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O Nanaotépylo¢ Aoteplog SnAwvw umevBbuva otL:

1) Ei{pal 0 KATOXOG TWV TVEUMATIKWY SIKOLWHUATWY TNG MPWTOTUTING AUTAG EPYACiag Kal
and 600 yvwpilw n epyoocia pou de oukodaviel mMpodowra, oUTE MPOCPAAEL T
TIVEULOTLKA SLKOLWw Ot TPitwv.

2) Anodéxopal ot n BKIM pmopet, xwpig va aAAAEEL TO TIEPLEXOEVO TNG EPYOOLAG HOU, VA
™ SlaB<oel og nAekTpovikn popdrn péEoa amod tn Pndlakn BiBAloBnkn tng, va tnv
avtlypael oe omotodnmote pEco n/kal oe omolodnmote popdotuno Kabwg Kal va
KPOTA TIEPLOCOTEPA ATIO £Vl avTiypada yia AOyoucg ouvtrpnong Kal oo AaAELOC.



EYXAPIZTIEZ

Opeidw va euxaplotiow npwta tov kadnyntr uou Ap. MNMapxapidn loadk, mou mioTEYE OTIC IKAVOTNTEC UOU,
UE EUTTIOTEUTNKE, EVTAOOOVTAC HE OTNV EPEUVNTIKN TOU oudda Kot UE KaFodnynoe Otov KOOUO TNG
VEWTANPOQPOPLKNAG. ZTn ouVExela Ba n¥eAa va euxaplotriow tov Dr Marco Chini ue tov omoio ouvepyaotnka
oto Luxembourg Institute of Science and Technology (LIST) kat tou opelAdw UeyAAo UEPOG TNG EMTLOTNIUOVIKIG
uou karaptiong. Eniong Sa ndeda va euyaptotiow tov Ap. MixyaAn @ouuéAn yia tnv ueyain touv cuuBoAn
OTIC YVWOEIC OU KOl OTIC EPEUVEC ou, kabwe kot tou¢ Kwvotavtivo XouBapda [Mpoiotauevo tnc
Atevduvonc MoAwtiknc Mpootaoiac tne Mepipepetac Avatodiknic Makeboviac — Opaknc kat MNamoamootoAou

Xprioto tou Tunuatoc lMoAwtikn¢ Mpootaoiac M.E. EBpou yia tn BonYeia toug.

TéAdog, Va ndeda va euxaplotriow TOUC YOVEIC LoU Kol TNV adeAQr LoU yla thv auepLotn otrnplén mou Uou

TIPOOPEPQV KATA TN SLAPKELX TWV OTTOUSWV LOU.
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NepiAnyn

Ta SAR &ebdopéva mapatipnong tng Mg pmopolV va TMPOodEPOUV XAPTEG TMANUUUPLKAG €KTAONG KOl
mAnpodoplwv VPNANG ToLOTNTAG Yla TNV KAAUTEPN €KTIHNON Tou KWvEUVOU TANUUUPOG KAl KATA CUVETELQ
yla To oXeSlaopd, Kabwg Kal yla TNV UTIOOTAPLEN TWV TTOALTIKWY apXWV UTEP TNG TPOCTACIAC OE KATAOTOON
EKTaKtnG avaykns. To medio edapupoyng tng mapovoag HeAETNG adopd otn Snuioupyia xoptwv
TIANMUUPLKAG €KTAONG OO HLa OELpA €KOVWY SAR tng Aekavng tou ERpou, TOU QVIUTPOCWTEVEL WL
Sdlaouvoplakr Koitn MAnUuupwy. H LEAETN xpnoLUOTOLEL XpOVOAOYIKEG OELPEC ElkOVWY SAR tou Copernicus

Sdopudopikol cuotrpartog Sentinel-1 mou kaAvumrtel tnv nepiodo OktwpBpiov 2014 - Mailou 2015.

H peBodoloyia mpoomabel va mpoodlopicel TNV MANUUUPA TIOU CUUPAIVEL OE TPELS KUPLEG KOTNYOPLEG
KAAuPng yng, OMwe €lval oL OOTIKEG TIEPLOXEG, YUUVA N HELwHEVNG BAdoTnong €dddn Kal MEPLOXEC UE
BAGotnon, ekpeTaAAeuopevn TNV evaAlacoopevn TOAwon amd ta SAR kavaAia backscattering, kat tn
ouvadela cuBOAOUETPLOC YLa TOV KOAUTEPO XOPOKTNPELOMO TOU TOTIOU. XpNOLULOTIOLWVTOG EVAANACOOUEVN
ToAwon, ta SAR Sedopéva mapExouv KAAUTEPN KATAVONOHN KAl EPUNVELX TNG avixveuong MANUUUPAC AOYyw
Tou SladopeTikol TPOToOU Tou avtidpd n kaAudn yng os Sladopetikég mMoAwoelg. Etal, pe tnv edappoyn
NG EKTIUNONG TNG CUUPBOAOUETPLKNC CUVAPELAG UTTOPOUE VO ETUTUXOUME KOAUTEPN Kataypadr Kal yvwaon

TWV TTANUUUPLOUEVWYV TIEPLOXWV, OTN TIAPOS0 TOU XPOVOU, OTN CUYKEKPLUEVN TIEPLOXN.

NE€eic kAelbia: Xaptnc kataypapnc mAnuuupwy, SAR, YépoAoyia



Abstract

SAR earth observation data can provide high quality flood maps and information to better assess the flood
risk accordingly planning as well as to support civil protection authorities during emergency phase. The
scope of this paper is to create flood extent maps from a series of SAR scenes of the Evros basin which
represents a transboundary floodplain. The study uses time series SAR images of Sentnel-1 ESA’s Copernicus

satellite system covering the period October 2014 to May 2015.

The methodology tries to identify the flood that occurs in three main land cover classes, such as urban areas,
bare or poorly vegetated soil and vegetated areas, taking advantage of co- and cross-polarized SAR
backscattering channels, and the InSAR coherence to better characterize the landscape. Dual-pol SAR data
provides the opportunity to have a better understanding and interpretation of flood detection due to the
way different land cover reacts to different polarizations. Thus, with the implementation of InSAR coherence
estimation we may achieve a better record and knowledge of the flooded areas, over time, in the specific

region.

Key words: Flood mapping, SAR, Evros, Hydrology.



Ewsayoyn

¥10 dwotua amd 1o 2001 émwg to 2011, ot TANUUOPES ATOTEAOVGOV TOV TO KOWO TUTO (QULGIK®OV
KOTAGTPOPOV G TOYKOGULO EMIMESO, EVM NTAV LIEVOVVEG Yo GYXEGOV TO NUICL TOV AVOPATIVOV ATOAEIDV
AOY® QUOIKOV KATOCTPOP®OV KOl Y10 OIKOVOUIKEG OTOAEIEG TOL £PTacov To 185 dioexatoppvplo. Soldpia
(EM-DAT, 2011). Ot minuudpeg avouévetor vo, avEnbodv e cuyvoTnTo Kot £vioot Adym thg avodov Tng
otdOunc ™ Bdlaccag Kot Tov akpaiov eavopévev kalilnongs. EmmAéov, n avénon g actikomoinong £xet

oav amoTéAecLo vo. ekTifevtal o€ Kivouvo TANUUVPAG 0o kot tepiocotepot dvOpwmor ( Katarzyna, Lyle, &
Shilu, 2012).

Ocwpeitoanr OTL o1 TANUUOPeg Ba awvEnoovv ™ BvnowdTo Kol TV TayKoouo emPBApvven Spopmv
voonudtov evad Tontdypova Bo EDVONGOVV KOWVMVIKEG KOl OIKOVOULKES dtatapayés, Kot Oo aoKouV GuVEXEIS
TEGEIS OTIG VANPESiES vyeiag, Waitepa oe YDdpeg He YoUNAoHg Topove. Ot GUVERELES TOV TANUUVPDV GTOVG
mAnBvcopovg e€aptaval and T yeypoekn 0£om, ToiAOVE KOV®MVIKOOTKOVOKOUS TapAyovTes, Kadmg Kot

and ™ Pacikn evabeia tov mAndvoumv tov TAnttovton (Du , FitzGerald , Clark , & Hou , 2010).

Ta dopveopikd cuotiuate SAR UTOpOLY Vo OTOTEAEGOLY GNUOVTIKY TNYN TAPOPOPLOV Y10 TNV KOTOYPAPH
Kot Topoyn xaptav peydang akpipelog yio minupopikég extdoeis. Emiong, coppdiiovv oty vmootpién twv
tomk®v opyov [Holrtikng [pootaciog katd tn ddpkewn pog eaong éxtaktmg ovaykns. O okomds g
TOPOVCOC EPYAciog eival 1 dnuovpyia YopTd®V TANUULPIKNG éKTaoNng omd pia oglpd ewdvov Synthetic
Aperture Radar (SAR) tng Aekavng tov ‘EBpov, mov avimpocmnedel pia Sacuvoplokt Koitn tAnppvpodv. O
oLYvOG KOKAOG emavemiokeyottag tov SAR dopveopov Sentinel-1 A” anotelel Eva onpavtikd gpyoieio
GLALOYYG €KOVOV, Yo TN HEYOADTEPN €KTOOM KOTd pNKog Ttov motopuoly Efpov, pe 1o dedopéva vo
AVOVEDVOVTOL avl TPelg Em¢ £EL nuépeg (amd 2 €wc 4 pépeg Otav umel oe tpoyd o Sentinel-1 B’). H
YOPTOYPAPNON TOV TANUULPIKOD QPALVOUEVOL TpaypaToTolEital v 101 Muépa. ZUVETMG, VTAPYEL M
duvatoTTo Y pio cuveyn TOPOKOAOVONGN Kol KOTAypapn TV TANUUUPIKOV eKTAcEmV, KaO’ OAn 11
dglbpkelnr Tov YPOVOL. TN GLYKEKPEVT gpyacio mpoteivetan pia péBodog avayvapiong TANUULPGV, Ot
oToleG UTOPOVV VO TPOKOYOLV GE OLOPOPETIKA €101 KAALYNG YNNG, OMMOC OE OOTIKEC TEPLOYES, GE YLUVN
PAdonon tov €dapovg Kot 6e mEPLOYEG VYNNG PAdonong. Ta amoteAéopata epeavifovv pio cuvoMKn
YPOVIKY] KOTOYPOPY] KOl OTOTOA®ON NG £KTOCNG TMOV TANUULPOV 7OV GLVERNGOV KoTd TV Tepiodo
(Aekéupplog 2014-Mduog 2015) kan érafav yopo oty mepoyn tov [otapov ERpov. OhokAnpmdvovtag, M
akpfng  amoTOT®ON €VOG TANUULPIKOD  (QOIVOUEVOL UTOPEl VO,  OOTEAEGEL €VO  GNUOVTIKO Kot
AVOVTIKOTAGTOTO EPYOAEID GTNV TPOANYT KO OVTILETONION TOV KATAGTPOPDV TOGO GTNV TEPLOYY], OGO Kol

OTA TEPLYWPOL.


https://en.wikipedia.org/wiki/Synthetic_Aperture_Radar

2. Dvowkég KaTaoTpoPic — HIAnppipeg

2.1 I'evikd Y10 TIG TANPUPOPES

2.1.1 Opwopog

H «inquuopay (flood) givar éva @uoikd @awvopevo 1o omoio opiletar wg n Tpocmpvi KAAvy™ amd vepd
€00(pOVE TO 0010 VO PLGLOAOYIKEG cLVONKEG OV KOADTTETOL OO vEPD. AvTO TEPAAUPAVEL TANUUOPES Omd
TOTAO, OPEWVOVS XEWAPPOLS, EPNUEPU PERATA KO TANUPOPES amd T OGAAGCH G MOPAKTIEG TEPLOYES,
dvvatarl de va e&oupel mAnuupeg and cvotnuato omoyétevonc. O «kivovvog TAnuudpacy opiletal wg o
oLVOLOCHOG TG TOAVOTNTAG Vo AAPEL YOPO TANUUDPO KOl TOV SVVITIKOV OPVNTIKOV GUVETELDY Y0 TNV
avOpodmvn vyela, 10 TEPPEIALOV, TNV TOAITIGTIKY KANPOVOULY KOl TIG OWKOVOUIKES OpacTNPLOTNTEG, OV

cuvogovtat pe avtnv TV TAnppdpa (OAHI'TA 2007/60/EK, 2007).

2.1.2 Ta&wvopnon aAnppopov

THotoyues I nuuopes (River Floods)

[MAnpupopec oe motdueg Kohdodeg cvpPaivouy Kupimg oTIC AEKAVEG KATAKAVONG OOV OTOTEAECLO TNG
vrepyeiMong TV PUGIK®OV N TEXVNTOV 00DV, Mepucéc popéc n TAnupdpa svpPaivel oe vYpEg cuvinKeg dtav

pia ndn vdpyovsa pdlo vepoh vYOVETOL TAVE® O TO ETITEGO TOL EGAPOVG,.

Xe KMPoTIKEG cLvONKeg oV €uVoolV 1o ENpd €00(POg Kot PEPEL YU OLTO TO AOYO EMPOVEINKEG POYUECS,
EKTETAUEVEG EMMEDEG TEPLOYES LUITOPEL VoL TANUUVPIGOVV 0mtd EQPVIKEG VEPOTTOVTES. AVTN 1) LOPPT TANUUDPOG

aQopd Kupimg AVLIPES Kot ML — AvLOPES TEPLOYEC.

Eniong tumikd otoyeio twv dvudpwv Kot nut — dvudpwv meploy®dv gival 0Tt OV LITAPYOVY GLYKEKPLUEVOL
KOVOAMO omooTpdyylong K €161 N TANUUOPA avamTOGGETAL HUE T HOPPN GEVIOVIOD KOAVTTOVTOG UEYAAEG

EKTACELG YNC.
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g 00TIKEG TTEPLOYES Ol TANUUDPES €ivOl CLYVA TO ATOTEAECUO TG VIEPYEIMONG KOVOADVY 1| GLYKEVIPOGONG
vepoy og Alpveg e€autiog KokNg Asttovpyiog 1 oxe0ioNG TOV GUOTNUOTOS GLAAOYNG KOl OITOUAKPLVONG
ouPpuwv vodtwv. Ilepiocodtepeg Aemtopépeleg meplhapupavovior oto Kepdiaio 6: «IIAnuudpeg wat

O TIKOTOINGM».

Mio akOUATOEVOUNGCT TOV TOTAUMOV TANUUVPOV AVAPEPETAL GE AVTEC TOV GLUPAIVOVY GTO AVAVTH KL OVTEG
ov ovuPaivouv ota Kotdvr. Ot TIPOTES APopoHV Lo LKPN TEPLOYN Kol Ol OeVTEPES EMNPEALOVY TEPACTIEG
extdoelc. [Iavtog av o minupopa eleyyel ota avavin — peimon taydtntag pong pe d1adoykd parypote —

01 GLVETELEG OoTO KaTAVTT eAayloTomolovvton (ITATIIIA , 2012).
THopoxrieg minuuopeg (Coastal Floods)

Ot Tnupdpeg o€ YOUNAO VYOUETPO KOl GE TAPAKTIEG TEPLOYES, CLUTEPIAAUPAVOUEVOD TV EKPOADV KOl TOV
O€ATO TOTAUDV, TPOKOAOVV TNV EIGPOT VOAALVPOL Kol aApLPoV vepol. TTAnpupudpeg TV omoimv To vepd gival
vedApvpo (brackish water floods) cupfaivovv d6tav to vepd oTig EKPOAEC TOV TOTAUMY CVOULYVOETOL LE TO

Bolaoovo Kot EMOTPEPEL THO® OG0T 6TEPLE 6 GLVONKEG TANUPLPIdAG (LEYIOTN 6TAOUN TOAIpPOLag).

Apeco mAnpuopopa pe Badacowo vepd (saline water floods) pmopei va mpokdyel dtov Wdlaitepa peydio
Kopato (amdpPoLn 1IoYLPOV AVEU®Y 1] KOPATO TOMPPOLag AOY® TEKTOVIKOV KIVIGE®MV UEYOANG KAIpaKOS —

TGOVVALL) KaTeELBHVOVTOL GE GYETIKA KAEIGTOVG KOATOVG.
TIAnuudpes omo L1woiio Y10viod Kol Tayov & OPEIVES KOl TOAIKES TEPLOYES

v Evponn mopatnpodvior 6ty opocepd TV AATE®V Kol YEVIKO GE OPOGEPEG OV TOV KOCUO, EVD 1
JlPOPOTTOINGT TOV TAYOVG TOV TAYOKOAVUUATOV, AOY® HETAPOANG TOv KAILATOG TPpog To Bepudtepo, Exel

TAYKOGLLO ETLOPAGT).
Inuudpes mov opeilovial o€ KOTOTTPOPN 1] KOKI AEITOVPYIO TEYVIKOV EPYWV

211c molelg pmopel va opeidovtan 6To Kakd GOGTNHO VITOVOU®Y, VA 6TV Vtafpo ogeilovtal o€ actoyia

TEYVITOV QPAYUATOV 1 oy YDV petaeopds voatoc (FEMA, 2012; National Weather Service, 2003).
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2.2 Méyebog ki cuyvoTNTo TANUULPOV — Y Opoypaen Lo

Otav n minupodpa £xel ™ popen pong (rotdpua) pmopet va petpndel 1o péyebog e, Xtabpoi kotaypoeng
KATé P KOG TNG PONG, LETPOVV TO VYOS TOV VEPOD KOl TNV TOGOTNTA TOL VOATOG TOV SEPYETAL O AVTOVG VAL
ovada ypdvov. ‘Etot kotackevdletar 1 kopmodn ekeoptiong (discharge in m¥s) — xpovov (time in s). H
KOUTOAN avT] ovoudleTal vopoypaenUe Kol eitval ¥pNnouun, Yyt TANPo@opel Yoo evoeyOUeVn TANUUOPO,
OTOV 0 KAGOOG EKPOPTIONS — ¥PpOVoL Paivel cuvexd avodlkd v omd To cuvnOIcUEVO OplO0 EKPOPTIONC M
otafung (EyMua 2.1). Zmv mepintoon TovV ToPAKTIOV TANUUVPOV LTEPYOLV oTabHol Kataypoeng g
avodov g otdung g OdAaccag Katd uikog tg aktoypapung (Oregon State University, 2005).

Y5poypapnpa

ek@oprion Q

Yympa 2.1: Kopmdin vdpoypoaenpotog
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2.3 IIinupopes ko aotikomoinen (floods and urbanization)

211G TOAEIS, M YNV EMQAVELQ, KOAVTTETOL A0 KTiopHata, TECOOPOULN KOTAGKEVAGUEVA OO GKUPOSELO KoL
péppopo (7 dALo TETpOUA PIKPAG TEPATOTNTOS) KOOMG Kol dPOHOVS KATAGKELASUEVOVG and dc@aAto. Ta
VAMKGE avTd 0ev emTpEMOLV TV KOTEIGOVOTN TOL VOUTOG GTO VIESAPOG, AALL EVVOOVV TN GLYKEVIPMOOT TOL
oV emeavel. Anhadn 1 empavewokn omoppony (surface run-off) yivetar péylomn ko 1 xoreiodvon
(infiltration) eAdyiomn. To yeyovog ovtd poli pe tov kakd oYedlOOUO TOV CLGTAUATOS GLALOYNG Kot
ATOUAKPVVONG TV OUPplov LVOATOV cLVIGTA PaciKn ottios ELPAVIONG KOTOCTPOPIK®V TANUUVPOV OTIG

TOAELS.

AMN artio PEAVIONG TANUULPOV givar 1) ETEPPacn 610 VIPOYPAPIKS diKTVO OV TLYaEVEL Vo dtaoyilel pia
katownuévn meployn. H eméuPaon umopei va Aapet dS1apopeg LOopPES: amd GTEVMGT TOL TAATOVS TNG KOITNG

evog pépatog, aAlayn tng d1evlBvveng pong Tov £mg Kot TANPES UITALm Lo 0VTOV.

[ToAAéc popéc mave ota umalopéva €06en OepeMOVOVTOL KOTOOKEVEG. AVTO Ta £3G0ON OU®G Oxl LOVO
epalovv 1t 610d0 TOL VEPOL Tpog T BdAacoa, aAld eivon kou tedelwg emkivovva 6’ €vav celopd yati

peyefhvouy T KATOGTPOPIKA TOV ATOTEAEGILATO.

‘Exet derytel 0T yolopd £5apn onpavTikov mayovs, 0nmg undla kot allovPlakég amobécels, avdvouv tnv
EMTAYYLVOT TOL 0&YeTAL KTiplo OgpeMopévo Tave o’ avtd. Me dAha AOYla KoTaokevEg BepeMmpéveg Tavm

6€ YaAOPOVS AALOLBLOKOVE GYMNUATIGHOVS KIVOLVEDOLV TOGO OO TANUUOPES OGO Kol atd GEIGHOVC.

Emopévac n aotikomoinon (urbanization) av&dver tov aplOud euedviong aANpUvp®V Kol Tig EMOPAoELS

avTOV otov avBpowmo kot t (o Tov (MAPAT'KOYAAKH & TEAKIPHE, 2005).
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24  Apvvtikin 0@pakKion arEvavTl 6TIS IAUPVPES — AopKEG Ko un wapeppacerg

1. Adowixae uétpo

Xe OTL aQopd TIG TOTAES TANUUOPEG 01 TEPIGGOTEPES EMEUPACEIS oYeTICOVTAL e TN AEYOUEVT] SLOUOPPOCT
¢ koitng. H avénon g dwatoune kot o kabapiopdg tov mubuévo amotelobv TIC MO CLYVEG Kol OAES
enepPaoeic. X1oxog eivarl n aveunddotn pon Tov vepol Kal 1 OGO TO SLVOTOV PEYUADTEPT EKPOPTION OV
povada ypévov. EméuPacn yivetor kot otig 0xBeg evog péuatog. Evioybovror pe toyio omd métpa 1
GKLPOSEUA Y10 VO TPOPUANYOOVV amrd TN J1Ppmon Kol aVEAVETOL TO VYOG TOVG UE OVOYDLOTO 1) PPAYTES, N
COKlA YEUATO GO, TPOKEWEVOL Vo unv EexelMlel 10 vepd ot mapdmievpeg meployés. Emiong pikpd
QPOYHOTO KOTA UNKOG PEUAT®V, GTOL OVAVIN, UEIOVOLV TNV ToyDTNTO PoNg Kot TN OPpoTikn dpdon,
avédvovtag Ty Kateiodvon Kot Tporappdvovtag Ty ekdAwmon TANupLpdV ot Katdvn. [a tov 6o Adyo
TETOLL PPAYLOTO KOTOOKELALOVTOL KOl HETE amd TUPKAYLES e VAIKO KOTOGKEVNG TOVS KAUEVOLS KOPLOVG
oévipav. [Iépa amd T pkpd epaypaTo ota avavtn Kotaokevdalovtol Kot HeEYGAd Qpaylata 6To KATovn.
AvTd TpocTaTEVOLV OO TIG TANUUOPES, YTl EAEYXOLV T POT] TOV VEPOV Kot arodnkehovy TG KATA KApovg,
ent TAEoV TOV KavoviKoD, VddTveG ndleg. Ot tedevtaieg pmopodv va odnynbovv oe meployéc e eAlelyelg o
vepd M var puloyTovv Yo v Enpn Kahokapv) mepiodo. Tapdiinia 1 dteopd Vyovg micw Kot Pmpoctd
amd 10 epaypa pumopel va ekUeTaAAeVOEl DGTE 1 OLVOIKT EVEPYELD TOL VEPOV VO LLETATPOTEL GE KIVITIKT) KO

aVTN € NAEKTPIKY HECH TNG Kiviomng evog atpofirov (cfpa-g, 2012).

g OTL 0QOopd TIG TOPAKTIEG TANUUVPES KATACKELALOVTAL PPAYUATO amd TEXVNTE (CKUPAdEUX) 1| KOl QLGIKA
VMKA (GppOG, YKL Kot TETPO) TAPAAANAQ TTPOG TV OKTY| Y10 VO, AOTPOTEL 1) €16000¢ TG BdAacGag TPOS T
Enpd. H mo eviummolokn mepintwon mopdkTiov epayudtov Pploketol oTig KOTo YOpEG Kot Kupimg oty
OMavoia. Emiong ot Bopewn Itodia, ot ApuvoBdriacca tng Bevetiog, avapévetor va eykotactabodv
TEYVNTA Opdyunata oto onueion emuowvoviag e Apvobdiacoag pe ™ 0dAacca e Adplatikng. Avtd Oa
Bpiokovron BuBiopéva pésa oto vepd Ko Ba avoydvovion E£m amd avTod OTav VILAPYEL VoS0 TG BaAdooiog
otdOunc. O unyoviopog etvor mapodpolog L avtdv Tv vroPpuyiov. Otav Ta epdyunata ivor fubicpéva ivor
YEUATO 0TO £6MTEPIKO TOVGS pe Bokaoovo vepd. o v’ avoywBovv €va choTHa StdyVEL TO VEPO E16TIECOVTOG

0TO E6MTEPIKO TOVG 0€pa., ondTe Yivovtal ehappitepa ( [Avvov, 2014).
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2. Mpn oopuxa pétpa

Ot VOpoAdYOL pToPoHV VO EKTIUNGOVY TNV THAVOTNTO EKONAMONG HIOG TANUUOPOS péoa omd ) cvvtaén
YOPTOV TANUUVPIKOD KIvdHVoL oL dgiyvouv Tig emkivovveg mepoyéc. Emiong avtol ot ydpteg pmopolv va
dlpmticovy TG YPNoTeG YNG Yoo TV whovy ud, va katadeiEovv {dvec MOV OmMAITOVV OGPAALOT
1010KTNGiag Kot va xpnoiporombovv yia va yoplotel n yn oe {OVES dpPOopETIKNG ypnons. Me Pdon tovg ev
MOy xbpTeg 01 KOwmVieg VOLOBETOOV ava@opikd pe To €100¢ Kat To péyedog TG HEALOVTIKNG EMEKTAONG GE

TEPLOYES VITOAOYIGLLOV TANUUVPIKOD KIVODVOV.

Yta pun dopkd pétpa mepriapPdvovior Kot to oxédwo Ektoktng avaykng (emergency plans). Ot apyég
GLUVTAGGOVV GYEOL0. OVTILETOTIONG EKTAKTMV OVOYKMV GE TEPITTMOT PUOIKAOV KATOGTPOP®OV OT®G elval Kot
ot TAnupopes. Ta oyédio teprhappdvovy v kataypaen: Tov vrebbuvev vanpesidv / apydv (Zvvrovifovca
apyn: Tevuen Tpappateio [Moltung Ipootaciag), Tov emnédmv cuvayepuol, ToV TPOT®V EKKEVOCNC, TOV
opadwv dcmong kol avakovelong tov mAnyéviov (ITvpoofectiky pecd g E. M. A. K., teyvikég
VANPEGieg TOTIKNG ovtodloiknong, EYAAIT kot katdAAnAo eKTaldeLUEVOV E0EAOVIMV Yo TOV ameYKA®PIoNO
kat ™ dwowon, EBvikd Kévipo Apeong Bonbelag yio ™ dtokopdn tov minyEviov 6to VOcokopEia), Tov
amotovpevoL e€omAopol (epyaieio, KaTdAANAOS povyIoHOG KOt LTOON OGN, ACVPLATOL, YEVVITPLES, OYTLATO
TavTOg €00(QOVG Kol TOAAATA®MV ¥PNoE®V Kol kavotitov). EmmpocsOétog koataptilovral mpoypaupoto
EKTOOEVONG KOl EMUOPPMOTG Y10l TO TPOGMOTIKO G° OAOVS TOVG EUTAEKOUEVOVS POPEIC TNV OPO. LLAG PLGIKNG

KOTOUGTPOPTG.

Ta oy éxtaxtng avaykng mpénet va emoveetdloviar Kot va PBektidvovtar Aapfavovtog vmoyn o véa
ogdopéva (aArayn oto KAIpO, OTIG YPNOES YNG, EMEKTOOT TOAEWV, KAT.) KOl VO OTOGTEALOVIOL GTOVG

vevOLVOLG pE TOPEAANAT EVUEP®OT] TNG KOG YVOUNG.

Qot600 M TPOANYN eivar KaAvtepn amd N Oepameio, ondte Wwaitepn Papvunta diveTtonl GTOL CLGTHUOTO

TPHYVOONG Kol TPOELOOTOINONG EVOEYOUEVNG TAN LU PO,

To cvomua Tpodyvmong sivar Eva OlokAnpouévo Yoporoyiko Tootnuo [Tpdyvmong (Integrated Hydrological
Forecasting System: I. H. F. S.) pe ta €€n¢ otoryeio

(1) obomuo avaKTong SE00UEVOV GE TPAYUATIKO XPOVO
(2) petewporoyikd Kot VOPOLOYIKO HOVTEAO TPOPAEYNC

(3) avéivon Tpoyvmong
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(4) d16600m TpogdomoinoNng

Ta dedopéva pmopet va givot 1o VYOG KOTAKPNUVIGUATOV, N | Bepprokpacia, 1 1 oTtdOun TV vépopeLUdTOV,
N M ekEOpTIoN aVTAOV. Avdloya pe T 06om Kot Tovg daBéciong céveopeg etvat Suvatod va xpnoorotndovv

OLOLPOPETIKA dEGOUEVA. Y10, LU0 GUYKEKPIUEVT] DOPO — LETEMPOAOYIKT LETAPANTT.

Ta mapadociokd cuotHuaTo avakTnong oedopéveov Paciloviar oe cvuPatikd efomhopd mmAepetpiag. H
ovvdeon HeTalh TV oTafUGV KOTAypoENG Kot TOL KEVTIPIKOL otabuol emeepyoaciog dedopévov yivetat

HEG® TNAEQOVIK®V YPOUUDV, AcVPHOTOV (padidlevén) Kol YEMOTATIKOV d0PLPOPM®V.

H mepintoon g xpnoipomoinong Tov Lyov KOTOKPNUVICUATOV ®¢ 0EO00UEVEOV €10000V &lval dlaitepa
evolapEPovca Kabdg avutd ta dedopéva pmopel vo mpoépyovtal amd ddpopes mnyéc. Mo nyn €ival to
OikTVO TV BPOYOUETPIKAOV GTAOUDV 1 TO pavTdp Kopov 1 ot HeTemporoyikol dopvedpot. [Tpogavadg ot dvo
tedevtaieg mnyég elval Ko ot TAéov oVYyxpoves. MdAota to pavtdp kopov pumopel vo ddocel dedopéva o
TPAYHATIKO YpOVO KOl OVTO TO EMTUYYAVEL XEpN OTN UEYOAN OOKPITIKY TOVL 1KOVOTNTA (SLOGTNUOTIKN
avaivon: 1x1 Km, axtivo kdioyng 200 Km) kot otig duvatotnteg mheaviyvevong (remote sensing). H
HeYAaAN Stauotnpatikny avéivon Bonbd otn Aerttopepeloky| Tpdyvmon TANUUOPOS Kat Gpa. TPOEISOTOINoTG TOV
mAnBuopov yia gvdgyduevo kivovvo. Eniong n tieaviyvevon emrpémel ™ ANyn 0£00UEVOV GE TPOYUATIKO

xpOVo. Apa To pavtdp Kapod Kot 01 6YeTKol dopuPdpot givar a&LOTIGTA.

Yrdpyovv opwg kot advvopies. H cudieyopuevn minpogopia cuyva ypetdletor 610pbwon. I't avtd to Adyo
eléyyeton  akpiferd g pe v aviumapdBeon katl Tov dedopuévmv Tov divovv ot Bpoyopetpikol otaduoi. ITo
GLYKEKPIUEVA YIVETOL GUVOLOGUOS TV YOAPTDOV POVTAP UE TO dEGOUEVA TV PPOYOUETPIKOV GTAOU®OV Yo Vo
oopBwbBodv ta dedopéva Tov pavtdp. Avt n pnéBodog elvar | mo ko], aAAG dev givar Kot dpLoTn ol Kot
VILAPYOLV OELEMDOELS OLPOPES OTAL YAUPAKTNPLOTIKA OetypatoAnyiog HETOED pavidp kot BPoyopeTptkod

o1a0uo0.

‘Eva. oAoKANp®UEVO HETEMPOLOYIKO — VIPOAOYIKO GUGTNUA TPAYUOTIKOD YpOVoL yopakTtnpileTor amd tnv
KAvOTNTA TOV VO UETATPEMEL TNV TPOYVOON PBpoyomtmong o€ vOpoAoywkd povtéro. Otav 10 ypovikd
OlaoTNUO OVAIESO GE oL BPoxOTTOOoT Kot TNV €mTakOA0LOT TANUUOpa gfvor pikpo (6 ®pec 1 Ko AyOTEPO —
Eapvikég minupopeg / flash floods) éxet onuacio ovt n  petatpomn) TV SedOUEVOV €GOS0V
(KoToKpNUVIoUATO) OE EMPOVELNKT Omoppon| (TANUUOPE) VO TPAYUOTOTOEITOL ApEGA. AloQOpETIKA lval

adVVATN 1 £YKOIPT) TPOEOOTOINGT TOL TANOLGLOV.

AENTOUEPELES OVOPOPIKAL LLE TOL VOPOAOYIKE LOVTEAX VTTAPYOLY 6TO Kepdiato 9.
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A@pdtov N TpdYyvoon sivor dtabéoiun, Eva Tomikng epPéretag cvotnua mpogworoinong ivar peyding aiog,
eav yvopilovpe Tt pétpo mpénetl va Anebovv yuo va cwbodv {wéc kar meplovoieg (cfpa-e, 2012) (TTAIIIIA ,
2012).

2.5 Emuavoovotyra g minupopag (Flood Hazard)

To 1660 KOTOOTPOPIKA N un eivar pioe TANppopo. e€aptatat amd tovg akdéiovbovg mapdyovieg ( Nelson,

2015):

Tn xpnon g Aekdvng KaTaKAVONC.

To péyebog (Bébog ko oy TnTe HOUTOG) KAt TN GLYVOTNTO TN TANUUVPOG.
To pvBud aviymong kot tn d1dpKelo TG TANUUOPOC.

Tnv emoyn.

To Bépog Kot Tov dyko tv Inudtov mov anotifevral.

Tnv anoterecpatikotnTa TG TPOPAEYNG, TNS TPOELOOTOINGNG KOl TV CLGTNUATOV EKTOKTNG AVEYKTG.

2.6 Extiunon tov minupvpikod kwvdvvoo (Flood Risk Estimation)

H extipnon tov mAnppovpkod Kivdvvov amottel ) xpnon evog voPoroyKoh HOVIELOL TPoGopoimong. Avtd
T0 HovTéNo, TPaKTIKA LToloyilel T Bpoyxdntwon kot v amoppon (Rainfall — Runoff Models). To vepo ¢
amoppong 1 UEPOS avtng (av dexToLUE OTL £vo TOAD HiKpd TUN o veioToton €ATion g 0tov Eeondoet pia

Tnppdpa) glvar ko o vepd piog mOavig TANUUOPOC.

Ta vOporoywkd HOVTEAD TPOCOUOIMVOLV TO. VIPOPEVUATO KAT® OmO TPAYUOTIKEG 1| TPOTEWVOUEVES
peAlovtikég cuvinkec. 'Etol pmopovv va ypnoiponomBoidv yio va ektiun0et 1 amotelecpatikdtn o Totkilmv

GTPUTNYIKOV OVTILETOTIONG TOV TANUUVPOV.

Xe apKETEG YDPEG YIVETOL GTATIOTIKY] OVAALGT] TOV TIUAV TOV KOTOKPNUVIGUATOV TOAMOTEP®V £TOV. Me
aVTOV TOV TPOTO TPOKLTTOLV JlypappaTe Eviaong — OldpKelng 1 €VIaong — oGuYVOTNTAG, Tov £ivat

EKTIUNTPLEC NG KOATOVOUNG TNG évtaons e Ppoxdmtwong yoo ddpopa ypovikd owcthuato. EmmAéov
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GLULOTOL0VVTOL Yo VO KOOOPIcoVV TIC EVIAGELC KATALYIOMV TPOCOUOIMONC | 6oV d£00UEVE. 16000V G £va.
n n n

vdporoykd povtéro mpooopoinong ( PISTRIKA & TSAKIRIS, 2010).

H vrnobeon 611 1 katoryida kot 1 TpokOATOLGH TANUUOPA £xovv Aueon oyéon eivar Kpiowun otn péBodo
Tpocopoimwong Katoryidag. Avtd vrovoel 6Tt | péon €viaon PpoydnTmons eival 0 KOPLOg TAPAYOVTOS UIOG
TANUUOPAG. X amAég TEPMTMOELS 0T Eivor Pt Aoyikn vtobeon. Q6TOC0 GE Mo TOADTAOKEG TEPUTTAOGELS KL
dALOl TOPAYOVTEG GLVEICOEPOVY ONUOVTIKE oty Thavot o eKONAwong TAnuudpag. o mapddetypo n
cofopdtra HoG TANUUYPOS TOV TPOKVTTEL Ao Hio. dedopévn Kotoryido Tumkd e€apTdtanl Kot amd Tig
apyIKEG CLVONKEG E0APIKNG VYPUGING. TNV TEPITTMOT TPOGOUOIDGEMY TOV EUTEPLEXOVV TOUIEVTIPES VEPOV
(1. . AMpveg) n emidpaon pog TANupdpoc Oa eEaptdtarl amd To apyIKa eninedo oTAOUNG GTOVG TAUEVTNPES

aVTOVC.

M evOALOKTIKT] TTPOGEYYIOT OV €XEL YpNoIomoinel HePIKEG POPES GTNV EKTIUNGT TOL TANUUVPIKOV
Kwvovvov, Paciletoar otn ovveyn mpocouoimorn. Xe avtibeon upe v mpoavapepbeica péBodo, mov
TPOCOLOIMVEL TO VOPOYPAPNUO HIOG TANUUOPOS YO U0 GUYKEKPUUEVT] KATOLYIO0, TO HOVTEAQ GULVEXOVG
TPOCOUOI®MONG UTOPOVV VO TPOGOUOLDGOVY TN GUUTEPLPOPE LLOG TANUUDPOS, aKOUN Kot KT TN OdpKelo
g ENPNG TEPLOO0V. AVTI 1 TPOGEYYIGT YPNCILOTOLEL £val 1] TEPIECOTEPA IGTOPIKA apyeil OEOOUEVOV VYOLg
Bpoyxontdoewv ooV dES0UEVO EIGO0V G £vaL LOPOAOYIKO HOVTELD GLVEXOVS Tpocopoimwone. H pébodog g
GLVEYOVS TPOCOUOIMONG AVAYKALEL TOV TPOYPOAULOTIGTY] VO, VTTOAOYIGEL OAOVG TOVS GNUOVTIKOVS TOPAYOVTES

7oV ayvoovvtal 6N HEB0O0 TPocopnoimwons Katatyidas.

Ta vOpoOrOYIKA HOVTEAD GLVEXOVG TPOGOUOIMoNG dnUovpyHONKay, €W01KE, Yo VoL TAPLGTOVV TN YPOVIKY
peTaBoAn tng £00QIKNG LVYPAGING KaTd TN OdpKeELD Kol AVAUESO GE KATOLYIOES. AVTA TO LOVTEAQ EMTPETOVY
TOV VIOAOYIGUO TNG YWPIKNG Kol ypovikng MeTafoing g Ppoyxdntwone. To moéco oaxpiPng eivar o
VTOAOYIGUOG avTtdg e&aptdtal amd to dtdiéciua dedopEva KOl TN YOPIKN 1 YPOVIKN] TLUKVOTNTA OVTOV.
[Toporo avtd vrapyer €va cofapd HEWOVEKTNUO TNG GLVEXOVG TPOCOUOIMONG TO Omoio EYKELTOL OTN

dabeopotTa mplainv dedopévav Bpoyontmong (Enviromental agency Asiantaeth yr Amgylchedd, 2012).
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2.7 Qeélereg ko CNuEg amoé Tig TANUPOPES
1. Qeéleieg

Ot avapevopeves, ouvnOGpéveg, TANUUOPES GEPVOVY KEPSOG OTIG Kowvmvieg mov emnpedlovv. H tomkn
owovopio Kot okoAoYiol GLUVOEOVTOL GUESO LE TNV OUOAN UETOPOA TNG TANUUDPOS Katd TN S1dpKelo Tov

£TOVG.

Ta o@éhn amd TG TANUUOPEG elvarl mEPIGGOTEPA O’ O,TL QVTE TOL TLYOV TPOCPEPOLY Ol GAAES PUGIKEG
Kotaotpo@éc. Ot minuudpeg oe medwvég extaoelg (floodplains) icomeddvouv ™ yn kot TPOCEEPOLY

ONUOVTIKEG TOCOTNTEG VEPOL Y10 EUTAOVTIGLO TOL VILHYELOL VIPOPOPOL KOl VOPEVCT] OIKIGLLMV.

Kotd mv apyordmta tepdotieg mAnupopes and tovg motapovs tov Evepdtn kot tov Tiypn (Mecomotoptior)
ompiav v avdntuén omovdainv molticpdv. Mdiota katdpbwoay va dapdcovV TG TANUUVPEG TPOG
0peNOg Tovug. Dpdypato eumodlov v Kivion Tov vePOD TPOG KATOIKNUEVES TEPLOYEG KOl HeiwvaV TNV
TayVTNTO PONG TOL vEPOL. M’ avtd ToV TpOTO av&avay TO XPOVO TAPOUUOVIG TOL VEPOL otnv 1d1a Béom. To
emaxolovbo frav  avénon g kateicdvong (infiltration) kow n peiwon g empavelakng aroppong (surface
run — off). Exiong 1o ev dolvoet ilnua mov Hetapépet To vepo ¢ TANUPHpoS KodLavel, Adym eAdTTOONG TNG
TayVTNTOG PONG, epmAovtilovtag To 8000 o€ 0Voieg TOAVTIHES Yo TNV avamTuén TV eutdv. H otdbun tov
vdyelon VOPoPdHpov avéParve. Tlepiocdtepo vepd Mtav S1006G1H0 Yo AVIANGN HE OKOTMO TNV VIPELOT

OIKIGULMV KOl TNV APOELGT KOAALEPYELDV.

Avrtictoyn xotdotoaon emkpatel kot oty Alyvnto ekatépwbev Tov motapov Neilov, 6mov N yovipdtnta tev
€00LPMV KOl 1] TOPOVGiK LTOYEIOV VOPOPOPOL ATOIIOETAL OTIG TANUUOPES. MAMaoTa Yo Tov e€nhekTpiopd g
YOPOG Kot TNV eEQAEYT TOV KIVOOVOV NG ENpaciag, Tov emkpatoHoe PHETAE) TOV dO0YIKOV TANUUVPOV
tov Neidov, Katackevdotnke to TEPipnuo epaypno Tov Acsovdy. 'Etet 10 vepd mov amobnkevetal micwm ond
T0 Ppayuna ypnoyonoteital oe mePLOOOVS Enpoaciog Kot TAPAAANAL G TEPLOOOVS TANUUOPOG EAEYYETAL T

TOGOTNTO TOV O1ABEGIUOV VEPOV GTOV TOTANO.

Axoun kot ofjuepa oe avomTucolopeveg yopes omwg N Kiva expetadiiedovior to mAnupdpiope medvaov
extdoemv otov Topéa TG vempyiog (BAéne Tic puteieg puliov). A&ilel va avagépovpe TV TEPITTOOT TOV
ovavtt ot Bopelodvtikn Appikn (Mapoko ko Aryepia). [poxetrtar yio yeipappovg pe Enpég xoiteg. Avtol
katefdlovv amd ta Opn 1oL ATAOvVTo HEYAAEG TOGOTNTEC VEPOL HETE amd EAQVIKEC KOTOLYIOEG 7OV
ocvpupaivovv ota avavin. Exatovtdoeg pétpa 1 kot pepikd yrAdpetpa pokpvtepo and t 0€om ££6d0v TtV
OLAVTL GTNV £PNUO TNG Zadpa £(OVV KATOCKEVAGTEL PPAYUATO TOEMTNG KATOYNS Yo va eyKAmoPicovv 1o

vepd, mov kateBalovv To ovdvtt KaOe dekaetio 1 oV KaAvTepN mepinTmon kdbe mevtaetio / Tpietio. To vepd
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avoykdleTor PHEC® TOL TEYVNTOL QPAYLOTOS VO GLYKEVTIP®OEl Kol vo. KATEIGOLGEL Kot Oyl vo KivnOel
empavelokd kot vo ektebel oe ouvOnkeg guvoikég yo eEdtuion (vyniég Beppokpacieg). To vepd oTig
TEPLOYES AVTEG fvat TOADTIHO Ko gV TPEMeL va xobel 0vte otaydva. Evd ailod ovte BELOVY va okénTovTon
TO €VOEYOUEVO UOG TANUUOPOS OTNV €V AOY® TEPLOYN TNV TEPUEVOLV, YOTL YOPIc oV KIvduvedEL 1

emPiwon Tovg, 6to NON avtiEoo TEPPAALOV TNG EPTLLOV.

Ot motdpueg mANppdpeg Katefalovy TeEPACTIEG TOGOTNTES 1AVOC OTIS €kPoAég Ko oynuotilovv peydio
deltaikd otkoovoTHaTa, OTwS avtd Tov motopoy Neilov (Atyvrmtog) 1 tov Tavyk Toe (Kiva). Ta dédta
QLTOV TOV TOTOU®V Eivol amd TIC MO YOVIUES, YEWPYIKEG TEPLOYEC oToV KOGUO. TTapdAAnia 1 otkoAoyikn
Toug onuocio eivor avomoAdylotn po kot givor vypdtomolr yio mOAAG €idn. Otav m mocdHTNTO TOL
petapepopevov 1npatog eivarl move and £va 6pto amotelel Pacikd dopkd VAIKO VNGidmV Kotd UKog NG
aKTOYPOUUNG. O1 vnoideg avtég TpooTatevoVV T 6TEPLE amd TN Baddooia SIPPpwon Kot TG aKpoieg Kapikég

oLVONKES (TPOTIKES KATOYIOES, TVQMVEG).

[Tépa amd ) yewpyio, ot IAnuuvpeg fonbovv BeTikd Kot GAAES OIKOVOUIKES dPAGTNPLOTNTES OTTMC TNV CAlEld,
TNV TOTOULO. CLYKOW®VIKL KOl TN PLOUNYOVIKH TOpAy®YY]. Zuyva Ol TANUUVPICUEVES TESIAOEG OPOLV GOV
Ouadpopotl emKovevios Kot HETaPopds ayabav. Ztig Pnnives peTaeépovtat TepdoTieg TocOTNTES ELAgiog

(umapmon) amd TIC SaCIKEG TEPLOYEG, GTO OVAVTY), TPOG TIG AYOPES, GTO KATAVTN, EDKOAN KOl OUKOVOLUK(L.

Ot Tinuudpeg cvvosovtar pe vypotomovg (Wetlands). Ot vypdTomol amoTEAOVV GTITOVIAIOVG YDPOLE Y10 TOAAG
VOpoOPia €idn (epmetd, apeifia ko Tnva). [Ipooceépouvv Tpoen Kot Katotkio Kot ivol TOmol Eekovpaong Kot
avamapaywyns. Eniong elvar tomoBeciec vyning aucOntikng kot otkohoyikng a&iog kot edv £xovpe o Mo,
touptotikny aglomoinon avtdv PBondape v enaen tov avlpdmov pe ™ EVon (AOANTIGUOS, TOpaTHPN O,

OIKOTOVPIGHOG) KOl TNV TOVOGT TG TOTIKG OUKOVOUIOG.

2. Aueoeg ko TIpTeLOVTES, ATTES Ko 1N (HUIES

Ot queoeg {nuiég amd tic TANUPOPEG oyetilovtal e TIG KOTAGTPOPEG TS WOIOKTNGIOG Kol TNG TEPLOVGIOG.
E&attiog Tov enevovcemv vyniov emmédov 6€ TEPLOYES EMIPOPES Yo TANUUOPES, Ot LNUIEG TEIVOLY va givar Ot

VYNAGTEPEC GE AMOAVTEG TIUEG,

Y€ a0TIKEG TTEPLOYES 1) KATAGTPOPT KATOIKIOV Kol ONUOSIov KTnpimv (oyoleio, voookoueio kKAT) aveBalet to
KO0TOG o€ gkatoppvpla doAdpia. H avelédeyktn avantuén tov TOAE®V 6€ OKATAAANAC E0A(PN KoL 1) LEYAAN

KTIPLOKT TUKVOTNTO, GE GLVOLAGHO LE TNV OTOVGIN EAEVOEPOV YOPWV KOl TOV KAKO TOAEOIOUIKO GYEOACIO

20



emdevovouy 1o mpdPfAnpa. Ta mapamdve agopolv, Kupimg, TIG avarnTueoOpevEG Ydpes. o mapddstypa
AVOQEPETOL 1] TEPITTMOON TNG TPOTEVOVCAG TOL XoVddY, Xaptovu: To 1988 | OAN Tov XoapTtoOu VIEPEPE amd
KOTOLY10EG, TTOV ELY0V GOV OMOTELECLLO, VO TEGEL GE LA LEPO, TOCOTNTA PPOYNG EAAPPDG TEPIGGOTEPT AT’ OGO
TEPTEL, KOTA PEGO 0po, O0Ao 10 Ypovo. 200.000 katoikieg kataotpdenkay, Yopw oto 2.000.000 kdtotkot
éuewvav doteyol kot move ard to 80% Tov oyoleivwv Tov Xaptovp vrEcTnoov CNUEG 1 KOTAGTPAONKOV.
BéBaia to KTNplo 6TIC OVOTTUGGOUEVEG YDPEG Eival WO1OHTEPO EMPPETN GTIG TANUUVPESG, YOTL TAL GTAVIOPT
OYEOOGLOV KOl KATOOKELNG ivat yaunAd. Avtd umopel va 10 SlomeTdoel Kavelg, cuykpivovtog tic PAAPES

€ QYUYO Kol EUYLYO LDAIKO omd TANUUOPES 1010G OLVOLUKOTNTOG O OVOTTUYUEVEG KOl OVOTTUGGOUEVEG

XDPEG.

2mv vmodpo ot {nuiég pmopet va givor otov 1610 fabpd vynAég, dtaitepa, OTOV KATAGTPEPOVTOL GOOELES,
amofépata (WOTPoPOV Kol MTAGUATOV, YEMPYIKA GLGTHUATO APOELONS, Tolyol Kot @pdytes. Dvokd 1M
onovdatdtePn {NUd Yol Toug Ye@PYoLS Kot LAAIGTO Y10 TOVG KTNVOTPOPOVGS ivat 1 andAel TV {O®OV TOVG.
Ta Loa elvar 1 povadtkn yn €1000MUATOS Y1 AVTOVS Kot TOAAEG POPEG GLVINPOVY OKOUN Kot TNV 1010 TOVG
v owoyévela. [t avtd éva opyovopévo Kpdtog omeddel vo amolnMoEL TOVG TANYEVTES YEMPYOLS Kot
KTNVOTPOPOVG AoV OLGLUGTIKA 1) TANUUOPO TANTTEL TOV TPMTOYEVT] TOpEN NG otkovouiog. O tedevtaiog pe
M ogpd tov og Yopes onwc N EAAGSa, yopic extetapnévn PBapid Propnyavio, cuVOEETAL LLE TO SEVLTEPOYEVT
topéa (Propnyavieg petomoinong aypotik®v mpoidvimv). Me dAha Adylo mapatnpovpe OTL o TANUUOPOL

pumopel va mTANEet Ty otkovopio pog OAOKANPNG YOPOGS.

[o v amoguyr TOV TopaTdved, GLVIGTATOL 1 KOTAUGKELY, €UKOAN, TPOGPACIUOV KOTOELYI®V Yoo TNV
TpoLAAEN TV (OwVv oAAE Kol TNG COOEg GE TEPIMTOON TANUUOPOS. ATO TV OAAN HeEPL OTIC
OVOTTTUGOOUEVEG QLYPOTIKEG YDPES, O™ glvar 1 Ivoia, to Mmayklavtég kKo to Bietvap (Acio) ot povcdveg
(emoywol Gvepotl amd tov Ivdkd wkeavo TPog TV NIEPOTIKA Aciol TOV PETOPEPOVY TEPAOGTIEG TOGOTNTES
vypaciog) divouv avénuéveg mMocOTTEG KATOUKPNUVICUAT®V. AVTE TPOKOAOVY TOTAUES TANUUDPES. 7 OVTEG
TIG TEPUTTMOCELG TO KPATN adLVATOVV V' omolNUIOGOVY €6TM KOl LEPIKMG TOVG TANYEVTES OTTOTE 1 VAIKT] Ko

owkovouikt| fondeta amd diebveig opyovicovg Kot TAovoto Kpatr ivol omapoitnT.

Ot {nuiég o yewpyia e€aptdvtar amd TV €mOYN TS TANUUOPOGS, TOV TOTO Kol TNV KOTAGTOGT GTNV 0Toid
Bpioketar o kaAlépyeto. H ypovikn oyéomn petald mAnppdpag Kot GUYKOUIONG NG codelds ivol Kpioun
o0cov agopd to péyeboc g {nuids. H kadépyeia vopiotaton ) péytotn nuid 6tov 1 mAnupdpa cvpPoaivet
Alyo mp1v T GuyKoon 1 kotd ™ ddpkeld tc. AALOL Kp1Tikol Tapdyovteg eival To VYOG TOL VEPOU GE GYEDT

LE TOV TPOG GLYKOMON KAPTO, 0 XpOVOS KAALYNG HOG KOAMEPYELNG 0O TO VEPO KOl 1) OPUT TOV VEPOD TTPOG
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TOVG KOPHOVS TV PUTAOV. To Ypacidt avtéyel émg Tpelg POoprades KAt and To vepd, evd 1 Tatdto AydTepo

a6 24 opec. H peydin opun tov vepodh pmopel v’ amokOyeL Ta euTa omd 11§ pileg Toug.

AlAeg Queoeg kol Tpmtevovoes NUES, aAld Aydtepo antéc, eivat ot Bdvatol avOpdTOV and TIg TANUUOPESG
Kupimg AOY® Tviypod 1 A0y® OavAGILOL TPOLUATIGHOV. ZNUEP Ol TEPLocOTEPOL Bdvatol cuupaivouv oTig
avantuoooueveg yopes. Exel o ocuvdvaoudg moAOTAOK®V Kol TEPACTIOV TOTAUL®Y CLGTNUATOV, OKPoimv
KOPIKAOV GUVONKOV, ATOLGIlog KPATIKNG UEPIUVOS AOY® EAAEYMC XPNUATOV 1 ad10pOPIlag KOl OVETOPKOVG
EVNUEPMOOTNG TNG KOWNG YVOUNG €ivat 1 Bactkr] attia Tpoymoldv. Avapépetat yopaktnptotikd 6Tt otnv Kiva o
Kitpwvog motapde, mbavotata, £xel GKOTOGEL TEPIGGOTEPO ATOUA AT’ OTL OAEG O1 AALEC PLOIKES KOTAGTPOPES
whve ot yn. To Mraykiavtég, 1o Bietvap kor ot duimniveg eivor PeEPIKES aKOUN ACLATIKEG YMPES TOV
TANTTOVTOL GUYVE OO EOVIKEG TANUUOPES. DOVIKEC TANUUVPEG EXOVUE KOl OTO KPATN TNG ATVIKNG Kot

Kevtpumc Apepikng yo Tovg id1ovg Adyoug.

Yta ThovGL0. KPATn ot meptocdTEPOL Bavatol opeilovtor oe viyud and Eopvikn minuuopa (flash flood) 7
TNUUOPO AOY® KOTAGTPOPNS PPAYHOTOS. AVTEG OL LOPPEG TANUUDPOG OV divouv T duvaTOTNTA £YKOPNG
EKKEVOOTG KOTOIKTUEVOV TEPLOYDV OTATE 01 OMAOAEEG tvatl, ¢ Eva Padud, «ducooroynuéveey. Eniong dev
éxovpe Bavatoug and SeVTEPEVOVOES EMITTMGELS TOV TANUUVP®OV OGS €ivat 11 LOALVOTN TV VOATOV Kot 1

KOTOGTPOPY| TNG COOELAC.
3. Aueoes kai 0e0TEPEVOVTES, OTTEG KO LN (HUIES

Avtég oyetiCovral pe v amoxkatdotaon tov duecov (nuav. ‘Etol 10 K06T0¢ ™G 0vOIKOOOUNoNG TG
wokeiog pmopet va eival acvvinBioto vYNAS peTd amd por TANppLPa, e€ontiog TG EALEWYNG EPYATMOV KO

OLKOOO KMV VAIKOV.

Ot Bavator and ghovocia 1 yoAEpa, YTl M TANUUOPA LOAVVE T amofépata TOGIOL vEPOL 1 armd AOO

Yltl, KATaoTPAPNKE 1) GOOELH, EVIAGGOVTUL OTIS AUECES SEVTEPEVOVGES KO U1 OMTES OTADAELEG.
4. Euueoes ko mpwtedovoes, antes kot un (Nuiés

Xmv mpdTn Katnyopio €ivar 1 QLGAEITOVPYIOL TOL EMEPYETOL OTIC HETAPOPES, OTO EUTMOPLO KOl OTN

Brounyavikn mopoymyn Adyo pog TANUPOPAS, 10106 6€ aoTIKO TEPPAAAOV

2  Oevtepn  KoINyopiol OVIKOUV Ol  WUYOAOYIKEC OUVERELEG [OG TANUUOPOG oTOVG  emMEADVTEC.
Moxponpdbespa to aicOnua Tov oOPov Tovg vVIoypedvel vV aAAdEOVY cuvhBgteg Kot Tpdmo (mNg KL avtd

Umopel va emOpAcEL apvNTIKA 6TV avATTLEN EVOC TOTOL OKOUN KoL VO, 00Ty |GEL GTNV EPNUMOT] TOV.
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S. Euueoeg ko 0evtepedovoeg, omtés kar un (HuLég

2V TPpOTN KOTNYopio. EVIACCETOL 1) HEIMOY TNG OMOGONTOTE LOPPNG EVEPYEWNG, TOV KOTOVOAMDVEL L0

Kowovia, e&attiog g HEIMONS TOV dPASTNPIOTHTOV THG AOY® ULNG TANUUDPOG.

21 devtepn kaTNyopio EVIAGGETOL 1] EALEYT) EUTIGTOGVVG TOV KOGHOL Vo yKaTaoTadel 1 va cuveyicel va
SlpEVEL OE [0 TTEPLOYN TOV VIEGTN TNV KOTAOTPOPIKN povia pag minupopac. (Shohomich county,
Washington, 2011) (SOFFAR, 2011) (Annand, 2008).

2.8 To winupopiké eorvépevo otnv EALGOO

1. Tevika

H mnppdpa and guowd aitia gite mapovcsialetl Ppadeia eEEMEN elte avikel oV Katnyopia TG E0QVIKNG
TN UUOPaG, Tov glvar kot To mo cvvndiopévo eawvopevo oty EAAGSa. Xtov EAANVIKO ¥dpo ot TANUUOPES

opeilovTal € KaTappaKTOOES PPOoYES, TOL GLVOIEHOLV TN SEAELGT] VYECEMV.

Avékabev cuvéBatvay TANUUOPES 6TOV EAMANVIKS Ydpo. IoTopikd kelpeva Kot apyaiot pvbot pag TAnpopopodv
YO ONUOVTIKEG KOTAGTPOPES. XOPUKTNPIGTIKO Topddetypo eival 1 Kataotpo@n Tov Mivewkold ToAMTIGHOV
amd TeovVApL Tov EmAnEe TS Popeteg axtég e Kpng, andppota g £kpnéng tov neotsteiov g Onpag
yopw oto 1500 n.X. . Eniong o pwobog tg Atiovtidag mov, tedevtaio, cuvoéetar e TV mpoavagepbeica
neaoteokt Ekpnén. [Motqueg TAnupdpeg cuvéBatvay ce TEdIVEG EKTAGEIS TOV OLOPPEOVTAL OO UEYAAOVG

TOTOUOVG,.

Ta tedevtaia xpovia 1 KOTAGKELT QPAYUATOV, KATO UNKOG TWV CNUAVIIKOTEP®OV TOTAUMV TNG YOS (TT.Y.
AMdkpovag, NEotog KAT.), £xel oav OmOTEAEGHO TNV amoBjkevon TG TAEOVALOVGAS TOGOTNTOG VAATOG, Yo
TNV APOELOT TOV KOAALEPYELDY, TNV VOPEVLOT] TOV TOAEWMV KOl TNV TOPAY®YN NAEKTPIKNG evépyewos. 'Etotl og
GLVOLACUO LE TN HEIWON TOV KATOKPNUVIGUAT®V Kot TN HETAPOAN TOL KMUATOC TPOG TO ENPOTEPO TOL LEYAAN
TOTOULO. CLGTNHOTA OEV OTOTEAOVV OMUAVTIKO Kivouvo. Avtifeta ot yeipappol mov tpocsrapupdvovy to vepd
TOV COPVIKOV VEPOTOVIMV GE GLVOVOGUO HE TOV UEYAAO OaplBUd TOug Kol TO UTALOUO OVTOV omd TOV
dvBpomo sivor emikivovvol. Av mpootebel kot 1 amoyilmon ToV 0pEVOV OYK®V 0l TIG TUPKAYIEG KATAVOEL

KOVelG YTt o1 TANUUDPES TOL TEAEVTOL YPOVIA TATTOVYV OAO KOl TEPIGGOTEPO OGTIKEG TEPLOYES.

Yrdpyovv BéPata kol o1 GMAVIES, Yo TOV EAMNVIKO YDPO, TEPIMTMOCELS TOV, HKPNG KAILOKOS, TGOLVALL

(ITavovong, 2015).
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[Taviog 6mwg eaivetar 610 Keipevo mov axolovbel ot mpdopateg TANUPOPES cLVIEOVTAL PE TV AVOPYN,

YOPIC TPOYPOUUUATIGHO, OVATTUEN TG XDPOS HLOC.

Yympa 2.1 Ydotwd Awapepiopata Xaopag (Odnyio 2007/60/EK)
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3. H ngproyn tov 'Efpov

3.1 H Aexdvn amoppons Tov ToTONO0V Kol 0l focikoi TapardTopol

O EBpog elvar évag motapdg mov ekteivetan og tpels yopec. Tnv EALGSa, tnv Tovpkia kot tnv BovAyapio. H
AEKOVN amoppong Tov Ppioketol Kol OTIC TPEIG AVTEG YDPES, YEYOVOS TTov diyvel To uéyebog aAAd Kol TV
onuovTIKOTNTO TOV ToTOoV. BEBata to peyardtepo pépog g Aekdvng amoppong Bpioketar otnv BovAyapia
kabdhg exel Ppiokovtan 334 tapueutnpeg, AOYIKO av oKeQTEL Kavelg OTL 6TV 0LGIA 1) 0PYN] TOL TOTAUOV £XEL
ouvoebel pe v Boviyapia, evd omv Tovpxio Bpickovtar 139 tapevtipes. Xtnv EALGSa o motapdc éxet
HoOAMG 8 topevtnpesg, KATL mov eivar guotkd, 016tL otnv EAALGda Bpioketor to teAevtaio KOppdtt Tov. XTov
TopoKaT® xapt (Exnua 3.1) eaivovtar n mopeion Tov motapov and v Boviyopia £o¢ to Atyaio méAayog

kaBdg kat ot Topevtpeg o€ Bovkyopia, Tovpkia kot EAAGda (YIIEKA, 2007).

TOYPKIA

% Inpavrikég moAeig evrog Aexdvig amoppoiic Efpou
by e =] ®  Ypiordpevol TapieuTipeg Toupkixod TpfpaTog
o] @ v "\ 9 RQ ‘j\ > g ©  opaypara KucukDoganca ki Sultankoy
DS 4 w4 N 4
;/ . 0\\‘ O\‘R - R Y o \/x ’J\/O ©  Ygordpevor rapeuripeg foulyapiol Tufparog
~ o)
- @ ° (o] e i ) ( ©  Opdypara Traklec xai Dositeevo
00 v Zapepe 'l
e ' ° > ‘ \ gk oton epdyuaros IBavogo
APIA X 2 \ & i [ ¢ X ®  Yiorduevol TapeuTfipeg EAVIKOG Tpfipatog
\ \ \ | \L v \QJ AR -
\ \, \ \\ , k X omo C\’\ f [— TuvOpIOXES YpappES
P M \ "‘“J@W" VN \\ \( J} A { )O/ /’19 [Z27) Ymorexdveg amoppos
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g n AITAIO NEAATOZX

Yympa 3.1 Ot kovkideg mov mapovsidlovion otnv EAAGda, v BovAyapia kot v Tovpkia elvar ot puoikol

OANAIIA MAPMAPA

o .

TapeL TIPS Tov Totapov ‘ERpov.

H ovopacio 'Efpog eivon 1 eAAnvikn ovoposio Tov Totapov, kabdg 1 Todpkikn ovopacio Tov givar Meric kot

N PovAyapikn eivor Maritza. Eniong, otv EALGSa o 'EPpog eivar ocuvugacuévog pe ta yepoaio cvvopa
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EMLGdag - Tovpkiog kot n meproyn avtv g Bopetag Opdxng ovopdletan tpiebvég 616tt ekel cuvavidvtol To

GUVOPO TPUDV KPATAOV.
O EBpog drabéter tpeic Pacikovg mapamotdpovg (ITiompiykog, 2008):

1. Tov Tundzha o omoiog exteivetar otnv Boviyopio ko v Tovpkio kot cuvavtd tov motoud ERpo oty

Tovpxkia kovtd oty weployn Edirne.

2. Tov Ergene o omoiog ekteivetar ohdkANpog katd pnkog g Tovpkiag kot cuvavtd tov mtotaud Efpo kovid

otnv moOAn Ipsala.

3. O Apdag o omoiog extetvetal katd punKoc g Bovdyapiog kot g EAAGSA pe To peyoldtepo HEPOG TOL v
Bpioketar omv BovAiyapio. XvuPdier otov motapnd ‘Efpo xovid oto ywpid Kootaviég Alyo vétia tng

AdprovodToAng.

3.2 To véaTiko dwupépropo Opaxng

To cvykekpipévo voaTikd drapéptopa givatl to dwdékato g EALGSag, oe aplBud, exteivetol oe pia meployn
11.243 Km?. 2NV GLYKEKPUEVT PETPNON VILdpyovy Ko 564 Km? ta omoia VKoLV otV Zapofpdkn kot
omv ®dco. To ovykekpyévo dwpépicpa opiletar Popewa amd tn ypouun tov cvvopov EArGdag -
Bovyapiog kot tov vopokpitn twv Aekavov Néotov - Oxvpol, avatolKd amd TV YPOUU) TOV GLVOP®V
EAMGOoc - Tovpkiog péxpt tov KoAmo Aivov, Ovtikd oamd TOV LOPOKPIT TOV TAPOAINK®OV PEUATOV

Xpvoovmoing péypt tov Koano g Kapdroc.

To Y.A. ®pdxne anoteleiton and mévte (5) Aekaveg amoppons, Néotov (GRO7) pe éxtaon 2975,5 km?,
Pépatog EavOng — Enpopépartog (GROS) pe éktaon 1663,6 km?, Pepdrov Kopotnvrg — Aovtpod 'Efpov
(GR09) pe éxtaon 1958,4 km?, "Efpov (GR10) pe éktaon 4080,9 km? kot @doov — Tapobpéxng (GR42) pe
éxtoon 564,3 km? (YIIEKA, 2016).
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2tov mopakdto yaptn (Zymua 3.2) mapovcstaletal To vdaTikd Stupépiopo Gpakng:

Xympa 3.2 Ydatwkd Awopépiopa Opakng

IInyn: http://wvww.ypeka.gr/LinkClick.aspx?fileticket=rxCshJ9tY Hw%3d&tabid=252&language=el-GR

3.3 To Aérta Tov motapov 'Efpov

210 Aélta tov otapov ‘ERpov vwhpyet po pikpn dtopopd and v empdvela g 0dhaccag, 66ov apopd 1o
VYOUETPO, KATL TOV KAVEL TNV POT| TOL TOTOUOVL TO OPYN LE OMOTEAEGLA M TEPLOYN EKEIVN va €xel 1daiTEPQL
e0POopPa YOPAPLL. XTNV TEPLOYN TOV AovTPOV 7OV PPICKETAL VOTIOOVTIKA TOL OEATA, KOTA TNV TEPIOO0 TWV
Bpoyomtdoemv, €16pEovy Kot omd €KEL YALKA VEPA YEYOVOS TOL KAVEL T YOPAPLO OKOWUO O OTOSOTIKA.
BéBaia, n vyopetpikn dtopopd fonddé tov moTopd Yo apKeTOVS XEYWEPIVOLG UNVES VO TANUULPILEL, KATL TTOL
€xel WG GLVETELD VO, OMovpyohvTon ToAAEG pkpég vnoides (KapaPiov, Enpdadt) kot Aypvoboracoomv (Aaxi,

Movolyvn) kot va vdpyel tAn0oc Protdonwv. [N'evikd n 6An mepioyn tov Aérta tov motapov ERpov éxet

éxtaon 200.000 otpéupata Oxt Op®g OAo og EAANVIKO €0apoc. Ta meplocdtepa amd avtd ouwg, 150.000,

Bpiokovtor otnv EAAGSaL.
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2V weployn €YoV Yivel TOAAN apdEVTIKG Pyl KOl YEVIKA 1) 0vOPAOTLVT dpacTNPLOTNTA £IVOL OPKETA VYNAY
yeYovog mov 0étel 6e KivOLVO TIG UOIKEG 1G0ppoTies kKaBOTL VILAPYOLVY KOl Ol PUOIKES amoénpdvoels. O
VYPOTOTOG UTOPEL VO AELTOVPYNGEL GV GIATPO Yiat TOV KaBapiopd Tov vepoL amd Vv pOmAvoT oAAG pmopet
va gumodicel kol To ahpvpd vepd va €pbet Tpog v Enpd, eniong pmopel va emnpedoetl OeTiKd Kot 1O KA
g meproyns. ‘Exet wwitepa Oetikd otkovopukd amotedécpata kabott fondd tov dvBpwmo va avartdéel v
oMela, ™V yeopyla kot v ktnvotpoeia. To mpoOPAnua mov avtipetomiletor avTmyv TV oTiypn sivor 1
K60000¢ TG OTAOUNG TOV VTOYEL®V KOl EMPOVEINKDOV VEPOV AOY® OAMV TOV OVIWTANUUVPIKOV EPYmV
(doyétevcav  peydAn moodtnta YAvKoL vepoh oty Bdlacca). EmmpocOero kot m Kataokevm

OTTOCTPAYYIGTMOV Kol 0PIEVTIKMV KavaAldv ennpéace apvntikd (YIIEKA, 2013).

Yy mapakdte eotoypaeio (Zynua 3.3) eaivetat to Aéhta tov motapol ‘Epov amd to Google maps:

Yypa 3.3 Aédta motapov Efpov

Hnyn:
https://www.google.gr/maps/place/The+Evros+Delta/ @40.7392952,26.0388279,8120m/data=!3m1!1e3!4m5!
3m4!11s0x0000000000000000:0x3ff0783275d88128!8m2!3d40.7407846!4d26.0463524
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3.4 Owv wiqupipeg otov motapd ‘Eppo

Ta tedevtaio ypovia Tpelg etvarl ot peydieg TANppdpeg mov ennpéacay v Lo tov aviponwv e Opdxne. H
mp®dTN NTav to 1997, n devtepn 10 1998 Ko m tpitn 10 2003. O tpeic avtég mMANuPOPEg Yéoav pe vepd
OULETPNTOA CTPEULOTO KOAALEPYELDV, dPOL®V EVD KATEGTPEYAV TOALN UNYOVILLOTE KO TOAAES EYKATOCTAGELG
KINVoTpOQmVv. Emnpedotkay pHéypt Kot 0l GLYKOW®VIEG KOOMG T TPEVO OEV UTOPOVGOV VO TEPACOVV Y1aTi 1)
o1dNPodpoukn ypapun giye koAlvebet and vepd. Mo peydin maAnupdpa £yve kot to 2015 n omola giye ot
LTV KATOOTPOPIKES ovvémeles. H mapoakdto ¢otoypaeio (Zynua 3.4) elvar amd 10 Yopd Aayvva
(Pathfinder, 2015):

Xyqpa 3.4 Xopto Aayova

IInyn: http://www.pathfinder.gr/news/4174204/fwtografies-apo-to-plhmmyrismeno-hwrio-lagyna-ston-ebro/

2oppove pe tov Mrelipyuovvion (2007) Poaocwodtepeg outieg mov OMUIOVPYOLVTOL OVTEG Ol TANUUVPES

BewpovvTal o1 TAPOKAT®:

1. H oAdaynq tov xAipatog m omoio cuvtédece otnv avénomn tov TANULPOV Kabdg T0 HETEDMPOAOYIKA

Qoawvopeva yivovtal OAo Kot To 1oy LPAL.
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2. Ta tehevtaio xpovia (dekoetieg) otnv koitn tov 'ERpov £rovv yivel apketd apdevtikd £pya, To omoio vol
HEV TPOCOEPOAV GTOV TOTIKO TANOVGUO apKETEG TEPLOYES TOV EIVOL KOAMEPYNGIUES, OLMG ALTA T £pya £ytvay
Y®pig coPapn HeAETN pe amoTéAesa va. pelwbel 1 kol Tov TAnupvpav. Katt tétoto onuoaivel 0Tt petodnke

KOl 1] QO OATNTY] Y10 TOV TOTOUO EKTACT) EKTOVMOONG UE ETAKOAOVOO0 TIG LEYOADTEPEG TANUUDPEG.

3. "Evag tpitog kot 1dwaitepa onUavTikKog TapdyovTog ivol ol TUPKOYLEG Kol TO KOYIIO TMV d00MV Yo AOYOLS
vAotopiag. OAn avtiv 1 KOTAGTPOPT TOV PLGIKOD TEPPAALOVTOC 00N YEL OPKETA PEPTA PO TOV TOTOUO TOL
omoilo. 6TEKOVTOL GTNV Koitn Kot oynuatilouv Tpocy®oelg kot vnoideg. Oho avtd £xel Gav AmOTEAEGUO VO

pelwOel ) Koitn Tov TOTOUOV KAVOVTAG TOV TO EMKIVOLVO Y10, TANUUVPEC.

['evikmg t0 TpdPANUa Tov motapol Eekva amd 1o otévepa g koite. OAn avt) 1 dwdikacio peiwoe to
mAdtog Tov omd ta 1500 pérpa ota 150 - 200 pétpa Kot avtd dev £yve HOVO GTNV EAAMNVIKT] TAELPA OAAG Ko
OTNV TOVPKIKY. & GVVOVAGUO UE TIG PePTEG VAeg mov Npbav and tov EpvBpomdtapo, tov Apda Kot Tov
Epyivn aAAG ko pe to avoyopoato mov £yvay yio vo, unv tAnpppilovy ot KaAAEPYEIES, 1| KATAGTAOT] TOV

TOTOALOV EMOEWVOONKE.

To peydio mpdPAnua yio va emdiopBwbet n OAN Katdotacn otov motapd Epo eivar 611 0 id10¢ ekteivetan o
3 xopec Ko avTéG Bo TPEMEL VO GLVEPYUGTOVV HETOED TOVG. XTiG apyég Tov 1970 vanpée pa mpootabeia
ocuvepyaciog EAAGOag - Boviyopiag yia vo yivouv kdmowo ovoy®pote oty KeVIPIKN Koitn Opmg 1
Bovkydpikn mievpd tOTE OvTIHETOMLE OPKETA OKOVOMKO TPOPANUATO KOl OV UITOPOVCE VO OMOEL
TPOTEPOLOTNTA. OTO GLYKEKPIEVO Bépa. 1o ovvopa EAAGOag - Tovpkiag 1 mpoaypatikdtnto Sopépet
aetntd. Av Kot éyovv yivel katd to TapeABoOv mPoomdOeleg o1 GYECELS TV dVO WPV OV NTOV TOTE Ol

KaAOTEPEG LE amoTédecpa Ta £pya otov Totapd Epo va punv viomolovvral.

3.5 H yeaypagio TG AeKAVINS aT0oppoNS 6TOV EAAMVIKO Y OPO

Tnv Aexkdvn oamoppong tov motapod Efpov v €yovv dtopopeacel tpitoyevn tektovikd Pubicpata mov
oynuatiomkay ond ta meptimprokd prypota e nalag me Poddnng. Ymdpyovv dvo Pacikésg Aekdveg otov
EMNVIKO ydpo, avTt TG AAeavopovmoing Ko avt g Opeotiadag. Avtn g AAeEavopodmoAng eivon
otV ovcio To votio Tufpa tov Efpov oty EALGSa ko 1 Aekdvn tng Opeotiddog eivar otnv ovcio to fOpeto
TUUa, TeprAapfavovtag Opmg Kot Tig Aekaveg tov EpvBporndtapov kot tov Apda (YIIEKA, 2013). Xto

TapoKato Xynuo 3.5 eaivetor n popeoroyia Tov Tpiroyevovg Pubicpotog Opeotiddags.
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Zyqpa 3.5 Mopeoroyia tov tpitoyevoig ubicuatog Opeotidadog

IInyn: http://www.minagric.gr/ardeftika/files/results/hydro/1.%20HYDRO_EVROU.pdf

Onwg avagépel 10 Ymovpyelo Aypotikng avdmtuéng oe ocvvepyacio pe 1o Aptototédeto [Mavemotiuo
®eocolovikng:

«ATO YEOUOPPOAOYIKNG TAEVPAG TPOKELTAL Y1 EVA OVOUOIOLOPPO TOTOYPAPIKO OVAYALPO oL dALOTE givon
adpd, AALOTE IO £VTOVO KOl AAAOTE apkeTA 0. Xapaktnpiletar amd Eva opevd TUNHO, TO OTTOT0 Y10, TO LEV

Bodopa g Areavopodmoing avantdcoetal Tpog To Popeta kot PopeloduTiKd, evd Yo to BOOiopa g
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OpeoTiddag TPog o SLTIKA. Xg OAN TNV TEPLOYN KLPLOPYEL VO AOQPMOIEG €W NAOPDOES TUNLO, TO OTTOi0
aVOTTOCCETOL VOTIOTEPO TNG OpeVNS Cdvng, oto Pubiopa g AleEavdpodmoing, katalapupdvovtag Peyaan
€KTOOT Kol 0Yed0V 6 OA0 10 Pubicpa g OpeoTtiddoc, 10 omoio OlaKOTTETOL KATA BEGEC omd Ta TESVA
TURUaTo TV ToTop®mv Apda, EpvBpomotdpov kot tov pukpodtepov yeudppov tov Neoywpiov. To medivo —
nuoemoeg o ¢ Opeotiddag, O0mmg ovopdletar amd v Awoyeplotikn Merétn g Ileprpépetog
Avatoiikng Makedoviag Opakng, Exet éktaon 835,08 km2 , péyioto unkog 57 km, péyioto mhdtog 27 km. To
meovo tunua oto Pubiocpa e Aleavopovmoing tovtileton pe to Aédta Tov motapov ‘EBpov kou pe puo
Covn ikpoh TAATOVG KOTd UNKOG ovTov ovavtr, omd 1o Advuoteryo uéxpt to Ilémho. To tuqua avtd
ocoppwvo pe to Atoyelprotikd Xyédw tov YIIEKA, ywpiletar og 600 emuépovg TUNUOTO, GTO TUNRUO
Advpoteiyov — ZovpAiov, 10 0moio OU®G TEPIAAUPAVEL Kol TNV SVTIKY €KTaoT TG AeKavng tov ‘Efpov kot
éyel ovvolkn éxtaomn 1.203,12 km2 , péyioto pikog 64 km ko péytoto mhdrog 41 km, kot 6to votio Tufipa
mv Hopéuppra mepoyn, mov evromiletor and 10 LoveAl péxpt kKo 1o Aédta tov 'EBpov kot €xet éxtaom
224,65 km2 , péyioto pnkog 33 km, péyioto midtog 15 kmy (Ymovpyeio Aypotikfg Avdamtvéng kot
Tpoeipwv, 2013) .

3.6 Ta avturAnppopika Kot o1evdétnong pong £pya oty Teproynq Tov 'Efpov

To 1971 émg kar o 1974 &ywav ta TpdTA £pyn TNV TEPLOYN TV cLVOpwV EALGdag - Boviyapiag. Hrav
épya To omoia Pmopovoay Vo SELOETNGOVLY TNV KOITNG TOV TOTOUOL OAAG TawTOYpOVA £ytvay Kot £pyo
gvuypapons. Avtd mov £ywve NTav va dnpovpyndodv KiPLo avoyOUATO TOL Elyov TO 1010 VYOS KOl OTIG
000 mAeLPEG OTIMG EMIONG £YIVE KO KATOL0L OVTAALAYT) EOAPOV 1] OO0 TOGKOTOVGE GTNV EVOVYPALGT) TOL
motapov. O motapds oe eketvn v wepoyn amoterel T0 GUVOPO PeETAED TV 0V0 YWPOV OTMG PaiveTAl GTNV

TopoKaTO eoToypagio (Xymua 3.6) n omola sivon move amd To Ywpld Alkoa.
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Xypa 3.6 Xopto Alkoro
ITnyn: Google maps

To 2012 AoV 1 LOVASIKY] POPE TOV GTNV GLYKEKPLUEVT TTEPLOYN OMNUOVPYNONKE QUUVOLEVO TANUUDPOS KOt
otV omoia elye mAnyel 10 yop1d OpUEVIO KOl PUOIKA OPKETES YEMPYIKES ekTAcELS. BEPata, N mAnupdpa ovt
mponABe AOy® g Bpavong evog epdypnotog oty Boviyapia, ovopatog lvanovo kot 0yt o kémolo Quoikod
QOWVOUEVO 1| O€ EAMTY] OVTITANUULPIKY TPOOTOGIO. LTNV TEPLOYN LRAPYOLV OPKETEC VNoIdeg amd QePTH
VA, Tnv wepiodo 1978 - 1984 o1 tomkég vanpeoieg pétpnoay nave arnd 1.000.000 m3, TocodTTO OPKETN

v va. petmBet n vopavAiikn dwatoun tov ‘ERpov (YTIEKA, 2013).

210, EAANVOTOVPKIKE GHVOPA 1) KATAGTAOT £IvVOL EVIEADS SLAPOPETIKT. TO GNUEID VILAPYOVY Ol ATOPPOES TV
Apda, Tovvtla, EpvBpondtapov kot Epyivn omdte o kivovvog mAnppdpag eivorl caemdg PeyaAdTeEPOs, 0moOTe
KOl TO OVTITANUULPIKG €pya givon meprocdtepa. Metd 10 téhog tov A’ Tlaykoopiov moAépov kot Tnv
KOTOOTPOPIKY] TANUPOpa ToL 1940 01 dV0 TAEVPES CLUPDOVNGOAY VO KAVOLV OTO KOWVOU OVTUTANLLULPIKE Epyal.
Onoc avagpéptnke dpmg 1 cuvepyasio Twv dVO YOPOV OEV NTAV TOTE 1) KOADTEPT, UE OMOTEAEGUO TOAAEG
QOPEC MOV  KATOWL  OVOYDUOTO  KATOOTPEPOVTOYV Oomd TANUUOPES, To €pya  emavopbmong vao  givot

OVOLLOLOLOPPA. ot TIG VO TAEVPEC.
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Xmv perétn Harza, mov €ywve pe Baon v minuuopa tov 1940 extiundnke 6tL 1 PEYIOTN TOPOYN OTIS
exkPorég Oa éptave émg ta 10.000 m3/s. Me Bdon avtiv v UEAETN TO. OVOYDUOTO TOV ONUovpynOnKov

nrov:

1. 210 TpMqua avaven e cvpPoing tov Apda

2. 210 TUua KaTavtn cvpPoing Apoa kot ovavn cvppfoing Tovvila

3. Zto tpuMpa katdven cvpPoing Tovvtl kot avavtn cvpfoing Epvbpomodtapov
4. 210 tunpa katdvin cvpfoing Epvbpomdtapov kot avaven cvpufoin Epyivn
5. Zto tpuMqpa katdven cvppoin Epyivn kan péypt ekporés 'ERpov.

IMao g TAnppdpeg mov o vepéPfatvay To avoy®UOTe TOTE VINPYOY TUNHATO PREEMG OTov Ba £dvav Lo
acoin 016£0d0 og ATV, e OKOTO TNV TPOCTAGIN TOV KUPL®V ovayoudtov. H katackevn tov Epymv g

perétng Harza oloxAnpwnie to 1963.

Xe MOAAEG TEPLOYES OUMG KOTACKEVACTNKAV KOl LIEPPANTA ovoydUOTO TO OToio €iyov ®¢ OKOTO TNV
TPOoTUGio TMV TopdYOlmV TEPLOYDV amd TIG VYNAES TapoyES Tov Yelwdva. Ta vrepPAnTd avayodpato etvot
€va 0PKETA SNUAVTIKO £pY0 KaODS onpepa, LeTd amd Slapkeig PEATIOOELS, £xovV OTAGEL OAa Ta 3 pETPaA Vyog
Kol veiotaviol oe OAec T mapéPpleg extdoec. Xtov Ilivaxa 3.1 mapovoidlovior 6Aa T vIepPANTA

VOO ULATO TNG EMANVIKTG TAELPAC:

AfA  Ofon unepBAintol avaywpaTog Mrjxog Excvoom rouw m E0EL

(km) (otp.)
1  Avaywpa Netakou = Nemiou 10,5 7.000
2 Avaywpa Knnwy - Némkou = Népou 12,5 9.000
3 Avaywpa Fepotrhg 3,5 3.000
4 Avaywpo Tuyepou 8,5 8.000
5  Avaywpo Avkodng = Aayuvwv 10,0 9.000
6  Avaywpo Kopvodwhidg 4,5 3.000
7 Avaywyua Zoudhriou 6,5 £.000
8 Aviywpo Mavbpag 2,0 1.000
9  Aviywpo Apoplou = Aapapuwv 14,5 13.500
10 Avdywpa Newv WaBdbwv 2,5 2.000
11 Avaywpa Adupdtergou - Npayyiou = Netpdbwy 12,0 10.000
12 Aviywpa NuBlow = Pwylou 20,0 17.000
13 Avdywpa NuBilov - Boupiou - Opeotuddag - Biooog 12,5 12,000
IYNOAO 119,5 100.500
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IMivaxag 3.1 YrépPainta avayopata ERpov

IInyn : http://floods.ypeka.gr/images/yd12-thraki/P1_PA_GR10_V2.pdf

2115 meployéc Awvnoov Aédta kat [Ttdhov - TIEmhov €xovv yivel 600 gvbuypapicelg ¢ KoiTng TOV TOTOUOV.
Emiong ko otic Péppec Exet yiver pia evbBuypdppion and v mievpd g Tovpkiag. Hrov va yivel axopo pio
evbvypapupon oty mepoyn Fepiomg - Tuxepod oAAE AGY® TOV KOKOV GYECEMV TV dV0 YOPOV eV £yve
noté. Eniong vmp&av kot amootpayylotikd £pya. Metd to mépog tav £pymv g peaétng Harza, o ysipoppot
Koiortdng, Atoaporopepa kot Apdaviov omokOTNKOV 0md TOV TOTAUO UE ATOTEAEGILO VO KOTAGKEVAGTOVY dVO
ovAekthpeg (Tdppot) o Avtikog Bpayiovag kot Zapavtapetpog. Emiong, donuovpyndnkoav otic @éppeg kat ta
QTTOYETEVTIKG AVTALOGTAGLO. L€ AVTEG TIC OMOGTPUYYIOTIKEG TAPPOLS OTTMC £mioNg Kot 6TV €vOvypdpcn Tov

Awnotov Aélta €xovv Kataokevootel youniol avafadpol mov £xovv g okomd Acttovpyeiog TNV OMOKOTN

¢ dteicdvong BaAacsvov vepo.

ZNUOVTIKO OVTITANUUVUPIKG €pya gival Kot To 8 @pAyLaTO OV £(0VV KATOCKEVAGTEL GTOV EAANVIKO YDPO.

Yrdpyovv kot GAda epaypato mov givol vtd peAétn énwe to Mavleio 1 to epdypo Agpeiov kot avapévetan

£€yKpion Toug. Avaivtikd ta epdyuata tapovstdlovtarl otov [ivoka 3.2:

Qdehpog oykog IUvoMKOS OYKOG

Yog

Ovopaoia ©éon (MCM) (MCM) (m) Xprion
Ao — Apbac, ENAnvoPoulyapka
o o , olvopa, voTia MnAgag kot 4,0 4,0 Apbeuon
epameiou .
Kumpivou
Apbdvio = Meéya ppa, Popewa Depuv, ,
Kapnooog Apbdaviov kal Kapnoool 14 1 Rpiicuon
Awgopng = P. Aoutpol, votloavatohika
Aoutpod™ AwbpnG 13,5 44 Yopsuan
Kahofag - P. KaAuBa, Bopewa Kunpivou, 85 38 ADSELG
Kopapuwv voTa Kopapwy ' o n
. Maupopepa, Popeloavarohikd ,
MNopag AbpaC kat Aayuviw 142 1,5 20 Apbeuon
. P. Zedwrto, popeia ASUKIUNG, ,
NpoBotwva NpoBariva kat Tuxepo 0,78 0,87 16 Apbeuan
, Ita SUTKG OpLa OLKLOPOU _ .
Tuyepo | Tuyepot =0,50 Avaipuyn
. It HuTKG OpLa owLopol - .
Tuyepo Il Tuyepo =0,30 Avabuyn
Mivakag 3.2 Opaypota ERpov
ITnyn : http://floods.ypeka.gr/images/yd12-thraki/P1_PA GR10_V2.pdf
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Yrdpyovv kot pepikd akdpo £pyo mov vrofondovv ta Pactkd avtimAnppvpikd Epya. Kanow and avtd sivol
0 oWnpddpopoc AleEavdpovmoine - Opeotiddoc, 1 Eyvatio 060¢ kot pio tdepoc mov katookevdlel o
otpatdg v omoia e€etdlel va evtdEel 010 TANIGIO TNG OVTITANUUVPIKAG TPOCTUCING TOV TEPLOYDY TOV

opyeton (YITEKA, 2007).

4. Evepya (pavtap) 60pv@opikd cucTI|HOTO TAPATHPNGNS TS Y1S (€0)

Tov Iavovdpio tov 2015, o motoudg Shire 6to MaAdout kat o motapdg ZopPélng otnv Moloufikn frav ved
avotpd Eheyyo. Metd omd eBoopadec KoTappokT®OI®V Ppoydv To dVo ovtd motdua Eexeihoav
extomilovtag 390.000 avOpmmovg and v mepoyn mov fovoav. Xto votio Maidouvr 220.000 otpéupata
YEOPYIKNG YNG HETATPATN KOV GE AMpvn KOBOVTOS OpOUOVE, TOAUIT®P®VTOG YIAMades avOpmmovs. H mAnuuidpa
NTOV KOTAGTPOPIKT Y10 TV YOPA KOl £TGL 1 KVBEPVNOT TNV KNPVEE 0 KATAGTAOT EKTAKTNG ovaykns. Méca
oe 72 opeg to Ilaykoomo Emocitiotikd Ilpodypoppa tov Hvopévov EBvav ftav oto €6a¢pog dtavépovtog
TPOPULO. 6TOVG Katoikovc. H ypryopn avtidpacn tovg vmootnpixdnke amd £yKoipes mPOESOTOMGELS TOV
WFP's Emergency Preparedness & Support Division otnv Poun, 6mov 1 petewpordyoc Emily Niebuhr kot ot
GLVEPYATEG TNG YOV TNV SLVOTOTNTA VO EAEYYOLV Y10l TANULUVPIKA QOLVOUEVO GTNV TEPLOYT LE OOPLPOPOVG

ko dedopéva g NASA.

Ot Mnupdpes amoteAobV Hio omd TIG TO KOTAGTPOPIKES KOl SATAVIPES PUGIKES KATOGTPOPES. LOUPOVO, LUE
otoyelo tov Hvopévov EBvov, ot minuudpeg, xdbe ypoévo mpokoloLv katootpoéc oiog 13,7
doekatoppvpiov dorapiwv evad ennpealovv 96.900.000 avBpdmovg oe OA0 TOV KOGHO. Oa TANUVPIGOVY N
Ba kotaoTpéyouy katoikies, Oa poAvvovy oGO vepd Ko Ba eEaPavicovy KAAMEPYNGUYLES EKTAGELS, EVD GE
OVOTTUGCOUEVEG YDPES UTOPOLV LETAOMCOLV OKOUO KOl OGOEVEIEG. XTIC OVOTTUGCOUEVEG YDPES, WE
TEPLOPICUEVEG VTOGOUES, O EVIOTICUOG TV TANUULPGOV Uropel va fondfcel Tov 1B0VOVTEG KO VO EVIGYVOEL
™V TPOoTEOELd TOVG Y10 TNV TPOANYT TOAADV KOTAGTPOP®V. AAAG dev ivan mavta edkoAo va TpoPfrepBodv
o1l BpoyonT®oelg, Tov GVLVNOME TPOKAAOVV TIG TANUUVPES, Yo avTd To [Taykdoo Emoitiotikd [poypappa
petatpénetol oe mpdypappo pe Pdon ta otoryeion SopvEOPOV OV EYOLV TA KOTAAANAQ epyoleio Yo va
BonBnoovv kot va aglohoynoovv Tig ocvvOnkeg ™ KOs Xdpag. Ta dedopéva omd HETEMPOAOYIKOVG
d0pLEOPOVG UTOPOVY Vo givor aiTEPA XPNOHA Yio TNV TPOPAEYN TOV TANUULP®OV, OUMS Yo VO YiVEL |
ocwotn aflomoinon avtdv tev epyareiov Ba mpénel va eviaybovv oe mpoypdupato 6mmg 610 TVoTNUA

[MopoakorovOnong maykdSHmV KatakAopmv ard to [Havemiotio tov Mépuhavt (NASA, 2015).
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4.1 H teyvoroyia tov RADAR (SAR)

[MolvdapBpec peréteg amd to mapeAbov £deiav 0Tt Ta cvotirota SAR eivar To kKatdAAnAia epyodeio yio v
YOPTOYPAPN O TOV TANUUVPAOV, XEPN STV VYNAY €V0IcONGio GTO VEPO KoL TNV IKOVOTNTE TOVS VO TOPEYOVV
dedopéva Kot TNy Nuépa Kot to Ppadv, aveEdptnto amd TNV GLVVEELE TOV EMKPAUTEL. ZAUEPO, O O KOWVES
TPOGEYYIGELS TOL KAVOLV ¥PNOT TNG TOPATPNONS TS YNG YO TV XOPTOYPAPNON TV TANUULP®OV Bacilovion
og oedopéva and SAR. 'Etot, ta dedopéva tov SAR dradpapatilovv onuovtikd poAO Yol TOVG OPYOVIGLOVG
mov dwayepilovral Tov Kivouvo TV TANUULPGV. AV Kot To TEAEVTALO YPOVIA TOAAEG TPOOdOL £XOVV YiveL Yl
TNV XOPTOYPAPNOY T®V TANUUVPOV GE TPAYLATIKO Ypdvo ovTd dev pmopel vo emtevydel pe v mapovoo
teyvoloyia 010TL o cOvOeTa TEPIPAALOVTO OTI™G elvar mePLoyEg pe PAAGTNON N OCTIKEG TEPLOYES TOL DESOUEVOL

TV pavtap sivor apketd acoen ( Chini, et al., 2016).

4.1.1 H Tniemokonnon

H mAemoxommon elvar m emotiun g ANYNG TANPOQOPIOV GYETIKO HE OVTIKEINEVO 1 TEPLOYES Omd
amoOcTOcT, GLVNOWS Omd AEPOSKAPN 1 SO0PLEOPOVG. ATOUAKPLGUEVOL AGONTNPES GUAAEYOLV dedOUEVA OO
NV aviyvevon g evépyelag mov avakAdtor and ) I'm. Avtol ot acucOnpeg elvar mov tomobetovvtal oe Eva

aePOCSKAPOG 1 6€ Evav dopLPHPO.

Ot amopakpucpévol aoOntpeg propet va gtvan gite mabntucot 1 evepynrikoi. Ot mabntikoi avrarokpivovron
oe eEmTtepkd epediopata, KATAYPAPOLY TNV PUCTKY] EVEPYELX TOV OVOKAG 1| EKTTEUTEL 1| empavelo g I'mg. H
o Kown mny1 axtivofoMMoag mov aviyvedetal and Toug TadnTikovg aetntpeg eival 10 PG Tov NAOL. Xg
avtiBeon pe tovg mabntucovs, ot evepynTikol ccONTApeg ypnoyomoovv eEmTepikd epedicpato yo vo
oLALEEOVY dedopéva oyetikd pe ™ I'm. [a mopdderypo, éva Aéwlep mopeiag tAemokomnong npoPdiet Eva
Alep mavo oy emedveln g I'mg kol petpd tov ¥pdvo mov ypeldleTon yio avtovokAaoTeEl TG GTOV

aloOnpa.

H mAemoxkommon €xet éva eupd @AGHA EPUPUOYDV GE SLAPOPOVS TOUELG OTTMC £Vl Ol TOPAKTIES EQAPUOYES
Tov yivetal TopakololNon CAAAYDV AKTOYPAUU®VY, HeTa@opd Inudtov kAT, Eniong, epapudletal Kot otnv
WKENVOYPAPNON OOV YIVETOL TOPAKOAOVONGN TOV OKEAVI®MV PELUATOV, HUETPNOT TG Beppokpaciog Kot To
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Vyog tov Qkeavov kKA. 'Eva akopa mapddetypo epaproyns g etvar ot dtoyeipton uoik®v Tépwv Omms
TapoKoOAOLON o TG ¥PNONS TG YNG KoLl TOVL YEPTN TOV VYPOTOT®V Kol PlOTOTMV KAT. Kol QUGIKH GTNV
a&loA0YN oM NG EMKIVOLVOTNTOC PUOIKDOV KOTACTPOP®Y OTMC EIVOL 01 TVPAOVEC, Ol GEIGLOL KOl 01 TANUUOPES

(National Ocean Service of USA, 2016).

4.1.2 Baow] Aertovpyio tov RADAR

Ta Synthetic Aperture Radar (SAR) eivar éva evaéplo M SOTKO GOUGTNUO POVIAP TAELPIKNAG
TNAECKOMIONG, TO OMOI0 YPNCIUOTOLEL TOV SLAOPOUO TTNONG TOL Yid Vo EEOUOIDGEL Pio TEPAGTIO KEPAia 1)
SAQPAYIO GE NAEKTPOVIKT] LOPPY], KATL TOV SIVEL OC AMOTEAESUO VYNANG TTOLOTNTOG EIKOVESG TNAEGKOTNOMG.
O 1pdémog Asttovpyiog tov yiveror pe ypovikoOs kOKAovg. Koatd v mdpodo evog ypovikod KOKAOL
GUUTANPAOVOVTOL TO. dEGOUEVO TTOL €xel GLAAEEEL Kot amoBnkevovtanl nAektpovikd. T v emeepyacia tov
ONUATOG YPNCHOTOIOVVTOL TO UEYEDOS Kot 1 @ACT TOV AAUPaVOUEVOY CNUATOV KATH T SIOPKELN 1000 KOV
TOAUGV omd To otoyeion evoc ovvheTkoD dtoppdypatos. Metd amd €va dedopévo aplBud KOKA®V, To
anobnkevpéva dedopéva avacvvovalovior (AapPdvovrag voyn to eawopevo Doppler mov vadpyer otov
Toumd pe otoOY0 TNV YempeTpio oe kbbe emTuYNUEVO KOUKAO) Yot vl SNUIOVPYNGOLV M EIKOVO VYNANG

avéAvong tov 64PouG.

Ta SAR Aettovpyohv mopouoLa LE TIG KEPOUES TTOL £YOVV GLYYPOVIGUEVEG GLGTOLYIES OAAG avTiBeTa e OVTEG,
7oL dtaféTovy Eva aplBpd TapdAAniov ctoyeimvy, Ypnoomolohyv tio Kepaio 1 omoio AEITOVPYEL Le YPOoviKd
Swotiuota. Ot dopopetikés yYeOUETPIKES Béoelg TV otoryelov g kepaiog eivor amotédespo g
Kivoopevng mhoteopuos. O eneéepyoocts tov SAR emotpéepet onpota (TAdtog kot @dor) yio ypovikd
owotnua T and v Béon A €wg D. Eriong, eivatl dvvatd vo amokwdkonomacet To onpa mov 0o Anebet and
g kepaion pnkovg N * T 6mov N givan n toydtnta g mAateoppas. Kabog n ypouun tov oAiaydv
KatevBuvong dpaong KaTd HKOG TNG TPOYLIS TOL PovTap aALALEL éva GLUVOETIKO SIAPPOYIO TUPAYETOL, OV
yivel coot enegepyacio TOL GNUATOG, TOV £YEL MG AMOTEAEGHO TV EMUNKLVOT TG kepaioc. Otav kdmotog
OTOY0G EIGEPYETAL OTNV OKTIVO TOV PAVTAp, TOTE TO SN OV YVPILel 6TO pavtdp TaAAeTal ko apyilovv va
Kataypdeovtatl ot adhayés. Kabbg n mhatpoppa cuveyilel va Kiveiton mpog o eunpog, OAot ot amdnyotl amod
TOV 0TOY0 Y10 KA TOALO KATOypapOvVTaL, Y10 TO ¥POVIKO SLAGTNLA TOV 0 6TdY0¢ Oo Tapapeivel oty oKtiva
tov pavtdp. To onpeio Tov 0 6TOYOg PeVvYEL MO TNV aKTiVO TOV pavTdp KaBopilel TO UNKOG TG KEPOLNG TOL

npocopotwveTat. To cuvteBév enextapévo ebpog axtivag, cuvdvdletat pe Tov avénuévo Ypdvo mov TaPaUEVEL
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TO OVTIKEIPEVO OTOV 0TOYX0 (AOY® NG TPONYOVUEVG EMEKTAGNG TOL €VPOVS OKTIVAG) KOOGS av&dveton M
AmOGTOCT) POVTAP - OVTIKELLEVOL Y10l VO, IGOPPOTNGOLV TO £Val e TO GALO £TGL MGTE 1| AvdALGN Vo Topapeivel

otabepn 6€ OAOKAN PN TV Awpida.

H emtedt&yun avérlvon alypovbov evog SAR eivor mepimov ion e 10 [od TOV UKOLE HLOG TPOYLOTIKNAG
kepatog kot dev e&aptdror amd 1o Hyog g TAateopuas. Eva SAR Oa mpénet va givor atabepd, va €xetl Evav
TANPN GLVEKTIKO TTOUTd Kot €va 1oyvpd emelepyaotn Kabdg Kot vo VITapyEL N akpiPnig yvmdor e mTopeiog
TTNONG KOl TG TOYVTNTOG TG TAATEOPUAG. XPNOUOTOIDVTOS OVTES TIG TEYVIKEG Ol GYEOIOTEG TOV POVTAP
elvor oe Béon va emrvyovv amoteAéopato mov Oa amottovcav kepaiec unkovg 10 pérpov. Ta SAR
YPNOUOTOIOVVTOL OPKETO GLYVA OE OLICTNUIKEG OTOGTOAEC TOVL  YPNOUYLOTOOVVIOL GTINV TOTOYPOQia,
petemporoyio KA. aALd kel ypnoyomoteital o 6pog aveotpappévo SAR 016t ypnoomoteitan  kivnon tov

oTOY0L Kot Oyt TOL oo Yo va dnuovpyndei to cuvhetikd ddppayua ( Wolff, 2013).

4.2 To mpéypappa Copernicus

4.2.1 I'eviké ywo To Tpdypappa

To cvotue Copernicus givot To o PAO50E0 HEXPL GNHEP U1 OTPATIOTIKO TPOYPOpLLLO YE®OoKOTNoNG. Eival
otV ovcia £va evpomaikd cvotnua Yoo TV tapakorovdnon g I'mg. To mpodypappa amoteieiton and Eva

GUVOAO GUGTNUATMV TOV GLAAEYOLV OEOOUEVH OO TOALATAEG TINYES OTMG fvat:
- AOpLOOPOL TAPOTNPNGNG TNG VNS

Ko in Situ aiebnmpeg 6m®G:

- emlygloug otafpovg

- EVAEPLOVS oo T PES

- oo Tpeg Bokdoong

Ola avtd ta dedopévo emeepyaloviol £T01 MOTE Vo TAPEXOVTOL GTOVG ¥PNOTES evnuepmpéveg (up-to-date)
TANPOQOPies LECH OGS GEPAS VINPESLOVY OV oyeTilovTon pe Bépata TeptPAALOVTOS Kot 0CQAAELOG.
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http://ec.europa.eu/growth/sectors/space/copernicus/index_el.htm

Orvanpeoieg ToL TPOYPAUUATOS AVTIGTOLYOVV o€ £E1 BEPATIKOVG TOUELS:

1.y

2. m BdAracca

3. Vv aTHOCPALPO

4. v aAAayr Tov KAMpotog

5. 11 OloEIPION KATOGTACEWDV EKTAKTNG OVAYKNG

6. TNV acQaAELD

To mpodypappo vrootnpilel €va gupld EAGUO EPAPULOYOV TOL GUUTEPIAAUPAVOLY TNV TPOCTUGIO. TOL
ePPAALOVTOG, TN SLOYEIPIOT TOV ACTIKOV TEPLOYDV, TOV TEPIPEPELNKO KoL TOMIKO GYEOAGUO, TN YeWPYia, TN
dacokopia, v alela, ™V vyeio, TIG HETAPOPEG, TNV KAMUOTIKY oAloyn, TN Pioowyun avamtoén, v

TPOGTAGIO TOV TOMTMV KOl TOV TOVPIGHLOV.

O1 kVplot yproteg TV vanpectdv tov Copernicus givar dnuocteg apyés Kar vopobéteg mov ypetdlovrar Tig
TANpoPopieg Yoo TNV avdmtuén g mepPoariroviikng vopobesiog Kot T@v moMTiKov Bepdtov 1 vo AdBovv
KPIOYLES AMOPACELS GE MEPIMTAOGELS EKTOKTNG OVAYKNG, OTMG LU0 PLGIKY] KOTAGTPOPN N Lo avOp®OTIGTIKY
kpion. Me Baon 11g vnpeciec kol Ta SEOOUEVA TOL GLAAEYOVTOL HECH TWV OMOGTOANDY, TOAAEG VINPEGIES
npooTiféuevne aglog HUmopodv vo TPOCAPUOGTOOV OTIS GUYKEKPIUEVEG ONUOGLEC 1) EUTOPIKEG OVAYKEG WE
GKOTO VO dNUOVPYNO0VV VEES EMYEPNUOTIKES EVKOIPIEG. ZTNV TPAYUATIKOTNTO TOAAES OTKOVOUIKEG LEAETEC
éxovv NOM deiéel éva tepAoTIo duvapkd yuoo T dnuovpyia Bécewv epyaciag, TV Kowvotopio Kol Tnv

avamtvén (copernicus.eu, 2016).

Ta dedopéva kar o1 vanpesiec Tov Tpoypappatog Copernicus givor dabéoipo oe TANPN, OVOIKTH Kol yoPig
ypéwon Paon 0edoUEVOV Yol TOVG YPNOTES, cLumepAapupavopévay tawv Becuikov opydvov g EE, Tig apyéc
TOV KPOTOV HEADV, TOV 1O1OTIKOD TOUEN Y10l TV OVATTLEN TOV EUTOPIKOV EPAPLOYDV KOl VINPECIDOV, TOV
SEBVAOV eTapeLdY, TG TAYKOGUING ETOTNUOVIKNG KOWOTNTOG Kot TV evolapepopevav toltov (European

Commision, 2015).
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4.2.2 O dopveépor Tov poypappatog Copernicus

H mapoyn tov vanpecidv tov npoypdupotog Copernicus Baciletal oty eneéepyacio 1oV TEPPUALOVIIKDOV
dedOUEVOV OV GLAAEYOVTOL amd dopLPOPOVE TapaTHPNoNG Kal omd In Situ aebnpec. Ot dopvedpot
mapatnpnons ™e I'mg ol omoiol mapéyxovv o dedopéva Tov a&lomolovVTaL amd TIG VINPECIES YWPIoTNKAY GE

d00 opadES AMOGTOADV:

1. Tovg Sentinels, mov avortbccovtatl €ni Tov TAPOHVTOG YO TIG EWIKEG AVAYKES TOV TPOYPAUUATOS. AvTol

etvon ot Sentinel -1, -2, - 3, -5P kot -6 wov givat 60pveoOpot 0TOGTOADV.

2. Tovg Sentinel - 4 xor -5 7ov eivar dopLEOPOL EAEYXOL TOVL KOPOV KOL OVAKOVV GTOV OPYOVIGUO
EUMETSAT, o omoiog mapéxet ompi&n otig vanpeoieg tov Copernicus kot givar appodlog yio tnv

tapokorovOnomn tov Baldcsiov TEPPAAAOVTOG, TNG ATUOGPALPOS KOl THG KALATIKNG AAAXYTG.

Eniong vrapyovg ot cupfdriovceg amootorég mov eivar €BVikEG 1] aviiKouv Ge gVPOTOTKOVG Kot dtebvelg

0PYOVIGLLOVG Kot TApEXOVV o TANOMPa OEG0UEVOV Y10, TIC VINPEGIES TOV TPOYPAULOTOC.

O Evponaikdcs Opyoaviopds Awotipoatos (ESA) eivor vmevbovog yio v avamtuén tov Sootnpikod
TPOYPAappOTOg Kot Agttovpyel Tovg dopueopovg Sentinel -1 (Zynqua 4.3) kar Sentinel -2. O ESA eriong, givar
vevuvvog Yo TV amooton TopakolovOnong g I'ng tov Sentinel -3 kot Oa avaAdpel v Aettovpyio Tov
Sentinel - 5P. O EUMETSAT egivaw vrevfuvog yio v amootol Topoakorlovdnong g 0dhaccag kat tnv

Aertovpyia Twv Sentinel -3 kot Ty Tapadoon tov dedopévov amd tovg Sentinel -4, -5 ko -6.

Ot ESA kot EUMETSAT &ivan cuvtovicpévol opyavicpot kat €govv avordapel v eneepyacio dedopévav
ov TopaAapPavovv and mepiocdtepovs and 30 dopveopovg amd T amocTorés cupfoinc. To malh tov
npoypdaupotog Copernicus copuminpmvetor amd £va TUNUE £6GPOVE TOL 0TOioV 0 POAOG Eival Vo TapPExEL
npocPacn oto dedopéva tov Sentinel kot tov cvpPfarlovodv amoctor®v. To GLYKEKPIUEVO TUNUO. EYEL
eCamimbel yeoypaewd xor ompiletor otV VEApPYOLoA VLTOdOUN Kol TEPAAUPAVEL TO TUNHO EAEYYOV
OTOCTOAMVY TO 07010 AEITOVPYEL Tovg Sentinels kot £yl TIg EYKATAGTAGELS Y10 VO, YEPLOTEL TAL SESOUEVE, TOV
happavovtar and avtovs. Emiong, eivar 1o tufppa mov eAEyyel TIc vanpeoieg tov Tpoypaupatog Copernicus

Ko TapEYEL Ta dEdOoUEVA Kot T TPOidvTa. ToV 6To Kowvd (copernicus.eu, 2016).
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Yyqna 4.3: O dopvpdpog Sentinel -1

IInyn: http://www.copernicus.eu/sites/default/files/Pictures_Sentinels/Sentinell_Small.jpg

4.2.3 O dopv@dépor kot amoctoréc ovpufoins Tov Copernicus

Ot 60pVEOPOL TTOL TOPEYOVY TO UEYUADTEPO GVVOAO TOV TOpOTNPNoE®V Yoo to Ttpdypaupa Copernicus

amoteloVVTAL amd €51 OLULPOPETIKEG OIKOYEVELES:

Tnv Sentinel -1 wov mapéyetl dedopéva mavtdg kapov, pépa kat voyta. Iapéyetl ewoveg pavtdap yio v Enpa
aAAG kot Tovg wkeavove. Emiong, toug didvpovg dopvedpovg Sentinel -1A kar -1B mov Eexivnoav v

Aertovpyio Tovg otig 3 Ampidiov 2014 kot otig 25 Anpidiov 2016 avtictouyo.

Tnv owoyévewn Sentinel -2 (Zynua 4.4) mov mopéyelt VYNANG OVAAVGNG, OTTIKOV EIKOVOV Y10 TIG VANPECIEG
edapovg. Tapéyet, v mopdoetypa, ekdéveg ™ PAAGTNONG, TOV €0GPOVS KOl TOV VOAT®V, TIC ECMOTEPIKEG
TAOTEG LETAPOPES Kol €KOVES TV TapdkTiov meploy®v. Emiong, mopéyel minpogopieg yio Tic vnpecieg
éxtoxtng avaykng. O mpmtog dopveopog Sentinel -2 Eekivnoe otig 22 Tovviov 2015 pe tov Sentinel -2B va

Exel TpOYpOUUATIGTEL Y100 TV €KTOEEVOT Y Ta péoa Tov 2016.
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Yympa 4.4: O dopvedpog Sentinel -2

IInyn: http://www.copernicus.eu/sites/default/files/Pictures_Sentinels/Sentinel2_Small.jpg

H owoyéveln tov Sentinel -3 (Zynua 4.5) mopéyel ontikd dedopéva, pavtap Kot VYOUETPio VYNNG akpifetog
vy v Enpa Ko yio v 0dAacca. Metpd petafAntéc 6mmg 1 tomoypagio TG empdvelog g BdAacoag, 1
Boldooio kot yepoaio BepLOKPAGIo ETPAVELDV, TO YPAOLN TOV OKEOVAOV KOl TO YPOLO TNG YNS He axpifeta.
O mpwtog dopvedpog Sentinel -3 Eekivnoe otig 16 dePpovapiov 2016 pe tov Sentinel -3B vo eivor

TPOYPUUUATIGUEVOGS Y10 EKTOEEVON TO 2017,

Tympa 4.5: O dopveopog Sentinel -3

IInyn: http://www.copernicus.eu/sites/default/files/Pictures_Sentinels/Sentinel3_1 Small.jpg
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Ot vIOAOES OIKOYEVELEG OOPVPOPOV Eival TPOYPOUUATICHEVES Yoo To péALov. H Sentinel -4 Oa mopdoyet
atpoo@otpikd dedopévo kot B Eexvioetl yopo oto 2019. H Sentinel -5 Oa givon emiong agiepouévn oty
ATUOCQOIPIKT TopokorlovOnon kot Bo Eexwvnoel mepimov oto 2020. O Sentinel -6 Oa mopéyer dedopéva

vyoueTpiog vyNAng axpifelag kat eivar Tpoopiopévoc yia ektdEgvon to 2020 (copernicus.eu, 2016).

Oocov agopd o11¢ amoctorég cuUPoAng, vadpyovv mepimov 30 veiotdueve N TPOPAETOUEVES Ol OTOIEG

OVIKOLV GTIG TTOPAKAT® KOTNYOPies:

Povtap XZvvOetikod Awappdyuatog (SAR)
Ontwcol aoOntpeg

2VGTNHOTO VYOUETPIOG

Padwopetpa

QoacpatopeTpa

Axopo kot 6tav olot ou Sentinel Oa eivar Astrtovpykoi ot amoctoAég cvuPfoAnc Oa givar amapaitnTeg,

TOPEYOVTOG COUTANPOUATIKA GTOLYEID Y10 VoL eEAGPAMGTEL TO TKOVOTOINTIKO PAGLLOL TNG TOPATPTONG.

4.3 O dopveopog Sentinel -1

4.3.1 Ty eivar o Sentinel -1

O Sentinel -1A givat 0 Tp®TOG dopLEOPOC TOL Egkivnoe otig 3 Atpidiov 2014 o€ Evav Topavio SOyuz amd To
Evponaiké Spaceport mov Bpioketar oty yorhkn Fovidva pe otoéyo v mapatnpnon e Enpdg kot g
Bdhaccoc, TNV YOPTOYPAPNON TOV PLUGIKMOV KATAGTPOPAOV, TIG TOUPUTNPNOELS TOL BaAdcciov mhyov Kot TV
aviyvevon mhoimv. Elval éva dopupopikd povtdp ameikdviong mov mopadidst KOveg UEpa Ko vOyTo KOTM
amd Oleg T Koupikég ovvOnkes. Eivon o mpmdtog dopupopog oe éva véo otdro ™ EE mov mpoopiletar yia
yewokomnon kot Oa pmopovoe va Bewpnbel g To EMTLYNUEVO ATOTELECLLO THG GTEVIG GLVEPYUGTOG LETOED
g Evponaikig Emponng, g Evpomaikng Awocmuikig Yanpeoiag, g Prounyoviog, tov mapdymv
VINPECUDY KOl TOV YPNOTOV OEGOUEVOV. ZyYed0oUEVOG amd o Kowvormpoasio mepimov 60 etoupeldv e
emke@oing v Thales Alenia Space kot Airbus Defence and Space, o Sentinel -1, gotialet oty a&lomiotia,
45



ot Aeltovpyikn otafepdtnta, TNV MOyKOoU KdAvyn Kot otn ypnyopn moapddoon tov dedouévov. H
Taykoco wapotipnon g Img pumopel va aArdéel 10 mwg o avBpwmog dwyepiletar to mepPdArov, va
KOTOVONOEL KOl VO OVTIUETOTICEL TNV KAUOTIK oAAoyn Kot va St@uAdéer v kadnpepwvn Com
TPOGPEPOVTAG dedOUEVA (EIKOVEG) KOt £Vl GUVOLO POCIKMOV LINPESIOV TANPOPOPNONG Yo Eva gvpl Ao

EQAPUOYDV, cuuTepAapPavouévng g dwyeipiong katactpodv (European Commision, 2015).

4.3.2 H amoctol Tov Sentinel -1

H amoctoln tov Sentinel -1 €yel oyedootel mg évag oynuationdc dV0 TOAKNG TPoYLds dopveopmv. Tov
Sentinel -1A (2014) kot tov Sentinel -1B wov &ekivnoe otig 22 Ampihiov 2016. H amootodr mopéyst pio
aveEapTNTN EMYEPNCLOKY IKOVOTNTA YLo. GUVEYN YapToypdonon e I'mg pe pavtdp kot £xel oyedaotel va
mopEYEL emikapn kaivyn O6cov agopd T vanpeocieg e H amootoAn tov Pacileton oe po oepd omd
aVOTNPEG AMOTNOELS OTMG €ivat M akpifela TG TPOYLAS, TNG GTACNG TOL dopPLEOPOV KOl 1 aKPiPfelo TOV
YPOVOSAYPAUUATOG OGOV aPopd TNV HETAPOPE TV dedopévmv. O oynuUatiopds KaADTTEL OAOKANPO TO
yepoaio pépog g I'mc o eopd v gfdopdda, tic mapdktieg Loveg g Evpdmng ko tig Bahdootieg
dwdpopéc og kabnuepwvn Paom evad €xel cuvey KAAvyn e avorytovg owkeovovs. Emiong, o ka0e dopuvpdpog
OVOUEVETOL VO LETOOMGEL OEOOUEVO, YEMOKOTNONG Y10 TOLAGYIGTOV 7 Ypdvia eV S1aBETEL KOOI €Tl TOV

oKaeovg yo. 12 ypovia (European Commision, 2015).

4.3.3 H tpoyrd Tov Sentinel -1

O Sentinel -1 givon o€ pia eyybc-moAKY, GLYYPOVICUEVT HE TOV HIAMO TPOYIE TTOL €xel KOKAO emaviainymg 12
nuepmv kot 175 tpoyiég avd kokAo yuo évav dopveopo. Toco o Sentinel -1A 660 kat -1B popdalovrar v
0w tpoytd pe tpoyrokn drapopd 180 poipeg. Otav kot ot dvo dopvedpot Tédnkav 6e Agttovpyion 0 KOKAOG
EMAVAANYNG NTOV 6 NUEPES, pa umopel TAEOV va oTEAVEL dedopéva kaBe 6 Nuépeg kat Oyl 12 0nwg mpv v

ekTOEELON TOL OEVTEPOL BOPLPHPOVL.

Ewdwotepa yio v cvpforopetpio arorteitar ovompog Eleyyog Tpoytds. O dopvpopikdg eviomopdg BEong
KATé UNKOG TG TPOYLIG TPEmeL vo glvanl axpiffig HE ONUENKO KOl YPOVIKO GCULYYPOVIGUO UETOED TMV
ocvpporopetpikadv Cevydv. H tpoyid eréyyov 0éong tov Sentinel -1 opileton ypnoonoidvag éva otabepd
vontd coAva, KUKMKA NG YNG oktivag 50 péTpmv Kol QLOIKA TEV® OTNV EMYEPNOOKT TOPEiD. TOV
dopveopov (Zymua 4.5). O dopvedpog dwtnpeitar PHEGOH GE OLTOV TOV GOAMVO YO TIS TEPIGCOTEPES

Aerrovpyiec tov (ESA, 2016).
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Tympa 4.5: O oynuroticpog Kot 1 tpoytd Temv Sopueopv tov oynuaticpov Sentinel -1

4.3.4 H mteprypoa@n Tov 60pv@opov

To dwotuikd okdeog civar tpidv afdvav, ctabepod dopvpdpov, mov yoapaktnpiletar omd MAlokovg,
AGTPIKOVS, YUPOGKOMIKOVG KOl LOyVNTIKOVG osOntipeg medion, £va GUVOAO TEGGAPWOV TPOYDOV avTIOPAoNS
APLEPOUEVMV GTOV EAEYYO TNG TPOYLAG Kot NG otdonc. Emiong dwabétetl 1petg pdPdovg pong mg evepyomomtég
v va umopet va eAEyyel v d1evBuvon cvotipotog o Kabe dEova. O dopvedpog givarl eEomAiouévog e 600
eoToPoATaiKd ThvEL o€ cvaTOot)ia, Kava va Tapdayovy 5900 W (oto téhog g {ong) Yo va amofnkeutovy o€

pa pratopio. Ta wapoamdve yopaxtmpiotikd stvat eavepd oto Zynuo 4.6.

O dopveopog Paoiletar otv PRIMA (Piattaforma Italiana Multi Applicativa), pe pdon v eumepio mov
amoktnOnke and to amd ™v RADARSAT-2 koi COSMO-Skymed, to omoio ypnoylomoiovv o id1o
Aewgopeio. To Aeweopeio mapéyel e€apetikd akpiPn yvoon katadeiEng (koivtepn and 0.004 ° C) oe kdbe
dEova, vynin axkpifela KatddeEne (mepimov 0,01 ° oe kdbe dova) kol mPOGOOPIGUO TNG TPOYIG GE
mpaypatikd ypoévo poll pe €va €0kd ovotnua mpdmong ywo. axpipn éreyyo tpoyidc. H dopvpopikn

TAOTOOP LA TOPEYEL OLVATOTNTEG Y10 TN SLYEIPIOT) TOV GLCTNUATOV GTACTG Kot EAEYY®V TPOYLAS, dlayeiplong
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dedopéEvVmV, TPO®ONGS, dVvauNG, BepUIKOL EAEYYOV, TNV SLOGTNIIKY CLTOVOLLIC, TV TOVTOTOINGCT) KOl UTOLOTY
emdopbwong PAAPNG oAAE Kot TV emukotvavia pe o €8apog. H cuvolikn pnala tov dopupdpov Kotd tnv

évapén g Aertovpyiog Tov Nrav mepinov 2300 Kg (ESA, 2016).

C-SAR Antenna
PDHT Antenna

S-Bant Ant.

S-Bant Ant.

Satellite +Y side (anti-Sun) Satellite -Y side (Sun side)

Yymqpa 4.6 Teprypaen Sopvedpov
Inyn: https://sentinels.copernicus.eu/image/image_gallery?uuid=08fbcb73-881e-4cff-a330-
eb526a8c06f1&groupld=247904&t=1359606594070
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Yy mopokato eotoypaeio (Zynua 4.7) mapovctaloviol ovOALTIKG TO YOPUKTNPIOTIKE TOV S0pLEOPOL

Sentinel -1A (ESA, 2015):

MISSION DBIECTIVES

Buropean polar orbiting radar observatory providing
continuity of 5AR data for operational applications.
These applications include:

» monitoring sea ice zones and the arctic environment
» surveillance of marine environment

MISSI0ON PROFILE

» Sentinel-1A launch date: 2014

» Sentinel-1B launch date: 2015

» Sentinel-1A launcher: Soyuz from (SG (Kourou)
» 7 years lifetime (consumakbles for 12 years)

» Sun-synchronous orbit at 693 km altitude

» Inclination: 98.189

SATELLITE PLATFORM

» 3 auis stabilized, yaw/pitch/roll steering (zero Doppler)
» 0.01"° attitude accuracy {each axis)

» Right looking flight attitude

» 10m orbit knowledge (each axis, 3a) using GPS

» Spacecraft availability: 0.998

» Launch mass: 2300 kg (incl. 130 kg fuel)

» Solar array power: 5900 W (End-of-Life)

SATELLITE PAYLOAD

C-Band SAR

» (entre frequency: 5.405 GHz

» Polarisation; VW+VHHH+HY

» Incidence angle: 20° - 459

» Radiometric accuracy: 1 dB (3o}
» NESZ: =22 dB

» DTAR: -22 dB

» PTAR: -25 dB

» monitoring land surface motion risks

» mapping of land surfaces; forest, water and soil,
agriculture

» mapping in support of humanitarian aid in crisis
situations

» Mean L5T: 18:00h at ascending node

» 12-day repeat cycle at Equator with 1 satellite
» 175 orbitfcycle

» 9&h aperative autonomy

* Max eclipse duration: 19 minutes

» Battery capacity: 324 Ah

» Science data storage capability: 1410 Ghit
{End-of-life)

» Commumnication links: X-Band data downlink and
Optical data link through EDRS for Payload Data at 520
Mbps; 5-Band &4 kbps uplink and 128 kbpsfZMbps
dewnlink for TMTC

Four nominal operational modes designed

for inter-operability with other systems:

» Strip Map Mode with 80 km swath and 5x5m
(range x azimuth) spatial resolution

# Interferometric Wide-Swath Made with 250 km swath,
5xZ0 m (range x azimuth) spatial resolution and burst
synchronisation for interferometry

» Extra-Wide-Swath Mode with 400 km swath
and 20x40 m (range x azimuth) spatial resolution

» Wave Mode with 5x5 m (range x azimuth) spatial
resolution leap-frog sampled images of 20x20 km
at 100 km along the orbit, with alternating 23°
and 3657 incidence angles.

Yyfqua 4.7 Xapaxmmplotikd Tov dopuedpov Sentinel -1A

IInyn: http://esamultimedia.esa.int/docs/S1-Data_Sheet.pdf
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4.4 Aopo@opiki] omelkOVIo TGS TANupvpac Tov 2006 otov 'Efpo

H Bpoyn kot 10 y16vi mov €éAMmce cuvdvdotnkoy Yo va owdncovv tov motapd ‘ERpo va vrepysihicet Tig
tpanelég tov tov Mdaptio tov 2006. O motapde, mov amoterel To cbvopo avapecsa oty Tovpkio Kot TNV
EAAGOa givar vtevoedvpévog pe e0Qopes YemPYIKES EKTAGEIS, TOAEG amd Tig omoleg elyav KataKAvoTEL omd
TIG TANUUOPES. AV 1] TIANUUOPA OV £YLVE gKEtvn TV GvolEN NTOV KOTA UNKOG TOV TOTAUOD NTAV 1) XEPOTEPN
Tov teAevtaiov 15 ypdvov, avépepe 1o Reuters. Ot mAnupipeg elyov vIoypnoel KATwS, 0tav o Métplog
Avdivong dopveodpog Terra g NASA e&édwae v mapoakdto potoypagio tov Efpov (Zynua 4.1) otig 20
Moptiov aAld etvor axdpa epeoving oe cuykpion pe tig 3 Maptiov (Zynua 4.2). ‘Evag and tovg Adyoug yuo
TNV TANUUOPO, ELPOVIG KOL OTIS QOTOYPAPIES, efval TO Y1OVL TOL EMmoE (avolyTd UTAE TNV POTOYPAPia), TO
omoio av mopatnpndel ot devTepn PwToypaia £xel e£opaviotel. ZOUP®VOL HE ONUOCIEDHOTO, 1| TANUULPO
Eexivnoe pe évtoveg Bpoyomtoelg oto pécso Maptiov kot ta ydvio Tov EMmcav TPocTtédnkKay 6Ty (vodo
TV VOGT®V ToVv ToTapov ‘ERpov kKot tev mapandtapdy tov, wiaitepa tov motapod Apda ot Boviyopia.
ApKeTéc TEXVNTES Muves Katd punkog tov Apda Egxeidioay kat €161 mepiocdtepa amd 75.000 otpéupata yng
TNuudploay. Xe  OPICUEVEC TEPUWTAOOCEL; O otpatds kKAROvuke vo Pondnost omv ekkévoon TV

mnupopopévov toiewv (NASA, 2007).

»
e TN
PR i

—Ergénegniver

-

»

Yyqpa 4.1: O 'EBpog ot 20 Maptiov 2006
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Yypa 4.2 O 'EBpoc otig 3 Maptiov 2006
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5. Agdopéva - MeBodoroyia

210 akdAovBo kepdrato Oa avolvBohv Ta dEOUEVO TOL YPNGILOTOMONKOV GTNV TAPOLGH UEAETN, OTMC

emiong kot n pebodoroyio yio TV TAPAY®YN TOV TANUUVPIKAV ATOTUTOCEMV.

5.1 Agdopéva,

Yy mapovoa epyacio ypnooromdnkoav dedopéva SLC (Single Look Complex) tov dopvpdpov Sentinel-1
A.

Yyfqua 5.1: "Extaon ewovag Poaviap Sentinel-1 A mov keAdmtel Ty meployn (Sentinel-1 HUB)
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IMivaxkag 5.1

Agdopéva Tov dopvpdpov Sentinel-1 A

Acquisition Date Frame Path Polarization Beam mode SAR looking
Frequency geometry
13/10/2014 455 109 VV+VH (W C-Band Descending
25/10/2014 455 109 VV+VH W C-Band Descending
6/11/2014 455 109 VV+VH W C-Band Descending
18/11/2014 455 109 VV+VH W C-Band Descending
30/11/2014 455 109 VV+VH W C-Band Descending
12/12/2014 455 109 VV+VH W C-Band Descending
24/12/2014 455 109 VV+VH W C-Band Descending
5/1/2015 455 109 VV+VH W C-Band Descending
17/1/2015 455 109 VV+VH W C-Band Descending
29/1/2015 454 109 VV+VH W C-Band Descending
10/2/2015 454 109 VV+VH W C-Band Descending
22/2/2015 454 109 VV+VH W C-Band Descending
6/3/2015 456 109 VV+VH [\ C-Band Descending
18/3/2015 456 109 VV+VH (WY C-Band Descending
30/3/2015 456 109 VV+VH (WY C-Band Descending
11/4/2015 456 109 VV+VH (WY C-Band Descending
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5/5/2015 456 109 VV+VH (W C-Band Descending

17/5/2015 456 109 VV+VH (W C-Band Descending
29/5/2015 457 109 VV+VH (W C-Band Descending
10/6/2015 457 109 VV+VH W C-Band Descending
16/7/2015 457 109 VV+VH W C-Band Descending
28/7/2015 457 109 VV+VH W C-Band Descending

9/8/2015 457 109 VV+VH W C-Band Descending

Ta dedopéva (Ilivaxog 5.1), oty apyikny tovg popen frav SLC (Single Look Complex) omewkovioels,
KaB0d1KN G TpOYLAG Ko CO- ko Cross- polarized. To peydho midtog AMyng twv dedopévav, 250 km, pog £dwoe
™ Svvorotnta pelétng piog 1660 peydAng meployng pe ™ ypnon &vog dedopévov Sentinel-1 A avad
nuepounvio. Axoun, ypnotporomdnkay tpoylakd dedopéva Sentinel precise orbits pe okomod ) Bertimon g

axpifelog g TpoyLdg Tov S0PLPOPOL.

5.2 Me0Ooooroyia

Eni tov mopdvtoc, o mo kovdg tpdmog dnpovpyiog mAnppvptkadv xaptov and EO (Thiemokomikd) dedopéva
elvan Baciopévog otig SAR ewdvec. To SAR yopaktnpiletor amd wavomomrtikn gvaicOncio oty mapovcio
vepol kaBmg €xel Ko TV duvatoOTNTA Vo TOPEXEL OESOUEVA avEEAPTTOS VEQPOKAALYNG, UEPQ Kol VOYTO.
Apketéc maAadtepeg pehéteg omédelov 6Tt Ta cvotyuate. SAR sivor kotdAAnAo epyodeio yuoo T
YOPTOYPAPNOT TANUUVPIKOV QAVOUEVDV, LE amoTéEAEcU TNV KabiEpwon g xpnong tov SAR dedopévov
OTIG EMYEPNOLOKEG VINPESIES Yo TN Owayeipion Tov TAnppvpadv. o ) dnuovpyia plog €ykopng kot
OTOTEAEGUATIKNG OLOYEIPIONG TOV TANUUVPOV, OpKETOL aAyOplOuoL, o1 omoiot €youv ONUOGIELTEL GTNV
Biproypagia, ivar dabéorpot ya v mapayoy NRT (Near Real Time) mAnuuvpikodv yaptov (Chini et al.
2013; Pulvirenti et al., 2011, Chini et al. , Under Review). ITapa v mp60do avty oty ovATTuén TV
dwdkactav mapaywyns NRT mAnuuupikov xaptdv, 1 aviyvevon tov TANUULPOV ot PAACTNON Kol OTIg
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aoTIKEG TEPLOYEG amoTeAel akoun éva kpiowo (Mmua (Chini et al., 2012; Pulvirenti et al., 2013; Pulvirenti et
al., 2016). Avto opeiletal 6To YEYOVOS OTL OL VTOYPOPES PAVTAP TETOLOVL EIG0VE GTOY®V EIVOL GLYVA AGAPNG.
MdMoto, veiotatar Eekdboapa 1 OvVAYKN Yo T YPNOT TOV EVIGYLUEVOV IKOVOTNTOV TOPUTHPNONG TOL
Sentinel-1 mpokeévov va Bpebodv kadbtepol pEBodOL Yo TNV aviyvevsn Tov vepo amd TIC TANUUOPES OTN
BAdotnon kot 611G aotikég meployéc. [lpdypartt, n Asttovpyio SUTANG TOAMKOTNTOGC, 1] LECOAIO YMPIKT OVAALON
(20m), 1o peydro mAdtog tpoytag (250 km), o cvyvog kKOKAOG EmAVAANYNG KOl O GTEVOG GOANVOS TPOYLAS
(wkpo Perpendicular baseline otn mepintmon t@v cvuBoropeTpik®dv AYE®MV) ival YOpaKTNPLGTIKA TO OOl
kafioToHV Taryeia TV avATTLEN VEWV QVTOHOTOV OAYOPIOUOV KATOYPAPNS TANUUVPIK®V QOIVOUEV®V, GE TTLO

ovvleto mepPdAlov KGAvyng YNG.

2mv mapodoa epyasio, 1 VYNAN evocOncio TG SCLUPOAAOUETPIKNG CLVAPELNG VO evTomilel KpES oAAaYEG,
&xel a&lomomBel €161 ®OTE Vo aviyveDETOL I TOPOVGia vepoy oe aoTikég Loveg. EmmAéov, Bonbdel ot
peimon g mBavoTNTag GEAAUATOV TOV TPOKOAOVVTIOL Omd TIS EMOPAGELS TNG LYPAGING TOL €0GPOVS G
Baon tov £dGPovg KABMS Kot GTNV OmOpPOPNGT TANPOPOPLOV GYETIKE LLE TNV KAALYN YNG, AVTIKOOIGTOVTAG
HE OUTH TV Gmoym TNV XpNoTn YOPOKTNPIOTIKOV OnTIK®V dedopévav, énwg to Normalized Difference
Vegetation Index (NDVI). Avti avtod, to mOALVOOULUETPIKG  yapaktnplotikd tov Sentinel-1 €yovv
ypnowonomBel yio v evtomion TANUULPOV 6€ TEPLOYES e PAdotnon , dedopévou OTL ot Cross- kot CO-
polarized omic000KedAGELS GLUTEPLPEPOVTAL SLOPOPETIKG GTNV TEPIRTOOT TNG OIANG ovamhonong Heta&y
TOV KAOETOV dopdV Kal TOL vEPOL oty empdvela. Ot mpoavapepBeiceg emdpdoelg Exovv Anedel v’ Oy,
YPNOLOTOIDVTOS 0L TPOGEYYIOT OViYVELONG OAAAYNG, OTTOL Ol AAAAYEG TNG OTIGOOGKEDNOTC GE SLOUPOPETIKES
TOMKOTNTEG CO- Kol -CrOSS Kot 1) GUUPBOAAOUETPIKN GLUVOYN, ME eKkTiumon ot &npr Kotdotaor, £xovv
odNyNoeL otV aviyvevon TAnupvpouévev pixels oe po otatiotikny Pdon dedopévov. H  vmnd pelétn
TEPIMTOON TANUUVPIKOD QOIVOUEVOL €lval 1M meployn tov motapoL ERpov, tov dgbtepov peyaAdTEPOL
TOTOUOV 6TNV avatolkn Evponn, petd tov Aovvapn, mod péet do péocw g Boviyapiag, g EALGOOG kot

¢ Tovpxkiag, amoppéovtag oto Bopeto Aryaio.
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6. EneCepyoocio - Aroteréopata

6.1 Enelepyaocia

Katd tov Oktofpn tov 2014 kot tov Avyodotov tov 2015 éyovv cviieybel mepiocdtepeg amd 20 dmAng
nolkotrag Sentinel-1 ewodveg (VVIVH), divovtag ) dvvatdmra vo mapakorovdeitar die&odwkd n eEEMEN
TOV TANUUVPIKOD @atvopévov. Ot TANupdpeg eivol epeaveis, oe OAeg oxeddV TIG EIKOVES, EKTOG amd 600, Ot

omoieg £xovv amoktn el otig 13 ko otic 25 OxtwPpiov, 2014.

Ta dwbéopa SAR dedopéva apycd déytnkav Coregistration, mg mpmto Pripa oty eneepyacio Tovg. T
GLVEKELDL aKOAOVONGE PASIOUETPIKY] O1OPOB®OT KAt YE®OVOPEPOMKOV YPNOLUOTOLOVTOS TO AoYiopiKO ESA-
SNAP Toolbox ®ote vo amokopcbei o ovvieheotig omiobookédaonc (60). o to okomd avtd,
ypnowonomOnke to SRTM 3sec DEM (Farret et al.). vveyiCovtag, ta dedouéva déytnrav multilook, 5 looks
oto €vpog kot 1 oto alipovbo. Emhéytnke péyebog pixel 20x20 m2 ywo ta padiopetpikd dropbopéva
Sentinel-1 dedopéva. H cupporhopetpikn covaesia, £xel eniong anokopcbei amd to Aoyiopukd ESA-SNAP

Toolbox ypnoiponoidviog Kivoduevo mtapabvpo peyébovg 7X7 pixels.

Me v mapodsa TPOGEYYIoN ENXEPEITOL VO EVTOTIGTOVV Ol TANUUVPICUEVEG EKTAGELS KUPIOG Ge Tpia £10m
KOALYNG YNNG, OTIS AOTIKEG TEPLOYES, OTIC MEPLOYES LUE YOUVO £00.POC 1 HE UKpN PAACTNOT KOl OTIG TEPLOYES
pe évtovn PAdotnom, ekpetolievouevo ta CO- kot Cross- polarized SAR kavdAio omicBookédoong kat ™

GUUPBOALOUETPIKT) CLUVAPELD PLE GKOTO TOV KOADTEPO YOPAKTNPIGUO TOV TEdIOV.

Ye pia SAR gwova, to amplitude kot  edon g TEPLoyNg mov omoBookedaleTar apTdTol amd TN PLOIKY
(Yeopetpio, TpoydTNTO) KO TIC NAEKTPIKES (SMAEKTPIKY oTaBEPE) 1010TNTES TOV GTOYXOL. H TTapovsio vepov
amd TANUUOPES OALALEL AVTEG TIG O1OTNTEG, EMEWN 1 TPAYLTNTA TOV €OAPOVS TEIVEL VO AEOUVETOL KO TO
TPOAYUOTIKO PEPOG TNG dMAEKTPIKNG oTafEPES YivETOL ONUAVTIKA LEYOAVTEPO OO ALTO TOV GTEYVOL KOl TOL

VYPOL £30POVS. ToOVTOTPOTMC, 1) EMPAVELNKT AVTOVAKAACT OLEAVETAL.

g youvo £50p0c, N LEWUEVT TpayDTNTA EMTPETEL TNV Helmon TG 0meB0GKESAONG KOl QVTH 1) CLUTEPLPOPEL
elvar 6polo 6to CO- KOt 6TO -Cross moAwpévo kavail. ‘Etot mpocsdiopileton m e&éyepon g miAnupdpag

AapBavovtag v OYLY ATOKAEIGTIKA TNV £VTOOT TNG OMG00GKESOOC.

& 0OTIKEG TEPLOYES, TO PALVOUEVO TNG OWTANG avamnonong eivar cuvnBwg eppavég otig SAR gikdveg pe pio

TOAD  QOTEWVN YPOUUN 7oL gpeaviletalr oty TAevpd TOoO TOlYOL 7OV KATAYPAPETOL ONO TO POVTOP
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(Franceshetti et al., 2002). A&iletl va tovicBel 6TL Ta povomdtior TG SITANG avamdnong EYovv To 010 UAKOG

pe to €Hpog TG TOUNG LeTAED TOL £3APOLE KOL TOL UTPOSTIVOD TOLYOL TOL KTNPIov.

g TN TNV TEPITTOON, OKOUO Kol 0V TO KTNPLo TEPPAAAETOL amd Aeieg EMPAVEIEG AGPAATOV, £TGL MOTE M
aAlayr otnv TpayvTNTO TOL £0GPOVG umopel va BempnBel apeAntéo, M adENON TNG OVTAVAKAACTIKOTNTOG,
oL OQEIAETOL OTNV AWENOT TNG SMAEKTPIKNG 0TAOEPAC, GLVETAYEL Pio. CUOVTIKY QOENCT TOV (POLVOUEVOL
g SmAng avomdnons. Ocov apopd ™ yovio petald g Katevbouvong g Ttiong kot g evbuypdppuong

TOV OpOLOV, N ENCN tval LEYAAN Y10l TIC IUKPES YMVIES, EVA Y10 LEYAAVTEPES YMOVIES LELDMVETOL.

Kotd ovvénela, akdpo Kot oty 00VIK) KOTAGTOON EVOC ATOUOVOUEVOL KTNPIoL Tov TEPBAALETOL OO Lo
OLOYEVN £0GQIKT EMPAvVELR, 1 avénon g dmAng avamnonong (double bounce), Aoyw g mapovsiag vepov,
dgv elvarl moAy peydAn, ov o KNP 0gv givan mapdAAnio ot katevOLVON NG TTHOTG TOL dopLPOpPov. H
avénon avt pmopel va eviomiohel eEAdIGTA YPNOILOTOLDVTOS HOVO TNV £KTOOT TG omicfooKEdaoNg e TV
oupuPforlopeTpikn cuvdeela, | omoia gival Pacikn ot pétpnon Tov Pabprod cuoyETiong HETAED dVO EIKOVOV
pavtap. Etol, opiletor ©¢ 1 KOVOVIKOTOMUEVT) CLUGYETION OVAUECO GOTIC €IKOVEG Kol OYETICETON HE TN
HETOBOAT TNG YOPIKNAG S10TaENC TV GKESOOTOV PEcH G €va gikovootolyeio g SAR ewdvag (Chini et al.,
2015) kot og ek T00TOV GE YeMUETPIKEG LETAPOAES oty ewkova. 'Eva cupforiopetpikd Cevydpt dvvatar va
KOTOOKEVOOTEL YPNOIUOTOIDOVTOS dVO EIKOVEG TOL AQUPAVOVTOL TPV KOl LETA TV TANUUOpa. Avouévetal 0Tt
Ol TANUUVPIOUEVEG TTEPLOYES EUPAVICOVY YOUNAT] GUVAPELD, TUTIKO YOPAKTNPIOTIKO 0VTMG DGTE VO S1OKPIveL
Kavelg v mapovsio vepov, 101ME OTIC AOTIKES TEPLOYEG OOV TO YUPUKTNPIGTIKO givar GuVHB®G TOAD VYNAD,

aveEaptnTa amd TNV XPOVIKN dpopd TG ANYNG.

Zyetikd pe TG mepoy€g pe PAaotnomn, ot omoieg amoteAovv éva mo ovvOeto mepiBdAlov, cuvnbmg
yopaxtnpifovior amd younir cvvoyn AOYy® TV OAAOY®OV TNV OVATTLEN TV QUTAOV. XTN GLVEXEWD 1|
ocuvapelo pmopet var fondnocer oto va dwokpiBodv avénoelg g omcBookédaons, mov oeideTon GTNV
Tapovsio. vepou KAtw omd T PAACTNGCN, OTO QOVOUEVO OWANG avamnmdnons, Omov mn cuvdageeln sivol
onuavtikd yopmiotepn. Emmpocheta, propodue va ekpetolievtodpe v o) nolkotnto tov Sentinel-1
A’ dedopévav. Tlpaypartt, n omicbookédaomn Tov cross-polarized sivor mo aoOnt o€ okédoon OyKov, Evd 1
omicbookédaon amd co-polarized sugavifel avTd TO YOPOKTNPIOTIKO GTO GUIVOUEVO TNG SUTANG OVATHONONG.
Mdélota, oe mepoyés pe Prdotnon Oa mpémel vo aviyvevovpe aictnm avénon oty omcbockédaon otnv

VV moiwon kot o1 ot VH moéAwon (Hess et al., 1990).

57



6.2 Amoteréopato/ZvlnTnon

Onwc o avagpéptnke oty elc0ymyn, N TEPLOYN ToL eEeTAoTNKE €lvan 0 motapdg ‘EBpog, o omoiog péet da
punkovg g Boviyapiag, g EALGS0g kot g Tovpkiag amoppéoviag oto PBopeto tunua tov Atyoiov. To
GUVOAKO UNKOG TOV ToTapov givan mtepimov 515 kKm amd ta omoio ta 218 péovv KoTd UKOVG TOV GLVOPOV
EMGdac-Tovpkiag ko ta vorowma ot BovAyapia. H Aekdvn amoppong tov motapod ERpov (52.900 km2)
elvan pio amd T1g Mo EVTATIKA KOAMEPYOVUEVEG EKTAGELS 0TO BoAkdvia [Le LYNAY KOWVOVIKOOTKOVOLIKT KO
neptParloviikn onuocio, kabmg 1o Aédta tov motopol ‘Efpov eivar mpootatevdpevo cOuemva pe
YuvOnkn Ramsar. [Topdio mov ta televtaio meEVVTO XPOVIC £YOVV KOTOGKEVLOGTEL GNUAVTIIKG VOPOALALKA
£pyo, apKeTA cofapd TANUULPIKA QovOopeve EMANEOY TIC AEKAVES QOpPPONG Kot EOIKOTEPO TO VOTIO TUTLLA
avtdv. Ta mo cofapd mAnupopikd eavépeva tpokAndnkav péca oto 2004, 2005, 2006, 2009 kot katd ™)
OUIPKELNL TNG TEPGIVNG XPOVIAS, Tpokarmvtag coPapés {nuég ot yewpyia, OTIG HETOPOPES KOl 6T diKTLOL
TaPOYNG vepov. Zvykekpiuéva, kotd tov OxtmPpn tov 2014 kot tov Avyovotov Tov 2015 éyovv cuiieybel
neplocdtepeg omd 20 dumdng molkotntag Sentinel-1 swoveg (VVIVH), divovtag tn dvvatdmro vao
napokorovdeital d1eEodukd 1 e£EMEN TOL TANUULPIKOV Patvopévov. Ot TAnuppes stvon eppaveic, oe OAeg

oYe0OV TIG E1KOVES, EKTOG amd 600, o1 omoieg £xovv amoktn el otig 13 ko ot1g 25 OktwPpiov, 2014,

58



Yyqpa 6.1: RGB cvvovaopoi: Apopodv v éviaon g ewovag g 25 OktmPpiov 2014 (R), v évtaon g
ewovog ¢ 3 Maptiov 2015 (G ko B), VV (apiotepd) kot VH (8e€1t) mOAmon. Ot KOKKIVES TEPLOYEG TNG
EIKOVAG OVTUTPOCMTELOVLY TO YUUVO £30(POC Ol omoieg efvorl MANUULVPICUEVES Kol OTIS dVO TOAMGELS OTN|
devtepn nuepounvia. Ot yaAdlieg meploy€s avIImPOSONEVOVY TIG TANUUVPIGHEVES TePLoYES pe PAdotnon. H
avénon g omoBookédaong sivor apketd eppovng oty VV moéiwon (apiotepd). X0 KOTO TAVEA Lo

Aemtopépela Tov avem deiyveton Kot 6Tig dVo ToAmoels, VV (apiotepd) kot VH (de1dr).

210 Zynupa 6.1 diveton £va Tapdoetypo aviyvenong TANUUOPOG o€ YOUVO £00p0g Kot o€ £0apog Le PAdotnon,
ommg yw mapaderypa o EAn. Edwkdtepa, toviletor 10 mAEOVEKTNUA TNG XPNONG TOV OTAL TOAMUEVOV
dedopévav (VVIVH). A&iCel va onueiwbel tmg oe meployég pe yopvo £6a¢pog 1 Heimon g omtobookedaong
TOPOVGLACTNKE KOl OTIG V0 TOMKOTNTEG(KOKKIVEG TTEPLOYES), KAONDS oTIC Teployég pe PAdotnon n avénon

etvar drakpren povo oty VV noéAwon (Yoralieg meployés) .




Tyqpna 6.2: RGB ocuvdvacopoi. Apiotepd: H ovvaepeio peta&d g mpo-mAnppupicpévng ewovag (25
OxtoBpiov, 2014) kot g KOVaG petd To0 TAnupvpkd yeyovog (6 Noguppiov, 2015) (R), n évraon VV g
npo-mAnupupiopévng (G) kar n évraon VV g eikdvog petd 1o mAnpupoptkd yeyovog (B). Ot mpdotveg kat ot
UTAE TEPLOYEG AVTUTPOOMOTEVOVV €KEL OMOL 1 TANUUOPA €Yve O YOUVO €00(QOC KOl OTIG TEPLOYEG UE
BAdotnon, avtictoyo. Aggud: H cuvdeelo peta&d tov mpo-mAnuuvpicpévov (13 Oxtofpiov, 2014- 25
Oxtofpiov, 2014), n cvvdeelo pPeTOED TOV €OVOV KOTE TN SdpKelo Kot PeETd amd TO SUCTNHO TOL
Tnppoptkov yeyovotog (25 OxtmPpiov, 2014-6 NoeguPpiov, 2014) (G kot B). Ov kdékkwveg meployéc
OVTUTPOCMOTEVOVV TEPLOYEG OOV 1) GLVAQPELD, NTAV VYNAN GTOV XAPTN AMEKOVIONG TNG CLUVAPELNS TPV TO
TANUULPIKO YEYOVOS, Kot ot yordalleg meployég eketveg OmMOv 1 cvvAEEl NTOV LYNAGTEPT OTOV YXAPTN

OTEKOVIONG TNG CLVAPELNG KOTA TN OEPKELN KO LETA OO TO TANUUVPIKO YEYOVOG.

210 Zynpo 6.2 divetan éva mopdderypo. Tov pOAOL TOL TOPOVGLALEL 1| GUUPBOAAOUETPIKY) GUVAPELL GTNV
aviyvevon TOV TANUULVPOV GE OOTIKEG TEPLOYES KOl OTIC TEPLOYEG He PAAoTnon. Yapyouv dV0 S1apOPETIKEG

avamopaotdoelg ovvheon ypopdtov RGB:

Apilotepd: 1 GLUPOALOUETPIKT) GUVAPELL AVAUESH GTNV TPO-TANUULPLIoUEVN EkOva (25 OktoBpiov 2014) kot
oTNV €IKOVO LETA TO TANUULPIKS YEYOVOS (6 Nogufpiov 2014) (R), n évtaon g omcBookédaonc VV g
Tpo-TAnppvpopévng eikovas (G) kot évtacn tng omtoBookédaons VV petd to mAnupopikd yeyovog (B). Ot
AEVKEC TEPLOYEG OVTUTPOCMMTEVOLY TIG AUETAPANTEG TEPLOYES, EVM Ol MPAGIVEG KOl Ol UTAE EKTACELS TNV

TANUUOPA TTOL £YIVE OTIG YOUVEG TTEPLOYES KO OTIG TEPLOYEG e PAGoTNON OvTioTOLYKO.

Ag&ld: M GLUPOALOUETPIKY] GUVAPELD AVANESO OTIG TPO-TANUULPIGHEVES KOveS (13 OktwPpiov 2014, 25
OxtwPpiov 2014) (R), kot 1 cVUPOALOUETPIKT] CUVAPELD OVALESO OTIC EIKOVEG KOl UETA TO TANUULPIKO

yveyovog (25 OxktwPpiov 2014-6 NoeuPpiov, 2014) (G kar B). Ot kOkKIveg TEPLOYES AVTITPOGSHOTEVOVY VYNAN
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GUVAPELD GTOV TPO-TANLLUVPIGUEVO YAPTN KOt Ol YOAACIEG TTEPLOYEG OVTITPOCMTELOVY VYA GUVAPELN GTO

YOPTN UETA TO TANUULPIKO YEYOVAC.

Emumiéov, oto Zynua 6.2 gueavifovtor moapadeiypoto yopvod £d4eovg (ave mavel), meployés e PAaotnon

(KevTpko Taved) Kol aoTIkEG TEPLOYES (KAT® TivoKag).

2V KaTnyopic Tov YopvoL £049ovs, 1 TANUpHpa anstkovileTan pe Tpdoivo (aplotepd, YOUNAN GLVAPELN Kol
vymidtepn omcBookédaon ot mTpo-TANUpLPIoUEVN ekova). Emiong, n mpo-mtAnupvpiopévn cuvaesio givat

vynAotepn (0e€1d).

2T1g mepoyég He PAAGTNON N TANUUOPO ETICNUOIVETOL HE UTAE YPpOUA (OPIoTEPH, YOUNAT GLVAPELD KOt
vynAotepn omcbookédaon oty ewoOva PETE amd TO YEYOVOG), EVM OTNV TEPIMTOON 1TNG TPO-

TANUULPIoUEVS, 1 CLVAPELD Elval Emiong younAn (0€1d, OKOTEWEG TEPLOYEG).

AxoAlovBmvTag, dapaivovtol Ol 0OTIKEG TEPLOYES, TTOV EVTVYMDG OEV EMNPEACTNKAY OO TO TANUULPIKO
yeyovoc. Eivon apxetd ootevég (aptotepd, Vynin cuvdeeta kot byYnAr €vtaon kot oTig dVo g1koveg). Emiong
VYNA cuvAPEln EKONADVETOL TOGO OTIS TPO-TANUUVPIGUEVES EIKOVEG OGO KOl OTIG €IKOVEG UETA OO TO

TANUULPIKO YEYOVOS (OEE1KL).

Tehka amotédespota TG £pyaciog umopohv va moapatnpndovv ota Zynuata 6.3, 6.4,




Yyqpo 6.3: Xaptg cuyvotmtag towv TANppupav VV aplotepd, yaptng cuyvotntog tov tAnuuvpov VH

de€1d katd To dtdotnua OxtdPpng 2014 - Avyovotoc 2015.
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Yyqpo 6.4: Tehkn omotOTOON TANUUVPIKNG €KTOONG, UETOED TNG TPO-TANUULPICUEVNS gkovag (25
OxtoBpiov, 2014) kot ™G €KOVOG HETA TO TANUULPIKO Yeyovog (6 NoeguBpiov, 2015), pe tn ypnomn tov

alyopifuov, Baciouévo otnv copPoropetpikn cvvaeeta, v VV noikdtnta kot ™ VH mtoAkdtnta.

Ev xotaxAeidly, ot teyvikég g Tnlemokommong moapéyovv €vav  aCQOAN KOl OIKOVOUKO TPOTO
YOPTOYPAPNONG KOl TOPOKOAOVONONG TOV TANUULP®OV, KoODG Kol TOV CLVEREIOV Tovs. H ypnon twv
TPolovTwv mov e€dyovtal pésa amd v mpoavapepbeica dadikacio, o€ cUVIVAGUO pe emlyeln dEdOUEVO,
BeAtidvouv T1g duvaTOHTNTEG TPOANYNG KOL OVTILETMOTIONG TOV TANUUVPIKAOV QOIVOUEVOVY antd TIg LITEVBVVEG
[ToMtikég Apyég Awayeipiong Kivdvvov. Ocov apopd v v AOY® £pgvval, T ATOTEAEGLLOTO TOV TPOKLITTOVY
Bempovvron peilovog omuaciag, Kataypdeoviag He HEYAAN okpifelo v ékTaom NG TANUUOPOC.
MeAhovTikOg 6TOY0G OVTNG TG £PELVAG €Vl 1| EVOOUAT®GN, 1 OVOAVOT KOl O GUVOVOGHOG OLOPOPETIKADV
TAemoKomiK®V dedopévev (SAR kot [ToAvpacuatikd) pe okomd v enakpiPn Katoypoer TG EKTOoNG TOV
TANUUOpOV 6€ onotadnmote yprion yns. Ta mapoamdve apopodv dyt HOVo TV TPOANYT KATAGTPOP®OV HECH
£pymv amd Tovg apUOdIOVS POPELS, GAAL KoL TNV UETEMELTA OVTILETMOTIOT) TOV TATLUUVPIKOV QOLVOUEVDV, TOV

veiotatol 1 ved HEAETN TEPLOYN.
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abstract

On November 17, 2015 07:10:07 UTC a strong, shallow Mw6.5 earthquake, occurred on the island of Lefkada along a strike-
slip fault with right-lateral sense of slip. The event triggered widespread environmental effects at the south and western part of
the island while, the intensity and severity of these earthquake-induced defor- mations is substantially decreased towards the
eastern part of the island. Relocation of seismicity and inversion of geophysical (GPS, INSAR) data indicate that the seismic fault
runs parallel to the west coast of Lefkada, along the Aegean - Apulia plate boundary. The fault plane strikes N20 == 5°E and dips to
east with an angle of about 70 == 5°. Coseismic deformation was measured in the order of tens of centimeters of horizontal motion
by continuous GPS stations of NOANET (the NOA GPS network) and by INSAR (Sentinel 1 A image pairs). A coseismic
uniform-slip model was produced from inversion of InNSAR data and permanent GPS stations. The earthquake measured Mw
= 6.5 using both the geodetic moment produced by the slip model, as well as the PGD relation of Melgar et al. (2015, GRL).
In the field we observed no significant vertical motion of the shoreline or surface expression of faulting, this is consistent with
the predictions of the model. The interferograms show a large decorrelation area that extends almost along all the western coast
of Lefkada. This area correlates well with the mapped land- slides. The 2003-2015 pattern of seismicity in the lonian Sea region
indicates the existence of a 15-km seismic gap offshore NW Cephalonia.
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1. Tectonic setting

The Lefkada region (Ionian Sea, Greece; Fig. 1) is considered among the
most active tectonic areas in Europe and one of the most active zones
in the eastern Mediterranean region. It has been repeatedly sub- jected to
strong ground shaking due to the proximity of the island to the 140-km
long CTF (Cephalonia Transform Fault; Fig. 1; Scordilis et al., 1985;
Louvari et al., 1999; Sachpazi et al., 2000; Kokinou et al., 2006). On
November 17,2015, 07:10 GMT (09:10 local time) Lefkada
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was struck by a strong, shallow earthquake (NOA magnitudes M;6.0-
Mw 6.4 respectively; hypocentral depth 11 km; Ganas et al.,, 2016;
Sokos et al., 2016). Published Moment Tensor solutions of this earth-
quake suggest that it occurred on a near-vertical strike-slip fault run-
ning along Lefkada's western coast, with dextral sense of motion in
response to ambient ENE-WSW horizontal tectonic strain in the central
Ionian Sea (Ganas et al., 2013). This geographic location suggests the
earthquake ruptured a coastal fault, in contrast to the 2014 events that
occurred on dextral strike-slip faults on shore Cephalonia (Valkaniotis
et al., 2014; Boncori et al., 2015; Ganas et al., 2015; Sakkas and Lagios,
2015; Fig.1).

Previous to the November 17, 2015 event the most recent significant
earthquake, with magnitude of Mw 6.2, occurred on August 14, 2003
offshore the northwestern coast of Lefkada Island (Fig. 1). It caused
severe damages around the whole island (Papadopoulos et al., 2003;
Karakostas et al., 2004; Papathanassiou et al., 2005; Papadimitriou



https://www.researchgate.net/publication/222516264_Western_Hellenic_subduction_and_Cephalonia_Transform_Local_earthquakes_and_plate_transport_and_strain?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
https://www.researchgate.net/publication/222516264_Western_Hellenic_subduction_and_Cephalonia_Transform_Local_earthquakes_and_plate_transport_and_strain?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
https://www.researchgate.net/publication/225163625_The_Kefalonia_Transform_Zone_offshore_Western_Greece_with_special_emphasis_to_its_prolongation_towards_the_Ionian_Abyssal_Plain?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
mailto:aganas@noa.gr
mailto:pelias@noa.gr
mailto:georgebozionelos@gmail.com
mailto:gpapatha@geo.auth.gr
mailto:antonio.avallone@ingv.it
mailto:gs21131@hua.gr
mailto:valkaniotis@yahoo.com
mailto:parchar@hua.gr
mailto:briole@ens.fr
https://www.researchgate.net/publication/270340246_The_February_2014_Cephalonia_Earthquake_Greece_3D_Deformation_Field_and_Source_Modeling_from_Multiple_SAR_Techniques?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
https://www.researchgate.net/publication/273141308_Displacements_recorded_on_continuous_GPS_stations_following_the_2014_M6_Cephalonia_Greece_earthquakes_Dynamic_characteristics_and_kinematic_implications?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
https://www.researchgate.net/publication/222675545_The_2003_Lefkada_earthquake_Field_observations_and_preliminary_microzonation_map_based_on_liquefaction_potential_index_for_the_town_of_Lefkada?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
https://www.researchgate.net/publication/222675545_The_2003_Lefkada_earthquake_Field_observations_and_preliminary_microzonation_map_based_on_liquefaction_potential_index_for_the_town_of_Lefkada?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D
http://dx.doi.org/10.1016/j.tecto.2016.08.012

A. Ganas et al. / Tectonophysics 687 (2016) 210-222

20°3(')'0"E

211

20°45'0"E

20
Km

Seismological
Stations

" Nas
W AP ISK=ag @

E

do T

X

14-8 2003 3..'. //

Mw 6.2

S 17-11-2015
Mw 6.5

>

Ithakiz"

o

38°15'0"N

Fig. 1. The 17th November 2015 M6.5 Lefkada earthquake (yellow star) and aftershock epicentres recorded by National Observatory of Athens (NOA) until Dec. 30, 2015. Dextral faults along the Cephalonia-
Lefkada Transform boundary are shown as black lines. Yellow triangles are permanent GPS stations operated by NOA and CNRS. Blue triangles are seismic stations. Inset shows a regional map of central and north

lonian Sea with GPS stations shown as yellow triangles.

et al., 2006). Papadopoulos et al. (2003) and Pavlides et al. (2004)
assumed the source of the 2003 event to be the Lefkada segment of the
CTF divided into two smaller segments separated at the geographic
latitude of Sesoula Islet - westward of Lefkada (Fig. 1), striking at NNE-
SSW to NE-SW and behaving rather independently in terms of seismic
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reactivation. In the 12-yr period between the two earthquakes Lefkada was

subjected to N-S shortening of 2-3 mm/yr as measured by Ganas et al.
(2013) using the NOA GPS station velocity difference (SPAN, PONT; Fig.
1). This shortening strain was interpreted as crustal response



to locking of the offshore south Lefkada segment. The northern limit of
the Lefkada segment of CTF may be determined by a thrust event
that occurred on November 4, 1973 with M = 5.8 (Baker et al., 1997),
offshorethenorthwestcoast of Lefkadaisland.

In terms of surface geology, Lefkada is comprised of sedimentary
rocks (mainly carbonates) that belong to the so-called external
Hellenides (Jacobshagen, 1979). In particular, the boundary between
two different geological zones - Ionian and Paxos, runs through this
region and outcrops onshore central Lefkada Island, forming the
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Fig. 2. Graph showing static offsets of NOA GPS station PONT (South Lefkada). Black continuous
lines on each time series show the time window in which the average position (and the relative
standard deviation) before and after the event have been computed. The dashed line shows the
earthquake time occurrence. X-axis is time (s), Y-axis is displacement (cm).

noteworthy Ionian Thrust (dipping northeast). The main part of the is-
land consists of a carbonate sequence of the Ionian zone, while the SW
part of the island consists of the limestone of the Paxos geological
zone (Bornovas, 1964). Detailed field observations onSouth Lefkada
(Cushing, 1985; Lekkas et al., 2001; Rondoyanni etal., 2012), showed
severalactiveneotectonicfaultsstriking N-Sand NE-SW. Mostimpor-
tantamongtheseisthe Athanifault (or Athani-Draganofault), itstrikes
NNE-SSW and is very well expressed in the region's geomorphology
(also easily spotted on satellite images and aerial photos). However,
field work by Pavlides et al. (2004), did not show the existence of any
major, on-shorestrikeslip faultthatcould be held responsibleforevents N
M = 6.0. This finding was confirmed by Ganas et al. (2016) who
reported no tectonic surface breaks following the Nov. 17, 2015 event.

In this study we present a seismic source model from the inversion of
geodetic (GPS and InSAR) data. We will also analyze the aftershock
sequence in great detail and discuss the ground deformation in the

source region and associated geo-environmental impacts. Our evalua-
tion of the 2003-2015 rupture pattern of large earthquakes in the Ionian Sea
region indicates the existence of a 15-km seismic gap offshore NW
Cephalonia.

2. Methods and Results

In the following we summarize the results of the source fault
inversion, aftershock relocationsand mapping of environmental effects. In
each subsection we will discuss the methods and summarize the
observational results.

2.1. Satellite Geodesy Data and fault model

The National Observatory of Athens during the last 10 years has
established several permanent GPS stations in central and western
Greece in order to monitor the tectonic motion (Ganas et al., 2008,
2011,2013,2015). Inwestern Greece there are six stations that operate since
early 2006 - mid 2007 (VLSM, RLSO, PONT,SPAN, KASI, KIPO; see
www.gein.noa.gr/ gps.html for network map and site logs). This paper

Table 1

presents results from data provided by the stations closest to the 2015
seismic source; two (2) permanent GPS stations are onshore Lefkada
(SPAN and PONT; Fig. 1) and one station in Cephalonia (VLSM). The
available GPS data were analyzed by using Precise Point Positioning
strategy (Zumberge et al., 1997) by means of the GIPSY/OASIS II soft-
ware (ver. 6.3) developed by Jet Propulsion Laboratory (http://gipsy-
oasis.jpl.nasa.gov, Bertiger et al., 2010). The phase and code data have
beenreducedbyusing]PLfinalfiducialsatelliteorbitsandclocks,apply- ing
absolute antenna calibration, a random walk troposphere estima- tion
and the FES2004 tidal coefficients for the ocean loading modeling. The 1-s
data were analyzed in kinematic mode, thus providing a posi- tion
every epoch of measurements in a 800-s time interval spanning the
earthquake occurrence. Further details about the analysis in kine- matic
mode can be found in Avallone et al. (2012). Starting from the 1-s-
sampled position time series, the static offsets have been obtained
computing the average position and the relative standard deviation in a
200-s-time window before and after the earthquake (Fig. 2). An inter- val
of 400 s spanning the event origin time was ignored in order to avoid
that the static offsets determination is affected by any possible
coseismic dynamic displacements. It was found that both Lefkada
stations moved to the south (35 cm for PONT; 6 cm for SPAN) and to
the west (21 cm for PONT; 7 cm for SPAN). A small subsidence (4.5
cm) was measured at PONT. The static offsets are resumed in Table1.
Regarding InSAR processing we used Sentinel 1 A satellite data
(C-band; one fringe corresponds to half wavelength or 28 mm). S1
A is part of the Copernicus mission in constellation with Sentinel 1B,
launched on 3 April 2014 is designed to operate in four modes, Strip
Map (SM), Interferometric Wide (IW) swath, Extra Wide (EW), and
Wave (WV) with IW to be the standard image mode product following
the novel Terrain Observation with Progressive Scans (TOPS)
acquisition mode. With the TOPSAR technique, in addition to steering
the beam in range as in ScanSAR, the beam is steered from backward to

forward in the azimuth direction for each burst, avoiding scalloping and
resulting in homogeneous image quality throughout the swath. Each
original TOPSAR image is of composed three sub- swaths (IW1, IW2,
IW3), with each sub-swath consisting of a series of bursts, which totally
can provide a large coverage of 250 km with pixel resolutions of 5 m
and 20 m along the range and azimuth direc- tions respectively (single
look; Berger et al., 2012; Schubert et al., 2015). In this study for
interferometric processing, both ascending track 175 and descending
track 80 Sentinel-1 A IW swath mode SLC im- ages covering the pre- and
post- Lefkada 2015 seismic event period were downloaded from ESA's
Sentinel Hub site. Based on the relative rich data set of images, due to the
high temporal resolution of Sentinel 1 A, a number of ascending and
descending pre- co- and post-seismic interferograms have been
created. Each interferogram provides an estimation of the relative
motion of the earth surface in the direction viewing of the satellite (LOS)
which direction is different for ascending and descending tracks (Fig. 3a,
b). Interferograms with different imag- ing geometry can provide more
information about surface deformation and a more reliable co-seismic
slip model (Wright et al., 2004).

SAR data processing was performed using ESA's SNAP software.
After selecting the appropriate sub-swaths (SW1 for the ascending and
SW2 for the descending) containing Lefkada and surrounding area and
applying therestituted orbitfiles the co-registration step was

Mean co-seismic offsets of the GPSssites (A), for eachcomponent (n, e, v), and relative 2-sigmauncertainties (o) calculated before (b) and after (a) the main shock (see text). Number of samples (N) used in each
average and acquisition sampling rates (S), as well as site coordinates (Lat, Long) are also shown. Station info can be seen at www.gein.noa.gr/gps.html. Station location isshowninFig. 1.
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SITE Lat (°) Long (°) An (cm) of (cm) of (cm) Ac (cm) o8 (cm) o¢ (cm) Ay (cm) oV (cm) oV (cm) N N* S (Hz)
KASI 38.75 19.94 -0.1 0.8 0.6 0.0 0.6 0.5 1.1 13 17 201 201 1
PONT 38.62 20.59 -34.9 1.5 12 -20.7 1.0 13 -4.5 2.6 3.1 201 201 1
SPAN 38.78 20.67 -5.8 1.0 0.6 -7.3 0.4 0.5 1.0 3.6 3.0 201 201 1
VLSM 38.18 20.59 -0.7 1.0 1.6 0.0 0.7 0.9 -0.2 19 32 201 201 1
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carried out in order the pixel of the slave images to be moved to align
with pixels of the master at a sub-pixel accuracy. Then a shift by a
small amount in azimuth and range direction was performed on the

slave bands. Then, the orbit state vectors of the SAR product are updated
because the orbit state vectors provided in the metadata of the product are
generally not very accurate. They be refined with the precise orbit
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files which are available days-to-weeks after the generation of the
product (https://qc.sentinell.eo.esa.int/; last accessed 15 June 2016).
The orbit file provides accurate satellite position and velocity informa-
tion. Based on this information, the orbital contribution was estimated
and subtracted from the complex interferograms and the coherence im-
ages were created. The interferograms then were flattened by removing

the topographic phase based on a reference DEM (~ 90 m) extracted
from SRTM. In order to increase the noise to signal ratio (i) a power
spectrum filter (Goldstein and Werner, 1998) was applied to reduce
the effects of phase noise (ii) multilooking operation was applied using
a factor of 4:1 (azimuth: range) in order to reduce the standard
deviation of the noise level and obtain approximately square pixel.
The comparison of the processed interferograms show that the fringe
pattern deformation appears to all co-seismic interferograms, and at
the same time do not appear on pre- and post-seismic interferograms.
That means that it is related to co-seismic deformation and not related to
atmospheric induced phase as appear to both ascending and descend- ing
interferometricpairs.

Finally, two interferograms were selected in ascending and descend-
ing geometry of acquisition characterized by low spatial and temporal
geometrical baselines. Details of the two interferometric pairs used in
thisstudyare reported in Table2.

The interferograms are of good quality and contain the phase differ-
ence produced by the main event. Although the two interferograms are
similar, they are not identical due to the different acquisition geometry
(Fig. 3). Areas characterized as low coherence, the noisy areas in the
images, can be attributed to temporal decorrelation mainly due to the
vegetation land cover areas that exist on the island and abundance of co-
seismic landsliding. Relatively low magnitude aftershocks happened in
the period covered partially by the descending pair; they did not af- fect
the deformation signal as it has not been recorded meaningfully in any
post-seismic interferometric pair. The deformation field, visual- ized by a
number of fringes forming partially a lobe in the ascending and
descending mode, occurs in the southwestern part of the island where
the main event epicenter is located. A second minor lobe of fringes is
observed only in the descending interferogram right next and just
north of themainlobe fringes. The maximum value of deforma- tion in the
line-of-sight (LOS) reached, is 36 cm towards the satellite both in
descending and ascending interferograms while the minor lobe in the
descending image display a maximum displacement of 20 cm, along the
LOS, away from the satellite. The deformation occurred in the area

between the two islands could not be measured, being off- shore, but it
can be estimated after the modelling.

Moreover, in the northern part of Cephalonia Island a deformation
signal due to earthquake exists in both interferograms. Specifically, the
pattern of the fringes corresponds to approximately 12 and 16 cm
displacement (LOS) towards the satellite for the ascending and
descending viewing geometry, respectively. The fringes in this area
play an important role for constraining the south edge of the fault as we
will examine in the next section.

The probable influence from the stratified tropospheric noise has
been examined by inspecting their contribution on the interferograms
using a range of linear correlations of the phase and the altitude (see
supplementary text S1). The small change of the location of the
detected fringes doesn't affect considerably the modelling. Moreover,
the line of sight displacement of the GPS stations has been used as tie
values to assess the “zero” for the fringes that fed the inversion of the
modelling procedure, this methodology warrants that the fringes

Table 2

79

Details of the two S1 A interferometric pairs used for this study.
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Table 3

Parameters of the 17/11/2015 seismic fault determined from inversion of geodetic data.

Seismic Fault Parameter Value
Fault length (km) 23
Fault width (km) 10
Fault Dip angle (degrees) 71
Azimuth (clockwise from North - degrees) 18
Fault Slip - right lateral (m) 12

Centre of upper edge of the fault (UTM East, North)
Top of the fault (m)

458,200, 4,272,500
150

represent, at best, the real motions detrended from the common
mode of the tropospheric delays. Only local effects could remain but,
from our different trials, we have seen that they do not affect the
modeling. This is basically because the shape of the fringes is totally
de-correlated from the shape of the topography. Based on these investi-
gations we conclude that for further modelling there is no significant
effect of the uncorrected troposphericdelay.

We modelled the co-seismic displacements at the NOA GPS stations
VLSM (Cephalonia), PONT and SPAN (Lefkada; Fig. 1) together with LOS
displacements from SAR interferometry (Sentinel 1 A image pairs;
Fig. 3). This model (Fig. 3¢, d) makes the assumption of a rectangular
fault plane with uniform slip buried within an elastic half-space
(Okada, 1985) with a rigidity of 30 GPa and we used an inversion algo-
rithm with minimization of a quadratic norm (Briole et al., 1986, 2015). A
simple fault model fits well the GPS and the wide InSAR fringes (see
Table 3 for model parameters), but it leaves several fringes not modelled
around the north end of the fault. To fit relatively well those local

Satellite Track  Master Slave Perpendicular Incident
baseline (m) Angle (°)
Sentinel-1 A 175A  5/11/2015 17/11/2015 -25.8 33.8
80D 11/11/2015 23/11/2015 66.2 39.3

fringes, it is possible to introduce locally an additional component of re-
verse slip on a small patch located at intermediate depth (between 1
and 6 km depth; see Table 4 for its parameters; Fig. 3c and d show the
location at the NE of the fault). This small patch does not reach the sur-
face. We tested different kinematic hypotheses for this patch (ranging
‘ oot — Phe-obfiqmesstiot hesis—
the one that fits well the data, and also visually the fringes pattern. We
show the preferred fault model residualsin Fig. 4 (in the descending mode,
Fig. 3d) with a mean residual of 20.1 mm, i.e. close to two thirds of a
fringe.

The moment estimated from the INSAR-GPS modelling is almost the

same for all the tested fault models, 0.93 + 0.03 x 10" N-m, a value 1-2
times higher than the seismic moment provided by seismology (e.g.
0.44 x 10" N-m for NOA, 0.46 x 10" N-m in Sokos et al., 2016;
0.67 x 10" N-m for USGS, 1.18 x 10" N-m for SCARdec-IPGP). We note
that there is a relatively large variability (a factor of 2 in general) of the
estimated seismic moment from seismological data, and therefore one
should not focus the modelling effort too much on trying to comply with
a given value of the moment. The location of the main fault patch is very
well constrained by all the geodetic data. The synthetic models of strike
slip earthquakes, nearly-breaking the surface, demonstrate very clearly
that the fault ends at the centre of the lobes (Fig. 3c, d) located at the
extremity of the model (it is the well-known butterfly pattern that you
see for example in the case of Bam earthquake; Talebian et al., 2004;
Stramondo et al., 2005). Northern limit of the fault is at 38.69° & 0.01°,
southern limit of the fault is 38.49° = 0.01°. Therefore, the fault length is
well constrained at 23.5 & 2 km. In addition, this

Table 4

Parameters of the additional fault patch determined from inversion of geodetic data.

Additional Fault patch Parameter Value

Fault length (km) 6

Fault width (km) 5

Fault Dip angle (degrees) 71

Azimarth (clackwice fraom Narth - deoreea) 18

Fault Slip - right lateral (m) - reverse (m) 0.6-0.6

Centre of upper edge of the fault (UTM East, North) 461,000, 4,280,000
Top of the fault (m) 1000
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Fig. 4. Graph showing comparison of picked points (blue dots) along the InSAR fringes
(descending mode) vs. the modeled displacements (purple squares). Residuals of the fit is shown in
yellow triangles (mean residual 20.1 mm).

was a very shallow event, which is a consequence of the high value of
the GPS offset at PONT (Fig. 2; further confirmed by the large number of
fringes). The moment magnitude predicted by our slip model is 6.5,
consistent with estimates using the PGD (peak ground displacement)
relation of Melgar et al. (2015). The fault is very close to the west shore
of Lefkada.

2.2. Seismic data and aftershock relocations

We relocated nine hundred and sixty (960) aftershocks
from the NOA on-line catalogue for the period November 17-
December 30, 2015, applying the nonlinear location algorithm
NonLinLoc (Lomax etal., 2000; Fig. 5). This algorithm follows the
probabilistic formulation of nonlinear inverse problems by
Tarantola and Valette (1982) giving a complete probabilistic
solution expressed in terms of a posterior density function (PDF).
To approximate the likelihood function, Equal Differen- tial Time
(EDT) is selected that is much more robust in the presence of
outliers,.Oct.-TreeImportancesamplingalgorithmapproachwas
used to compute the PDF (Lomax and Curtis, 2001). Several
velocity models are tested in order to obtain the best possible
accuracy. Inordertoassess the hypocentral location determination
results, histograms with the dif- ference between maximum
likelihood and expectation locations, the RMS error, the spatial
errors, and the maximum half-axis (LEN3) of the 68%
confidence ellipsoid are created and evaluated (see Fig. 6a to f,
for histogram plots). Moreover, the form of density
scatterplots is taken into account. As anadditional procedure, the
travel-time residuals are examined separately for each station as a
function of the epicentral distance. Finally, cross sections are

drawn and the spatial distribution of the foci is “imaged” and
compared with the possible activated fault structures. The best

2.3. Fieldobservations 5

Few days after the occurrence of the mainshock, a field survey took
place (Nov 19-22, 2015) in order to map the earthquake-induced fail-
ures. The majority of earthquake-related phenomena were rock falls,
landslides, cracks on the road network and small-scale size liquefaction.
There was no surface rupture due to the earthquake. A concise map is
shown in Fig. 7 and a list of main observations (in form of KMZ file) is
included in the supplement. All the observations were recorded using a
hand-held GPS (L1 frequency) with estimated position accuracy
between 4 and 10 m, depending on the time of day and weather condi-
tions. In particular, the area that was widely affected by these phenom- ena
is the one delineated by the villages of Komilio, Dragano and Athani on the

eastand to the west by the coastal zone from Porto Katsiki to Ag.
Nikitas (Fig. 7). This zone is characterized as very likely to produce slope

results (Fig. 5) were derived using the Vp/Vs model of Haslinger et al.
(1999) removing the arrivals of stations with greater distance than 120
Km. The events with azimuthal gap b 180°, horizontal location errors b 2
km and depth error b 2 km are depicted on Fig. 5. From the aftershock
spatial distribution, it is evident that there is a general NE-SW
arrangement of foci with two main clusters: one in central Lefkada
(northern cluster) with shallower hypocenters, ranging between 5 and 10
km and one in the offshore area between Lefkada - Cephalonia (southern
cluster) with the focal depths ranging between 8 and 15 km and divided
in sub-clusters. The main clusters are formed towards both ends of the
rupture (see cross-section bb’; Fig. 5) and around the high-slip areas as it
is commonly observed in large, strike-slip earthquakes (e.g. Tatar et al.,
2005; Woessner et al., 2006; Wei et al., 2011; Ganas et al., 2014). In addition,
the cluster of af- tershocks near Fiskardo (N. Cephalonia) seems to extend
away from the main trend almost orthogonally; this is a typical feature of
triggered seismicity in strike-slip ruptures (e.g. King et al., 1994) because of
static stress transfer.
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failures due to the combination of geomorphological
parameters (high elevation and steep slope) with the highly
fracture rock mass due to tec- tonic activity (Papathanassiou et
al., 2005, 2013). In particular, we found that the slope failures are
directly associated with pre-existing tectonic discontinuities and
steep slopes within heavily fractured sedimentary rocks e.g.
limestones. Moreover, at the most heavily damaged area at
the coastal zone of Egremnoi and Gialos, the material moved
down- wards along pre-existing tectonic discontinuities e.g.
fault planes. The wrapped interferogram (Fig. 3a) shows alarge
decorrelation area that extends almost along all the western
coast of Lefkada. This observation correlates well with the
mapped landslides (see light green dots in Fig. 7 for landslide
occurrence). Generation of liquefaction-induced ground
failures was mainly concentrated along the coastal zone
between the villages of Vassilikiand Ponti. In particular, spots of
small-scaleliquefac- tion features e.g. sand craters and a ground
crack through which grey fine-grained material was ejected
were reported. In addition, the 2015 earthquakeinduced severe
damages to the waterfront area of Vassiliki and particularly to
the recently constructed pier and quay. Regarding the eastern
part of the island, the earthquake triggered only sparse and
small size rock falls on very prone to slope failures sites e.g.
road cuts while at the northern part of the island, where the city
of Lefkada is located, no geoenvironmental effects were
mapped. The documenta- tion of the earthquake-induced
environmental effects was realized using the Earthquake Geo
Survey App. (for Android OS) and the obser- vations are
available as KMZ file.

3. Discussion
3.1. InSAR pattern and Landslides along the Dragano fault

We can use the information on ground motion from the
wrapped interferograms (Fig. 3) to investigate the non-
random location of loss of phase coherence in relation to
imaging geometry (layover or foreshortening), surface
geology and geomorphology in south Lefkada. First, we
observe that the combination of high slopes in south Lefkada
with the incident angles of Sentinel 1 A (Table 2) results in
foreshortening (in ascending mode; see Fig. 3a) and shadowing
(in de- scending mode; see Fig. 3b) of west facing slopes,
respectively. Second, in the field we have observed that the
dominant geoenvironmental effects triggered by the 2015
Lefkada earthquake were related to slope failures (Fig. 7), soitis
possible that co-seismic landsliding had some ef- fect in loss of
coherence. A third factor could be that phase coherence was
lost because of strike-slip motion along the Dragano-Athani
fault (Cushing, 1985; Fig. 8). Another scenario is that the
Dragano - Athani fault (Fig. 8; long white line with arrows)
ruptured in dextral strike- slip motion without surface breaks
so that the InNSAR fringes are reversed across the fault.

Our field mapping showed a) that there was no surface
rupture along the Dragano fault or anywhere along the
Dragano-Athani valley (Fig. 8, inset) b) that rock falls and
landslides were widespread on the western part of the
island, on both natural and cut slopes (Fig. 7)
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Fig. 5. Map (top) showing the relocated seismicity in terms of both depth and magnitude distribution bottom) Cross sections along dip aa’, the east-dipping fault appears consistent with the alignment of the
hypocenters at depths 5-12 km bb") along strike shows an activated rupture zone of nearly 50 km long: The main event and the largest aftershock aremarkedwithstars.
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Fig. 7. Spatial distribution of earthquake-induced failures triggered by the November 17, 2015 event and indicative photos of failures taken on 19-22 November 2015. A) & I) rock fallsand rock slides along the road
network Tsoukalades - Agios Nikitas, B) Landslide along the road network Dragano - Agios Petros, C) Asphalt cracks at the entrance of village Dragano, D) rock falls at Porto Katsiki beach, E) sand crater west of
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c) the most densely concentration of these type of earthquake-induced ground
deformations was located on the coastal zone from Porto Katsiki to Komilio (Fig.
7) and are accompanied by small and large-size rock

falls, rock mass slides and shallow landslides. It should be pointed out
that this zone has been classified as very susceptible to slope failures by
Papathanassiou etal. (2013). Moreover, our INSAR processing was
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able to map uninterrupted, co-seismic deformation (InSAR fringes)
across the Dragano-Athani fault. To emphasize this point we overlay
the wrapped S1 A interferogram together with mapped faults from
Cushing (1985) on a high-resolution 5-m DEM of the Dragano-Athani
valley (Fig. 8). It is evident that the fringe geometry is systematically
destroyed about 400 m west of the Dragano fault's trace and along the
line of N-S co-seismic landslides mapped by us (Fig. 8, inset). We sug-
gest that the loss of coherence west of the red line in Fig. 8, is due to the
combined effect of: a) disturbance of land stability and b) steep to-
pography (with the west-facing cliffs along the coast) with impact on
the generation of the interferogram. We therefore suggest that the
InSAR image provides no evidence of tectonic motion along the Dragano
Faultor (in general) of surface faulting inside the Dragano valley.

3.2. Seismic gap offshore Assos — Fiskardo (NW Cephalonia)

One important implication of the 2015 earthquake occurrence is its
positioning within the NNE-SSW Cephalonia-Lefkada plate boundary.
From space geodesy (Fig. 3) we can propose a well-constrained rupture
extent of about 23-km along the plate boundary, with a dip-direction to
the east. However, the August 2003 event's location and rupture extent is
still debated (i.e. one or two fault sources; see literature review in
Saltogianni and Stiros, 2015). According to Greek seismic catalogues
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(incl. Global CMT database; http://www.globalcmt.org/) the November
2015 Lefkada eventis located between the August 2003 (north Lefkada) and
the January-February 2014 Cephalonia events (Figs. 1,9). In addi- tion, the
previousstrongeventsaffectingLefkadaaccordingtoliterature


http://www.globalcmt.org/

were the two 1948 events with comparable magnitudes M = 6.4-6.5
(22 April 1948; 30 June 1948; Fokaefs and Papadopoulos, 2004;
Papathanassiou etal., 2005). However, itis difficult to constrain spatial- ly
the extent (or dip-direction) of the 1948 ruptures (also their gap or
overlap with the 21st century events) due to lack of geological and
other geophysical data, although it seems reasonable to assign both
1948 events to the activation of the Lefkada segment of CTF (Louvari et
al., 1999). Despite the uncertainties, the 1948 macroseismic data favor
a repetition of the 2003/2015 pattern (with a delay of 12 years re-
garding the south segment). The recognition of this seismic pattern
along the Lefkada segment of CTF is an important feature, that will be
discussed elsewhere.

Regarding the offshore area to the southwest of Cephalonia (Fig. 9),
CTF is accumulating elastic strain since January 17, 1983 (Mw = 6.8,
Global CMT solution; epicentre from NOA
http:/ /www.gein.noa.gr/en/ seismicity/earthquake-catalogs) with
an average slip rate of 2
0.5 cm/yr (Serpelloni et al., 2005; Vernant et al., 2014; Pérouse et al.,
2016). Considering typical fault dimensions for 1983-type of strike-

slip events (roughly 30 km by 10 km; length - width) and applying
the Mo-Mw formula of Hanks and Kanamori (1979), the amount of ac-
cumulated strain along CTF since 1983 can be released by a seismic
event of M6.4 + 0.1, at any time (assuming uniform loading since pen-
ultimate event and no creep). This segment of CTF is highlighted in vio-
let (Fig. 9) using information on its geometry from Scordilis et al. (1985)
and Kassaras et al. (2016). We have no reliable data to assess the seismic
potential of CTF offshore western Cephalonia (i.e. westand north of GPS
station KIPO in Fig. 9),i.e. if it comprises one or two segments and how
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historical seismicity is distributed (due to large epicentral errors related to
historicalevents).

In this paper we present evidence for a 15-km long seismic gap that
is left unbroken along the Cephalonia segment of CTF. The evidence is
mainly based on seismological and geodetic (GPS, InSAR data). First,
on the 2003 Lefkada event it is suggested that the east-dipping, dextral
seismic fault runs along the northwestern coast of Lefkada (cyan
rectangle in Fig. 9; its aftershocks complexity is discussed by
Karakostas and Papadimitriou, 2010). Regarding the 2003 seismicity
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pattern Papadopoulos et al. (2003), Karakostas et al. (2004) and
Papadimitriou et al. (2006) consider the southern cluster of seismicity
(located close to the north-western coast of Cephalonia Island; Fig. 9
inset, with dark green dots) rather representing a triggered seismicity




on the Cephalonia segment of CTF, due to stress increase from the
main shock, than typical aftershock activity due to asperity rupture.
Second, our results on the 2015 event indicate rupture of the south
Lefkada segment (Fig. 9, red rectangle). Third, the 2014 events onshore
Cephalonia ruptured two dextral strike-slip faults (Valkaniotis et al.,
2014; Boncori et al., 2015) with opposite dip-directions and located 7-
10 km to the east of the Cephalonia segment of the CTF transform
fault (Ganas et al., 2015). Fourth, it has to be noted at the northern
end of the 2014 rupture an almost E-W structure was activated offshore
south of ASSO, (Karastathis et al., 2015; Fig. 7a of that paper), also re-
activated duringlate2014-early 2015 (Karakostasetal., 2015), indicat- ing
a kind of structural control on the segmentation of CTF. In
conclusion, the 2003-2015 rupture history of the plate boundary

91


https://www.researchgate.net/publication/270340246_The_February_2014_Cephalonia_Earthquake_Greece_3D_Deformation_Field_and_Source_Modeling_from_Multiple_SAR_Techniques?el=1_x_8&amp;enrichId=rgreq-723aa5df24c2dff86f439b340d7708ce-XXX&amp;enrichSource=Y292ZXJQYWdlOzMwNjEzODUzNjtBUzo0NDkyODkyMzYyOTE1ODVAMTQ4NDEzMDMwOTc3NA%3D%3D

A. Ganas et al. / Tectonophysics 687 (2016) 210-222

indicates the activation of fault segments to the north of the latitude of
Assos - Fiskardo (Fig. 9) as well as to the south of it, but not inside the
offshorearea west of Fiskardoand Assos.

Therefore, our tectonic interpretation suggests the existence of a
seismic gap offshore NW Cephalonia (Fig. 9) constraining better the
suggestions of Briole et al. (2015). We cannot rule out the possibility
that most of this segment has not broken yet because of the 2- 5
km + wuncertainty in past epicentre locations offshore western
Cephalonia (for example, during the Ms. 5.8 event of 1992; Tselentis et
al., 1997; and/or during the Mw 5.7 event of 25 March 2007, see
Papadopoulos et al., 2014) and could be activated in the future. Itisa 15-
km long segment, therefore with the potential of M =6 or more.

We think that it is necessary to focus our attention at the northern
Cephalonia (including the offshore area), and try to better understand
what is its behaviour in terms of seismicity patterns and ground
deformation, and consider and test various scenarios towards seismic
hazard mitigation.

4. Conclusions

Our conclusions are:

a) On 17th November 2015 a shallow Mw = 6.5 event occurred along a strike-
slip fault with right-lateral sense of slip. Relocation of seismic- ity (Fig. 5) and
inversion of geodetic data (Fig. 3) suggests that the seismic fault runs
parallel to the west coast of Lefkada, along the Aegean - Apulia plate
boundary.

We made a fault modelling that combines the ascending and de- scending
Sentinel INSAR observations and the GPS displacements, as well. Mixing
ascending and descending orbits provides a more robust solution. We find
that we can model the local fringe near the northern end of the fault by
putting a component of reverse slip on a small patch of the fault. The
location of the main fault patch is very well constrained Northern limit of
the fault 38.69° = 0.01°, southern limit of the fault 38.49° + 0.01°.
Therefore, the fault length is well constrained at 23.5 == 2 km.

The inversion of geodetic data suggests that the upper part of the fault is
offshore very close to the coast, and at very shallow depth (0.5 &= 0.5 km),
as constrained by the azimuth and amplitude of the ground motion at NOA
GPS stations and InSAR observations. The fault plane strikes N20 == 5°E
and dips to east with an angle of about 70 == 5°.

Environmental effects include liquefaction, extensive rock falls and
landslides. No surface ruptures were found in the field. Road cracks are
interpreted as secondary phenomena of gravitational nature induced by
ground shaking.

We have not observed significant vertical motion of the shoreline and this
is consistent with the predictions of the model.

The 2003-2015 pattern of seismicity in the lonian Sea region indi- cates the
existence of a 15-km seismic gap offshore NW Cephalonia.
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ABSTRACT

A spaceborne SAR can be an effective source of information to provide high quality
flood maps and support civil protection authorities during an emergency phase. Here
we propose a methodology for identifying flood that may occur in different land cover
classes, such as urban areas, bare or poorly vegetated soil and vegetated areas. Such
approach takes advantage of polarimetric SAR data and the INSAR coherence to
better characterize the landscape. Indeed, the high Sentinel-1 repeat cycle (six days
when the second satellite will be launched), and its systematic acquisition of dual-
pol SAR data, provide an unprecedented chance to develop automatic flood mapping

algorithms in a complex environment.

The algorithm has been tested on two different Sentinel-1 datasets, one in Greece and

the other one in United Kingdom, showing promising results.
Index Terms— SAR, Flood mapping, INSAR coherence, Polarimetry.
1. INTRODUCTION

Numerous studies from the past demonstrated that SAR systems are suitable tools for
flood mapping, thanks to high sensitivity to water and capability to provide data day
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and night, regardless of cloud cover. Nowadays, the most common approaches that
make use of earth observation for flood mapping are based on SAR data. Thus, SAR
data play a major role in operational services for flood risk management. For the
purpose of timely and effective operational services, a number of algorithms
published in the literature are available to produce near real time flood maps [1-
3]. Although in the last years many progresses have been done in the development of
near real time flood mapping procedures, the detection of inundation in a complex
environment, such as vegetated and urban areas,

still deserves further studies [4-7], due to the fact that radar signatures of such targets
are often ambiguous. The enhanced observational capabilities of C-band Sentinel-
1 radar could be fruitfully used for a better detection of floodwater in vegetated and
urban areas. Indeed the dual-pol acquisitions mode, the medium spatial resolution
(20m) with a huge swath (250 Km width), the high repeat cycle (small temporal
baseline) and relative narrow orbit tube (small perpendicular baseline in case of
interferometric acquisitions) are all characteristics that make momentum for the
development of new automatic flood mapping algorithms in more complex land cover

environment.

In the present work, the high sensitivity of the interferometric coherence to small
changes in the scene was exploited to detect the presence of water in urban areas, but
also to reduce possible false alarms caused by soil moisture effects in case of bare soil
and also to extract information about land cover, replacing in this respect optical data
features, such as the Normalized Difference Vegetation Index (NDVI). Instead, the
polarimetric characteristics of Sentinel-1 were used to detect flood in vegetated area,
since the cross- and co-polarized channels behave differently in presence of double-
bounce between vertical structures and the water surface beneath. All these effects
were taken into account by a change detection approach where changes of the
backscattering at different polarizations, i.e., co- and cross-pol,and the
interferometric coherence driven the detection of flooded pixels in a statistical based

framework.

2. METHODOLOGY

The approach identifies the flood that occurs in three main land cover classes, such as
urban areas, bare or poorly vegetated soil and vegetated areas, taking advantage of co-
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and cross-polarized SAR backscattering channels, and the INSAR coherence to better
characterize the landscape.

In a SAR image, the amplitude and phase of the backscatter field depends on the
physical (i.e., geometry,

roughness) and electrical (i.e., dielectric constant) properties of the target. The
presence of floodwater changes these properties because the surface tends to become
smoother and the real part of the dielectric constant becomes considerably larger than
that of both dry and moist soils.

In bare soil conditions a decrease of roughness makes the backscattering decrease, an
effect which is similar in both co- and cross-polarized channels. This allows one to
identify the insurgence of flood taking into account just the backscattering intensity.

In urban areas, the double bounce effect is typically represented in SAR images by a
very bright line that appears on the side of the wall that is illuminated by the radar [8].
It is worth mentioning that the double bounce paths have the same length as the range
of the intersection between the ground and the front wall of the building. In this case,
the increase of reflectivity due to the increase of the surface dielectric constant
implies, in principle, a considerable increase of the double bounce effect. If we
consider the angle between the flight direction and the street alignment, the increase is
high for small angles, while it is reduced for higher angles. As a consequence, the
increase of the double bounce due to the presence of floodwater is not very high if
buildings are not parallel to the SAR flight direction. This increase can be hardly
detected using only the backscatter intensity in a complex urban environment. Hence,
the idea is to integrate intensity data with the INSAR coherence. It is defined as the
normalized cross correlation between the images and it is related to the change in the
spatial arrangement of the scatterers within a SAR image pixel [9], and thus to
geometric changes in the scene. An interferometric pair can be built using two images
taken before and after the flood. The coherence is a powerful feature to distinguish the
presence of water in urban areas since it is usually very high, regardless the temporal
baseline, whereas diminishes sensibly in case of a flood.

Concerning vegetated areas, they are usually characterized by low coherence due to
changes in plant growing stage. In this case coherence can help distinguishing the
increase of backscatter due to the presence of water beneath vegetation, which

enhances the double-bounce phenomenon (depending on vegetation optical
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thickness), from the increase due to bare soil moisture variations, where coherence is
considerably lower. In this case the coherence plays basically the role of replacing
optical data to detect vegetation.

In vegetated areas, we also took advantage of the two polarizations available
with Sentinel-1. Indeed the cross- polarized backscatter is more sensible to volume
scattering, while is the co-polarized one the more sensible to the double bounce. As a
matter of fact, in vegetated areas we detected a sensible backscatter increase in the
VV polarization and much less in the VH one [10].

The algorithm has been applied to two different Sentinel-1 datasets, acquired in the
Interferometric Wide

Swath mode. One is composed of a series of SAR scenes of the Evros basin (Greece),
which represents a transboundary floodplain, where the flood event interested the
period between October 2014 and May 2015. The second dataset concern the severe
flood event that hit the United Kingdom on December 2015.
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Abstract

Greece is located directly north of the boundary between the Eurasian and African
plates. The Greek territory is characterized by tectonic deformation, showing a north
south displacement. The Aegean and the lonian region are the most seismically active
parts of Europe characterized by a high number of seismic events, most of them
located offshore. The seismicity of the Greek mainland and the related induced
surface deformation has been in depth studied. Unlike in the case of offshore seismic
events, onshore deformation induced has never been mapped except in cases of very

strong events with serious consequences.

The aim of this study concerns the mapping of onshore co-seismic deformation
provoked by offshore events. On the possibility of the occurrence of surface
deformation, provoked by offshore events, two are the main parameters influencing
(a) the characteristics of earthquake-induced deformation (b) the distance from the

coast line. For implementing this aim we selected three seismic offshore events in
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three different areas, namely the following seismic event occurred (source
NOAJ/GEIN)

Q) on 16-4-2015 40 km to south-east of Crete Island with Mw=6.0,
depth=36.8 km
(i) on 9-6-2015 in Eubea Gulf 70 km NNW from Athens with Mw 5.3 and

depth=23 km
(i) on 8-11-2014 3 km SSW of Kefalonia island with Mw=5.0, depth=18.4
km

The approach method is based on repeat-pass interferometry using a rich multi-
temporal dataset SENTINEL 1A SAR IW mode scenes covering the above three sites.
Two factors had to face in the frame of the interferometric processing (a) to form
suitable interferometric pairs in terms of temporal and spatial decorrelation and (b) to
avoid the possible presence of atmospheric phase in the final product. The first issue
is easily solve as a large archive of Sentinel 1 SAR images already stored in Sentinel
hub tool. The second one precisely because of the rich archive multiple suitable pairs
have been formed and therefore a significant number of interferograms have been
created allowing by interpreting different pairs to recognize and exclude scenes that

induced atmospheric phase in the final interferogram.

Investigation of onshore co-seismic deformation in terms of pattern and rate, as well
expressed faults in onshore regime continue in sea depth, can be used to improve and
infer the offshore earthquake generation process and can be also be utilized in seismic

hazard assessment.
Keywords: Earthquakes/Tectonics, Geodynamics, SAR, Interferometry

Satellite and data used: Sentinel-1, other
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Co-sesimic deformation map of the seismic event which occurred on 16-4-2015,
Mw=6.0, depth=36.8 km, produced using ESA Sentinel toolbox s/w and Sentinel 1A
scenes 24-3-2015 and 11-5-2015. The image is characterized by a strong contribution

of atmospheric phase mainly related to the uplift areas.
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ABSTRACT. SAR earth observation data can provide high quality flood
maps and information to better assess the flood risk accordingly planning as
well as to support civil protection authorities during emergency phase. The
scope of this paper is to create flood extent maps from a series of SAR
scenes of the Evros basin which represents a transboundary floodplain. The
study uses time series SAR images of Sentnel-1 ESA’s Copernicus satellite
system covering the period October 2014 to May 2015. The methodology
tries to identify the flood that occurs in three main land cover classes, such
as urban areas, bare or poorly vegetated soil and vegetated areas, tak-ing
advantage of co- and cross-polarized SAR backscattering channels, and the
In-SAR coherence to better characterize the landscape. Dual-pol SAR data
provides the opportunity to have a better understanding and interpretation
of flood detection due to way different land cover react to different
polarizations. Thus, with the implementation of In-SAR coherence
estimation we may achieve a better record and knowledge of the flooded

areas, over time, in the specific region.
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Tuyypagsic: Aotéprog Mamastépyrog’, Iocadk Mapyopiong?

Terra Spatium A.E.
Xapoxomneto [Tavemompio Adivag

Ewayoy

Ta dopveopikd cvotripnate SAR pumopoldv va amoteAé0OVV GNUAVTIKY TNy TANPOPOPLOV Yo TNV
KOTAypoQ] KOl TOPOY TOV TANUULPIKOV eKTdoe®V pHe HeYAAn okpifewe oe ydaptec. Emiong,
SLUPBAAAOVY GTNV VTOGTAPLEN TOV TOTIK®V 0pY®V TOALTIKNG TPOGTAGIOG KATA TN S1ApKELN oG @AoNS

EKTOKTNG OVALYKTG.
Yhko

O ovyvdg koKkhog emavemokeyudttag Tov Sentinel-1 A pog divel T duvatotnto va £xovue dedopuéva
Yo 60 1 TO HEYOADTEPO HEPOG KOTA UiKOG TOL ToTapol EPpov, amd tpeic émg &L nuépeg (amd 2 g 4
uépeg Otov pnel og tpoytd o Sentinel-1 B). H yoptoypdenon tov mAnupuuptkod @avopusvou yivetat tnv

Ot nuépa.
YKomoG

Suvendgc, YOVUE Li0, GUVEYN TOPAKOAOHONGCT Kol KToypa®n TG EKTOOTNG TOV TANUUVPAV GE OAN ™)
SulpKel TOL TANUULPIKOD PavopéVoy. Mo T660 GV KOl OKPIN amOTOT®MON €VOG TANLLUVPIKOD
POVOUEVOD UTOPEl VO OTOTEAESEL £VOL OTUOVTIKO KOl OVOVTIKATACTATO €PYOAEI0 OTN TPOAYN KoL

OVTYETMTION TOV KATOCTPOPDV GTNV TEPLOYN KOl GTO TEPTYWPOL
M£00d0g

Epeic mpoteivoope pio péBodo oavayvodplong TANUUUPOV Ol OMOIEG UTOPOVV VO TPOKVYOULV GE
SPOPETIKA €101 KAADYNG Y1G, OTWG Ol ACTIKEG TEPLOYES, YOUVT PAAGTNGT TOL £6G(POVS KOl TEPLOYES

vynifig Prdomong.
Topunépacpa- AToTELEGROTO

Ta amotedéopata gpeavifovv pio GUVOMKN YPOVIKY KOTOYPOQT KOl OLOTOTWOOY TNG £KTOOTG TMV
TMNUPLPOV OV TpoEkvyov Ty mepiodo (AskéuPplog 2014- Mduog 2015) omv mepimtoon TOL
Motapob ERpov.
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