 of the Aqua satellite
was used. Aqua overpass times for the study area are considered between 1130h and
1330h UTC for day passes and between 2230h and 00h30 UTC for night passes. Thus,
Agqua day data acquisition is closest to the time that maximum of temperature is recorded.
These LST products are based on the generalised split-window (GSW) algorithm (Wan
and Dozier, 1996) using as input the MODIS thermal bands 31 and 32. The parameters in
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the MODIS GSW depend on the satellite zenith view angles, column water vapour and
also on the low atmosphere boundary temperature. The band emissivities rely on the
classification-based method (Snyder et al., 1998) according to land cover types in the
pixel (Monteiro et al, 2007).

2.2 Meteorological data

Air surface daily maximum temperatures at 2m recorded from a variety of meteorological
stations (operated by the Meteorological Service of Cyprus) during an intense heat wave
event occurred on the 24™ of June 2007, were used in this study as a first attempt to
assess the correlation of the day Aqua LST data with recorded air temperatures. Aqua day
passes were chosen based on the fact that could be better tested for MODIS LST
adjacency at the time that highest air surface are recorded at the meteorological stations.
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FIGURE 1: Yearly evolution of the mean LST for June as retrieved from Aqua satellite for three
different sites in Cyprus.
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3. RESULTS AND DISCUSSION

3.1 MODIS LST temporal evolution and temperature anomaly maps

Land surface temperature is controlled by land cover and topographic effect factors. Our
aim is to present the temporal evolution and the retrieved temperature anomaly maps for
a heat wave event occurred on June 24, 2007.

In Figure 1 the mean and maximum Aqua day and night LST values for June are
depicted for the period 2003-2008 for two urban (Lefkosia, Larnaka) and one rural site
(Ag. Marina).

The curves presented in Figure 1 show that the mean night LST values for the two
urban sites are similar while for the site of Ag. Marina, the temperature levels are 3-4
degrees lower. For all sites, a minimum is observed for year 2005. The situation is
different though as regards day LST values. The coastal site of Larnaka presents the
lowest values among the three sites while Lefkosia and Ag. Marina show similar patterns
and temperature levels. The overall trend over time for the three sites shows a positive
trend.

In Figure 2, temperature anomaly maps, in terms of temperature deviation from
long-term monthly mean values (calculated for the period 2003-2008), are presented for
the heat wave event under consideration and for both night and day Aqua passes.

The spatial patterns observed in the temperature anomaly maps are complex. It
can be observed that day anomaly is more intense (up to 15 degrees) than the night
anomaly. Minimum anomaly is located in the area of the mountain range Troodos
(central-eastern part) while the southern part of Cyprus presents higher anomaly values
than the northern part. The different values of LST increase are attributed to the
difference in the emitted radiance from each land type and/or the urban heat island effect.

The amplitude of LST anomaly variation between day and night was examined
using CORINE 2000 land cover types. It was found that the mean anomaly amplitude
was 2.89-4.05 for artificial surfaces, 2.87-6.01 for agricultural areas and 2.81-4.63
degrees for forest and semi natural areas. However, variations were noticed even in the
same category. For example, for artificial surfaces the higher amplitude was noticed for
airports and the lower for dump sites. For agricultural areas, the higher amplitude was
noticed for pastures and the lower for annual crops associated with permanent crops. For
forest and semi natural areas, the higher amplitude was noticed for beaches, dunes and
sands and the lower for mixed forest.

What is more interesting is that the highest LST values for both day (Figure 3)
and night (on 24/06/2007) are noticed in areas that are vulnerable to desertification
(Figure 4). In Cyprus, there are two climatic zones that are considered as sensitive to
desertification the semi-arid which extends over the larger part of the island and the arid
sub-humid, which covers the slopes of the Troodos range and the wind side and higher
parts of the Kyrenia range (IACO, 2007).
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FIGURE 2: Land Surface Temperature anomaly map derived from both day (top) and night
(bottom) Aqua passes for the selected heat wave event.
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FIGURE 3: Land Surface Temperature map derived from day Aqua passes for the selected heat
wave event.
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FIGURE 4: Sensitive areas to desertification (UNCCD definition). From IACO Ltd, 2007:
Consultation Services for the Production of a National Action Plan to Combat Desertification in
Cyprus, Vol. I, Executive Summary, Final Report.

3.2 Comparison of day Aqua LST with air surface temperature measurements

Several attempts have been made by researchers in an attempt to establish a relation
between LST and surface air temperature measurements. As stated, this relation is rather
complex, quite spatially variable and dependant on parameters such as convection, land
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cover, elevation and radiation characteristics. Such an attempt, for Cyprus area, under the
ongoing research project, is presented in Tymvios et al. (2010). However, in this paper,
we examined how well LST and air surface temperature are fitted on such an extreme
event. The spatiotemporal patterns of near-surface air temperature are complex because
air temperature is strongly determined by surface properties that vary in both space and
time (Prihodko and Goward, 1997).

The vertical temperature gradient near the ground is determined by the stability of
this layer. Normally, under clear conditions, during daytime, this layer is unstable with
the LST being higher than at 2m above, due to direct sunlight absorption by the land
surface. During the night, also under clear conditions, this layer becomes stable, with the
LST becoming less than that at 2m above, due to long wave radiation emission from the
surface.

In Figure 5 a scatterplot between Aqua day LST and daily maximum air surface
temperature (at 2m) recorded during the heat wave event of the 24™ of June 2007 is
plotted. The respective coefficient of determination of the linear regressions (R) was
found to be equal to 0.79.
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FIGURE 5: Scatterplot of the LST values retrieved during Aqua day pass as a function of the
maximum air temperature values recorded by several stations in Cyprus during the heat wave
event of 24th of June 2007.

4. CONCLUSIONS

The paper comments on the analysis of MODIS products used for studying the LST
evolution, while MODIS LST temperature anomaly fields were also considered for a
selected intense heat wave event over Cyprus. The anomaly maps showed that complex
spatial patterns are depicted and identified. The yearly evolution of mean monthly LST
values calculated for June for the period 2003-2008, revealed that consistent temporal
patterns and trends can be identified among several sites. There were also identified
differentiations of the LST levels between day and night passes as well as between urban,
rural and coastal sites.

The comparison of Aqua MODIS LST with maximum daily air surface
temperature measurements for a single-day heat wave event revealed that the overall
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correlation is high. The correlation is expected to further increase if air temperature
values recorded concurrently with the time of the satellite overpass are employed. On a
latter stage, we intend to expand our study including more heat wave events for better
understanding the role of LST evaluation in terms of seasonal and spatial variations and
establishing appropriate correlations with air surface temperature. This is essential in
order to represent a necessary empirical basis for constructing statistical models to
estimate air surface temperature from MODIS LST data. Finally, for calibration purposes,
ground level temperature sensors will be deployed on various sites to compare directly
MODIS LST data and assess the overall accuracy of the temperature measurements
provided by the permanent meteorological stations of Cyprus.
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YXYNOIITIKH ANAAYXH TOY EINIEIXOAIOY XIONOIITQXHX
XTHN ATTIKH
TON ®EBPOYAPIO TOY 2008

[. NIKOAAOQOY, A. ITAITAKPIBOY KAIII. ZKPIMIZEAX

EOvikn Metewpoloyixn Yrnpeoia

INEPIAHYH

H yovomtwon oty Atk dev eivan cuyxvo awodpevo. Idaitepa oto kévipo g ABMvog otatioTikd
glvat omdvio. Aedopévou 0Tt 0 podg TAnBucpog e EALGdag (et kot Kiveitor 610 Aekavomédto g ATTIKNG
70 K0B1oTA aKOUT o oNUAVTIKO 0TaY cvpfaivel AOY® TV TOAADY TPOPANUATOV KAl TOV JUCYEPEIDV TOV
TopoLGLAlovTal.

SOVENDC amoKTA 1104TEPO EVOIAPEPOV 1 LEAETT TV GUGTNUATMOV KOKOKOLPIOG [LE EVTOVEG Kol gvpeiag
€KTOONG YLOVOTTAGCELS. XTNV KOTNyopia ovTh OviKeL Kot 1) TEPIT®mon tov tpmpépov 16-18 defpovapiov
2008. H pehétn tov meplotaTikod ouTod YiveTow e TNV YPHON GLVOTTIKOV OVOADGEDV Ol OToieg
TEPLYPAPOVV TNV dopn TG ATUOGEOLPOG, TOGOV GTNV EXIPAVELD, OGOV Kol Kaf’ VYOG, Kl TapEYovTal ovd
eEawpo and to Evpomaiké Kévipo Meconpdbeopwv Ilpoyvdcewv. Emkovpicd ypnoyromomOnkov
TOPATIPNCES EMPAVELNG KOL OVATEPNG OTUOCOUPUS TNG TEPLOOOV OLTNAG OMWS KOl EKOVEG OTO
LETEMPOAOYLKOVS SOPLPOPOVG.

SYNOPTIC ANALYSIS OF THE EPISODE OF SNOWFALL IN
ATTICA IN FEBRUARY 2008

I. NIKOLAOU, A. PAPAKRIVOU AND P. SKRIMIZEAS
Hellenic National Meteorological Service

ABSTRACT

The snowfall in Attica is not frequent phenomenon. Specifically in the centre of Athens is statistically
infrequent. Since half population of Greece lives in the basin of Attica this phenomenon is event more
important when happening because of the problems and the hindrances that appear.

Consequently the study of weather systems like intense snowfalls that cover wide areas is very
interesting. The case of February the 16™ -18™ 2008 belongs in this category. The study of this episode is
done with the use of synoptic analyses that describe the structure of the atmosphere both in the surface and
at height, and are provided every six hours by the ECMWF. In complement, observations of surface and
upper atmosphere and images from meteorological satellites of this period were used.

1. EIZAI'QI'H

H yovontmon oty Attikn dgv givar cuyvd govopevo. Idwaitepa n 6a tov kévrpov
g ABMvog koAvppévo pe xove givor omdvio eavopevo. Amd GTOTIGTIKA GToLEio O
péocog 0poc aplBuod muepdv mov yovilet tov pniva dePpovdpro elvar yoo tov
petemporoyikd otabud tov EAAnvikod 0,8 nuépeg, ya tov avtictoyo g Eievoivag 1,2
Ko Yo avtov Tov Zratov 0,9 nuépeg. Amod v dmoyn avTn amoKTd HEYAAO EVOLOPEPOV
N avAALoN TNG ATUOGPOIPIKNG Kotdotaong 1 omoia mapdysl tétown gowvopevo. H
YLOVOTT®OON otV ATTIKN Kol €WK Ol TEPUITMOCES KATO TIS OMOiEC OTO £d0POg
EVAOTIOETOL GNUOVTIKY TOGOTNTO YLOVIOD, 1 OTOi0 KOt TOPAUEVEL Yo APKETEG MUEPEG,
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a@ov 0 mayetdg mov ovvnbwe axolovBel kobvotepel TV T™EN TOL, AMETEAECE KO
AmOTELEL AVTIKEIUEVO £PEVVAG TOV UETEMPOLOY®OV. AV Kol TO POGIKE YOPAKTNPIGTIKA TOV
YLOVOTITMOGEMY OTMV £XOVV OvOAVOET apkeTES PopEc, Kot Exel emyelpnBel va TavTIGTOVV
pe ovykekpipévous tomovg kopov (Ilpelepdrkog, 1984), n katavonon tovg, mépa and To
O0edOUEVO  EMOTNUOVIKO evolapépov, Oo amotedel mlvio ovolOOTIKO €pYyaAeilo GTO
KaOnuepwvd épyo tov Ilpoyvdotn — Metempoldyov. XTiC HEPES HOGC 1) TPOYVMOGTIKN
Kkabodnynon, n omoia mopEyeTal amd To cVVEXDS eEeMooOUEVO OPOUNTIKA HOVTEAN
TpoOyveong, amortel, 16w¢ 6060 moTé dAAoTe, TV okoun Pabvtepn katavoémon Tov
QLGIK®V OEPYOUCLDY 01 OTOIEC TOPAYOLV TETOLOL £100VE OKPOLN PALVOLEVA.

To ouyKeKpUEVO GUGTNUA KOKOKOIPIOG EMNPENGE TOV EAANVIKO YDPO TO YPOVIKO
dotnuo amd 15 péypt 18 defpovapiov 2008. Eekivd to mpwi tov Zafpdtov amd ta
Bopela pe oobnt) mroon g Bepuoxpaciog kol evioyvon TV OVEU®V KLPI®G GTO
Avyaio. Ipénel va onuelwdel 6t evd 1 Beppokpacio téetel andtopa Katd T dbpkela
mg 16™ dePpovapiov kar evicydovial ot Gvepol, To TPMOTO YLOVIO 68 TESVEC TEPLOYES
TEPTOLV amd OgocoAiio KOl VOTIOTEPA, APOV OTO TIC TOPATNPNCES TMOV OVIIGTOL®V
petemporoyikmv  otabudv  (M.X) dev  €yovue  ylovOTTOON omv Koafdara,
AAeEavdpodmoAn Kot OECCAAOVIKT KOl 1| TPMOTH avapopd Yo yOvt yivetar To peonuépt
Tov ZapPatov and tov M.E. g Adpicag. Ot avatoMkég TEPLOYES TG YDPAG EIVAL QVTEG
OT1G Omoieg mapaTNPNONKAV Kot Ol O £VIOVEG YLOVOTTMGELS. TNV ATTIKN 1| TTOOCN NG
Oepuokpacioc mapotnpeiton omd to peonuépt g 16" degPfpovapiov kot akorovdei M
TpOTN 0chevig yovomtwong. H yovomtwon mpoodeutikd Kot mpog 1o Ppadv Ba evtabei.
O avapevouevoc mayetdg Eywve aisntog otig 18 defpovapiov pe v amoudKpuven Tpog
TOL AVOTOALKA TOV GUGTHHOTOS KO PUGIKE TOV 0VEPELD 0VPaVE. AVOAVTIKA 1) £1KOVAL TOV
KOOV TNV TEPIOO0 OVTN TEPLYPAPETAL ANO TIG KOTUYPUPES «OVTITPOCOTEVTIKMOVY
otafudv ¢ Attkng (EAAvikd, Zmdrta, EAevoiva). Xto EAAnvikd mopatnpeiton
YLOVOTTOON TIS TPMTES TPWIVEG Mpeg TG 17mg PePpovapiov Kon €101KdE yia T0 Tpiwpo,
03.00 pe 06.00 tp tomkn wpa, Evrovn. To andysvpa g idtog nuépag yovilel Evrova yia
téooeplg mepinov wpeg. H yovomtwon cvveyiletor katd meptddovg HéEYPL TIG TPMTEG
TpovEC mpeg TG 18ng DePpovapiov mov amotedel kot TV teEAevTAiR NUEPA OO VOPIG TO
mpoi 0 Kopdg Pertidveral. Xtov HETEMPOAOYIKO otafud TV Emdtov acbevig
yovomtmon Eekwvdel Ty 16" defpovapiov otig 20.00up kar cvveyiletar uéypt i 08.00
NG EMOUEVNC MUEPAS, akOAoVOET tia kpn TG Kot GTNV GLVEXELN £VTOVT YLOVOTTTMOT)
amd To peonuépt  uéxpt 1o Ppadv (yovilel évtova mepimov 6 dpeg). H yrovomtmon
Eavapyiler péoa otn voyta péxpt to mpwi g 18ng DePpovapiov. Xy Elevsiva n
yovomtowon Eekivd vopitepa and to EAANviko. 'Etol acBevic yrovontwon mapatnpeiton
and 11¢ 14.00 mepimov g 16™ defpovopiov kar cvveyiletan péypt TG TPOTEG TPMIVES
dpeg e 17" defpovapiov. Apyilel Tl va yovilel and Tig TpopeonuPpivéc dPeC TG
17" deBpovapiov péypt mepimov tig 19.30. Ag onueiwbet 611 670 peTe®poroyikd oTadud
¢ Elevoivag oe oyéon pe tovg mpormyovuevovs otafuovg elyape T peEyYoADTEP
OLIPKELNL YLOVOTTMONG KOt EWOIKOTEPU GTN SVTIKY ATTIKY TapotnpnOnKe emdeivwon Tov
KOIPOV LE YIOVOTTMGELS KOl TIG TPOIvEG dpeg e 18™ dePpovapiov. Katd t didpkeia
™G Kokokapiog To VYOS tov yovioy €ptace to 40Cm kot mpokAnOnkav opKeTd
mpofAquata Kabdg axwvnromomOnkav mAoia, avtokivnta, aepomidva. Ewdwd vy to
TEAEVTOIO. OVOOTOATIKOG TOPAYOVIOG OTNV OUOAY EKTEAECN TOV TMINCEMV EKTOC TNG
YLOVOTTOONG KOl TNG HEWOUEVNG opoTdTNTOC NTav TO OEHa TG amomayomoinong tmv
0LEPOCKOAPDV.
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2. AEAOMENA KAI MEGOAOAOTITA

Mo v perém tov eotvouévov €xel emAgyel 1 GLVOTTIKY] OVAALON TOV PACIKOV
UETEMPOAOYIKDV YOPTOV EMUPAVELNS KOl AVATEPTG OTLOCOUPAS. XPNGILOTOmOnKay ot
AVOAVGELG, EMPAVELNG KOl avdTEPNS atpocpapas, tov ECMWE, avé e&ampo (00, 06, 12
kot 18 UTC) yia v mepiodo 15 péypt ko 18 defpovapiov 2008. Avarvtikdtepa
ypnowonomdnkov ocvvortikoi yapteg twv 300hPa otovg omoiovg, Adym emoync,
avalntOnke n BEon Kot 1 Evraocn Tov ToAkov agpoyeudpov. Eriong ydptec ota 700hPa
OOV EVTOTOTNKAY TEPLOYEG, COUPMVO LLE TIV CUVOTTIKT OVAALGON, e AVENUEVT] GYETIKN
vypaocio. Ot yaptec twv 850hPa ypnoyomombnkay yio tov Tpocdiopiopd g 0éong tov
UETOTMV GTNV EMPAVELD OAAGL KOl TOV HETABOADV (HeTapopds) e Bepuokpacioc. And
TNV GLVOTTIKY avaivor dev o pmopovcav vo Aeimovv ot yépteg tov 500hPa yo tov
EVIOTIGULO TOV AVADVOV Kol EEAPCEMV GTNV TEPLOYN TNG UNOEVIKNG amOKAONG, OTMS Kot
YO, TOV XOPOKTNPIGHO TNG KUKAOQOPING TOvV® omd Tov eAANVIKO y®dpo. Edikd yia to
eMimedo aVTO YPMNCIUOTOMONKAY Kot XEPTES GYETIKOV GTPOPIUMGLOV. LTOV EVIOMIGUO TNG
OTHOGQOLPIKNG KLKAOPOpPIog otV empdvela fondncav ot avaAVCELS ETLPAVELOG.

Yta 500hPa (EZynua 1), otig 15-02-2008, kuklovikny Kuklo@opio ETKPOTEL TAV®D

Topacwson 13-2-2008 (00- 06-12 xat 18UTC). - ,Ii\ggg,-grs_j},2;3:3,00,3,109-,0,6:,‘-,3éml,SLI(),
[T C [T £ |
AN | ' 144

— T —

I
O I O

g

ZaBBaro 16-2-2008 (00- 06-12 xa1 18UTC) - Asvrépa 18-2-2008 (00- 06-12 ot 18UTC)

YXHMA 1. TocoBaown emodveia tov 500hPa

a6 tov EAAadiko ywpo. Ztov yaptn tov 00UTC ta vyn sivor peta&d tov 5580
yvewdvvapkov pétpov (gpm) ota Bopeia ko 5640gpm vote g Ilehomovvrcov.
Opoyevég Beppokpaciakd to medio, pe po eykAmpPiopévn yoyxpn nélo pe Beppokpacia -
25°C oV meployn Tov Kevipikol kat votiov Aryaiov. ITapdiinio Stokpiveton pio wikpn
é€apon (ridge) mave amd v yoxpn ovt pala. Bopsloavatolikotepa mapatnpeiton
TOKVOON TOV 1600YAOV  GTNV TEPLOYN TOV  TOAKOV YOUNAOD TO OTOI0 OPYOVAMVETOL
Bopeta g Mavpng Bdhaccag. To yaunAd deiyvel va €xel KaAn TPOPOOOGIia [LE OPKTIKEG
Yoypés naleg Kobmg, AOY® TOV EUTOOIGHOV TOV OVTIKVKAGDVO oL £xel edpotwbel ot
Bopelodvtikr] Evpodnn, n kuklogopia tov aepiov poalov meplopiletor mdveo amd ta
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KPAGTESA TOV PEPVOVTOG TOAD YuypEs aépleg Laleg votiotepa. Babuaia ta Hym néptovv
Kot M 1600gppog -25°C otadioKkd KaADTTEL TO GVVOAO GYedOV NG Ydpog. TTapdAinio 1
amokopupévn yoxp pala pe Oegppoxpacio -25°C petoxiveitor 6to vOTIOL TOPAALN THG
Mikpdc Acioc. Awokpivetor pior avTiKUKA®VIKY KAUYN TAve ond to POPELOOVOTOAKO
KOPUO TNG YMDPOG KOl TEPALTEP® TTOGCT TV LY®V. H 160Dyng tov 5520gpm nepvaet amd
NV avotolkn Opdakn, | avtictoyn tov 5580gpm &yxet katéfetl fopeta TG ATTIKNG EVO M
5640gpm mapapével votia g Ilehomovviicov. Xvveyileton 1 paydaio TTMOCT TOV VYOV
KaODS 10 yapunAd oto fopEloavVOTOAKE EVIGYDETOL TPOOSEVTIKA Kol 1)O1 dlokpiveTan oTa
Bopela g ydpag M €viovn youxpn €ofoAn evad elvar gpeavnig po. peonuppivi
KuKAopopia. Méco oe ypovikd dommuo 12 opdv mapotnpeitor ToAD  Evtovn
vVyoPabuido eVOEIKTIKO TNG SLVOUIKNG TOL KATEPYOUEVOL cuoTiatog. TELog oty voTio
ItaAia mapatnpeitol £vag avidvag (trough) pe pdAiov avotolkn kivnon. Tnv emduevn
nuépa (16-02-2008), ta vyn og OAN T YOPA TEGTOVY KAODS TO KEVIPO TOL YOUNAOD
TNodlel pe Tov aADVO Vo KAUTTeETOL mpog T Popetoavatoikd. ‘Etot v 18UTC 1
oobyng twv 5400gpm mepva Aéov amd v Attikn, 1 5340 and Kevrpum EAAGSa kot 1
5520 amd v Kpnm.
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XXHMA 2. Ioofapwr empdaveia tov 850hPa

To medio tov yapniodv vyov eykobictotor Taveo omd T Yopa. Aplotepd TOL
YOUNAo0 ot 1oobyelg mopovcidlovy TOKVEOON KoODS ot mohlkég Wuypég MAleS
katoMcBaivouv Kot givar mepoyr] O6mov moapatnpeitol 1oYLPOS OATUNTIKOS BGVELOG
(shear). Am6 odvtikd, aAlemdAinhor ovAiodves, kobdC TO YOUNAO oTpoPiriileTal,
emmpedlovv 10 peyalvTepo uépog g xopas. H BdBuvon tov yapuniod mapakorovdei tnv
elofoln yoypov palav amd ta Popeloavatoikd. Apyilel va dapaivetar eviovotepa M
Képyn tov dEovd tov mpog ta BopetoavatoAikd kot kabme Pabaivel omcoBodpopel apov
N kivnon tov givar dvutikn — votodutiky. H wépyn avt) elvarl avtovokAaosTikny QUGIKE
™G €16POANS TOL AVIIKLKAGDVO TOL TPOKAAEL TOV eumodicpud g kukhogopiac. H -35°C
(500hPa 1800UTC) kaidmter Makedovia kot Opakn. To «kévipo tov yopniod ot
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Bopeloavatoiikd Baikdvio mepikieiet onuoavtikd yoypés paleg pe Bepuoxpacio KAt
and -45°C. Tnv 17-02-2008, ta. Vyn cuveyilovy va TEPTOVY GTO AVATOAKG LE TV YOYPT
pata tov -40°C vo. eykobiotator 6to kevipikd Atyaio evd 1 -35°C kolomtel ekTetapévn
wepoy] ota Popeld kot avatodkd. H OAn xivinon 1oL GLOTHMOTOG TPOG  TO
VOTLO0VOTOAKG GUVETAYETOL TNV (VOJO T®V VYOV 6Ta. SVTIKA — Bopelodutikd. O PBacikog
ALAOVAG TOV GLOTNHOTOG evtomileton katd pnkoc NA Atyaiov — votioag Ilehomovvicov —
20pTE®V VM 0 OTPOPIAOC GTO KEVTPIKO Alyoio «YEVVA» O1000)IKOVS, HEGNC KAILOKAG,
avAdveg. H modd yoypn pale pe Oeppokpacio -40°C (12UTC) Muvalel 610 KEVIPIKO
Avyaio, EvBota, avatolin Zteped (ko ATTikn). X10 TEA0G TNG NUEPAS 1| Ydpa BplokeTal
KOTO and ToAD yaunAéc Oepuokpooicg e kopiopyn v -35° C 1 onoia koldmter OAn tnv
avatoMkn EALGda. To yoapunid ovveyiler va ivelton otpofriildpevo mpog To
VOTIOOVATOAMKG GYETIKG TANPOVUEVO KOl YAVEL TNV TPOPOO0Gin TOL KAO®ME AmTOKOTTETOL
amd tov apyikd Poowkd molkd wvpatiopd (18-02-2008 — Eynua 1). Kobog
QOOKPOVETOL ToL VYT oTadlakd avefaivovy, Kot 1 YEVIKN KUKAOQOpio v amd
yOpa yivetar Bopeia — Popetodutikny kat Kuplapyovv Oepuokpacisc kovid otovg -25°C.

Yta 850 hPa (Zynua 2), ot Mecdyelo yevika emkpotodv Oepuéc paleg, dmmg kot
Vo amd TOV EAANVIKO YOPO 1 1600epLOG TV 0°C. Ta KOPLOL YOPOKTNPLOTIKE TG NUEPAS
TP TO €MEGOO10, ivar M Bepun petagopd mov evromiletar ota mapdilo TG AQPIKNG,
VOTIOL TG ZiKEMOG OAAG KOl 1) Yoypn HETOPOPA amd o PopeloovaTodkd. ZTadlaKd ot
yoypés naleg petapépovral mave and o Baikdvio aAld kot oty kevipikn Evpomn
Kot pNKog TV Agwopik®v Almewv OmMOL KOl TopoINPEiTOl HEYOAN TOKVEOOM
wofépuwv. Kabag to molkd yoapunid minocualer ov moMkég wuyxpés palec aépa
KatoAoHaivouv Tave 6To KPAGTESD TOV AVTIKUKAMVO TOV 0TS £XOVUE OvVaPEPEL Etvar
KOAQ edpormpévoc. Xty kevipikny Evponn ko oto BoAxkévie eivor epeavhg m
EMKPATNON TOAD Youypdv aepiov paldv. 1o TEA0S TG MUEPAS M 1660epudg -10°C
Bpioketat ot Popee EALGSa ko 1 -8°C 010 Hyoc te Abfvac. Tnv Kvpuoxy 17-02-08,
TOPOTNPEITAL TOKVOOT TOV 1600EpU®V TAVE® 0md TOV EAANVIKO YOPo Kabhg cuveyiletal
N youxpn HETOQOPA. Alakpivetarl omd TOVG YOPTEG TO YUXPO HETMOTO TOL EKTEIVETOL KOTA
UNKOG TNG KEVIPIKNG KOl VOTIOOVOTOAIKNG Mecsoyeiov kot apudpd évog pkpog Oeppog
topéag. H yoypn petapopd amd to fopeloavotodikd kot 1 TOKVOOT YiveTatl eviovoTtepn
KaO®OG T0 KEVIPO TOV YOUNAOD PETOKIVEITOL TEPVMOVTOG OO TO PopeloavatoMkod Atryoio
Kot otadokd ot mapdiio e Tovpkiog kot €161 6T0 TEAOG TG NEPAG 1 Beprokpacia
&xel vmoywpnoet akopo 2 Pabuovg. Avtég ol Oeppokpacieg oto 850hPa amotedovv o
AKOUT| TOPAUETPO EVOEIKTIKT TNG Papokivikdtntag Tov cvuotiuatos. Tn Agvutépa 18-02-
08, mopatnpeitor n awd ta duTKG Oepun petagopd Kabdc N KvkAoeopio apyilel va
yiveton Covikn kol o avtikukAdvog egaocBevel. Tlapdiinia 1 KukA@VIK) KukAoeopia
eEaobevel. Tric 0600UTC 1 1060eppoc tov -12° C va mepvé omd Tov NIepeTikd Kopuo
™mg YOPOS, M -14° C ano Boperoavatoiikd Atyaio kot n -10 °C ot0 TEPIKAELEL TIG
VOTIOVATOMKEG TTEPLOYEG.

H nepoyn tov pEYIGTOV OVEL®OV GTNV aVAOTEPT OTULOGPALPO KOl O EVTOTIGUOG TNG
Béonc tov aepoyeldpov yivetar pe TV OVAALGN 1GOTOYMV GTNV 1GOPOPIKT EMLPAVELL
tov 300hPa (Zyfuo 3). H emloyn g ovykekpuylévng emQavelag oev amodidet v
GUVOMKY] €KOVO TOV TESIOV TOV UEYIOTOV AVEU®V, TANV OU®G, Y10 TNV GLYKEKPIUEVN
emoyn omoteAel Pacikd epyaieio evtomiopov tove. Xtig 16 kot 17-02-2008 evtomilovion
000 KAGOO01 TOL TOAKOD (TPOPUVMG) AEPOYELLEPOV O 0TTOT01 TEPIKAEIOVY TNV AEKAVN T®V
YOLMA®V VYOV Yoo TV omoia €yve avagopd katd tnv meptypaen tov 500hPa. H
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amovcio.  TOL  OTNV  TMEPOYN TOL  OVAMVO  Elvan  avapevopevn Kot AOY®
VIOYEDMCTPOPIKOTNTAG TOL avéRov. H onuavtikny evioyvon tov aplotepov KAAS0L TOL
e€nyet  PdOvvon ko 6Evvon tov awAidva. Térog 1 evioyvon Tov 8e€100 KAAGOL TOL Kt
N Pabuiaio e£acBévnon Tov apiotepov 1 onoia Eexva omd Tig 17-02-2008 cuvterel oty
LETOKIVION TTPOG TO AVOTOAKE TOov cvothipatog. Xto 700hPa (Zxnua 4), mhve ord tov
eEMMVIKO yopo dtaxpivetar Apvdlovoa aépra pdlo pe apket vypooio. To kdplo dpmg
XOpoKTNPOTIKO 0T15 15-02-2008 eivor por meployr] ota VOTIOSLTIKG e VYNAEG TEG
OYETIKNG VYPAGiag oL dikatodoyeitor amd v Bepun eioPoin oty o Teployn ota
850hPa.

H Oepun aépro  pdalo mAnoidlel ™ yopo pog amd to votioduTtikd dtacyilovtag
Meodyero Odhacoa. H avepydpevn avty pala tg AQpikng cuykpatel peyAn mocotnta
VOPATUDV OO GAA®GTE QaiveTol omd Toug XapTeS avaivong (15-2-08). [TapdAinia kot
amd to. Popeloavatolkd katépyeton youxpn palo mov emiong mepikieiet peydlo mocd
vypaciog Kot pdAiota eivar epeaveg 6Tt ot paleg katepyopeves omd to foPEIOaVOTOAIKA
aLEAVOLY TOL TOGA TNG VYPAGING TOVS €vTOog Tov Atyaiov. H oiykion avtdv tov palov
TPAYUOTOTTOIEITOL TAVD and To Atyaio dmov kot 1o KEvipo ¢ dotapayng v 16"
DePpovapiov 2008. Ot paleg aépa eEakoAovBodv Kot peta@épovv peYdAa TOGA
vypaoiog kot v 17" defpovapiov pe ™ Sopopd dtL TV Muépa avTA YAvETAL M

ZaBBaro 16-2-2008 (00- 06-12 xa1 1SUTC) Asvrépa 18-2-2008 (00- 06-12 xax 18UTC)

YXHMA 3. IooPapikn empaveio twv 300hPa

TPOPOJOGio. TOV GLOTNAUNTOS amd To. POpelo. OAAL TAPOUEVEL 1] TPOPOOOGio OO To
votioavatolkd. H BapoxAiivikn (odvn eivan eyklmPiopévn mepipeptkd amd mold yoypég
péleg aépa. Ztig 18-02-2008 xabmg 10 YounAd petokiveitan votioavatolkd Enpég aépieg
péleg e1oépyovtal otov EAMNVIKO Ydpo amd ta dvTikd. [ldve amd tov EALadwo ydpo
elvar e0KoAo va drakpivel kavelg o eproyn Betucod oyetcod otpofriicpod (Zynua 5)
otV mepoyn TG XoAKWOKNG ekel akpifdc TOv TOPOVCIALETOL oL UIKPTY OlTOpoyn
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(omdoo) g 1obyoic oto yaptn Twv 500hPa g avtictoyng mpag (15-02-08, 00h).
Ady® ™G KuKAOQOpiag Tov axolovdel cuveyileTar aVTR N HETAPOPE  KATO PNKOG TNG
dlatapayng opyIKa oTo KEVIPIKO Atyoio Kot 6to TEA0G TG NUépag eviomiletol ot voTia
Tovpxkia.

Eniong, mapoatnmpeiton po kAhelot) mepoyn peyiotov Oetikod otpofilcopov, mov
emPefordvel ™MV KuKAoyéveot, otov KOATO Tov Aéovta ot Bopeta Itarkio. Ztig 16 Ko
17 ®eBpovapiov kabmg 0 avAdvag apyilel va TANGLALeL TOV EAMANVIKO YDPO SloKpivovTal
neployég pe Oetikn  petagopd otpofiliopod amd ta dvtikd (16-2-08, 00UTC).
Bopeidtepa ota Baikdavia (16-2-08 06UTC, 12UTC) apyilel va @aivetor 6T1 To cHoThuO
evioyvetor kobmg mapovotdlovior avEnpéves Tég Betikod oTPoPlAicpoy oe peydin
A éov éktaon. Epgavieton otadiokd po {ovn pe BTk petapopd Kupimg oTo SUTIKA,
aVOUEVOUEVO pe  dgdopévn TNV Tmopovcsics TNV 1010 GUVOTTIKH PO  TOAKOD
aepoyebppov. I'evikotepa v 17-02-08 mapotmpeitor amd to foperodvtikd OBetiknm
petapopd otpoPiiicpov. H {ovn e faporkivikdtntog Kot OETIK®V TIUGV 6TpoPiiicpol
EMPNKOVETOL G OvTIoTOLYiO e TN HopPn} Tov owAmdva oto S00hPa. Tnv nuépa avt pe
Vv £€0por TG KaKOKALPIiog Kot 1010{TEPO TV YLOVOTTMOGE®V GTNV ATTIKY| TopaTnpEiTOL
avéNomn ToV TEPOYOV He OETIKN PLETAPOPA GYETIKOD GTPOPIMGLOD KAOMOG TO KEVTIPO TOV
YounAo¥ petaxwveitor omd 10 foperoavatoikd Atyaio mpog o votioovatolkd. Edm Oa
TPENEL VO, TOVIOTEL OTL Y100 v TN O€TIKN HETAPOPA onpavTikOTEPO pOLo Tailet To shear
amd Tov Opo TNG KOUTLAOTNTOG KOl oVTO AGY® TG HOPONS TOV 1600YMV SLTIKG TOV
QVADOVO OTOL KPACTESD TOL OVIIKVKAMVO KOl TOV ETIKOVPIKOL POAOL TOV TOMKOV
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ZapBaro 16-2-2008 (00- 06-12 xa1 18UTC) Asvrépa 18-2-2008 (00- 06-12 xot 18UTC)

YXHMA 4. IooBapikn empdaveio twv 700hPa

glval eueoving amd Ttovg Yapteg ovaivong 1 dvvoukn g PapokAvikng {dvng mov
onuovpyeitan kol péca oe avty tn Covn eivor ko 1 Attikn. Xtig 17-12-08, 12UTC
TOPOATNPEITAL 1 EUPAVION EVOC OPVNTIKOV HEYIGTOL OTPOPIAICHOD GTNV TEPLOYN NG
EbBolag amévavtt amd €évo Betikd péyioto oto kevipwkd Arvyaio kot Tovpxkia.
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Anpovpyeitor éva dimodo 10 omoio evioyvetal Omw¢ @oiveror 6tov emMOUEVO XAPTN
avaAivong 17-2-08, 18UTC. H meproyn tov apvntikov peyictov gvtomiletol mdve omd
kevtpikny EvPota, dutikn kot Kevipikn ATTIKN evd oto avtictoyo yaptn tov 500hPa
epueaviCovior avVTIKUKA®VIKES KOUTLAOTNTES OTlG toovyels. Ztig 18-02-2008 ko oamd

Fopuner 17-2-2008 (00- 06-12 was 180TC)

Arvrépa 18-2-2008 (00- 06-12 wan 18UTC)
YXHMA 5. Zyetikdc otpofilMopdg oty woofapikn empavelo tov S00hPa
00UTC 10 apvntikd avtd kévrpo otpofiliopod petaxweiton oty Kpnn, kabog Kot 1o
KEVTIPO TOL YOUNAOD Kveiton vOTIOOVOTOMKA. XtV ATTIK) AGY® NG HETOKIVIIONG TOV
OGLGTNUATOG Kol TNG Topeiag mov akolovbel mapoatnpeitar mAéov OeTikn pETOPOPA
GTPOPIMGOHOV. XTadtoKd 6To avaTtoAkd TG Covng Papokivikdtrag evromileton BeTikn
UETAPOPA GTPOPIMGLOD GTNV TEPLOYT] OTTOV KAVEL EVTOVI] TNV TOPOVGIO TOL O CVOTOAIKOG
KAGSog tov polar-jet kKabBmd¢ To SVTIKO KOUUATL TOV OEPOYELUAPPOV EXEL GTAOLOKA
eEacbevnoet. Tig endUEVEG GUVOTTTIKEG MPEG TAPATNPELTAL 1) KOTA TEPLOSOVG OENCN TOV
TILADV TOV GYETIKOV GTPOPIMGLOL NG TEPLOYNS TOL YAUNAOD KAODG peTOKvEiTOL GTN
voTloavatoAky] Meooyelo. Idwaitepo evdlopépov mapovstdalovy ot xipteg oTPOPIMGHOD
otg 17-02-08, 18 UTC kar 18-02-08, O0UTC kabocov oyetifovror pe v emdeivoon
TOVL KOOV TOV TPOWOV 0podv g 181ng Defpovapiov pe EVIOVEC YLOVOTTMOOCELS OTN
ovtikn Attikn. ‘Etot ot apvnrikég Tyég tov otpoPriicpov otig 18UTC, €51 dpeg petd,
mv opo g emdeivoong g Koakokopiag moapatnpodvtal €K vEou TIéEG Oetikol
OTPOPUMGLOV UE U0 TPOS TO TOW EMOVOTPOPOIATNGN TOL YapunAov. To idto cvuPaivet
Ko oty weproyn g Kprng, onAadn apvntikdg otpoPiopoc pe tpocmpvi eEachévion
TOV PAVOUEVOV Kot péca og €61 dpeg emdeivaon pe 0eTikd oTpoflopd mpog T miom.
Ocov apopd TV avaivon TG EMPAVELNS OO EDKOAO TPOKVTTEL OO TOVG GYETIKOVG
xopteg (Zymua 6), apykd veiotatol éva acbevég to Papopetpikd medio mdve amd
YOPO UE KAAG EOPOULOUEVO OVTIKVKADVO GTO BOPELOOVOTOMKA KOl £V KEVIPO YOUNADV
mécewv oty NA Mecdyeo 10 omoio otadiakd e&ochevel. ZTadtoKd 0 avVTIKUKADGVOG
emekteivetal vototepa, pe éva kévipo ota 1046 hPa evod mapdAinia mapotnpeiton

25 -28/5/2010, PATRAS, GREECE 568



100 COMECAP 2010, IIPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

KUKAOYEVEST] GTO KOATO TNG XOpTNG, votia g Italag mov mpoodevtikd @aivetol va
Babaivel. Etvar mpoeavig n opydvmon €vOg Wuypol UETMTOL UE PEYOAN £KTAGN 7OV
Ol0TACOETOL KOTA UNKOG TOV TPLOV KEVIPOV YOUNA®V TEGEWV. AlakpiveTon 1 TEPOUTEP®
BaBvvon kol opydvon TOv KEVIPOL YOUNADV TEGE®V HE YOPOKTNPIOTIKN TNV TOAD
évtovn Bapofabuidoa mhve omd tov EALadwo ydpo. Amo ) Asvtépa 18-02-2008 Ao t0
ovotnua Kveitot Babpuoio avatoAKd — VOTIO0VATOAKE Kot To Tedio Thve amd T yYopo
oTAO0KA opoAoTotE TAL.

3. XYMIIEPAXMATA

To cvotua Kakokopiag mov eEETACTNKE TOPATAVED TPOKVTTEL OO TOV EUTOIIGUO
OV TTPOKOAEITOL Od TOV KOAL £0patmpUEVO avTiKukA®va ot Avtikr] Evpdmn kot evog
KOAGL OpYOveREVOL OVADVOG otnv  Popstoavatodikny Evpomm, ommv mepoyn g
Ovkpaviag mov eelicoetar o éva polar-low. H wépym tov d€ova tov avidva kot M
avadpopurn Kivnon Tov mPog VOTIOOVATOAIKA, GTA KPAGTEON TOV AVTIKLKAMVO ONpovpyel
peonuppwvn pon-katoriicOnon molkadv palov Tave amd Tov EAAUSIKO Y®Po. ZOUP®VOL
pe v katnyopromoinon mov éxoave o Ilpelepdrog (1984), ota cvotiuoata mwov
TPOKAAOVV YLOVOTTTOGN GTNV  ATTIKN, O TUTOGC KAPOL A LE YOPUKTNPIGTIKE TNV CYETIKA
acBev] KukAOYEVEGT GTNV TTEPLOYN TNG VoTloavoToMknG Mecoyeiov mpocopotdlel otnyv
eetalopevn mepintmon, Omwg SamoTOveTal omd Tovg Yapteg avdivonc. Ta kévipa
YOUNADV TEGEDV GTOV KOATO TNG ZVPTNG KoLl LETEMELTA GTNV VOTIOOVATOAKY) Mecdyelo
dgv mopovotdlovv peydAn Pabvvon. Amd v aviAlvon TOV YOPTOV TOL GYETIKOD
oTpofMopoy damot®dnke OtL vEdpyel BTk HETOPOPE GTPOPIAMGHOD KVpimG GTO
OVOTOMK(O TNG YMOPOS KOl EVIOVES OVOOIKES KIVIOELS, YOPOUKTNPIOTIKO TOL OVOPEPETOL
GTNV TEPLYPOPT] TOL TOTOL AVTOV.

Tlapamzun 13-2-2008 (00- 06-12 vt 18UTC)

&
TapBate 16-2-2008 (00- 06 12 wan I8UTC) - Acvripa 18-2-2008 (00- 06-12 wan ISUTC).

YXHMA 6. Avdivon emiodveioc (MSL)
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AlmotdOnKe 1 EVTOVN TAPOLGIN TOV AEPOYELAPPOV Kol LAMOTO TOV OKEAOVS GTO
dVTIKE TOV aWA®VA TO omoio eaiveTal OTL Opa otV BABVVET TOL YAUNAOD, EVE KATE TNV
e€aobévnon Tov younAov Evtovi fTav 1 TapovGio ToL avaToAlkoh ckélovg Tov (Karein,
1979). Axéun sivor mpopavig n Betikn petapopd oTpoPflool pe TV TPOGEYYIoN TOV
00 KAAd®V ToL aepoyelpappov. Onmg vrootnpiler o Karein (1979) n e&éMén wag
VQEONG KL 1 EMEKTAON TNG G€ OAN TNV TPOTOCPUIPO PaiveTal va. cuppaivouv Otav To
VOTIO TUNLO TOL QVAMVO KIVEITOL TayOTEPO A OTL TO BOPEIOTEPO TUNHA TOV GTN VOTIO
Evpdnn. Avtiy n toybdtepn petokivnon tov aviova pmopel va ogeileton pe Pdon
Bewpio avantuéne tov Sutcliffe otn Betikn petapopd otpofiicpod, Tov Tapatnpeitan
oto 500hPa kot 671G avdTepeg EMPAVEIEG UTPOGTH atd TO VOTIO TUAILO TOV OLADVA AOY®
™mg {Ovne tov wyupdv avotepmv  avépmv. To coumépacua maviog sivar 0Tl o
GLVOLOGHOG TOV KAAOWV TOV OEPOYEWAPPOL Kal TNG OETIKNG LeETAPOPAS GTPOoPiAiopoD
dpovv kobopilotikd otnv PAabBvven Tov aVAdVA YEYOVOG TOL emaAinBeveTol amd TOLG
dwbéopong xapteg avaivong. Onmg emonuaiveror kot and v ®roka (1993) npénel va
dtepeuvn el ePoGOTEPO O POLOG TOL BEPOYELLAPPOL KOt TNG AVTIGTOUYNG avadimhmong
™G TpomdTMAVONG otV KukAoyéveon. e ueAétn mov ékavav ot Gyakum and Baker
(1988) PBpnkav 61t To YOUNAO oV emeaveln epeavifeTor Katd ) dedvBvvon e pong
TOL aEePOYELEPpOL onpeio mov emoAnfedeTon amd TOVG YAPTES EMPAVELNS. LOUPOVA LUE
tovg Santurette and Georgiev (2005) mov peAétnoov  TOPOUON  TEPIGTATIKG
KukKAoyéveong oe ouvovaoud pe eumodiopd amd aviikukAoyéveon otn Meodyelo,
ONUAVTIKOG TapayovTog £EEMENG TG VPECNG Elval 1] TOPOVGIK TOV AEPOYELAPPOV KOt TO
OTACIHO OV KAVEL AvapEpovv OTL TPOSPOUOS TNG KLKAOYEVEGNG, TOV aKoAoLOEl Eva
GUVOTITIKO GUGTNUO. HE TO  TOPOTOVE YOPOKTNPLOTIKE, €lval M mopovsion €vOC
BapoxAvikod @OALOL Tov epeavileTon otnv mepoyn ¢ Oepung ewoPfoinc. H dmoyn
avt) n omoio PacileTon kot og mpdtepn dwmiotwon twv Weldon and Holmes (1991)
EPUNVEVEL TNV EMOEIVOOT KOl TIG EVTOVEG (LOVOTTAOGELS TOL TAPOTNPNONKAV TIG TPMTES
Tpowvég opeg e 18-02-08 ota dutikd TpodoTtio TG ATTIKNG TOPOA0 TOV TO GUGTNUA
eawvotav 0tt e£acBevel kivodpevo avatoAkdtepa. Emavainym tov eowvopévou avtod
nmapatnprOnke apyotepa oty mepoyr s Kpnmge. Inuavtikég opotdtnteg evronilovion
pe v mepintwon tng votoavatoAkng loraviog (9 kot 10 Nogufpiov 2001), 6mwg avt
neptypaoetar and Santurette and Georgiev (2005). Zvumepacuatikd ival ELPAvES 0Tt TO
KAOEGTMOG TOV EUTOSIGUOV TNG KLKAOQOPING amd £va KOAQ £OPAIOUEVO OVTIKUKADVO
onuovpyet vd cvvOnKeS TIC TPOLHTOBECELS EUPAVIONG GLVOTTIKGOV GLCTNUATOV TN
Mecdyelo pe éviovo @avopeva koakokoipiog mov ypnlovv mepaitépm HEAETNG Kot
épevvac. H xukloyéveon ot Mecdyelo npénetl va Bempeital Eva @ovOIEVO GUVOTTIKNG
KOl DTOGLVOTTIKNG KAIpoKOG AOY® TV TOAADV GLVIGTOOMOV Kol Tpobmobitel o
BapoxAvikd actadn atpndcealpa Tov daTapdoceTol and T cLUPoAN un PapokAvikdv
Sdkac1V Onmg etvar 1 emidpacn ¢ dwuPatikng OepuodTnTOC, TOL AEPOYEILAPPOV KO
™mg TpPNg (PAdka, 1993). H e£€Mén toov Ttomik®dv poviédmv péong KAipokag eival
duvatov va Pondnoovv oy KoADTEPN KOTOVONOY TOV UNYoVIop®V eEéMéng twv
ocvoTNUat®V Kokokolpiag g Mecoyeiov Kol €0KOTEPO TOV GLOTNUATOV TOL
TPOKAAOVV Y1OVOTTOGT 610V EAALSIKS Y dpo.
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