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ITAPAKOAOY®HZH TOY OINTIKOY MAXOYX AEPOAYMATON LTHN KYITPO
ME TH XPHXH AOPY®OPIKHX THAEIIZKOIIIXHY KAI XYXTHMATQN
IT'EQI'PAGIKQN IIAHPO®OPIQN

B. TPIT'KAE, K. ®EMIZETOKAEOYZE, A. XATZHMITZHZ

Tunua IHolitikadv Muyyovikov kar Myyovikov I eworinpopopixns, Epyaotipio
Tniemoxomnong, Teyvoloyixo [avemoriuio Korpoo, Asusoog Kompog.

INEPIAHYH

To omtikd mhyog TOL 0EgPOADUATOG uHmopel vo ovaktnOel dupeca omd  dopveopikd  dedopéva
APNOLOTOLDVTOS OTOTEAECUATIKOVS 0AYOpifpovs atpoceaipikdv dtopbmcewmv. [pdayuatt, Bacilopevor
GTO YEYOVOG OTL 01 SOPLPOPIKOTL AGONTHPEG UTOPOVV VO KOADYOLV EKTEVELS TEPLOYES, OTMG O BOPVPOPOG
tomov Landsat, 10 ontikd mdyog tov agpordpatog pnopei va Kabopiotel yio ddpopeg vd-neployés. To
voAoyloevo OmTIKG TAY0G TOV agpOoAVLOTOS pmopel va kataympndel o pio Paon dedopévov XITI
(GIS) ywr ™ perémn o&oAhdynong tov KwvdHvov Kot TNV avAALoT NG ATULOCEUIPIKNG pOTavons. H ev
AOY® perétn Topovctdlel omoTeAécpaTa amd TAPATNPNOEL; / LETPNOELG TOL EYOVV YIVEL GYETIKA LE TO
OTTIKO TTAYOG TOL OEPOAVLATOC, TOGO amd dOPLPOPIKE dedoUEVE OGO KLl OO POPNTA MALO-OMOTOUETPA
oe d1apopeg meployés tng Kompov. Xy ev Aoym epyocio mapovoidletor pi cuvolkn pebodoroyia
kafdg kot po mo  avoAvtiky péBodO¢ VITOAOYIGHOV TOV OWMTIKOD WAYOLS TOVL  OEPOAVUATOC
APNOHOTOLDVTOG aAYOPOO aTpHocPapIKiG 610pOmane. To ontikd mhyog agpoADIATOG OvaKTNONKE 0o
Tovg dopvedpovg Landsat TM/ETM +, ASTER, MODIS. Ta fAo-@eotopetpa Exovv ypnoiponombel yio
VO LETPTIOOVV GUEGO TO OTITIKO TTAYOG TOL 0EPOADUATOC KAl TV GTHAT TV vopatu®dv. H dueon cvykpion
HETAED TOV KOOOPIGUEVOV OTTIKDY TOXDV 0.EPOAVIATOC ExEL Yivel Yio TV Pabuovouncn emkdpmon g
gv AMOy® pebodoroyiag.

AEROSOL OPTICAL THICKNESS MEASUREMENTS AND MONITORING USING
REMOTE SENSING & GIGS OVER CYPRUS

V. TRIGKAS, K. THEMISTOCLEOUS, D.G. HADJIMITSIS

Department of Civil Engineering and Geomatics, Remote Sensing Laboratory, Cyprus
University of Technology, Lemesos, Cyprus

ABSTRACT

The aerosol optical thickness can be retrieved directly from satellite imagery using effective atmospheric
correction algorithms. Indeed, based on the fact that satellite sensors can cover extensive areas, such as
Landsat TM/ETM, the aerosol optical thickness can be determined for various sub-regions. The
determined aerosol optical depth can be inserted into a GIS database for risk assessment study and
analysis of air pollution. This paper shows the results obtained by monitoring systematically the aerosol
optical thickness both from satellites and hand-held sun-photometers in various regions of Cyprus. An
overall methodology is presented and ‘a step-by-step’ method how to determine the aerosol optical
thickness using an atmospheric correction algorithm is shown. The aerosol optical thickness was retrieved
from Landsat TM/ETM +, ASTER and MODIS satellite images. Sun-photometers have been used to
measure directly the aerosol optical depth and the water vapour column. Direct comparison between the
determined aerosol optical thicknesses has been made for calibration and validation of the proposed
methodology.
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1. EIZATQrH

Tic televtaiec dekoeTieEg AOY® TNG ONUAVTIKNG AOENCNE TN ATHOCPOPIKNG POTOVONG
Kot TOV TEPPUALOVIIKOV EMITTOCEDV GE TOYKOGUO €minedo, 1 mopakolohnon g
Bewpeiton emraktikn avaykn (Kaufman 2002).

‘Evag onuovtikog mopdyoviag oty mopakolohinon Kot HeAETN TNG OTHOGQOIPIKNG
poOmavong etvar n e£EMEN TV dOPLPOPIKOV CLOTNUATOV, 1| OTOI0L LG EMTPETEL TV
TOPOKOAOVONON TG ATUOGPAPIKTG POTTAVONG Kol TNV EMIOPOCH NG 0 TOYKOGHLO,
aAAG ko tomikd eninedo (Kaufman et al. 2002+ Al-Saadi 2005 et al. - Hadjimitsis et al.
2009). 'Eva onuovtikd epyoieio yioo TV pEAETN Kot Sloeiplon NS OTHLOCOOPIKNG
POTAVONG KO TOV TAPAUETPMOV TNG EIVaL 1] S0PLPOPIKT THAETIOKOTN oM. Y Thpyovv 6H0
dopvpopor MODIS, o Terra, o onoiog ypnoiponoteitot ylo. HETPNOELS TAVED Oomd Enpd
kot 0 Agua yia petpnoeis méve and wkeavovs. O dopvpodpog MODIS ypnowonoeiton
Y. VALY Oedouévav TTOv aPopolV GTNV SOPLEOPIKN TNAETICKOTNON Kol TNV
napoakorovdnon tov agpoivpdtmv (Ichoku et al. 2003).

Ta dopvpopikd cvotuata £govv TN duvatdtnTa Vo, Topokolovfodv kabnuepvd to
agpoAvpata (aerosols) oe oyeddv mpaypotikd ypovo (Al-Saadi et al. 2005). H
aVAKTNON TOV AEPOAVUATOV uTopet va yivel TG0 omd 10 dopvedpo MODIS 6c0o kot to
dopvedpo Landsat 7 ETM+ koauw ASTER (Kawata et al. 2004- Hadjimitsis 2008). H
oLoYETION UETAED SOPLPOPIKAOV LETPNCEMV KOl EKEIVOV GTO TTEDIO YO TNV EVPECT] TOV
BI0TNTOV TOV 0EPOAVUATOV Exel @ovel 0Tt givar peyddn (Chu et. al.2002). Avtd sivor
éva. evOOppLVTIKO OTOTEAEGUOL YLl TN YPTNOCLULOTOINCT JOPLEOPIKAV EKOVAOV OvVTi
pHeTpNoe®V oty emiPAeyn Kot OVAKTNOT TOL ONTIKOV TAyovg oepoivpdtov AOT
(Hadjimitsis 2009).

H cvomuatiky mapatipnon kot HEAET TOV OEPOAVUATOV EIvOl CNUAVTIKY Yol TNV
KaTavonon tov 16olvyiov g NAKTG aKTivoBoAMag 6TV ATLOGPALPA, TNG LGOPPOTING
TOL VOPOAOYIKOD KOKAOL Ko TNG duvapkng aliayng tov kiipatog (Ichoku et al. 2003).
Tic tehevtaieg dekoeTiec £xovV yivel apKeTEC TPOSTADEIES Y10 TOV EVIOTICUO KOl TNV
avaxton Tov agpoivpdtov and dopveopikd dsdopéve (Ichoku et al. 2003). Evag
GAAOG OMNUAVTIKOG TAPAYOVTOS TNG OTHOCPOIPIKNIG POUTOVONG EIVOL TO LIKPOCSOUATIOWL.
Mo mododtepn perétn tov Fraser et al (1983) avagépst 6t 1 GLYKEVIpOON TOV
copatiov propel va Ppedel petpovrog t okedalopevn axtivofoiia g aTOSPAIPOg
™m¢ yng (Ichoku et al. 2003). H atpoceaipikny d10pbwon givar o amd Tig opyikég
enekepyooieg pia dopveopikng ewdvag (Hadjimitsis et al. 2009). TToArég pébodor
APNCLOTOOVVTOL YO TNV OTLOCOUPIKT dOPOGT TV S0pLPOPIKMY EKOV®V, 600 €K
Tov omoimv &ivar 1 pébodog twv Zkotewotepmv Ewovootoyeiov (Darkest Pixel)
(Hadjimitsis et al. 2004) kot 1 1€0060¢ TG YPOUUIKNG GLOYETIONG EMIYEI®V UETPHOEDV
LE B0PLEOPIKA ESOUEVOL YPNOLOTOLDVTAS LN-peTaPAnTovg otdyovg (PIT)(Hadjimitsis
et al. 2009).

2. AEAOMENA

v mopovoo PeEAETN ypnoporominkay dopveopikég eikdveg Landsat 7 TM+ ko to
TEG0EPA OO TOL OKTM KAVAAL0, T Tpio TOV 0paTOoD PAGHOTOG Kol TO KOVTIVO vtépuopo,
pe yopkn avéivon 30 pétpwv Kot oto téccepa kKavdle. Ot petprioels 6to nedio Eywvav
pe eacpatopadidpetpo (spectroradiometer) tomov SVC HR-1024 kou nAopwtdpuetpo
xewp6g MICROTOPS 11 (Hadjimitsis et. al. 2009). Ot petprioelg mediov yo v
OVOKAQOTIKOTNTO £€YVOV  GE  amOoTACY €VOG HETPOL TAVED Oomd TOVG OTOYOLG

25-28/5/2010, PATRAS, GREECE 575



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

(Hadjimitsis et al. 1999) ko 1 ene€epyocio Tov dedopévav pe ta Aoyiopkd Erdas 9.3
¢ Leica kot ArcGIS 9.3 g Esri.

3. [IEPIOXH MEAETHX

Tnv meploy” HEAETNG amoTEAEL | EVPVTEPT TEPLOYN TOL ALLUAVIOD Kot TNG TOPOALNG TG
Agpecov oty Konpo (Ewova 1). EmAiéyniov téccepa onpeio (og davikoi otdyot)
TEPETPIKA TOV AUOVIOD Kol TNG TopoAiog AgUecod Yoo TIG HETPNOELS HE TO
QOGLOTOPASIOUETPO KOt TO NAOPWTOUETPO. H emhoyn TV otoYV £ytve e KpLThplo
ov £yovv meptypagel oe maldtepeg peréteg (Eckhardt et al. 1990; Hadjimitsis et. al.
2009). H meproyn tov Apaviod givor wiaitepa emPBopupévn pe pOTOvG amd T cLVeXN
petaxivnon PBapémv oynudtov Kot TAoiwy.

Ewgva 1: TTeproyn xdAoyng kot
¥®pobétnong tav petpioemy

4. ATMOX®AIPIKH AIOPOQXH

4.1. Atpoc@aipikn o10p0mon pe ) pédodo TV Xkotewvotepov Ewkovostoryciov
(Darkest Pixel)

Mo v oatpocealpikny ow0pbwon tov ekdévov ypnowomombnke 1 pébBodog twv
Yrotewotepwv Ewcovootoyeimv (Darkest Pixel) (Hadjimitsis 2009). v uébodo tov
DP kdéBe povpo otoryeio otnv dopveopikn €wkovo Oo mpémel va Exel Ynelokn T
Unoév, €av n ynoewokn tTov Ty sivor peyoddtepn and 1o undév n Ty avtn sivor n
EMOPOACN NG  OTUOCPUIPIKNG POTOVONG GTNV dopLeopikn ekova. (Meptikag 1999,
Hadjimitsis et al. 2004).

4.1.1 MeBodoioyia
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Apywcd yoo v €eoppoyn ™G HeBOOOL TV OKOTEWOTEPW®V EIKOVOGTOLXEI®V, Ol
ynowokés tuég (Digital Numbers) towv dopvQopikdv €KOVOV UHETOTPATNKOY GE
povadeg pétpnong g pong g axtvoPforiag (L). H petotpont| éywve pe mv nopakdto
ovvaptnon (Saunier kat Jackson 2009):

L =Gain*DN +Offset (1)

Endpevo otddio tav 1 HeTATPOm TG PONG TS AKTIVOPOANG GE aVTOVOKAAGTIKOTNTA
(reflectance, pyg).

_ 7Ly
E, *cos(6,)*d

Py )

Epocov epappdotnre n mapandve pebodoroyia, LetaTpdmnKoy OAEG O YNOLOKEG
TIEG T®V EIKOVOV GE OVOKAOGTIKOTNTA Prg. [100 TNV 0AoKANpdom TG pebddov
EVTOTIGTIKE TO GKOTEWVOTEPO E1KOVOSTOLYXEIO GE KAOE KavAAL Ko apatpEdnke 1 T Tov
Ao OAEC TIG OPVPOPIKESG EIKOVEC.

4.2 Atpoc@aipiki] o10pOmon pe ™ pédodo tov PIT

[Tpdkertan yio par péBodo n omoio onpileton ot pebodoroyia TG TOAAATANG XPOVIKNG
kavovikoroinong (MultiTemporal Normalization, MTN). H PIT o¢ oyxéon pe v MTN
YPNOLOTOIEL OESOUEVA OVOKAOCTIKOTNTOS €OAQOVG Yo TIHEG OVOPOPAS Ol Omoleg
ocvoyetifovtol pe TG TWES TG dOPLPOPIKNG ekoOvag oe avtiBeon pe v MTN, mov
YPNOOTOEL OC aVOPOPA TIUEG AVAKAACTIKOTNTAG amd v mo ‘kobapn ewova’
(Hadjimitsis et al. 2009).

4.2.1 MeBodoloyia

>t péBodo tov PIT ypnoponomdnkay ot dopveopikég eikoveg tov Landsat 7 TM+ wov
€ TPONYOOUEVO OTAOI0 UETATPATNKOV Ol YNOOKEG TIUES TMV EIKOVOCTOLXEIMV OF
avakiooTikotnta (e€icwon 1) kot o petpioelg mediov pe 10 pacpatopadiopetpo SVC
HR-1024.

Mo v epappoyn g pebddoL oG TPOUE HETPNOEIS GE GVYKEKPLUEVOVS GTOYOVG
oV mEPLoYN eVOLAPEPOVTOC. Ot TE0CEPELG GTOYOL OV EMAEXTNKAV NTOV TEPLOYES LIE
TOUEVTO, AOPOAATO Kot pe oTeYV Gppo. Ot petpnoelg EANeONcay 6e YPOoVIKES PAGELS LE
™M AyotePOo duvarty OTHOGEOPIKY EMOPACT, Y®PIS cOVVEQQ Kol Le £vTovn avtifBeon.
Axopa emAEyOnkoy oTdY0l TOV OTOI®MV N AVTOVOKAACTIKOTOTA OV OAAALEL CNUOVTIKA
ue to ypovo (Hadjimitsis et al. 2009). T'o. Tnv olokAnpmon ™G HeBOd0V GUYKPIVOLE TG
TIHEG AVOKAOOTIKOTNTOS TOL €3A(POVG Yo KAOE KOVOAL LE TIG TYES TNG OOPLPOPIKNG
ewovag o kbbe kavdAl yuo ke oTdY0, Pe GKOTO TNV AVAKTNON TG TANPOPOPIOS TOL
apopd 1o “Atmospheric Path Radiance Component”, cvvaptnon (3) (Hadjimitsis,
2009).

Cztg " Pa (3)

m  ypoeikny mopdotact, otovg afovec X kor Y TomofemnOnkoav ot Tuég
AVOKAQGTIKOTNTOG OO TO (QOGUOTOPAOIOUETPO Kol 1TNG OOPLPOPIKNG  EKOVIC,
avtiototya To TeEMKO ATOTEAEGUA, TOV TPOKVATEL OO TNV YPUPIKY| TOPAoTOCT, Elval
poe gvbeic mov evovel OAo ta mopayopeva onueio. H tiumq g oTHOCOOPIKNG
emidopaong opiletarl amd to onueio Toung g evbeiog pe Tov d&ova TV Y 1 X Kot TOL
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onueiov topung twv ovo afovev (onueio 0). H ) avt) mepthopfdver kot tnv
napdpetpo AOT. Edikd yio ta opotd @douata 1 avaktnon tov Atmospheric Path
radiance Component (c=t, - p, ) pmopei va ypnowonombei pe mv Loy vrodeon
0Tl o1 vopatuol givar apeintéol, dpa 1o tg umopel va Bewpndei icov pe to 1. Ocov
apopd 6to VIEPLOPO KavAAL, M ev Ady® vrdBeon dev pmopel va yivel Ady® tov OTL
vrapyel coPapn enidpacn tov vopatuny (water vapour thickness). To i610 couPaivet
Kot pe v pEB0do TV GKOTEWVAV EIKOVOSTOLXEI®V. Apa 1 ¥pNON TOV NAOQOTOUETP®OV
v v p€rpnon 10660 tov AOT 600 Kou ¢ oTHANg TV vopaTumv PBondd otnv
TIOTOTOINGY| TOV ATOTEAECUATMV.

5. FTEQIPA®IKA XYELTHMATA [TAHPO®OPIOQN (I'XIT)

Ta TZIT  PBonbodv onuavtikd otnv Aqyn amopdoewv. o v olokAnpmon g
epyooiog ypnowomomdnkav ['ZI1 kot otig 600 pedddovg.

H pébodoc Tmv oKoTEWVOTEPMV EIKOVOGTOLXEIMV EQUPUOCTNKE TOAD EDKOAN GE OAN TNV
Kompo, omuovpyovtag évav xdvvafo oto péyebog g Kompov. Amd  «dbe
EIKOVOOTOLYEIO TOV EVIOMIOTNKE TO OKOTEWOTEPO, TO ONOIO OVTITPOCMITEVE TNV
AaTHOGPAIPIKY emidpact / pOmavon. Xy eikova 3 pe mopgpPoir onpovpyndnke o
xaptng Tov DP, evtomilovtog kat apepdvtag to DP og kébe tetpdymovo tov kavapov
vy 0An v Kbdmpo. Avtd kabictator @avepd amd 10 £VIOVO YPOUO GTNV OCTIKH Kot
mapaAlo Teployr] TG AEUEGOD.

=

Ewévo 2: Ocpotikdc yapmg ansikdviong mapepfoine Kriging pe tmv ypnon dopueoptkng
ewovag Landsat-7 ETM+ (1-09-2009)
6. ATOTEAEZMATA

H pébodog towv Zxotewvdtepwv Ewovootoreiov eivor pio kaBoAkr, pébodog kot
epoppoletar oe OAN TV €wkova, evd N péBodog PIT ovuykpivel v aviavakioaon tov
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oTOY®V (EIKOVOSTOYEIDMV) GTO £50POG KOl TMV AVIIGTOYYWV OTIC O0PVPOPIKES EIKOVEC.
O dopveopog Landsat 7 pe yopikn avdivon 30 pétpov E0mGe KON GUOYETION UE TIG
avtiotolyeg petpnoelg omd 10 medio. H  €psvva Bo  dievkorvvoviav, edv
YPNCLOTOLOVVTOV EIKOVEG LE UEYOAVTEPT YWOPIKN OVAAVCT|, YOPIG OVTO VO LELDVEL TNV
a&lomotio TV amoteAecpdtov. Ta dedopuéva ToV PACUATOPASIOUETPOV EIvVaL TOL TAE®V
aomoto Adym ¢ axpifeiog Toug ko G eEAAEYNG OMOIOVONTOTE EVOLAUEC®V
pOTwv, petald 0éktn kot otoyov. To amotédespa g pebddov DP cvumintovv e
amoteAéopato  wponyovueveoy epapuoymv (Hadjimitsis et. al. 2009, 2004) o
oVol0oTIKE emainfebovy Tovg WwyvpIopovs Tovs. H cvoyétion tov AOT (MODIS) pe
ta amoteléopato g peBooov DP oe apketég mepmtdoelg Hog £0WGE TOVAN(IGTOV
R=0.53, katd v Bepivn mepiodo. [Tapopola amoteréspata pog £dmoe Kot 1 néBodog
PIT pe kaAVtepn GLGYETION GTO OPATO PAGHO KOl GLYKEKPULEVO OO TO TPio KOvVOAL
TOV 0pOTOV PAGHATOG TO KavaAl Tpia elxe cvoyétion R=0.55 (Ewova 2).

0,9

0,8 s

0,7

0,6

0,5

0,3 2 2

0.2 . .

0,1

Ewova 3: Mé0odog DP 610 kavdail dvo pe R=0,55.

7. ZYMIIEPAIMATA

Ot 000 aTHOGPAIPIKES OLOPOMCELS SOPLPOPIKMOV EKOVODV «1 HEBOOOG TV GKOTEWVMV
otoyOv» Kol «n  pEBodog PIT» pmopovv va ypnoyormomBovy yio v avaktmon g
mnpoeopiag, mov oyetiletor pe TV ATHOGQOIPIKY pOTAvoY, Omwg elvar TO
Atmospheric Path radiance Component kot 6€ HETAYEVESTEPO GTAGIO TO OMTIKO TTAYOG
tov agporvpdtov (AOT). Ot ev Aoym pébodor mheovektobv AOY® Tov OTL divouv TV
dvvoTdtTTo. GTOV YPNOTN Vo dwympicel ™V vrd PEAETN TEPLOYN OVOAOY®OS NG
TOPOLGIOS TV TO OMOTEAECUATIKOV CKOTEWVAV GTOY®V 6TNV Tepintwon g pebddov
TOV «OKOTEWVMV EIKOVOGTOUYEIOV» KOl TOV U1 —UETOPANTAOV GTOY®V GTNV TEPIMTOON
g nebddov «PIT». To T'EIT amotedovv amotelecpatikd epyodeio dwoyeipong g
pOmavong, TOG0 G YOPIKO 000 Kot ypovikd emimedo. H ypron tov erniysuwv
NAMOPOTOUETPMY KOl TOV QOCUATOPASIOUETPOV dIVOLV TNV dLVOTOTNTA TNG GLVEXNS
motonoinong towv anotelecudtov. H ev Aoyw épevva Ppioketon oe eEEMEN kol o€
petayevéotepo otadlo Ba ypnoomombovv kot dedopéva tomov ASTER. emiong,
TPOPAETETOL GTO EMOUEVO GUVTIOUO YPOVIKO OldGTNUO VO XpNGILoTotnBovy dedopéva
Kot mAnpogopieg mov oyetiCovian pe to AOT  amd v ypnon Tov emiyelon
nMopwtopétpov, t10 omoio Bo Pploketor eykareotuévo oto  Teyvoloyikd
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[Toavemomuo Kompov (Epyooctipro Tniemiokdémnong) péoo oto mAoiclo Tov
naykocpov diktbov AERONET.

Evyoaprotieg

Oepuég  evyoplotieg oto Teyvoroywod Ilavemotiuio Kompov yioo tnv otkovouikm
VIOGTHPIEN (E0MOTEPIKO TPOYPALLO & EVOPKTNPLO YPNLATOSOTNGT TOV), KAOMG Kol 6TO
Epyaomipio TniemokoOmmong vy tnv  ypfon TOV QOCUOTOTOPOUSIOUETP®V KOl
NAMOQ®OTOUETPOV.
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AYTOMATOINIOIHMENO LYEXTHMA BPAXEIAX IIPOI'NQXIHE TQN MEZHX
KAIMAKAX KATAITTAO®OPQN XYETHMATQN XTH MEXOI'EIO ME TH XPHXH
AOPY®OPIKQN EIKONQN

> KoAI0s! KAI X. DEIAAT?

YTuipa Cewypagiog, Hovemoriuo Aryaiov.

2Touéac Metewpoloyioc - Khuaroloyiog, Tuiuo Tewloyiog, A. I1. 6.

ITEPIAHYH

H ovykekppuévn pedlétn avaeépetal otig pebodoroyieg mov akolovbnbnkav yio v avantoén kot
mv a&loAdynon evog aUTOHATOTOMUEVOL GLOTHHATOG Ppayeiag mpdyvmong tov Méong Khipaxog
Kataxopoeng avamtoéng vepwkdv Xvommudtov, tm Oepun mepiodo tov €tove. To odomua ovtd
ypnowonotel vépubpeg dopvPopikég eikOvEG Meteosat devTEPNG YEVIAG OTNV EVPVTEPT TEPLOYN TNG
Mecoyeiov kot mopéyel eKTUNCELS Yoo TN YPovik) €EEMEN MOAADV mapapétpov Tov MKE, onmg n
devBuvon ko 1 TayvTTa Kiviong, To péyebog, péoeg Kot eAdyloTeg TIHEG BEpLOKPACLOV AAUTPOTNTOS OF
dtdpopa kavaio K.o. To amoteAéouaTo TOV EKTYNCEDMV GTO YMOPO KOl TO YPOVO OTOTUIDVOVTOL GE
oAOKANPOLEVO  Ypapkd mepPaiiov kot M afoddynon ™G okpifelag TOV eKTIUACE®V  KpiveTot
KOVOTIOMTIKY], KOOIGTMVTAG TO GLYKEKPEVO cVOTNUA Vo YPNOLULO EPYOAEI0 GTOV EYKVPO Kol £YKOLPO
EVTOMIGUO KOl TPOYVMONG TG eEEMENG TV MKX.

AN AUTOMATED SHORT-RANGE FORECASTING SYSTEM OF MESOSCALE
CONVECTIVESYSTEMS FOR THE MEDITERRANEAN BASIN USING SATELLITE
IMAGERY

S. KoL1os! AND H. FEIDAS?

'Department of Geography, University of the Aegean.

Department of Meteorology —Climatology, School of Geology, A.U.Th

ABSTRACT

This study presents the methodologies used to develop a short-range forecasting system of
Mesoscale Convective Systems (MCS) over the Mediterranean region, for the warm period of the year,
based on Meteosat Second Generation (MSG) imagery. As a final output, the system generates forecasts
for several physical characteristics of the MCS - such as area extent, displacement, mean and minimum
brightness temperatures e.t.c - through its whole life cycle, in a fully automated graphical interface. The
validation of the system efficiency carried out for a number of cases showed promising results in using
this system as a useful tool for the short-range forecasting of MCSs during the warm period of the year.
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1. EIZArQra

Ta Méong KAipaxag Katakdpoeng Avémtuéng Negpwkd Zvotipata (MKY) arnotehovv éva
oo TA CNUAVTIKOTEPQ ATUOGPAIPIKE ovopeva. H onpaviikdtntd toug g otvopevo £ykettol
670 YeYovog 0L To. MKX pmopovv va amofolv emkivouva, Yot 0TI TEPIGCOTEPEG TEPTTMGELS
TPOKAAOVV UETAEDL GAA®V, &VTOVEG PPOYONTMOGELS, TANUUVPES, MNAEKTPIKES EKKEVAOOELS,
yoralomtdoelg kot dvvatovs avépovs. H yopikr kot ypovikn kiipoka tov MKE eedyet
dvokolieg omv emtuyn TPOPAEYN Tovg omd TIG aplBuNTIKEG Tpoyvmoelg kopov. Katd
GUVETELD, OVOOEIKVOETOL 1] AVOYKALOTNTO KOL 1] CTLLOVTIKOTTO OVOTTUENG GUTOUATOTOINUEVDY
GUOGTNUATOV EVIOTIGUOV, TOPAKOAOVONONG Kol Hkphg dudpkelag mpdyvoong tov MKE ta
omoio. pumopovv va otnpilovtol 6e dedoUEV LETEMPOAOYIKADV J0PLPOPOV KOl VO KOADTTOOV
IKOVOTIOUTIKG  Tr Y®PWKN Kot ypovikn kApoko e&éMéng tov MKZ. Tétowov &idovg
OUTOUOTOTONUEVE, GLUGTAUATO OEV  OTAVIOVTIOL GLyva otn oebvny Piproypaeia. Eva
YOPOKTNPIOTIKO Topddetypo amotelel TO OGOOTNUO  EVTOMIGUOVL, TApOKoAoVONoNG Kot
TPOYVOoNG Pacikdv yapoktnpioTik®dv tTov MKE mov avartdybnke omd tovg Riosalido «.a.
(2001) yw v mepoy ™ Avtikng Mecoyeiov. v Itodio emiong, Aettovpyel Mo
EMYEPNOOKA EVOL TANP®S OVTOUATOTOMUEVO GUCTNUO EVIOMIGHOD KOl TOpaKoAovONoNg
Kkatoy10o09opav cvotnuatov (NEFODINA) Bacicuévo oe dopupopikd dedopéva tov Meteosat
Second Generation (MSG) pe mpoyvwotiki dvvoatdomnta 30 min (Puca k.a., 2005. 'Eva
aVTIGTOY0 TANPMS OVTOUATOTOMUEVO GUGTIUO EVTIOTICHOV, TAPOKOAOVONGNG Kot TPOYVOGNG
tov MKX (ForTraCC), Pociopévo oe amoKAEIGTIKG € dOPLPOPIKA OEOOUEVA, AELTOVPYEL
EMYEPNOOKA KOADTTOVTOGC Mio UEYAAN YE@YPAPIKT TTEPLOYn TG vOTIoG Apepikng (Machado
K.a., 2008). H mapodca epyacio avagépetal oty avamtuén evog TANP®S CVTOUATOTOULUEVOL
cvotipatog Ppayeiog mpdyvoong g eEEMéne tov MKXE pe anokAeloTikn xpron 00pueopiKmv
gwovov Meteosat-8, Meteosat-9. To oGt EIVOL ETIKEVIPOUEVO GTNV EVPVTEPT TEPLOYN TNG
Meocoyeiov (ue éupaom v eAlnvikny emkpdrtewn) o6mov ta MKE,) 1dlog v kolokopivi
nepiodo, ep@avifovior OpKeTd oLYVE TPOKAADVING OE TOAAEG TEPIMTMOEL ONUAVIIKES
KOTOGTPOPES.

2. AEAOMENA KAI ME®OAOAOTIA

Ta dedopéva mov ypnowomombnkav KOTG TNV KOTOOKELY] TOV  GUYKEKPLULEVOL
TPOYVOGTIKOV GLGTNULATOS etval dopupopikég eucoves MSG (Meteosat-8 kar Meteosat-9) otnv
vépLOpN TEPLOYT (KAVAMO [LE PUOUATIKA EmikeVTpa TaL 6.2 um, 7.3 um, 8.7 um, 10.8 um, 12.0
pm) yw v gvpvtepn mepoyn g Meooyeiov (Ewdva 5). O ypovikég mepiodor ol omoieg
emAEYOnkav etvan o1 tpelg Beppég mepiodor (Ampikiog - XentéuPpilog) tov etcdv 2005, 2006 kot
2007. To ovvoro tev ekdvav (exionun dadiktvaxn Paon dedopévav g EUMETSAT) mov
TEAIKO GLAAEXONKOY KO EMEEEPYAOTNKOV GTU S1OPOPO. ETUEPOVS GTASN TOV OLUSIKAGIOV KOTA
TNV avATTLEN TOV TPOYVOGTIKOD GLGTHHOTOS EEmepva Tig 259.000.

To mpdto Pooikd oTAOI0 AVATTVENG TOV GLGTAUOTOC APOPOVCE TNV AVATTLEN €VOC
aAyopOpov pe Tov 0moio evtomilovtal GTIC S0PLPOPIKEG EIKOVEG TO KPIGULO VEPIKA GUCTHUOTO
Kol oTn cuvéREln Topakoiovdeital 1 &gtk Tovg mopeia. O akydpiBuog dabétel pepicég
Bacwkéc apyéc Asttovpylog €vog OAyOPOUOL ETIKEVIPMOUEVOL GE SOPLPOPIKA dedopéval
Meteosat mpitng vevidg (Feidas H., 2003) ywo T1g dtodtkacieg EVIOMIGHOD Kot TapoKoAoHONnong
g e&EMENG Tov MKE. Avagopikd pe Tov adyoplfpo mov KOTOoKEVAGTIKE Kol TapovctileTot
OTN GLYKEKPLUEVT gpyacio, o€ Kabe dopvpoptkn ewdva gvtomilovtal Olo ekelva To VEQIKA
cvothpate pe TéEG Bepuokpaciog AaumpoTTag 610 KavaAl 9 (pacuatiko enikevrpo 10.8 um)
nuepdtepec amd 228K (Koide k.a., 2007) kon £ktaon peyaldtepn omd 100km?. Kébe vepikd
CUOTNUO HECO OTH YEOYPOPIKY TEPLOYN HEAETNG oL TANPel avtéc TIc mpovmobéoels yo
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TOVAdYIGTOV dVO Mpeg Bewpeitan wg MKXE kot mapakorovbeiton 1 eghktikny tov mopeio (pe
Baon kprtiplo avaeoptkd e TNV KoY EMKOAVTTOUEVT] TEPLOYN UETAED VEPIKOV GLGTNUATOV
o€ Jd0YIKES EKOVECS), Aapfdavovtag vmoyn TOOvVES JCTAGELS 1| CUVEVAGELS e GAAD VEQT).
Hopdiinia, oe kGOe oTdd10 €EEMENG TV vepmV vroAoyilovTtol kot apyelofetodvion Pacukég
TOPAUETPOL (AVOPOPIKA LE YEOUETPIKA, (OCUATIKA KOU KIVNTIKE YOPpUKTNPIOTIKE) e o
15min. H duipkela ong kdbe MKE otapatd otov madel va 1oydetl é0t® pio amd Tig cuVONKeg
g éktaong kot tng Oepuokpociog. Tedwkd og MKXE Oewpodvtar OAc ekeiva to, VEQIKA
GUOGTHUOTO 7OV TANPOVV TO TPoovapepBEvTa kprtipla Oepuokpociog Kot £KTaomg Yo
TOVAGYLGTOV HV0 MPES amd TN GTLYT TPADTOV EVIOMIGUOV TOVS GTIS S0PLPOPIKES EIKOVEC.

To emdpevo kHPLO 6TAS10 NTAV 1 ETAOYN TOV HEBOSOAOYIDV Y10l TIC EKTIUNCELS TOV TIUOV
TOV YapoKTNPIOTIKOV TV MKX 610 Ydpo Kot 10 ¥poévo Kabdg emiong 1 KOTOGKELT KOl 1|
eVOOUAT®OON TOL  oAyOplBpov  mPOHYVOGCNG GTO  VTOAOUTO  GUCTNUO.  EVTOMIGUOV Kot
mapoakorlovOnone g e&EMéng tov MKE, dote va amokoel pio oAokANpouévn Kot TANPOC
avtopatomonuévn popen. o cuykekplpéva, yio v emitevén pikpng SdpKeg Tpdyvoong
(short range forecasting) tng efehktikng mopeiog tov MKZ, ypnowomoobvior g yevikd
vroPabpo dvo pebodoroywkd povtéda. To poviélo T YPOUUIKNG TOAVOPOUNGNC (YPOLUIKT
TPOEKTAGT] OTO YPOVO) KOl KOVOVIKOTOUMEVO YPOVIKA, EVVOLOAOYIKA povtéda e&EMEnc
(conceptual models) Booikdv Tapapétpev v cvomudtov avtdv (Koiog Ztadpog, 2009).
Toviletal oto onueio avtd, OTL TO EVVOIOAOYIKA HOVTEAN EEEMENG TTPOEKVYOV MG OTOTEAEGLLOL
KaTOAANANG otatioTikng emeepyaciog omd pia Pdon dedopévov mov avomtoybnke yuo va
TPOPOOOTEL e TANPOPOPLOKO VAIKO, emkevipopévo ota MKZ, 10 mpoyveotikd cootnuo
(Kolios and Feidas, 2009).

Eniong, pépog tov peBodoroyidv yio v ovamTLEn TOL TPOYVAOGTIKOD GULGTNHOTOSG
amotelel 1 OLOVUGUOTIKY TTPOGEYYIoN Kol 1 ¥pNon POCIKOV e£loMCEDV KOVIKOV TOUMV Yo
EKTIUNGCELS KOl CLUGYETIOELS TOV VEPIKADV KLTTAP®Y GTO YDpo. XtV €Kova 1 moapiotdveror n
vevikn pebodoroyio Pdoel TG omoiag EMTVUYYAVETOL 1| TPOYVAOOT] TOV SOPOP®Y UOVOUETPOV
peyebov (vepikn éxtaom, Oeppokpocieg oe dbpopa kavdiie k.o.). ITo ovykekpuéva,
YPTCULOTOIOVTOS Y10, KGOE TOPAPETPO 7OV EMAEYETOL TIG TPAYHOTIKEG TIWES NG, Yiverol
YPOUWKY TPoékTaon oto ypoévo (gvbOypaupo tuquoe AB) péypt to ypovikd omueio
(exQpacuévo oe TOCOOTO TNG YPOVIKNG OLAPKELNG TOL GULGTHUOTOC) OOV TO AVTIGTOL(O
EVVOLOAOYIKO HOVTEAD TTaPOVCLALEL akpOTATO (UEYIOTN 1) EAGYLOTY TIUN).

21 ovvéyxewl, M yYpoppukn mpoéktaor ovveyiletar (evbBdypappo tunua AlY) péyxpt To
ypovikd onueio 100% to omoio avtictoyel otnv ektipnmpevn dbpkewe Long (ewova 7.12a).
Sounepacpotikd, 1n avéovca 1 eBivovoa mopeic KOTO TNV TPOEKTOCT TOV TIUOV HI0C
TOPUUETPOV GTO YPOVIKO GTAGLO TNG avanTLENG KoL TNG dtdlvong (evbhypaupa Tufrota AB kot
BI' omv ewodva la), kobopilovtar amd to avrtictoryo evvoloroywkd poviéro. Ot tipéc kdabe
TOPOUUETPOL GE OAN TNV EKTILMUEVT dtdpketo (g vtoAoyilovTol amd To avTiIoTOL o LOVTELD
YPopKnG ToAvopounone. H ektiunon g xatedvOuvong kivnong tov MKX gival onuovtikn
ywiti pe Baon avth kpivetar av po teployn Oa Ppedel otnv mopeia kivnong evog MKZ. T v
TPOYVAOOT] TOL SLOVOGLOTOG Kiviong (katevBuvong kivnong) tov MKE amotteitol n dievbvvon
TOV SVOGHOTOC KaOmG Kot To uETpo ovtov. To TeAikd dtdvuco Kivnong TpokvaTEL omd 0

ovvbeon Tov JVOCUATOG KA nov oynuatifetor petald TV KEVIPOV PBAPOVG TOV VEPIKOV
KOTTOP®V KOTA TIG YPOVIKEG oTIyuég t (mapov ypovog) kot t-At (15 min mpwv) xor evog

«etcovikovy dovoopatog KB (Kohog Zt., 2009) mov oynuotiletar AapPévovtog vroym
0AOKAN P TN Ypovikn eEEMEN péypt TN ypovik otypn t (Ewova 1B).
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Hanan t2at  tAt  t t+At

T Napapérpou

0% 100%
AiGpkzia MKE
(KavovikoTroinpévn)

(o) ) )

EIKONA 1. (a)).Ilpocopoimon tov TGOV piog TUTIKNAG TOPAUETPOL KOTA TN didpkela {Ong TV
MKZX pe 1o povtého ypap kg moAlvopounons. Me évtovn ypoppn ivon 1 LeTaforn Tov TH®V
mg mapapétpov kb’ OAn 1 dSbpkeln Cong evoc MKE (evvoloroyikd poviélo) eved pe
OLOKEKOUUEVES  YPOUUEG TPOKOTTOLV Ommd TO HOVTEAO YPOUMIKNG TOAVOPOUNGNC Kot
TPOGOLOIDVOVY T QUGIKN UETABOAN TNG TAPAUETPOL GTO XPOVvo. (B). ZyMUOTIKY ATEKOVIOT
TOV TPOTOL EKTIUNGTG TOL dlvOoUATOG Kiviiong pe Paon tpio d1adoyikd vepikd KutTapa evog
MKZX (gpovikd Prpota t-2At, t-At kot t). To gvBOypappo tpqpe KH aneucovilel o ddvoopa
Kivnomng mov ekTdToL. (y). ZynUOTIKN OEKOVIOT EKTILOUEVNC EAAENYNG (EKTIUDUEVT VEPIKT|
TEPLOYN) KOL TOV AVTIGTOLYOL VEPIKOL KLTTAPOL TTOV £XEL EVIOMIGTEL (TAPOUTPOVUEVT] TTEPLOYN).

3. AEIOAOTHIH TOY AATOPIOMOY

H a&loldynon 6Amv TV TOPOUETPOV OV EKTILMOVTOL OO TO TPOYVOGCTIKO GUGTNUOL,
TpOypaTomoleital pEow ouvyKpiceEMY WHETAED TOV UETPOVUEVOV TIW®OV KaOe mapouéTpov
(«TpOyUATIKES TIHEGY) UE TIC OVTIOTOLYES EKTIUOUEVEG TINES. To detypo TV HETPOOUEVOVY Kol
TOV AVTIOTOY®V EKTILDUEVOV TIUOV TPOEKLYE Otd T GLAAOYN KOl TIG TPOYVAOGCELS Y10, OA0, TO
MKZX mov evtomiotnkayv € pia ¥povikn mepiodo 12 NUEPOV Kol TO GUYKEKPLUEVE, GTO YPOVIKO
duoua amd 1/06/2007 wg 12/06/2007. T'a kdBe MKXE mov gvtomictnke g ovTh TN YPOVIKN
nepiodo, TapnyONcav o1 TPOYVAGELS G OKTAD SOPOPETIKA TpoyvwoTikd enineda (Ewova 2). To
ovvoro Tov MKE (yopic cuvevdoelc Kol Ol06TAGELS) TOV EVIOMICTNKAY GE OVTO TO YPOVIKO
dwwotmpoe. (1/06/2007 - 12/06/2007) eivan 175. H a&ordynon tov pebodoroyidv mov
epopuolovtol yio TNV EKTIUNON TOV SQOpmV TopauéTpav, Yio kdbe MKE nov evtomiotnke
670 XPoviKo ddotnua amd 1/06/2007 wg 12/06/2007, yivetal pe tpdyvoon g eEEMENG Tov eV
N dwdkacio TPOYVMOoNg AaUPAaveL xDpo £XOVTOG 0E00UEVA TOV VOVEDVOVTAL Yo KAOE ypovikd
Bpe (15 min) and T OTIYU TPMOTOV EVIOTIGUOL Kol Yo SAGTNUO dVO MP®V. LTV EIKOVA 2
KkéOe yKpt KOPOG AVTIIPOCMTELEL T1 UETPOVUEVT] TIUN UiOG TOUPOUUETPOV («ITPOYLLOTIKY TLU»)
v Kabg ypoviko Prua (otddo eEEMENC) tov MKXE. Kdabe dompoc kbPog avtimpocwnevetl tnv
EKTILOUEVN T PG TOPaUETPOL Yo, KaBe ypovikd Pripa m omoio mpokvRTEL He PAon ™
pebodoroyia TpodYvmong mov akoiovbeital.

O opBuog TV ekTuNoe®V Kabe Tpoyvmatikod emmédov kabopiletar and v mpdyvoon
g owaprelag (apBpoc ypovikdv Pnudtev) tov eéetaldpevov MKYE oto avtictoryo eminedo.
Kabe extipopevn T, ota 014@opa eTinedo TPOYVMOONG, CLYKPIVETOL UE TNV avTioToym
mpoyuatikn Tiun. ‘Eva mopdderyuo téToiov cuyKpicemv TOPIGTAVETOL e To auPidpope. PEAN
HETAED TPOUYUATIKOV KOl EKTIUDOUEVOV TILOV Y10 TO TPMTO TPOYVMOTIKO eninedo (Ewova 2).
Kotd cvvéneia, yio kébe mapapetpo, pe faon cvykekpipéveg nebodoroyies, EXTILOVTOL O TIHEG
TOLG KOl GLYKPIVOVTOL LE TIG OVTIOTOLYEG TPAYUATIKES TYES TV TPAUETP®Y TV MKE. Onmg
Tpoavapépinke, 1 dwdikacio ot Tpaypatonoleitol Yo didpopa enineda Tpdyvwong (Euova
2). H ypovikn avdivon tov emmédnv Tpodyvmons, KabopicTnKe amd Tn YPOoVvIKN aVAALOT| TOV
dopvpopikadv Tpoidvtwv MSG (Meteosat-8 kot Meteosat-9) kot givat ion pe 15 min.
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sioeesnoms (T T T FT LT m EIKONA 2. Zynuatik omewovion g odikaciog
[ J Pt [ l ] : a&loAOYNONG TOL TPOYVMOGTIKOV GUGTNLLATOS OVOPOPIKA
R @ gttty pe v axpifela exTipnons T@v S0QOp®V TUPAUETPOV
ol | tov MKZ. Kd&fe ykpt «Ofog avtimpocmmedel tnv

» zompomns [ : i 4 UETPOVUEVN TN HLOG TOPOUETPOV (KTPOYLOTIKY TUUN)
o - mov ypnolponoteitor yioo k@Os ypovikd Pripa (otddlo
3"m‘"fﬂ°"wwwmcmf J; eEéMEng) mpoyvoong g eEéMéng tov MKZE. Kdébe
: | r GoTmPOg KVPOG OVIITPOCHOTEDLEL TNV EKTIUAOUEVN TN

: i - plog mopapuétpov y Kabe ypovikd Prua M omoia

: npokvmtel pe Pdaomn ™ pebodoroyion mpoOYvmONG TOL
wenmasmsrons (T I axohovBeiton og kGO mapapetpo. Ta PEAN SnAdvouv T
o _ GUYKPION PETAED TTPOAYHOTIKAOV KOl EKTILOUEVOV TILOV.

IIINAKAE 1. H pifa o0 pécov tetpaymvikod cedipatog (RMSE) kot 10 péoco amodivto
oc@aipo (MAE) yio d1dpopeg TapapéTpOvS GTO, OKTM TPOYVOGCTIKA €minedo mov Aapupdvoviot
VIOYM).

Eninedo Duration Taydmra kivnong Negwkn éktaon Thmean (10.8pm) Amoéxhon Tov KEVTPOV
(km?) Bapovg (km).
TpoyvOoNS (min) (km/h) X)

RMS MAE Mean RMS MAE Mean RMS MAE Mean RMS MAE Mean RMS
1 322 224 1542 183 137 340 914 621 1435 19 16 2234 42.4
2 322 222 1540 142 110 324 914 618 1491 18 14 2235 27.0
3 316 214 1545 14 109 327 985 667 1546 18 13 2236 231
4 319 215 1553 143 108 332 1124 785 1579 1.8 13 2238 21.2
5 322 213 1563 147 114 335 1109 758 1599 15 1.2 2239 18.5
6 340 228 1580 141 110 330 647 454 1613 14 10 2241 145
7 344 239 1629 133 103 337 621 445 1616 12 10 2243 114
8 35.0 249 1707 136 102 323 1124 775 1717 16 13 2242 9.6

O1 amokAioelg peta&h PHETPOVUEVOV KOl EKTILDOUEVOV TIUOV O€ KAOE TPOYyVOOTIKO EMINESO
a&loroynOnkov pe ™ ypnomn Swedpwv otatiotikav peyedov (Wilks DS., 2006) to omoio
YPTOULOTOIOVVTOL GE TTaPOUOlEG dladikacies. [pila Tov pésov teTpaynvikod cedipatoc (Root
Mean Square Error) , péco amoéivto opdipo (Mean Absolute Error) peta&d petpodpevev Tiumv
KOl T®V OVTIGTOU(®V EKTIUAGE®V GTO OAPOPO TPOYVMOTIKO eminedo mwov e&etdlovral].
IMopéyovrar axoun (Ilivakag 1) ot péoeg petpodueveg TéG KaOe TOPAUETPOV BGTE VUL VITAPYKEL
pio TEPIGGOTEPO AVOAVTIKY ATOy™ Y10 TOo UEYEDOG TV EMUEPOVG OMOKAIGEWDY GE GYEOT LE TIG
avTIoTOLYEG HECES TIUEC TOV TOPAUETPOV OV Yopoktnpilovy ta MKE katd ™ odpkelo tng
Cong tovg.

Avaopikd pe v andkiion Hetadd EKTILMUEVOD KOl TOPATPOVDUEVOD KEVIPOL PBApoug ota
dupopa mpoyvootikd emineda (Ewdvo 3), mapomnpeitor 6t o1 emuépovg amokAicelg
petmvovton otadlakd yio kébe véo mpoyvmotikod eminedo (ITivaxag 1). MapddinAa ot TiHES TV
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amoKAlcE®V gival TOAD WKPOTEPEG OO TIC OLOGTAGELS TMV VEQPIKOV GLGTNUATOV (Ol 0moieg
KopaivovTal PeTad ekaToviddov og xadov Km?). Katd cuvémelo, ot pkpés kot Stapkdg
LELOVUEVESG OTOKAIGELS YOpaKTNPILOVY KOl GE QVTH TNV TEPIMTMOOT TNV IKOVOTOMTIKY oKpifeia
LE TNV 07010l TO TPOYVMOGTIKO GUCTNUA EKTIUE TIG BEGEIC TOV VEQPIKOY GLUGTNIATOV GTO YDPO.

o mv agoldynon TOvV CEOANAT®V  Meayund EIKONA 3.
’ , . 6éon A Amékhion kara X
OV VWAPYOLV UETAED TWV EKTIUDUEVEOV of
Oéoewv Kévipov PApovc TOV  VEQIKOV i Méoo
CLOTNHATOV  KOL  TOV  OVTIGTOL®V TETPAYWVIKO

opdaipo (RMSE)

peta&d g Béong
TOV ULETPOVLEVOL

UETPOOUEVAOV, YPNOLUOTOIEITOL 1) KAOGIKY|
pebodoroyio.  LTOAOYIGHOL  TOL  PEGOL
teTpayovikov cedipotog (RMSE) katd ta '
TPOTUMOL. TNG YEMUETPIKYS S10pBwong TV Hhen " K€vrpov  Pdpovg
dopveopikav ekdvav (Eudva 3). (onpeio ,A) Kot
TOL  avTicGTOLYKOV
EKTI-HDUEVOV
(onueio B).

ATTOKAION Karé Y

2mv eikéva 4 mopatnpeitol yevikd 6Tl TTOTIKN TAoT TV 6TATIoTIK®V peyebov MAE kot
RMSE «kafd¢ av&avouy ta Tpoyvmotikd enineda. To yeyovog avtd cupfaivel og OAa ta peyedn
mov e&etalovtar pe €aipeon Tig EKTIUNGELG TIG (POVIKNG O1APKELNG 01 0Toieg dev oyeTilovTon pe
™ avénomn g TPAYUATIKNG TANPopopiag KaBMG avEAvouy Ta TPOYVOGTIKG ETIMES UE TIG O
TPOoPOTEC HETAPOAEG otn vepikn éxtacn. H mrtotikn tdon tov anokiicewmv opeiletol 6T0
YEYOVOG OTL 1| ADENCT TOV TPOYVOOTIKAOV ETTEI®V OTUOIVEL OVGLOCTIKG OAO Kol TEPIGGHTEPT
TAnpoeopia N omoict AOUPAVETOL VITOYT Y10 TIG OVTIOTOLXES EKTIUNGELS TV TOPpapéTpev. To
YEYOVOG avTd OnmG glval ULOIKO, PEATIOVEL TNV TOOTNTA TOV EKTUNCE®V Teplopilovtag ta
avtiotorya opdaipota RMSE, MAE kot kpoatovtog 1o uéco cediua (Mean Error) oe molv
UIKPEG TIUEG OE OAOL TOL TPOYVMOTIKA EMinedo TV TopauéTpov g ekovog 4. Tloapatnpeital
axoun (ITivaxkog 1) 6t1 n péomn tipn| kébe TapapéTpov yio to Selypa TIL®V oV XpNoLonomOnke
Katd v 0E0AGYNoT 6 KADE TPOYVOOTIKO EMIMEDO, EIVOL OPKETH LEYAADTEPT GE GYECT| UE TA
avTioTOY0 GPAAUATO - KOl GE KATOIEC MEPIMTMOGELG Ol UeTAED TOVG dlapopég vrepPaivouy
pa TaEn peyébovg. To yeyovog awtod, amotedel £vo KON GMUOVTIKO GTOLYEIO TOV OVAOEIKVDEL
TNV KOVOTOUTIKY] EKTIUNTIKY SLVOTOTNTO TOV TOPEYETOL OO TO MPOYVAOGCTIKO GUGTNUC TOL
avamTOyOnKe.

EIKONA 4.

Awypéppato ™mg
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— I Hécov TETPOYDOVIKOD
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SOUTEPAGLOTIKG, TO GVOTNUA TOV TAPOLGIALETAL SLOBETEL LEPIKA KOVA onueio pe GAla
tétoov €idovg ocvotiuate. Ta kowvd onueion avaeépovior oTig apyés Aertovpylog Tov.
Koatapyfv yio 1ov eviomiopd Tovg oTiG S0pLuPOPIKES EIKOVES YPTCLUOTOEITAL 1 1600gpUn TMV
228K. Avtictoryeg 1000eppeg epapuolovral omd v TAEOYNEI0 TOV oAYOPIOU®V Yo ToV
EVTOTIOO VEQOV GE dopLPopIKES skdveg (m.y., Garcia-Herrera et al., 2005; Machado et al.,
2008). H moapaxorovBnon 1ng efehktiknig tovg mopeiog €ywe pe 1 pébodo g
emKaALTTOUEVNC TEPLOYNG (overlapping method) peta&d dradoyikdv ewovov (w.y., Morel et al.,
2000; Machado et al., 2008). I'ivetot axoun yp1iomn EVVOIOAOYIKOV LOVTEA®MY KOTA TNV EKTIUNON
™G XPOVIKNG HeTafoAng Tov dapdpov mapapétpov tov MKE 6nmg copfaivel kot og éva
avtioToryyo ovotnua Tov avoamtoydnke amd tovg Riosalido et al, (2001). Tékog,
YPTCULOTOIOVVTOL HOVTEAD YPOUUIKNG TOAVOPOUNONG YO, TNV TPOEKTACT] TOV TYDV TOV
TOPOUETPOV GTO YPOVO, LLE TAPOLOLD YOPAKTNPLOTIKA OVTM TOL ¥pnotponoincayv ot Puca et al.
(2005) ko or Machado et al. (2008). O tpdmog YpNoNG OUOG TOV JHPOPOV ETUEPOVS
uebodoroyYIdVY, 0 TPOTOG AEITOVPYIONG TOV O0POPOY GUOCTNUATOV, TO OEGOUEVO KOl Ol TEPLOYES
evolapépovtog kabdg emiong ot dwdikacieg afloldynong, eivor SlopopeTikég HETOED TV
TAPOPOI®V cuoTnudTev mov £xovv avarntuyfel (§ 1). Katd cuvénela, dev elvar gkt 1 dueon
OUYKPION TOV OTOTEAECUATOV OEIOAOYNONG TOL GUYKEKPUEVOL oAyOoplOuov pe GAla
ovothpate t€toov gidove. Iapodia avtd, emonuaivetal To YEYovog 0Tl o1 amokAicelg peta&d
LETPOVUEVAOV KOl EKTILMDUEVOV TIHMV G O1APOPES KOWES PETAED TOV GLGTNUATOV TOPAUETPOVS
(m.y TobTTa Kivnong, uéon Bepuoxpacio k.a) mov e€etdlovral, kKopaivovtol otig idieg Taéelg
ueyébovg (Machado et.al.,, 2008) pe tdoelg Pertioong yeyovdc 10 omoio @avepdvel TV
KOVOTTOMTIKY] 0KPiPElnl TV ELTIUNTIKOV SUVOTOTHTOV TOV GLUGTILOTOG TOV KOTOOKEVAGTNKE.

4. TIEPIBAAAON EPTAXIAY ITPOINQEITIKOY XYETHMATOX

w531 V465 -0 -JoEd I3 , ,
T Ewove 5. Xuywotono and Tt0

nepPaArov epyaciag TOL TPOYVMGTIKOD
TUAUOTOC OTO Omoio amewovileTol 1
extiunon g €&EMEng evog vepikon
Kuttdpov  Popee g IPnpung
yepoovinoov. Me  umlie YPDOLLOL
amekovifovtor ot EAAelyELS e TG omoleg
TPOCOLOIDVETOL TO GYNMa. Ko, TO péyefog
TOL GUYKEKPULEVOL VEQOLG KOl LU
KiTpvo ypoua 1 devbvvon kivnong. Xta
SlypaUUOTo, HE  TPACIVO  YPDU
amewkoviletoaw M mopehbovtikny mopeio
g eEEMENG TOV CYETIKOV TAPAUETPOV
Kol pe WA ) pehdovtikn eEEMEN TovG.

e éva YOPOKTNPLOTIKO OTIYHOTUTO TOV TTEPIPAAAOVTOC epyaciog Tov avarntoydnke (Euova
5), anewovilovtal OAEG 01 KOPLPEG TOV VEPMY TOV £XOVV YAPOUKTNPIGTEL ¢ KoTArydopopa. O
YPNOTNG €Yl TN SuVATOTNTA EMAOYNG TOL VEQPOVG EVOLOPEPOVTOC Kol O aAyOplOUog otn
OUVEYELD, EKTIUA pio oEpd Oomd SGPOPEG TOPOUETPOVSG TOL VEQPIKOV GLOTNUATOG 7OV
emAéyOnke. Ta omoteléopota TOV EKTUNCE®V omoOnkevoviol o€ KATOAANA opyeio.
TTapéyovtar axoun, YpPAPIKEG TOPACTAGES TNG VEQIKNG £KTOONG Kol TNG EAAYLOTNG
Oepuokpaociag (kavdAl 10.8um) Tpv ™ oTIyUn e Tpoyveong (tpdoivo ypmdua) Kot oe OAN v
eKTILOUEVN ddpkela LG TOV VEPOLG ETAOYNG (UTAE YPDOLL).
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5. XYMIIEPAZIMATA

2 ovykekpuyévn epyacio mapovstaloviat ot dadkacieg mov axoilovdndnkav katd v
avanTuEN €VOS OAOKANPOUEVOL KO TANPOS CLTOUATOTOMUEVOD GUGTHLOTOS TPOYVMOCTS TG
e&éMéng tov MKZ. To ovomnua avtd, amotelel €va OTATIOTIKO MOVTEAO LUKPNG OEPKELOG
TPOYVOOTNG PACIKOV YopakInplotik®v tov MKX yia tnv gupitepn meproyr| g Mecoyeiov to
omoio dopnOnke €5’ 0OAOKANPOL 61O TPOYpPaULaTIoTIKO TEPPdAlov g Visual Basic.NET, givan
TANPOG QVTOUATOTOMNUEVO KOl AEITOVPYEL UE TN YPNON TOV TAEOV GUYYPOVOV dOPVPOPIKMDV
dedopévov. To ovotnuo  €xel  OSLVOTOTNTO  EMYEPNCIOKNG  EQEOPUOYNG Kot  Olobétet
0AOKANPOUEVO YPAPIKO TEPPAALOV Y10 TV EMAOYT KOl TPOYVOGT KAOE VEPOLG EVOLAPEPOVTOC.
O1 EKTIUNGELS TTOL TOPEYOVTAL APopovV Pacikd peyedn tov MKXE (pacpaticd Kot yeoueTpkd)
KoL TOPAAANAQ VITAPYEL 1| duVOTOTNTO EKTIUNONG TOL oTadiov e£€MEng tovg. H a&loldynon tov
GUGTNUOTOS QOVEPMVEL 1KOVOTONTIKY okpifel otv ektipnon g mAsloynoeiog TV
TOPOUETPOV TOV €EETAGTNKAV aVOOEIKVOOVTOG TO TPOYVOOTIKO GUCTNUO GE £V, YPY|CLLO
gpYOALelo Yo TOV EVTOTIOUO Ko TNV £yKupn kal Eykaupn Ppoyeia Tpodyvmon g eEEMENG TovG.
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XPHIH METEQPOAOTTKOQN AEAOMENQN I'lA THN A®AIPEXH THX
ATMOXZ®AIPIKHY EIITIAPAXHY XE AOPY®OPIKA AEAOMENA XE IIEPIOXEX
IHOY BPIXKONTAI KONTA XE METEQPOAOI'TKOYX X TAGMOYX XTHN KYITPO

A. NIZANTZH , K. @EMIZTOKAEOYZ A. XATZHMITZHZ

Tunuo. Holitikwv Myyavikav ko Miyovikov ewninpopopixng, Epyactipio Thlemorxonnoyg,
Teyvoloyixo Hovemaoriuio Kompoo

ITEPIAHYH

H atpoopaipikny 610pbmon Bempeitar ¢ t0 duokoAdTEPO HEPOG TNG TPo-emesepyuciog TmV
dopvpopikdv dedopévav. Ztnv Pproypapio Exel dwpovel Ot vmdpyovv dwbécytor aiydpipot
atpocQapkdv dopbdcenv eite amiol eite mepimhokotl. o Tig mepoyég 6mov Ppiokovral kovtd oe
VOIOTAUEVOVS LETEMPOAOYIKOVS GTUOLOVGE, TO ATLOCOUIPIKE YOPOUKTNPIOTIKA UTopovV va AnebHovv omd
Ta dwféoa petemporoyikd ototyeio. H ev Aoym epyacio egetdlel T duvatdHTnTO TNG XPNOLLOTOINGNG
TOV LETEMPOAOYIKMV OEG0UEVOV YO TNV £QOpLoYN odyopiBuov atpoceaipikng d1opBwong dopvpopikmdv
dedopévav tomov LANDSAT TM/ETM+. To petemporoyikd ded0UEVO TOV YPNCLOTOLOVVTOL KATE TNV
duapkelo, Ayng dopuEOPIK®OY dedopévav givatl | opatdTnTa, 1 oxeTIKN vypacio (RH),  atpoceatpikn
mieon kot 1 Oeppokpacio cOue@va pe ™ pébodo tov Forster (1984). H miotomoinomn twv amotehesudtov
OV TTPOKVTTOVY OO TNV XPNON TNG 0pATOTNTAG MG HEGO OVAKTNGONG TNG TANPOPOPING TOV 0POPd. TO
OTIKO TAYXOC T®V OEPOAVUATOV YIVETOL HE TOVTOYPOVEG WETPNOELS TOV, ME EMiyeld @opntd
nMoemtopeTpa kKot Myeic MODIS.

USE OF METEOROLOGICAL DATA FOR SUPPORTING THE REMOVAL OF
ATMOSPHERIC EFFECTS FROM SATELLITE IMAGERY IN THE AREAS LOCATED
IN THE VICINITY OF EXISTING METEOROLOGICAL STATIONS IN CYPRUS

A. NISANTzI, K. THEMISTOKLEOUS, D.G. HADJIMITSIS

Department of Civil Engineering & Geomatics , Remote Sensing Laboratory, Cyprus
University of Technology, Lemesos, Cyprus

ABSTRACT

Atmospheric correction is considered as the most difficult part of the pre-processing of satellite
imagery. Several atmospheric correction algorithms have been developed either simple or sophisticated.
For the areas located in the vicinity of existing meteorological stations, the atmospheric characteristics
can be obtained from the available meteorological data. This paper presents examines the potential of
using meteorological data for supporting the application of atmospheric correction algorithm for
removing atmospheric effects from satellite imagery. For the application of the Forster (1984)
atmospheric correction algorithm, meteorological data such as visibility, relative humidity (RH),
atmospheric pressure and temperature have been acquired during the satellite overpass for the Paphos and
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Limassol district areas in Cyprus. LANDSAT TM /ETM+ image data have been used. The verification of
the results have been done by using visibility as a tool to derive information concerning the aerosol
optical thickness measured for both sun-photometer and MODIS.

1. EIZATQIrH

H atpoceapikn d16pbwon, amnoterel éva amapaitnto ctoyeio g mpo-enelepyociog
TOV 00pLPOPIKOV dedopévav. Katd kaipovg moilol epguvntéc (Sabatini and Robcherky 1970,
Turner and Spencer 1972, Forster 1983, Vermote et al. 1997, Hadjimitsis and Clayton 2008)
ypMolLonoincay petemporoyikd dedopéva, opototntag (V), Beppoxpacioc (T), oyetikng
vypaciog (RH) ko atpoceaipikng migong (P), mpokeipévov vo eEdyovy, apyikd, EUTELPIKES
peBdd0vg Kat ot GUVEKELX 0AYOpiBLOVG Yo TNV EMTELEN LLOG ATHOCPAUIPIKNG S1OPH®ONG.

H onpovticotepn TopaueTpog g aTHos@aptknig 010pHwong, amoterel T0 0mTIKO TAYOGC
tov agpoivudtwov (aerosol optical thickness-AOT). Ilpdtor ot Turner and Spencer (1972)
AmEKOVICAY TNV 0poToTNTA oav cuvdptnon tov AOT ce didpopa pnkn kopatog, eved o Igbal
(1983) NTav aVTOC TOL TPOGIIOPIOE TN GYECTN TOL GLUVOEEL TNV OPUTOTNTO UE TO OTTIKO TTAYOG
agpoAvudTOV M omoio ypnoiponomdnke to 2002 and tovg Vermote et al.. Xtn cvvéyela o
Forster (1984) Paciopévog oty amewkovion tov Igbal oloxiipwoe tov  aiydpiBuo
aTUOGPAPIKNG d1opBmang mpocdiopilovtag to AOT ypnouonowdvtag TiHéS opoatdtrag. Tnv
idw emoyn ot Kaufman and Fraser amd petproeic ommv zmepoyn g Boitiwdpng xar oto
aepodpoo g Ovdowvyktov £de1&av OTL vILapyEL peydAn cvoyétion petatd tov AOT ko Tov
avTIoTpOPOL NG opatdtnrag, eved ot Dayan et al. (1991) otn peAétn tovg GYeTIKA pe TNV
petapopd okdvng and ™ Zaydpo oe meproxés g Kevrpunic ko e Avtikng Mecoyeiov,
napatipnoov 01t 1o AOT kot n opatdta petafdrrovior aviictpopa. Xt cuvéyxetn ot Fang
and Daren (1997) vmoloyioviog 10 AOT 1600 pe dedopéva axtivoPoricg 000 Kor pe
atpoc@alptkd poviého (LOWTRAN 7), €dei&av OtL M emoywkn péon Tun tov, M omoio
gupaviCetor avénuévn v dvoién kot to kadokaipt, HETaBAAAETOL OVTICTPOPA UE TN UEGT] TIUN
mg opatdmroac. Opoiwe, vy mepoyxés g Bopewn Kivag ot Qiu and Linquan (1999)
mapomipnooav tog 10 AOT ko | opatdtnTo petafdrlovion avticTpo@a yio Tepiodo 15 eTov.
Téhog ot Baumer et al. (2008), &€dci&av mmg Yo 5 cvveyOueveg WEPEC OTNV TEPLOYN TNG
Notwodvtikng I'eppaviag, n otabepn eddttwon g opatdtnrag, cuvendyetar avénon tov AOT.
EmnAéov mpocdiopioav pia oxéomn mov divel tnv opatdtnta gov cuvaptnon tov AOT.

Yrdpyovv dvo pébodor amarerpric tov AOT and dopvPOpPIKES EIKOVES: O) OVTES OV
YPTOULOTOOVV TEYVIKES PACICUEVES OTIC 101EG TIG €IKOVEG Kol ) GVTEG TOL YPTCULOTOLOVV
BonOntikd dedopéva dnwc peteporoyikéc mopapetpot. H pébodoc tov Forster (1984) mov
Baciletar o petempoloyikd dedopéva, ypnoomolinke amd ToAAODC EPEVLVNTEG TPOKEUEVOD
va d1opBdcoovy atpoceapikd e dopueoptkn eikdva. AvtiBeta, o Hadjimitsis (1999) éoeiée
¢ M 100G ot S divel KOAA amoTEAEGHOTA OTAV 1) OPOUTOTNTO EYEL TIUES UIKPOTEPES Od
28km. 'Etor ca ocvvéyewo tng pebooov tov Foster, ot Hadjimitsis and Clayton (2008)
Baclopevor otn pébodo atpoceapikig 610pHwong tov crkotevov ornpeiov (darkest pixel, DP),
avéntoav o véa péBodo atpooeaipikng  d10pBwong Sopueopikdv EKOVOV NG 110G
TEPOYNG, otV omoiac. Bedpnoav cav SOPLEOPIKT EIKOVE OVAQPOPES QVTH 7OV &ixe
UEYOADTEPT OPATOTNTO.

210%0¢ TNG €V AOY® epyaciog glval 1 EKTIUNGCT TN UTOTEAECUATIKOTNTOG TG POGIKNG
10éag mov avantoydnke amd tov Forster (1984) yia v avaxkmon tov AOT amd TiG UeTpNoELg
0pUTOTNTOG KOl TNV TANPN €POPUOYN TNG €V AOY® pebBddov yio TV oTHOCPUIPIKY] d1OpOmon
dopveopikav dedouévovy LANDSAT TM/ETM+ yio v weproyn g Kompov. H mietonoinon
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TOV OTOTEAEGUATOV TOL TPOKVLITTOVY OTd TNV ¥PNOTN TNG OPATOTNTOC MG HEGO OVAKTNONG TNG
minpoeopiag mov apopd 1o AOT yivetar pe tavtdypoveg perpnoeg tov AOT pe emiyela
@opNTa NAOPOTOUETPA Kot AWELG dopuPoptk®dV gikovav MODIS.

2. AEAOMENA KAI ME®OAOAOTTA

2.1  Aopvgopika d6gdopéva LANDSAT TM/ETM+ / MODIS

v gpyacio ypnoorolovvtal dopvueoptkd dedopéva tomov LANDSAT TM/ETM+
Y TV Tteproyn g Kompov pe oxond v epappoyn tmv 600 oTHOCPAPIKOV d10pBDcemY ot
omoieg KAVOUV YPNOT UETEMPOAOYIKOV OedOUEVEDV OM®G TEPLYPAPETOL GTNV  EICOUYOYT.
Mopdiinia ypnoomombnkay ekdveg omd to dopveopkd awsbntipa g NASA, MODIS
mpokeévou va e&aybovv dedopéva yio to AOT mov givorl amopaitnTo Yoo TV OTHOCQUIPIKY|
dopbwon. To AOT mpokidntel amd tov akydpiBpo mov ypnoiponoteite and 1o MODIS ywpukig
avaAivong 500u. oto kavail Tov 550nm. O 60pvEOPOG TEPVAEL GO TNV VIO UEAETN TTEPLOYN
otg 10:30m.p1. Tomkn GOpa pe Huo YPOVIKY] OmOKAION €IKOGL AEMTAV, EVMO Ol UETPNOELS TOV
NAMOQ®OTOUETPOV TTparyLoTomomOnKay TV id1a dpa. Zuyypovag yo TNV 1910 XPOoVIKN TEPI0d0 TaL
UETEMPOAOYIKG OESOUEVE OPATOTNTAG KOl GYETIKNG LYPOACIOG HOG mopoyophinkay amd
Metewporoywkn Yanpeoio g Kompov kail GuyKeKpiéve yio Toug 6Tabpovg AkpmTipl 6T
Agpecd (23 pétpa maveo omd ™ péon otdbun g BdAioccag, 34.689° N, 33.062° E) kot
Agpodpopo oty Iapo (11 pérpa moveo and ™ péon otdbun g Odhaccag, 34.716° N,
32.483°E).

2.2 Emiysieg peTpi)oelg — @opnToé NAoQmTONETPO

v epyooia avt ypnoomolovvtal dedopuéva AOT katl TG GTAANG TOV VOPUTUDY GE
TEVTE OLOPOPETIKA KavaAia Tov popntov nAtopmtopétpov Microtops 11 (Solar Light Company,
USA). A6 1o kavaAlo autd ypnotporomdnkay: o) ta S00nm yio tov tpocsdopiopud tov AOT
eva B) ta 936 nm yio T GTAAN TOV VOPATUDOV OOV VTTAPYEL 1 LEYIGTN ATOPPOPNOT OO TOVG
vopatpovs. Ot peTpfoelg Tpaypatomomdnikay otnv meployn ™G AEUECOD Y0 TOVG TPMTOVG EEL
pveg tov 2009 katd Tig TPOIVEG DPES KOt TIG NUEPES OOV OEV VINPYE VEPMOT).

2.3 MeOodoroyia emeepyociog 000pEVOV

Agv glvor ToAAEG o1 peAéteg Tov Exouv Yivel yuo v vmapln oYEoNG AVALESH GTNV
opatotnta (visibility), o ‘opiloviia’ mapduetpo kot tov AOT o ‘kotakdpven’ Tapduetpo (
Turner and Spenser, 1972; Igbal, 1983; Vermote, 2002; Baumer, 2008, Retalis and Michaelides,
2009). Xe ovt T upeAét ypmowomombnkav ot oyéoelg tov Vermote kot tov Baumer
TPOKEWEVOL Vo, SODUE OV OTEG UmopovV va ypnoiporomBoiv yuo v meployn g Kompov.
‘Etot amd ta dedopéva g opatdtrag vroroyiotnke 10 AOT kot otn cuvéyEln cuykpinke pe
avtd T0V NAeTouéTpov. H oyxéon mov cuvdéel v opatotnta pe to AOT odupova pe tov
Vermote ivat:

V =3.9449/(z,,, — 0.08498) L)
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Omov V 1 opatdmta og km kot 755, 10 AOT ota 550nm.
H 3w dradikasio axolovdnOnike kot yio T oxéon tov Baumer:

V =3.912z,77" (2)
Omnov Z; 10 vyog avapeEng oe km kor T to AOT.

O Baumer yw 1o otpdpo avapeing ypnowonoince otabepés Tipég Ko ovykekpyéva lkm,
1.5km kot 2 km kot amd avtd KotéAnée 610 WKPOTEPO VYOG TO 0T0i0 TPOGEYYIle KAADTEPO TA
dedopéva Tov. LTV Tapovoa EPycio ¥pNooTomOnKay Kot To Tpic Ky, OUWOC 1 GXEGT TOL
Baumer emoAnfedtnke Yoo TG HETPNOES TOL MKPOTEPOL oTpdUaTOS avapetng (lkm).
Mopdiinia moapovcsialetoar M petaforn g opatotntog pe 0 AOT and to MODIS kot to
NMOQ®OTOUETPO, 1 UETAPOAN TNG GTHAN TOV VOPOTUDV UE TN CYETIKN VYpOoio Kot yivetot
ovykpion tov AOT tov nhogwtopétpov kot tov MODIS. Téhog pe dedopéva opaTOTNTOG
TPOKEWEVOL VO, EMAEYEL I €1KOVAL OVOPOPAG OTNV OTolo 1 0pOTOTNTA MTAV 1) HEYUADTEPT
dvvarty, oouewvo pe tovg Hadjimitsis and Clayton (2008) yivetar ovykpion tov AOT mov
wpokvntel amd avti T péhodo (ewdveg LANDSAT TM/ETM+) pe avtd tov NAOQ®TORETPOL
oTNV TTEPLOYN Tov agpodpopiov g [apov.

Aopuopikég Eikdveg |
LANDSAT TM/ETM+/MODIS

omke N, oparemma D

> Maxo
4 Ag o)\ﬁ gm MeTewpoAoyik&
ATHOOCPAIPIKN o] M

, Aedopéva
Ai16pbwon - ZXETIKA <
ZTAN > uypacia
YOpaTuwv

ETriveieg MeTprioeig
HAlopwTtdpETPO

Aopu@opika dedopéva
MODIS

|

OTITIKO
Maxog
AEPOAUPATW

!

MIZTOMOIHZH

YXHMA 1. Zynmuotik ovomopaoToot OoQoipecNc NG OTUOCQUIPIKNAG Emidpacng  omd
dopupopikd dedopéva

3. AIIOTEAEIMATA

3.1 Onttikd mayog agpoivpdTv — OpaTéHTNTO

To AOT mov mpoékvye omd TN oyéon Tov Vermote Kot to dedopéva NG OpaTOTNTOC
ovykpifnke pe avtd tov NAPOTOUETPOL. Ot CLGYETIoELG TOV TPOEKLYAV Elval TOAD WIKPEG
(ITivaxag 1). H idwo dwdikacio akorovdndnke kot yio to AOT mov vroloyiotnke amd To
MODIS 6mov 1 cvoyétion (r=0,65) Ntav apKeTd PeyoADTEPT KOl GTATIGTIKG OT|UOVTIKT Y10 TO
gvpog TV dedopévav oe eminedo a=0,05. H peydin Swapopd oe avtéc Tig dVO GLGYETIGELG
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mOavov va opeiketar oto yeyovog 6t 1o AOT mov mpokvmtel and TN oyéon tov Vermote eivat
ota 550 nm evd avtd Tov NAOP®TORETPOL avticTolyel ota SO0 nm.

IIINAKAZ 1. 2voyeticelg tov perpiopov AOT kot tov vroroyilopevov AOT amd T1g oyéoelg

TV Vermote ko Baumer.

AOT Vermote AOT Baumer
AOT nAopotoueTpo 0,17 0,17
AOT MODIS 0,65 0,65

21N OLVEYELD, OTNV TPOCTADELN AMEIKOVIONG TNG EAGTTIMONG TNG OPATOTNTOC KATH TNV
avénon tov AOT o6mwg vayopevovy ol 6yéoelg Twv Vermote kot Baumer, ywo Tig petpnoelg
TOV TPAOTOV 6 pnvov tov 2009 yia v mteployn g Agpecov, Tpoékvyoy ta Zyfuc 2 (o) Kot

Zmua 2 (B).

-

AOT sun photometer (500nm)
o
©

y =340,52x 7%

R =0,2105

0 10000

20000 30000 40000 50000
Visibility(m)

60000

AOT MODIS (550nm)
o

Visibility (m)

®

YXHMA 2. Amewovion g opatodtnrog (visibility) kot tov AOT (o) omd dedouéva Ttov
nAoemtopéTpov Kot (B) amd dedopéva Tov dopveopikod opydvov MODIS.

25-28/5/2010, PATRAS, GREECE

593



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

Ed® o1 cuvteheotéc mpoodiopiopon g opatotntog kot Tov AOT and 10 MAOQOTOUETPO Kot

amo 1o 60pvEopkd dpyavo MODIS eivar R*=0,21 kot R*=0,39 avtiototya. Me dedopévo 0T
o Baumer (2008) anewovice to AOT kot v opatdTNTa Y10 TEVIE GUVEYOUEVEG MUEPES Kot
£0e1&e mog ta peyédn petafariovion chpemva pe ™ oxéon (2), yio v meployr s Aepecon
KOLL Y10 YPOVIKG SloeTAOTO 6 pnvev €m¢ 30 nuep®dv kAT TETOo 0V emaindevetar pe axpifetia.
Avrtifeto yuoo pukpoTEpO XPOVIKG OlooTAHOTO T GY€oT 0T Qoivetal Vo emaAnfeveton
KOVOTTOMTIKG. XVYKEKPIUEVA, Yot déka cvvexoueves nuépes 8/03/2009-17/03/2009 n ypapikn
TapdoToon 7mov ameikovilel ta 000 efetaldueva ueyédn o¢aivetor oto Zynfuo 3 kol o
GUVTEAEGTIG TPOGILOPIGUOL Elval R?=0,72. Aé&iler €do va onueiwbel mog Kotd TV TEPL0dO
avT ot 000 peydieg TyéG Tov AOT kot o1 avtioTor o IKPES TIHEG TG 0paTOTNTAG OPEILOVTAL
GTO GLUGTILLOLTO KOLPOD OV TPOKAAEGAV TN peTapopd okdvns otnv Kdmpo.

AOT (500nm)
°

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
visibility (m)

YXHMA 3. Opatomra kot AOT yio v mepiodo 8/03/09-17/03/09.

3.2 OnTo hyog aePpoAVPATOV — TYETIKI VYPOCia

H endpevn petempoloyikn mopaueTpoc Tov ¥pnoiomomonke eival 1 GyeTikn vypacio
(Relative Humidity, RH). Zmnv mpoondbesia gopeong cvoyétions tov AOT and ™ oyetikn
vypacio dev Ppédnke kdmolo yEon oL VoL GLVOEEL T, 000 peyé0n kot n ool Oa pag odnyodoe
GUEGH GTOV TPOGOIOPIGHIO TOV TTAYOG TOV GEPOAVUATMOV, OV KOl 1) YPOQPIKH TOVE OVOTApICTOO
Tapovctdlel Tog ta d00 peyEdn copetafdAlovral.

3.3 Zmin vopatp@v — Xyetikn Yypooia

‘Eva. @Ao péyeboc mov ypelaletar doTE Vo, Yivel o aTHoc@alptkyy dtopbmon g
SOPLPOPIKT EKOVAG EVaL 1] GTAAN TOV VIPATUDY APOV 1] ATOPPOPNOT TNG aKTIVOPOAG ad
TOVG VOPATHOVS GTO PACHO TOV £YYOS-LTEPLVOPOL Elvar apkeTd peydin. Metd and cuYKpIoN TV
dedOUEVOV TNG OTAANG TV VIPATUOV OO TO NAOPOTOUETPO KOl TNG GYETIKNG VYPOSING, M
avAALGT £0MCE EVOL TKOVOTIOITIKO GUVTEAEGTI] GUGYETIONG Y10 TO EVPOG TV EOOUEVIOV KOL Y10,
to eninedo 0.01 (r=0.67) (Zynua 4).
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YXHMA 4. H otAn TV vopatudV 60 GUVAPTNOT TG GYETIKNG VYPAGIOG

34 Ontikd mayog acgporlvpdtrwv omd oedopéive MODIS, nloeotopétpov, pedodov
Hadjimitsis and Clayton om6 eikéves LANDSAT TM/ETM+

Yo cLVEYELD OPKETAOV PEAETOV oV €xovv yivel (Schaap et al, 2008; Chu et al., 2002; Li
et al. 2005), mpokeyévou va de&aybovv cvumepdopato Yo v akpifeion oo AOT amnd to
MODIS kot yw v mepoyn ¢ Kompov, ovykpifnkov ta dedopéva, pe ovtd TOL
NAMOQ®OTOUETPOV, KOl GUYKEKPLUEVE V1oL TNV TTEPLOYN TG Aguecov Kot mapotnprinke 1 mopa
ToAD KaAn cvuayétion (r=0.96) Zynua 5.

AOT MODIS (550nm)

AOT Sun photometer (500nm)

YXHMA 5. Onttikod méyog agporvpdtov amd 1o MODIS ndve and ™ Aguecd co cuvaptnon Tomv
SESOUEVOV TOV POPNTOV NALOPOTOUETPOV.

Téhog epapuolovtag v aTpocalptk] 010pbwon toco tov Forster (1984) 660 kot tev
Hadjimitsis and Clayton (2008) oe 600 dopvpopikéc sikoveg tomov LANDSAT TM/ETM+
(pboua 0.45-0.52 um) pe nuepounvieg Aqyng 20/7/2008 wai 5/8/2008 yia v meployn Kovid
o010 Agpodpouo ITapov, £xel mpokvyel 6T 1 aTpoceaiptk] dopbmon tov Forster dev Mtov
OTOTEAECUATIKY] O ovTifeon pe TNV atpoc@opikn O10pBmon Tov TPOTEIVETOL OTO TOLG
Hadjimitsis and Clayton (2008) (ITivakag 2).
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IMINAKAE 2. 0ykpion anotehecpdtov tov AOT tng pebddov tov Hadjimitsis and Clayton and
eikdéva LANDSAT TM/ETM+ kot Tov NAOQ®TOUETPOV

AOT (Hadjimitsis and
AOT (MMoQ®TOpETPO) Clayton 2008)
20/7/2008 0.124 0.140
05/08/2008 0.346 0.350

4. YYMIIEPAXMATA

A7d T mapovoo PeAETN Eyve pavepd g Oev glvar duvatn N dteaywyn UI0G OXEGNC
OV VO GUVOEEL TNV ‘0p1LoOVTIH] TOPAUETPO TNG OPOUTOTNTAG UE TNV ‘KATAKOPLPN TOPAUETPO
tov AOT. T pkpég ypovikég meprodovg (10 nuepdv) paivetatl n opaTdOTNTO VIl GUVOEETAL LIE TO
AOT pe m oyéon mov dpice o Baumer, OU®OC Yoo LEYOADTEPEC YPOVIKES TEPLOSOVE, OTMS Yid
nepiodo 6 unvov, N amdkion Tov mapovstdleTon ivar peydan. [HopdAinia n cucyétion mov
VILAPYEL AVALEGO OTNV GTNAN TOV VOPOTUOV KOl TNG GYETIKNG VYPOCING €ival ONUOVTIKY Kot
dvvatal va ypnowomombei yio v efaymoyn oG oxéong mov Bo ypnowwomombel oe
aAyopiBuove aTpocealptkng 610pBwong dopLEOPIKMY EIKOVAOY. AKOUa, 1 eEopeTIKA HeYOAn
GUGYETION TOV 0EGOUEVOV TOV OTTIKOD TTAYOVE TV OEPOAVUAT®OV amd TO HOPLEOPIKO OPYOVO
MODIS kot 0md 0 PopNTO NAMOPOTOUETPO, B ETTPEYEL 6TO UEAAOV VO, XpNOLLOTOI B0V To
dedopéva MODIS ympic va eivol omapaitnteg o emiysleg LETPNGEIS IE TO NAMOPOTOUETPO, KATL
OV TTOAAEG (POPEG Oev elval EQIKTO LOG Kol amottel T0Go TV VIapén avEPEAOL ovpavoy OGO
Kot TV mapovasio tapoatnpnt. Télog, mapdro mov Exovv ypnoyomomBet 2 eiwdveg LANDSAT
TM/ETM+ pe v tavtoyxpovn Aqym tov AOT omd 10 NAMOQOTOUETPO YO TNV EQUPLOYT TNG
pebodov tev Hadjimitsis and Clayton (2008) paivetor 61t To amotehécplata tvol apkeTd Kovd,
KaTL oL emTpémel peAAovTiKd va ypnowomoindel n pébodog avutn Y vo. eQOpUOCTEL pE
gmtuyio po atpos@apikny dopbworn. I'ovtd o and T HEANOVTIKEG dpacTNPLOTNTEG
amotelel 1 GLAAOYN €VOG PEYOADTEPOL apPOUOD OedOUEVMVY YO TNV TAVTOXPOVY LETPNOT TOV
AOT ond nhogpotopetpa kot and ewdéveg LANDSAT TM/ETM+.

EYXAPIZTIEX

®a 0éhape vo evyopiotioovpe T Metewporoyikny Yanpeoia e Kdnpov yia ) cuveyilopevn
BonBeld g kot v mapoyn dedopEVEV.
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AIAKPIZH TQN BPOXO®OPQN NE®QN IE AOPY®POPIKEX EIKONEX
METEOSAT

X. ®EIAAS, A. TIANNAKOX

YTousac Metewpoioyiac - Kiparoloyias, Tuiua Iewloyiag, A. I1. O.

ITEPIAHYH

X mapovoa gpyacio mpoteivetar pio peBodoAoyiol EVTOMICUOD Kot OAKPIONG TV
Bpoxoeopmv vepdv amod ta un Ppoyxoeopa vEEN Tov PacileTal 6T GLCYETION TOV PAGUOTIKOV
YOPOKTNPIOTIKOV TOV VEPOV HE TN Ppoyomtwotn. Xpnoiwomomdnkoy ot dlopopés TV
Beppokpacidv AapmpoTNTOS G TEGGEPA KOVAALM TOL LEEPHOpov ToL dopvedpov MSG-1
(Meteosat Second Generation) kot dgdopéva PpoxdnTmong amd emniyelovg oTabpovg yuo Tig
NUEPEG OV £dMGAV TEPLGTATIKA PpoydmTmong oty EALGde katd to ypovikd didotnua Maiov
2005 - Ampidiov 2006. AT Tic cvykpicelg UeTalD TV SEOOUEVOV PPoYOTTOONG KOl TOV
QUCUOTIKOV TOPAUETPOV YOl TIG NUEPES TOV TEPIGTATIKAOV PPOYOTTMOONS, TPOEKLYOV LOVIEAQ
7ov Paciloviol 1060 6TOV 0PIGUO KATOPAIDMYV GTOVS AVTIGTO{OVS PAGIITIKODS YDPOVE OGO Kot
omv extiunon ¢ whavotnrag exdnrmong Ppoyng. H pebodoroyio mov avamtdydnke
a&lohoynonie pe aveEaptnta dedopéva Ppoydntwong, divovtag evBappuvTiKa amoTeAEcUATA.

DETECTION OF RAINY CLOUDS IN METEOSAT SATELLITE IMAGERY

H. FEIDAS, A. GIANNAKOS

Department of Meteorology —Climatology, School of Geology, A.U.Th

ABSTRACT

In the present study a methodology that enables the discrimination of raining from non-
raining cloud systems based on the relationship of spectral cloud characteristics with rainfall, is
presented. Brightness temperature differences in the infrared data obtained from the Meteosat
Second Generation satellite were compared to actual rain gauge data for rain cases assembled
during the period of May 2005-April 2006 over Greece. From the comparisons of rainfall data
and spectral parameters, we found thresholds and a parameter related to the possibility of rain
that are effective in delineating rain area in satellite images. The developed methodology was
validated against independent rain gauge data and the results were found to be promising.
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1. EIZATQIH

Ol mePLoGOTEPES LOVOPUSUOTIKEG SOPLPOPIKES TEYVIKES eKTiunong g Ppoyng ot
onoieg Pacilovion ot Oeppokpacio AAUTPOTNTOG TG KOPLONG TOV VEPOV GE EVa. KAVAAL
TOV VIEPVOPOV YEMOTACIU®V OOPLPOPOV £YOVV TEPLOPICUEVT] EQOPLOYN OTO HECO
YEOYPOPIKA TAATY KaOdG Tapovstdlovy TpoPANUOTO 6TO SY®MPIGUO TV PPoxopdpmv
VEQEOV Ao TO U1 BPoxopdpa Yuypa Kol GUVERTMG VYNAL VEET TOTOV cirrus. To TpdfAnua
aVTO £PYOVTOL VO EMAVCOVV Ol VEOG YEVIAG YEMOTAGIUOL dOPLPOPOL HE TN UEYAAN
QOGUATIKN 0VAALCT) TTOL O1BETOVY GTNV TTEPLOYT TOL VITEPVHPOV.

Ot Nauss and Kokhanovsky (2006) oavémtv&av po pebodoroyio didkpiong twv
Bpoxo@dpwv amd o un Ppoxoeopa VEQN YPNCYLOTOIOVTOS TOAVPUGHOTIKG dEGOUEVO TOV
acOnmpa Modis Tov dopvpopov Terra. Mo moAveacpatiky pebodoroyio. EVIOMIGUOV
Bpoyopdpwv vepdv mov epapudletar povo to Bpadv, mpotabnke omd tovg Thies and
Bendix (2008a) mov cuvdvdlel T0. QAGUOTIKG YOUPOKTNPIOTIKA OO TEVTE KOVOALL TOV
dopvpopov Meteosat Second Generation (MSG) 0TI PAUCUATIKES TEPLOYES TOL KOVTIVOD
Kot Oeppuikov vrEPLOPOL Kot dedopéva PpoxdTT®ENG amd HIKTLO ENLYEL®V POAVTAP.

2K0mOG NG TapovGOS Epyaciag etvat 1 diepedvnon g dvvatdtnTag aSlomoinong g
VYNANG QOCUOTIKAG SIOKPITIKAG KOvOTNTAG TOL dopuedpov MSG yuo v avdmtuén
aAyopiBumv evtomopol kot Slakpions Tov Ppoyoeopwv vepmv otnv EAAGSa, 1 omoia Oa
Baciletor 01N YOPIKN KOl YPOVIKY] GLOYETION TMOV QPUCUOTIKOV YOPUKTNPIOTIKOV TOV
VEQOV LE TNV KoTaypoer] Bpoyxdntmong omd eniyelong otafpong

2. AEAOMENA KAI MEOOAOAOTTA
2.1 Agdopéva

IMa v viomoinon ¢ epyaciog ypnotpomomdnkay dopveopikd dedopéva omd To
nolvgacpatikd padiopetpo SEVIRI (Spinning Enhanced Visible Infra-Red Imager) tov
UETEMPOAOYIKOL  dopvedpov MSG kot kataypapés Ppoydmtwong amd To  OHiKTLO
petemporoyikav otobuav e EBviking Metewporoyikrs Ymnpeoiag (EMY) kot tov
EBvikov Actepookoneiov AOnvav (EAA).

Ta dopvpopikd dedopéva tov SEVIRI ypnopomomnkav yuo ™ ompovpyio twv
HOVTEA®V JLIKPIONG TOV VEQAV, 0EOTOIOVTAG TECCEPO KOVOAO GTNV TEPLOYN TOV
vepvBpov: 10 KavaM 5 (6.2um), to kovai 7 (7.8um), to kavai 9 (10.8) ko To Kovait
10 (12.0um). H ypovikn avédivon tov dedopévov givar 157 kot 1 yopik| aviivon oty
TEPLOYN TOV EAANVIKOV Y®pov eivon mepimov 3.7 km. INa v Babpovounon towv poviélmv
ypNoonomdnkay Koataypagés Ppoyodmtwons pe avaivon S'and 41 otabpovg tov
owrtvov g EMY v 107 eneicdowa Bpoyng otov EAANVIKO ydpo oL KOAVTTOLV TNV
nepiodo amd Mdio 2005 émg Ampidio 2006. T tov Edeyyo g akpifelog Twv LOVTEA®DY
ypnoworomdnke avefdptnto delypo kataypapmv PBpoyng yw 4 encicodlo Ppoyng tov
Agxepfpiov 2008 kot Iavovapiov 2009.
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2.2 Negwkoi mapapetpol

H pebBodoroyia didkpiong twv Bpoxopdpwv vepmv omd ta un Ppoyxoedpa Pacileton
OTO QOCUOTIKG YOPOKTINPIOTIKA TNG KOPLENG TV VEQPOV Omm¢ M Oepurokpacio
Aopmpdmrag 610 KavaAl 9 (Tiog) Kot ot Stapopég BeprokpacIdV HETAED TV KAvAADV 9
kot 10 (T10.8-T12.1), 7 ko 10 (Tg7-T10.8) kot TéAog TV Kavoldv 5 kot 10 (Te2-Tios).

Yvykekpuéva, 1 Oeppokpacio Aaurpotrag Tipg ypNOUOTOIEITOL YI0L TNV EKTIUNON
G OEPLOKPACING TOV KOPLODOV TMV VEPAOV KOl GUVETMS Y10 TOV EUUEGO YOPOKTNPIGLO
TOVG MG TPOG TO VYOG TOVC.

H 610popd T19s-T12.1 amoteAel éva moAD Kadd deikTn Y10 TO OMTIKO YOG TOV VEPOVG
dtvovtog €161 1 SLVATOTNTA SLUYWPIGLOV TOV UEYAANG KATAKOPVONG EKTOCTC VEQOV OO
ta Aemtd véer tomov cirrus (Inoue 1985). Néoem tomov cirrus pe pkpod OmTIKO YOG
dtvouv peydieg Betikéc dtopopég Tios-T12.1, AOY® TS SLPOPIKNG ATOPPOPNONG GTO SLO
KavdAle g oktvoforiog Tov €04QOVE MO TOVG TAYOKPLGTAAAOVLS, EVA TO. PEYAANG
KOTOKOPLONG €KTAONG KOl UE UEYAAO OMTIKO ThYOG VEQPT GUUTEPLPEPOVTIOL MG HEAOVOL
copoato gpeavitovtag £Tot ToAD piKpEg dtapopés T1iog-Ti2.1. Avapévoope 6Tt Ta ot Ko
HEYAANG KaTakOpLENG EkTaoNS VEEN Ba cuvovalovtar e Bpoyn.

H dwopopd Tg7-T1pg pmopel va a&romombel 6to daywpicpud t@v vepav pe Pdon
@aon tov mepleyduevoL vepov (vdpootayovidia 1 mayokpvotairot). To @aviacTikd
(oxeTwcd pe ™V amoppdeNoN) UEPOG TOV OeikTn dABAMONG SPEPEL Yo TO VEPO Kot TOV
7éyo ota dVO AVTA PNKN KOUOTOC. ZVYKEKPIUEVA, 1] ATOopPOENoN ard TO VOIPOGTAYOVIdLL
SlpEPEL EAAYIOTA OTA OVO OVTE UMK KVUOTOG £V avtiBeTa 1 0moppoOeNon and TOvg
TOYOKPLGTOAAOLG  OLEAVEL ONUOVTIKA amd TO £vol UNKOG KOUUOTOS OTO  GAMO.
[Ipocopownoelg g 01ddoong aktvoBoriog oe véen deiyvouv O0tL M dtopopd Tg7-Tios
telvel va amokTd 0Tk TPOSUO Y10 VEQT OITOTEAOVUEVO, OO TOYOKPVGTAALOVG, EVOD Y10
YOUNAE VEPT VOPOCTAYOV®V, 1 SOPOPA CLTY ATOKTA UEYAAES OPVNTIKES TIUEC.

Téhog,  dpopd Te2-T1ps Oepeiton AMOTEAEGUOTIKY GTO SOYOPIGUO TOV VYNADV
VEQOV amd To younAd kot pecaio véen. To kavdil 6.2 um yapoakmmpiletor amd peydan
amoppdPNoN amd TOVG LOPATHOVS NG atpdsPapas. H axtivoforio amd ta younid véen
6€ aVTO TO PNKOG KOHOTOG AmOPPOPATOL £VTOVO, OO TOVG VIEPKEILEVOLS VOPATUOVS TNG
atpoceapos v avtiBécel pe v oktvoBoiia ota 10.8 pum pe oamotélecpa M
Beppoxpacia T2 va elval onuaviikd pkpodtepn amd v aviictoyyn OBeppokpocio Tigs,
Kot M avtictolyr oopopd va AapPavel peyaieg apvnTikég TIES. AvTiBETms, To LYNAL Ko
TOKVA VEQN TOL AmOTEAOVVTOL Om0 TOYOKPLOTAAAOLG £YOVV TOV 1010 GULVTEAESTY|
EKTTOUTNG GTA OLO OLTA UNKN KOUOTOS, EVAD M EMIOPUCT] TOV VOPUTUOV TAVE OO QLT
glvol oD pukpn|, pe amotéleopa n dwpopd Te2-Tios Vo omoktd cuVNOME TOAD pIKpEg
OPVNTIKEG TUUEC.

2.3 Mg0odoroyia avantuEng TV poviérlmy

H BaBuovounon tov poviéAwv dtdkpiong tov Bpoyopopwv vepmv £ytve ywoo 107
enelc601a Ppoyng g meprodov Maiov 2005 - Anpidiov 2006. XpnoyomomOnkav Sienta
afpototikd vy Ppoyng amd 41 otabuodg tov diktvov g EMY. H ovykpion tov
EMIYELOV KATOYPUPDOV BPOoYNG LLE TO SOPLPOPIKA dEOOUEVA OTALTEL TN YWOPIKT KOl YPOVIKN
TaOTION TOV dVO AVTAOV GET 0edOUEVMVY. [l T 6K0TO aVTO 0bfpoicTnKe N PpoyOTTO®OT Vi
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kéOe 15Akento oto0 omoio Kataypdpetor 1m KAOE dopveopikn €wkove Tov MSG, Ko
vroloyiotnke 1 avtictoyn €viaon Ppoyng tov kdabe otabpovd oe mm/h. H ghdyiot
avyyvevoun évraon Ppoyng eivan 0.2 mm/h. AkoAovOw¢ eviomicTnkay TO EIKOVOGTOLY EIN
mg kBe ewdvog mov avtioToryovv otn 0Béom Tov KABe oTabpov, Kol Yoo ovTd
VTOAOYIGTNKAY Ol OVTIOTOYEG (POGLOTIKOL TOPAUETPOL OC HEGOC YWPIKOS pécog 3x3
gwovootoyEinv pe KEvtpo tn 0éon tov otabpov, pe otdxo va Anedet vdyn 10 GEAALL
YEOOVOPOPAS TV 00PLPOPIK®Y dedopévav. H Ty pog mopapétpov onuaivetor g
«Bpoyn» 0tav Yo Lo ®po TPV Kot HETA eppoviletar n EAdylot Kataypoaen Bpoyng tov
0.2 mm/h, JSweopetikd 1TNG 0amodideTOl O YOPOKTNPWOUOS «ywpic Ppoyn». H
KOTNYOP10TOoinoT auTr| £YVe UE TN XPOVIKT avAAVGT ToL d0pLPOPOV, ONA. 157,

Apycd perembnke n duvatdTTa S1AKPIONG TOV BPoYOoPOPOV VEQE®Y AElOTOUDVTG
cuvovaoTikd T Beppokpacio Tiog pe kb po and 11g dtopopés Tips-T121, Te7-T10.8 KO
Te2-T10s. Tl KG0e Levyog mapapétpav £yve Eleyyog evaicOnociog yio v gbpeon TV
Bértiotov katoerov (Tips < Ty kot Tipg-Ti21 < AT, koK) 10 omoia Ba propovcav va
YPNOILOTOMB0HV Yo T0 Soywpiopd TV Ppoxoedpwv and to pn Ppoxoeopa véen. g
Kpumpo  ypnowonomdnkav ot otatiotikol deikteg mov Pacilovior oe €va mivako
evogyopuévou (contingency table) yio petafAntéc ovo katnyopiwv (Bpoxn, un Ppoxn):
POD (Probability of Detection), FAR (False Alarm Ratio), POFD (Probability of False
Detection), CSI (Critical Success Index), ETS (Equitable Threat Score), HK (Hanssen and
Kuipers score) kot bias.

AxoAoVBmg, epappootnKe pia devtepn LEB0OOC d1dKplong TV PPOYOPOp®Y VEPOV M
omoio Baciletar otov vworoyoud g mibavomrag Bpoyng (Probability of Rainfall, PoR)
®¢ oLVVAPTNON TOV TE6GAP®YV UETAPANTOV Ti08, T108-T12, Te7-T10 ko Te2-T1o (Thies et
al., 2008) pe Baon ta dedopéva fpoydTTOONG TOV GTAOUMV:

Noin (X1>X2>X3’X4)

PoR(x,,Xx,,X;,X,) =

(1)

Noin (vaza X3 X4)+ Nnoimin(xl’ X35X3, X4)

Omov X1, X2, X3, X4 ot petofAntég Tios, T108-T12, Te7-T10, Te2-T10, K01 Nrain, Nng rain O
GLYVOTNTEG ERPAVIONS «PpoyNo» Kol «un Ppoyns» otovg otafpovg, avtictolya, yio Kéoe
OGN0 GTOV TETPASIACTOTO YMPO (X1, X2, X3, X4). H emAoyn evog kdtm KatweAiov 6Tig
Tinég tov PoR yuw tov eviomiopd tov Ppoxoedpmv vepmv Eywve pe Pdormn tovg
otatiotikovg ogikteg POD, FAR, POFD, CSI, ETS kot HK. Ot deikteg avtol
ypPNooromOnkay Kot yuoo tov EAeYx0 G aKpifelG TOV HOVIEA®Y KATA TNV EQUPLOYT
TOVG G€ OVEEAPTNTO OEIY L KATOYPAP®V PPoyNG.

3. ANOTEAEEIMATA
3.1 BaOpovounon tov povrérlov

Y10 Zynuo 1 mapovotdlovior Ol KOTOAVOUEG TNG  GLYVOTNTOS  EUPAVIONG
glKovooToLyEimV pe Ppoyn kot ympig Bpoyn oto diedtdotato ympo g Beppokpacioc Tips
pe kabe o amd TG dopopég Tios-T121, Ts7-T10s Kot Te2-T108, 0md TIG OMOieg YiveTtan
QavepoO OTL Elvar SOLVATOG 0 SLYMPIGUAG TV EIKOVOSTOYEIWV «Bpoync» - «un Ppoyne» ne
™ ypnom xotoeiov T kor AT, y ™ Oeppokpocio Kot ) dapopd Beppokpasciod,
avTIoTOl(O. ZVYKEKPIUEVA, TO TEPIOCOTEPA EIKOVOOSTOlXEIN «PBpoync» eaiveTar va givot
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ovyKevipouéva oe younAég Beppokpaciec (T10s<270K) kot oe dapopég Oeprokpoacidv
TOV® T| KAto omtd KAmToLo. ’El},lﬁ (Tlolg-T12_1<1K, Tg7-T108 >-3K xot Tgo-T1os >-30K).

Mo Tov o avVTIKEWEVIKO TPOGIOPIGHO TV KATOPAM®V Ty kot ATy €yve éheyyog
evaucOnoiog v dapopec TYWES Toug pe Pdaon tovg otatiotikovg ocikteg POD, FAR,
POFD, CSI, ETS xot HK. Apywd e&etdlovrar 1o POD mopdiinia pe to FAR 9 10
POFD, kabmng 10 POD petpd v kavoétTo TOV HOVIEAOL GTNV EMTLUYN EKTIUNOT TOV
ocvupaviov e Bpoxng eved to FAR petpd to mocoostd TV eKTILOUEVOV GUUBAVI®OV
Bpoyng ta omoila teMkd Oev emaAnBevtnkav kot to POFD petpd to mocootd twv
EKTILOUEVOV GUUPBAVIOV «xopic Ppoyn» to omoia teMkd dev emainBevtniov. ‘Evog
tpOmo¢ vy v ovvektiunon tov POD pe 1o POFD givolr 1 amotdnmon v TIHOV oG
onueia o éva duaypappo POD-POFD (didypappa ROC) kou 1 pétpnon g andotaong
(distance) tov kGBe onueiov and TV ENAVMO-0PLOTEPN YOVIA TOV dlaypappaTog, 1 ool
OVTITPOCHOTEVEL TNV TEAEW eKTiunon &vog poviélov. Evdewtikd oto Zynuo 2a
napotifetar to Sidypappo ROC tov povtéhov Tipg < Ty ko T1pg- T120 < ATk

Ot deikteg extipnong g wavotntag tov povrédov (CSI, ETS, HK ko distance)
emmpedloviar and Tic Tég eite tov POD 1 tov FAR, pe amotéiecpo va pn
peytotomolovvtal amapoitnta otig ideg Tég KatweAiov Ty kot AT. T va Bpebodv ot
BéAtiotec TWéG TV KoTOEAlV ypnowomomcape tov Normalized Skill Score
(NSS)(Haklander and Van Delden, 2003), o omoiog opileton and T oyéon:

NSS(T.,AT,) = l(

4 CSI,,.« ETS, .. HK . 1 - distance,;,

CSI(T_,AT,) N ETS(T,,AT,) N HK(T, ,AT,) N 1- distance(I(,ATK)j
)
OOV TO Max Kot min dNADVEL TN PEYIOTN KO EAAYLOTN TN Tov deikTn, aviicTolya, yio
omo10dMmoTe GLVOLAGUO KaTtOEAlwV Ty kot AT,. Ot Tyég tov dgiktn NSS kvpaivovron
arnd 0 g 1, pe T1¢ TYég kovtd 610 1 va dNADVOLY OTL 01 TECOEPELS OEIKTEG CLULPDVOVY
®¢ mPog TN PEATIOTN TN TOVS GTO GLYKEKPLUEVO cuvdvacud KatweAiov Ty kot AT,. O
éleyyog evarcOnaciog Tov NSS yia 116 d1dpopeg TEg KatoPMwv tov povtédov Tipg < Ty
kot T1og - T120 < ATy mapovcialetar oto Sidypappa tov oynuotog 2B, cOHUpva pe o
omoio o BéAtiotog cvvdvacudg katoeiMov eivon T, = 265K ko AT, = 1.5K. H
pebodoroyia. avtn bpeong tov Bértictov KatoweAiov T, kot AT, akolovbnke 1660
670 d1od1dcTaTo YMPOo NG Oepprokpaciog Tios pe kdbe o amd 11 dapopes Tios-T121,
Tg.7-T10s kot Te2-T1p8, 0G0 KO GTO TETPASAGTATO YDPO TOL GLVOAOL TMOV TEGGAPMOV
TponyovpéEvey petafAntov. Ta ovopata, ot GVVONKES Kol 01 TOPEUETPOL TV OVTICTOLY®V
HOVTEA®V O14KPIoNG TOV BPOYoPOp®mV VEQ®V, OTMS AVTA TPOEKLYAY OO TNV OVIAVOT)
evactnoiog mopatiBevror otov Ilivaxa 1. Ztov 1010 mivaxke mapoatiBetonr yio Adyovg
GUYKPIONG KO TO LOVOPACUOTIKO HovTELO TTov PacileTon povo otn Beppoxpacio Tigs.

H 10 pebBodoroyia ypnoipomombnke yio tnv €0pect 1oV KATO KATOPAIOV GTIG TYLES
tov PoR ywo ™ onuovpyio tov povrédov to omoio Paciletor 6TOovV VIOAOYIGUO NG
mBavomtog Ppoyns. O €heyyog evarsOnoiog tov deiktn NSS o€ oyéomn pe TOULG
vnoroumovg deikteg extiunong (CSI, ETS, HK, distance) ywo 11 O1dpopec Tipég
katoeAiov PoR, édwoe g katdtepo katdeil v T 0.30 (BA. Zyfua 3). Zvvenmg, og
HOVTELO EVTOTIGHOV TV Bpoyopopwv vepov opiotnke 1 cuvOnkn PoR > 0.3 (ITivaxa 1).

25-28/5/2010, PATRAS, GREECE 602



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS
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YXHMA 1. H katavoun g ovyvotntag epeaviong eiovootoyeiov pe Ppoyn (emdvem) kot yopig
Bpoxn (kétw) oto dwdibotato xdpo (@) Tiog kot Tiog-T121, (B) T10s Kot Tg7-T108, KL (¥) T10,8 KOM
Te2-Tios.
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YXHMA 2. (o) Adypappo ROC vy sidpopa katoeiio T, ko AT, tov poviéhov Tipg < Ty ko
Tis- T12o <AT.. Mg dragpopetikd copfora anotvrndvovrar ta (evyn POD-POFD yia ta did@opa
katoeMo Oeppoxpacioc T, . Me to féLog onpeidveTal To onpeio Tov HovTELov pe Kotaeha T, =
265K kot AT, = 1.5K, mov avtictoyyei otnv eidylotn amodotoon (distance) amd v endvom-
aplotepn yovia tov daypdupatod. (B) ‘Eieyyog evaistneiog tov id10v poviélov e Bdomn Tig Tinég
tov dgiktn NSS yia dtdpopeg Tég Katweiiov T, kot AT,.

IMINAKAE 1. Movtéha  dGkpiong  tov O deikteg eKTiUNOMG TG KOVOTNTOG

Bpoxoebpwv vepdV TV €€l HOVTEA®V Y10, TO GLYKEKPILEVOL

KOTOQA0 Tapovstalovial 6To oynua 4.

Ovopa Zovoikn Eivar @ovepd 0Tl Ta HOVIEAQL TOV
povtélov , ;

YPNCLOTOLOVV EMMAEOV ™G

Two Ti0s< 265K Oeppoxpaciogc  Tis pwo  Sapopd

feppokpacidv  6e OLO  KAVAALL TOV
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ATio.-12 T105<265K kouTipg-T121<1.5K SEVIRI T[(X,pOU(Sl('XCOUV BS?\.‘Cl(DMéVODQ
deikteg extipnong. H Peltioon avt

ATB.-lO T10.8< 265K «at T8.7'T10.8 > -2.5K , , ,
opeiletor ot onuavtiky peioon tov
ATs.10 T105< 265K ot Tg-Tipg > -30K aplBpod TtV pn  emoAndesvpévov
ATy, Tyos< 270K ket Tagg-Teps < 1.5 K xot cuuBavra?v (mpotictwg tov POFD Ka
Te+Tig > -3 kot Tep-Tigs > -30K devtepevovimg tov  FAR), 1 omoia
PoR PoR > 0.30 VIEPKEPVA TN pHelwom Tov apBpuod twv

EMTUYOV EKTIUNCEDV TOV GLUPRAVI®OV

me  Ppoyts  (POD)Zyipa  4a). H
. : e Beltioon oUTH OTOTLTMVETOL KOl OTN
T peiowon tov Tuov g andotaocng (dista-

-« <ETS

...... DISTANCE nce) oTO 61(’1pr““(}, ROC (ZXﬁH(I 4[3)

e NSS

Kolvtepn  emidoon  omd 1o
dleddoTata povtéia (T, AT)
nmoapovotdlet to Tip12. H mapdAinin
aflomoinon  dAwV  TOV  JPOP®OV
(novtého Ta) Peitidvel mepartépo o
amoteléopato. To poviého PoR mapov
owlel ™MV KaAvTepn emidoon kot amd To
¢€1 povtéha mov a&oroynOnkayv . Télog,
OA0L TOL LOVTEAQD VITEPEKTLUOVV TOV aplOpLd
tov ovuPaviov Bpoyng (bias 1.5-1.9).

AcikTeg eKTiPnONG

YXHMA 3. 'Eleyyog evarsnciog tov poviélov
mBovotntog Bpoyns pe Paom Tig TYEG TV OEIKTOV
eKTiuMoNG yio d1d.popa KatdEALL TV TudV PoR.
H kotaxopoen Stakekoppévn ypapuun SnA®veL Tnv
TN Tov BEATIOTOL KaTwPAiov oty T tov PoR.
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YXHMA 4. Agikteg (o) POD, FAR ot POFD, (B) ETS, CSI xouw HK, (y) amoctaon (distance) oto
Suypappe ROC ko (8) bias vroloyiopéva yio tovg €61 ahydpiBpovg doywpiopov Bpoyng tov
IMivaka 1 yuo to 107 eneicddio, Bpoync Tov Yp1ooToOnKay TNV EKTAIOEVOT) TOV LOVTEAMV.
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3.2 A&oroyn o1 TOV HOVTELMY

H axpifeio tov poviéhov aloroyndnke pe v epapproyn Toug og aveEaptnto delypa
te00dpmv enclcodiov Bpoyng tov AskeuPpiov 2008 kot Iavovapiov 2009. Me Bdon ta
LY PAULOTO TOV GYNUATOS 5, paivetatl 0Tt cuvolkd To POD diatnpeiton ota idio enimeda
(70-75.5%) pe avtd tov e&optuévovn deiypotog (Zyxnua 4) mov ypnoyomomdnke yio
Babuovounon tov poviédmv eved avtifeta to POFD kuvpaiveton oe vynAdtepeg Tipég
(42.5-53.3%), yeyovog mov dnAdver OTL av KoLl 1 EXITUYNG EKTIUNGN TOV GLUPAVIOV
«Bpoyne» (POD) mapéueve ota 1010 enimeda, avENONKe T0 TOGOCTO TOV EKTIUAOUEVOV
ocvufdviov «opic Bpoxn» ta omoio TeAKA O0ev emainbevtnkav (POFD). Avribeta, to
TOGOOTO TV EKTILOUEVOV CLUPBAVTOV «Bpoyne» to omoio teMkd dev emaAnfedTniav
(FAR) pewnbnke (42-45.8%), yeyovog Oumc to omoio ogeiletar kKupimg oto HikpdTEPO
péyebog Tov aveEdptnTov delypatog mopd 6TV KAADTEPT EMOOOT TOV LOVTEAW®V.

Amd toug téooepelg deiktec extipunong g wavotntog tov poviédwov (CSI, HK, ETS
ko distance) povo o CSI mapovcidlel Pektioon oe oxEon Ue TIC AVTIGTOLES TILES Y10l TO
eCapmmuévo detypa. Avtd dwkatoroyeitor amd ™ peyain e&dptmon tov CSI amd Tig
Bertiwpéveg Tipég tov FAR Otav woyder n ouvnkn POD < 1 — FAR. H yepotépevon tov
dewtdv HK ko distance ogeidetar oty e£dptnon tovg pe Betikd mpodono ®¢ TPog To
POD, 10 omolo mapapével otabepd, kat pe apvntikd tpoéocnuo o mpoc POFD, to onoio
avéavetal. Ov Tég tov bias (1.25 — 1.4) av kot €§akolovBodv v LTOSEIKVOOLY
vrepekTiumon tov aplfpod tev cvuPdviov PBpoyng, avth eivor pikpodtepn amd v
VIEPEKTIUN OGN TOL TapatnPNOnKe 6T0 e€apTtnuévo deiypa (1.5-1.9).
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YXHMA 5. Onwg 610 Zynua 4 addd yuo 1o aveEaptnto detypo Tov 4 ene1codinv Bpoyns.

Ocov apopd v katataln tov olyopibpuov g mpog v €miOOGT TOVE, OLTH
axoAovBel o€ YeVIKES YpappéG TO TPOTLTO TOL TTapaTNPNONKE KOTA TN o™ ekTaidgLoNg
TOV HOVTEA®V, HE Ta Tpio KoAvTepa va eivar katd avéovoa oepd to AT10-12, o PoR
kol T0 ATy, Tapoatnpeitonr Op®G (o S1opopomoincn w¢ TPog To LOVTEAO UE T PEATIOTO
QTOTEAECLLATO, TO OTOI0 GTNV TEPIMTMOOT TOV AveEAPTNTOL detypatog eival to ATy avti

25-28/5/2010, PATRAS, GREECE 605



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

tov PoR mov vreptepoice 610 e€aptnuévo delypa G eKmOidevong TV LOVTEA®V.
2uyKekpléva, 10 povtédo ATy extipd emtuydg 1o 72.7% twv ovuPaviov «Bpoync»
(POD) evd 10 opdipa ektipnong tov cvpPaviov «Bpoyne» (FAR) kot «un Bpoxne»
(POFD) tvon 41.9% ko 43.6%, avtictoryo.

Evdeiktikny gpappoynq tpidov amd ovtd to. poviéro yuwoo po eikéva MSG kor 1
GLYKPLON TOVG pE Ta dedopEVA PPoyNs TV emiyelwv oTOOU®OV TOPOLGLALETAL GTO GYNLLOL
6. I'evikd 10 poviélo ATy @aivetol vo copovel kaAdtepo e Ta emiysio dedopéva og
avtifeon pe 1o povopacuatikd povtédo Tip T0 omoio QoiveTol vo VIEPEKTILA TOV TOUE
BpoxMs. To poviélo PoR amodider pukpdtepn mepoyn Ppoyng ota dkpo TV WYoyxpov
VEQIK®OV GLOTNUATOV ToL BpiokovTol 6T SVTIKH KOl OVATOAIKN NTEPOTIKN YOPA OALYL
EMTLYYAVEL 6TV eKTiunom PBpoyng amd Ta BepUd VEPIKA GLGTAWATO GTNV TEPLOYXN TNG
Kpntg, og avtifeon pe to vréAouma pLoviEda.

4. LYMIIEPAXMATA

H ovértoén ko a&oldynon
povtéAwv  dtympiopod TV
Bpoxoedpwv vepmv omd To un
Bpoxopdpa véen ce moADPAGLO-
TIKEC €KOVEG TOVL  JOPLPOPOL
MSG, £0¢e1&e 0T1 1 a&lomoinom Kot
ALV  KOVOAMDV OTNV  TEPLOYN
oV VIEPVOPOL TEPAV TOV EVOC
uovo  PeAtiover, Oyt OU®G
ONUOVTIKA, TOV EVIOMIGUO 1TNG
TEPOYNS Ppoyns. Zvykekpuéva,
ta povtéha mov Pacilovior oty
EMAOYN TOV KOTAAANA®V KOT®-
OAlOV 610 0160146TATO POUCUATL-
K6 xdpo ¢ Beppokpacioc Tios

MovTtiAo i , . .
[ Beoxii [ xwpis Bpoxri @ Bpoxﬁz r.u E;ﬂ?rs Bpoxr ne Kkabe pa ano - g Bta(popsg
T108-T12.1, Tg7-T108 xo1 Te2-T108
YXHMA 6. Epapuoyn tov 4 poviéhov (T, T10.12, ATay K0 TOPOLGLALOVY BEATIOMEVOVC SEiK-
PoR) yia v ewova g 12/12/2008, dpa 5:15 UTC.

TEG EKTIUNONG, AOY® KLPIWG TNG ONUOVTIKNG HeimoNg Tov aptBpod Tov un emoindevpévov
ocvppaviov. To Bértioto povtého eivar avtd mov aglomotel T1g d1apopég T1os-T121. AkOun
KOADTEPO, OMOTEAEGLOTA TTOPEYEL 1 OEIOTOINGT TOL TETPAOIAGTUTOV POGUATIKOD YMDPOL
mov dnpovpyei  Beppokpacio Tigpg pe o oHVoro TV dapopdv Tiog-T12.1, Tg7-T10.8 KoL
Te2-T10s. EEloov evBappuvtikd amotedéopata €0wce N aloAdynomn Tov HOVIEAOL OV
Baciletal oty mBavoTNTA BPOoYNg OTOV TETPAOIAGTATO VTO PACLATIKO Ydpo. Paivetan
Ou®G OTL 1 €midOON TOL HOVTEAOL OVTOV €0PTATOL CNUOVTIKE amtd To. OEOOUEVO TTOV
YPNOLOTOLOVVTOL Y10, TNV EKTOLOEVGT] TOV.
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ABSTRACT

Remote sensing techniques have a sound role now days in the field of agriculture, and more
specifically in hydrology. Estimating evapotranspiration through satellites has been a trend the last years.
Many energy and hydrological models have been developed in order to estimate crop water requirements.
Basic elements for these models are always the vegetation indices which play a vital role in the process.

A vegetation index is a number that is generated by some combination of remote sensing bands
and may have some relationship to the amount of vegetation in a given image pixel. Vegetation indices
are mostly empirical equations describing vegetation parameters during the lifecycle of the crops. Nearly
all of the commonly used vegetation indices are only concerned with red-near-infrared spectrum and can
be divided to perpendicular and ratio based indices. The former are generally more influenced by
atmospheric effects and more sensitive to atmospheric correction algorithms, thus a base atmospheric
correction should always be used. The latter are not so sensitive, since the ‘ratio’ eliminates effects from
atmosphere. Intended purpose of the paper is to illustrate the effect of the atmosphere to those indices, in
both categories. Field spectroscopy is employed for this research in order to derive the spectral signatures
of different crops in red and infrared spectrum after a campaign of ground measurements. After following
the crops during the whole lifecycle by using a GER 1500 spectro-radiometer, indices have been
extracted to be compared to those extracted from satellite images taken at interval dates of this specific
period. An atmospheric correction algorithm —darkest pixel- has been applied to the satellite images at a
pre-processing level so as the indices would be in comparable form to those of the ground measurements.

1. INTRODUCTION

Intended goal of this paper is to demonstrate the use of field spectroscopy for validation
of the satellite data and how combination of remote sensing techniques and field
spectroscopy can have more accurate results for irrigation purposes. Field spectro-
radiometric measurements acquired on March and April of 2009 will be used to validate
the vegetation indices (WDVI, NDVI, SAVI) that will be used in this study and
acquired from satellite images. The vegetation indices found from satellite images and
used into different models as inputs, subject to radiometric and atmospheric corrections
(D’Urso and Menenti; 1995, Gilbert et al; 1996). That means the more accurate is the
corrections the better vegetation indices are produced. On the other hand if corrections
are not really effective that leads to low quality vegetation indices and subsequently low
accuracy results. Using field spectroscopy and a field spectroradiometer corrections
especially from atmospheric effects are avoided since no atmosphere is interfered from
vegetation to the spectroradiometer.

NDVI, SAVI and WDVI are the spectral vegetation indices that were selected in order
to be correlated to LAI and crop height. LAI is the projected leaf area per unit ground
surface area. Since leaf area index was proposed by Watson (1947), many researchers
have correlated it with vegetation productivity and evapotranspiration through models
(Running and Coughlan 1988). Remote sensing data have been used to characterize
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plant canopy and several studies have been done to estimate LAI and correlated it to
productivity and evapotranspiration. To estimate LAl from remotely sensed data,
empirical relationships between LAI and spectral indices were proposed.

The selection of vegetation indices used in this paper was based on their use in
evapotranspiration algorithms. It has to be mentioned that WDVI is more sensible to
atmospheric affects (Qi et al., 1994) than SAVI and NDVI.

NDVI

The most known and widely used ratio-based index is the normalized difference
vegetation index (NDVI) (Rouse et al., 1974). NDVI is very sensitive to soil
background at low LAI, and the sensitivity of NDVI to LAl weakens when LAI exceeds
a threshold value, which is typically around three (Huete, 1989).

NDVI = (NIR - R)/(NIR + R)

Where NIR is the reflectance of near infrared band, R is the reflectance of visible red
band. NDVI is ranging from —1 to +1.The negative value represents non vegetated area
while positive value represents vegetated area.

SAVI

Huete (1988) developed the soil-adjusted vegetation index (SAVI) by shifting the
convergent point of iso-vegetation lines from the origin to a point in the quadrant of
negative red and NIR values. Many studies have indicated that SAVI not only reduces
the effect of soil variability for low LAI, but also increases the sensitivity to high LAI
(Baret and Guyot, 1991;Elvidge and Chen, 1995). However, in order to determine the
optimal value of the soil background adjustment factor L, prior knowledge about
vegetation density or LAI is required, which creates a loop problem since LAI is the
unknown target variable. L varies with the reflectance characteristics of soil. The L
factor chosen depends on the density of the vegetation. For very low vegetation L factor
can be taken as 1.0 while for intermediate it can be taken as 0.5 and for high density
0.25. The best L value to select is where the difference between SAVI values for dark
and light soil is minimal. From previous studies (Papadavid et al 2009) L is set to 0.6
for Cyprus and specifically for annual crops. SAVI is mathematically expressed as:

SAVI=(1+L).(NIR-R)/((NIR+R+1L)
Where L is the soil adjustment factor.
WDVI

WDVI is a corrected near-infrared reflectance, known as Weighted Difference
Vegetation Index. WDVI is calculated by subtracting the contribution of the soil from
the measured reflectance.

As WDVI is a distance based index, relatively better atmospheric correction needs to be
applied to the data, which is not necessary for ratio based indices like NDVI and SAVI.
But using spectroradiometer, as mentioned before this limitation is overpassed.
Weighted Difference Vegetation Index (WDVI) is defined as follows (Clevers, 1989):
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WDVI=NIR-yYR

Where v is the slope of the soil line. (Baret et al., 1993). The WDVI index has the
advantage to reduce to a great extent the influence of soil background on the surface
reflectance values. Although simple, WDVI is as efficient as most of the slope based
SVI’s. The effect of weighting the red band with the slope of the soil line is the
maximization of the vegetation signal in the near-infrared band and the minimization of
the effect of soil brightness. After creating a set of data from bare soil of the area, the
slope of the line was set to 1.26.

2. CASE STUDY

An irrigated area near the Asprokremmos dam, in Paphos district, has be used as a
pilot study. The area is a traditionally agricultural area and is characterized by annual
crop cultivating and early production.

Figure 1: Landsat TM image of Cyprus: Area of interest is marked

3. METHODOLOGY

The methodology followed for the specific project is described graphically in picture 2.
A field campaign was undertaken during March and April in the area of interest. Field
spectroradiometric measurements, for acquiring spectral signatures of crops were made
using a field spectroradiometer with reflectance spectrum from 350 nm to 1050 nm.
Data bases were created for Spectral Signatures, NDVI, SAVI and WDVI for the
acquiring dates, both for spring potatoes and chickpeas. The task was to estimate the
surface reflectance values equivalent to the Landsat TM/ETM+ bands 1, 2, 3 and 4
using in situ the GER1500 spectro-radiometer. To filter the data through the relative
spectral response (RSR) values of Landsat TM/ETM+, the GER1500 reflectance values
were interpolated to obtain the reflectance values at the incremental wavelength of the
RSR. This was done since the GER1500 reflectance values were given at a different
incremental wavelength scale. Then, the GER 1500 experimental data were filtered
through the RSR functions and averaged within the limits of the first four TM/ETM+
bands, to yield the in-band reflectance values. Vegetation indices were then created for
each date and each crop. The vegetation indices produced from spectroradiometric data
was afterwards compared to the corresponding indices found from the satellite images
after pre-processing (atmospheric and radiometric corrections) (Hadjimitsis et al; 2004).
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Two Landsat 5 images were available for this period were available. WDVI, SAVI and
WDVI maps have been created in order to be compared to the field measurements in the
plots under investigation.

GER 1500 field campaign- Satellite images

Acquisition of spectrum

A 4

\ 4

Radiometric and

Spectral Vegetation indices: .
P g atmospheric

WDVI,NDVI,SAVI corrections
v
< WDVI,NDVI,SAVI
v
Comparison between From satellite images

spectral and satellite

derived indices

Figure 2: Methodology of the project

4, RESULTS AND DISCUSSION

The data acquired from the intensive field campaign and the results of the project are
shown in table 1 for the chickpeas and in table 2 for the potatoes. As mentioned in the
methodology part, the phonological cycle of each crop was followed in order to create
the spectral signatures for each crop (graph 1 and 2 in the appendix). Then the
vegetation indices were created for each crop and each date as it can be seen in the two
following tables. It is obvious that as crops are growing reflectance is growing. Also,
the three vegetation indices follow the same allocation as the reflectance. This fact is
not proportional for the vegetation indices versus the reflectance, and is not proportional
too among them. The values of the three indices named satellite values have been
compared to the values found using the spectroradiometer, named spectral values. The
comparison is shown in tables 3 and 4. Unfortunately only two satellite images were
available at this time of the year and the comparison rely only on these two images.
Considering that the reference value is the one of the spectroradiometer (spectral), a
standard deviation is provided in tables 3 and 4. Once again the need for an effective
atmospheric algorithm is spotlighted since it is absolutely essential for high accuracy
results. In this case ‘the darkest pixel’ algorithm for atmospheric correction was applied
along with the necessary radiometric corrections of the images.
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Table 1: Corresponding bands of Landsat 5 and vegetation inices using the GER1500
spectroradiometer for Peas

PEAS

Date

15/3/2009

22/3/2009

26/3/2009

30/3/2009

21412009

3/4/2009

6/4/2009

9/4/2009

14/4/2009

22/4/2009

Band 1

(450-520nm)
0,0185
0,019
0,0195
0,0192
0,0266
0,029
0,0377
0,036
0,038

0,0375

Band 2

(520-600nm)

0,0422
0,0455
0,0466
0,0446
0,0635
0,0645
0,0772
0,071
0,07

0,0684

Band 3

(630-669nm)

0,0304
0,0464
0,0208
0,0207
0,0307
0,042
0,043
0,044
0,0411

0,042

Band 4

(760-900

nm)
0,42
0,52
0,541
0,55
0,53
0,578
0,62
0,623
0,61

0,588

NDVI

0,865
0,836
0,926
0,927
0,894
0,865
0,870
0,868
0,874

0,867

SAVI

0,615
0,666
0,735
0,742
0,721
0,718
0,744
0,744
0,741

0,725

WDVI

0,382
0,462
0,515
0,524
0,511
0,525
0,566
0,568
0,558

0,543

Table 2: Corresponding bands of Landsat 5 and vegetation inices using the GER1500

spectroradiometer for Potatoes

POTATOES

Date

13/3/2009

15/3/2009

22/3/2009

26/3/2009

30/3/2009

2/4/2009

3/4/2009

6/4/2009

9/4/2009

14/4/2009

22/4/2009

Band 1

(450-520nm)
0,0288
0,026
0,0249
0,0303
0,0292
0,0301
0,0449
0,0292
0,0229
0,0522

0,0524

Band 2

(520-600nm)
0,0659
0,0641
0,0618
0,0754
0,0622
0,0647
0,0824
0,0624
0,0632
0,0995

0,0996

Band 3

(630-669nm)
0,0308
0,0297
0,0286
0,0342
0,0312
0,0337
0,0512
0,0313
0,0268
0,0732

0,0733

Band 4

(760-900 nm)

0,5026
0,5762
0,5942
0,6277
0,632
0,6365
0,6785
0,6685
0,706
0,6813

0,6615

NDVI

0,885
0,902
0,908
0,897
0,906
0,899
0,860
0,911
0,927
0,806

0,800

SAVI

0,685
0,741
0,756
0,766
0,775
0,773
0,765
0,797
0,826
0,727

0,715

WDVI

0,464
0,539
0,558
0,585
0,593
0,594
0,614
0,629
0,672
0,589

0,569

Afterwards, the two Landsat 5 images with dates of acquisition on 26 March 2009 and 9
April 2009 were transformed into WDVI, SAVI and NDVI maps of the area of interest.
An example of these maps are given in figure 3. From these maps the values of the three
vegetation indices were extracted for the two specific plots of chickpeas and potatoes.
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Figure3: NDVI, SAVI AND WDVI maps of the area of interest

Table 3: Spectral, satellite values and standard deviations for vegetation indices for Potatoes

Potatoes

Date WDVI SAVI NDVI
satellite spectral St. dev. | satellite spectral St. dev. | satellite spectral St. dev.
26/3/2009 0,478 0,585 | 0,0757 0,743 0,766 0,0163 0,904 0,897 0,0049
9/4/2009 0,662 0,679 | 0,0071 0,834 0,826 0,0057 0,981 0,922 0,0417

Table 4: Spectral, satellite values and standard deviations for vegetation indices for chikpeas

Chickpeas
Date WDVI SAVI NDVI
satellite | spectral St. dev. satellite | spectral St. dev. satellite | spectral St. dev.
26/3/2009 0,472 0,515 0,0324 0,765 0,735 0,0212 0,971 0,926 0,0318
9/4/2009 0,566 0,598 0,0114 0,734 0,744 0,0071 0,877 0,868 0,0064

As expected the highest deviation occurred for the WDVI, since it is the most sensitive
vegetation index among them. The lowest has occurred for NDVI while SAVI’s
deviation was in the middle. Generally, the deviation is low, meaning that one could
directly use the specific vegetation indices directly if a reliable atmospheric correction
algorithm is applied to the satellite images.

It is important to use directly the vegetation indices, since time-consuming procedure
are avoided. But it is also important not to sacrifice accuracy for avoiding these
procedures. Field spectroscopy is an ideal tool for validating remote sensing techniques.

5. CONCLUSIONS

Field spectroscopy is a very useful tool for remote sensing techniques. It can validate
results of remote sensing and can steer it to high accuracy levels. The results of this
paper have illustrate the need of effective atmospheric algorithms. If this is not fulfilled
the results can be of low accuracy and this can be misleading. The results have shown
that the three vegetation indices can be applied directly to the satellite images avoiding
any other procedures. But this can be achieved always accompanied with a sound
atmospheric correction algorithm.
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Figure 4 : Spectral signature of Peas in Cyprus 2009

Surface Reflectance of Spring Potatoes using the GER 1500 Spectroradiometer
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Figure 5 : Spectral signature of Potatoes in Cyprus 2009
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CHARACTERISTICS OF THE OZONE DECLINE ESTIMATED FROM MULTIPLE
SATELLITE SENSORS
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ABSTRACT

The variability of specific total ozone decline characteristics, such as the ozone mass
deficiency (O3MD) from the pre-1976 base average and its areal extent, is presented in global
scale. Gridded daily satellite measurements of total ozone from satellite instruments were used
for 1978-2009. By integrating the surface area and the O3MD within -10% contours for the
winter-spring season, when there is probable chemical destruction in stratosphere, we compared
the ozone differences on annual basis and over different latitudinal belts. This statistical analysis
was also applied for the cases with ozone values less than 220DU. Furthermore, the role of
corresponding stratospheric temperatures on the ozone decline was investigated.

YHOAOIIEMOX XAPAKTHPIETIKQN THEX MEIQZHE TOY OZONTOX MEXQ
AOPY®OPIKQN METPHXEQN

E. ZYPIXIAOY?, A. MITAAHZY, K. TOYPITAAHY, M.E. KOYKOYAH?, R. BOJKOV 2, X. ZEPE®OE>* KAI
R. VAN DER A®

L Epyactiipio ®voixiic e Atuéopapas, Tuiua Pvoixic, A. I1. ., EAdda
2World Meteorological Organization, Geneva, Switzerland
¥ Epyactipio Khpazoloyiag kar Atuospapixod Hepifdirovioc, Tuijua Fewroyiac ka
Tswrepifallovrog, Havemotiuio AGnvav, EALdda
*Axadnuia AOnverv, EMddo
5Royal Netherlands Meteorological Service, De Bilt, The Netherlands

IIEPIAHYH

[Mopovoialetar 1 SOKOUOVOT GUYKEKPIUEVOV YOPOKTNPICTIKGOV NG Ueimong tov 0{ovtog og
TaykOGa KApaKo, 6mog to EAhepa palag 6{ovtog oe oyéon Ue TIg LEGEG TIES Tpwv o 1976
Kot To ovrtiotoyo euPadov. Xpnowomodnkay MUEPNOIEC  SOPLVPOPIKEC  UETPNGELS
dopLEOopPIKOV acntipov yio v mtepiodo 1978-2009. OAOKANP®VOVTOG TV EMPAVELN KoL TO
EMeypa palog 0loviog twv mEPOY®V evtog TV 1oomAnbav tov 10%, yw v mepiodo
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YEWDVA-GvoIEN Kabe nuIcPalpiov, TEPI0d0 e EVOEYOUEVT YNUIKT KATASTPOPT TOV 6{OoVTOG 01N
oTpaTOcPAlP, cvuyKpidnkav ot dwpopés Olovtog emoimg kol TV amd SPOPETIKEG
veoypapwés Coves. H mopamdve otatiotikn avaivon epappocnke kot yio meployés ue 6lov
pipotepo amd 220DU. Agpeuvinke, emiong, 0 pOAOG TOV GTPATOCPULPIKOV OEPLOKPACIOV
ot pelwon tov 6Lovtog.

1. INTRODUCTION

It has widely been shown that the known total ozone decline has varied extensively
during the last decades in both hemispheres. There are several detailed scientific studies
discussing the change of the global ozone regime (e.g. Andersen and Knudsen 2002,
Balis et al., 2009). These and the International Ozone Assessments (World
Meteorological Organization, 1994, 1998, 2006 and the references therein) have
presented that since the 1970s total ozone has been depleted in middle and polar
latitudes of both hemispheres. The basics of the physical and chemical processes
creating and sustaining the ozone hole are summarized in Rowland (2006).

Due to the Montreal protocol and its subsequent amendments, the amount of ozone
depleting substances in the stratosphere is now slightly declining (WMO/UNEP 2003;
Montzka et al., 2003; World Meteorological Organization, 2006). Many model and
satellite studies show a near zero trend first signs of ozone recovery in the recent 7-year
period from 1996 to 2003 (e.g. Newman et al., 2006, Vyushin et al., 2007). As for the
future ozone trends, some models predict a slow ozone recovery by 2068. However,
recent studies showed that there will be further delay due to nitrous oxide (Chipperfield,
2009).

This paper describes observational characteristics of the ozone decline such as
the ozone-mass deficiency (OsMD) and its areal extent during winter spring over both
hemispheres, by examining the polar regions and the middle latitudes using satellite
measurements from 1979 onwards. Zonal mean stratospheric temperatures at 100 hPa
are also used in order to investigate the correlation with the observed OsMD. In Section
2 the satellite data and methodology used in this study are presented. In Section 3 the
results of the statistical analysis and their discussion is provided. Finally, some tentative
conclusions are drawn in section 4.

2. DATA AND METHODOLOGY

Gridded daily satellite measurements of total ozone from Nimbus 7/TOMS (1978-
1993), EarthProbe/TOMS (1996-2002), GOME/ERS-2 (1995-2003),
SCIAMACHY/Envisat (2002-2009), OMI/Aura (2004-2009) and GOME2MetOp
(2007-2009) were used in the calculations spanning 30 years and covering both
hemispheres with high spatial analysis. Moreover, a gridded merged assimilated dataset,
spanning from 1978 to 2008, created from 14 distinct satellite data sources (including
for e.g. TOMS, SBUV, GOME, SCIAMACHY, OMI and GOME-2) and derived from
the Royal Netherlands Meteorological Institute (KNMI) is further used in this study.
The data are publicly available on a day-by-day basis via ESA’s TEMIS project
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(http://www.temis.nl). The resolution of the above satellite data is 1°x1.5° (lat x lon).
The average total ozone columns for the years 1979-1981, were first estimated for each
1°x1.5° grid by Nimbus 7 measurements and then they were used as reference values. If
the total ozone columns negative deviations from the 1979-1981 averages were found to
be smaller than -10% (represent approximately the boundary of ~2c of the ozone
natural variability) and knowing the ozone values in Dobson units (DU), it is a simple
matter to determine the respective ozone mass for each grid point inside the 10%
contour. (see for e.g. Bojkov et al., 1998). The daily O3sMD values were subsequently
integrated to arrive at the overall mass deficiency in Megatonnes for the given
latitudinal belt and for a time-period of interest. A temporal integration of the estimated
departures was made over a 105 days period (1 January-15April in the Northern and 1
September-15 December in the Southern hemisphere) and only within the -10%
contours of the ozone deviations. The O3MD and its surface area were also calculated
using 220 DU, the commonly used definition of the ozone hole, as the boundary of the
region representing ozone loss over Antarctica. Finally, for the temperature data NCEP
Reanalysis dataset was used, provided by NOAA/OAR/ESRL PSD, Boulder, CO, USA,
available at http://www.cdc.noaa.gov. The winter-spring averages of the temperature
poleward of 60°N (1 January-15 April) and 60°S (1 September-15 December) were
calculated from the daily mean temperature at 100hPa.

3. RESULTS AND DISCUSSION

The basic characteristics of the ozone hole over Antarctica for each year since 1979
are shown in Figures 1 and 2. These Figures depict the integrated ozone mass deficiency
and the maximum size of the ozone hole respectively using the threshold of O3;<220DU.
From both Figures it is interesting to note that there is a general agreement between the
satellite data sets during their overlapping time period and that there is a consistency
between the merged data set and the individual satellites.

In Figure 1 it is demonstrated by all the satellite data sets that the O3sMD has been
increasing since 1979 with the exception of years 1988, 2002 and 2004. The
disappearance of the ozone hole in 1988 and 2002 with relatively smaller ozone
deficiency was due to an early break down of a warmer stratospheric polar vortex (e.g.
Varotsos 2002, WMO 2006). The O3sMD over Antarctica increased rapidly during the
early 1980s and reached high values in mid-1990s and again in the last few years,
except 2002, while it reached a record low in 2006 with a value of about 8000 Mt.

In Figure 2 the observations show the variability of the annual maximum ozone
hole area. It is presented that the Antarctic ozone hole reached its greatest size in year
2000. GOME, EPTOMS and MERGED satellite datasets show that that year the ozone
hole covered more than 28 million km? The maximum extent of the ozone hole area
exceeded 10 million km? in the mid-1980s and reached 22 million km? during the
1990s. In the last ten years except 1999, 2002, 2004 and 2007 the maximum observed
surface ozone hole area was >25 million km? , while the last six years it seems that it
reached a plateau around 26 million km?, with no tendency to become smaller.
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FIGURE 1. Ozone mass deficiency (O3MD) (in Mt) calculated from 7 different satellite data sets
as the difference from the average which derived from the 1979-1980-1981 Nimbus7 values
while integrating for 105 days (1 September-15 December) within the ozone hole area
(03<220DU).
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FIGURE 2. Maximum day-area covered by O3h values (in million km?) calculated from 7
different satellite data sets
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It is known that the main ozone decline is observed in the lower stratosphere and
the ozone loss over both hemispheres is very sensitive to the year-to-year variability of
stratospheric temperatures which depend on atmospheric motions. The year-to-year
variability of the OsMD, inside the -10% deviation contours, in the northern and
southern polar region is highly correlated with the corresponding year-to-year
variability of the seasonal averaged temperatures in the lower stratosphere as indicated
in Figures 3 and 4. Colder temperatures result in more polar stratospheric clouds which
intensify ozone destruction. The latter is obvious in Figure 3 where we can see that the
winters of 1993, 1996 and 1997 were really cold in the Northern Hemisphere, with
stratospheric temperatures lower than 210K, and the corresponding OsMD remarkably
large (more than 4500Mt). The disappearance of the ozone hole in 1988 and 2002 over
Antarctica, discussed above, is also demonstrated in Figure 4 with small ozone mass
deficiency values combined with relatively high stratospheric temperatures. In the last
two Figures it is apparent that the OsMD in regions poleward of 60°N was almost
similar with that over Antarctica in late 1980s and early 1990s. However, a plateau
around 2000Mt is observed for the last ten years over the Northern Hemisphere,
whereas at the same time the O3MD presents a positive trend (i.e. increasing O3MD)
over Antarctica. We should note at this point that the individual satellite datasets
provide a similar picture as the one shown for the merged dataset as far as the year-to-
year O3MD variability over both hemispheres is concerned and as such, is not shown
here.
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FIGURE 3. Solid line: OsMD > 60°N, inside the -10% deviation contours, integrated for 105
days (1 January- 15 April) in Mt in the period 1979-2008 derived by the MERGED data set.
Dashed line: The temperature at 100hPa for the same region and season
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FIGURE 4. Solid line: OsMD > 60°S, inside the -10% deviation contours, integrated for 105
days (1 September- 15 December) in Mt in the period 1979-2008 derived by the MERGED data
set. Dashed line: The temperature at 100hPa for the same region and season

4. CONCLUSIONS

Satellite instruments have made significant contribution to the study of
stratospheric ozone depletion. The ozone hole characteristics presented in this paper are
based on observations derived by seven different satellite data sets, Nimbus 7/TOMS,
EarthProbe/ TOMS, GOME/ERS-2, SCIAMACHY/Envisat, OMI/Aura and
GOME2/MetOp which provide consistent results on a yearly basis during their common
time periods. These characteristics demonstrate that the Antarctic spring ozone decline
increased rapidly toward the end of the 1980s, continued unabated through the 1990s
and reached the highest values so far in the 1998, 2000 and 2006 ozone hole seasons,
with no signs of becoming smaller. It has also been shown that over the last ten years
seasonally integrated O3MD over Antarctic reached a record low in 2006 about 8000
Mt, while the maximum observed size of the ozone hole was more than 28 million km?
in year 2000. Furthermore, the O3MD in region poleward of 60°N was almost similar
with that over Antarctica in late 1980s and early 1990s and in the last ten years it
reached a plateau around 2000Mt.

Finally, the temporal and spatial patterns of changes in O3 and lower stratospheric
temperature indicate a strong correlation and are associated with the year-to-year
variability of the dynamic processes.

25-28/5/2010, PATRAS, GREECE 621



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

REFERENCES

Andersen SB and Knudsen BM, 2002: The influence of vortex ozone depletion on Arctic ozone trends,
Geophysical Research Letters, 29(21), 2013, doi: 10.1029/2001GL014595.

Balis D, Bojkov RD, Tourpali K., Zerefos C, 2009: Characteristics of the ozone decline over both
hemispheres, International Journal of Remote Sensing, 30, 15-16, 3887-3895.

Bojkov RD, Balis DS and Zerefos C, 1998: Characteristics of the northern polar and mid latitude ozone
decline, Meteorology and Atmospheric Physics, 69, 119-135.

Chipperfield M, 2009: Atmospheric science: Nitrous oxide delays ozone recovery, Nature Geoscience, 2,
doi:10.1038/nge0678, 742 — 743.

Montzka SA, Butler JH, Hall BD, Mondeel DJ and Elkins JW, 2003: A decline in tropospheric organic
bromine, Geophysical Research Letters, 30(15), 1826, doi: 10.1029/2003GL017745.

Newman PA, Nash ER, Kawa SR, Montzka SA and Schauffle SM, 2006: When will the Antarctic ozone
hole recover?, Geophysical Research Letters, 33, L12814, doi:10.1029/2005GL025232.

Rowland FS, 2006: Stratospheric ozone depletion, Philosophical Transactions of the Royal Society B,
361, 1469, DOI:10.1098/rsth.2005.1783, 769-790.

Varotsos C, 2002: The southern hemisphere ozone hole split in 2002, Environmental Science and
Pollution Research, 9, 375-376.

Vyushin DI, Fioletov VE, Shepherd TG, 2007: Impact of long-range correlations on trend detection in
total ozone, Journal of Geophysical Research, 112, D14307, doi:10.1029/2006JD008168.

World Meteorological Organization, 1994, Scientific assessment of ozone depletion: 1994. WMO Ozone
Research and Monitoring Project, Report No. 37, Geneva, Switzerland.

World Meteorological Organization, 1998, Scientific assessment of ozone depletion: 1998. Ozone
Research and Monitoring Project, Report No. 44, Geneva, Switzerland.

World Meteorological Organization/United Nations Environment Programme (WMO/UNEP), 2003,
Scientific assessment of ozone depletion: 2002, Global Ozone Res. Monit. Proj. Rep. 47, 498,
Geneva, Switzerland.

World Meteorological Organization, 2006, Scientific assessment of ozone depletion: 2002. WMO Ozone
Research and Monitoring Project, Report No. 50, Geneva, Switzerland.

25-28/5/2010, PATRAS, GREECE 622



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

XAPAKTHPIZTIKA ENEIZOAIQN AEPOAYMATQN EPHMIKHE YKONHE XTHN
IEPIOXH THEX MEXZOI'EIOY KATA THN IEPIOAO 2000-2007 ME TH XPHXH
YYNAYAZMOY AOPY®OPIKQN AEAOMENQN

A. TKIKAS!, N. MIXAAOTIOYAOS? KAI N. XATZHANASTASIOY!

'Epyactipio Metewpoloyias, Tuiuoa oo, Havemoriuio Ioavwivov
zEpyaanipzo Hepifailovurng Xnueiag, Tunua Xnueiog, Hovemotiuio Kpntng

IIEPIAHYH

YV mapovoa £pyocio PHEAETOVTOL TO XOPUKTNPLOTIKG (GLYVOTNTO KOl EVTOGT) TOV EMELGOdIOV
EPMIKNG oKOVNG otV Tepoyn TG Mecoyeiov, katd ™ ypovikny mepiodo 2000-2007, pe ™ xpnon
oLVOVAGHOD dopvPopik®dV dedopévay. H avdrtoén evog aiyopibiov 0dnynce oty TanTonoincn Kot To
Syopopd TV enelcodinv, pe Bacn v Eviact Tovg 6 Woyvpd Kot akpaio. H peyoldtepn cuyvotnta
epQaviong woyvpodv enctcodiov okdévng evtomileton omv A. Mecdyewo (~10 emelc6010/€10G) VM
avtioTolyo, 1 HEYLOTN £VIOOT TOV OKPaimV eMEG0dinv okdvng (onTikd Babog aepoivpdtov £mg Ko 4.4
oto 550nm), mapatnpeitor oy A. Mecsoyelo. AlOTIGTAOVETOL TTOTIKY TAGT TNG GLYVOTNTAS ELPAVIONG
EMEIGOJIOV OKOVNG VD GE OTL APOPE oTNV €vIOoT TOvg dtakpiveTor Lo LElMOT Yo To. IGYVPE KoL
avEnon yio Ta akpaio ETE1cOS0L EPNUKNIG OKOVIG.

CHARACTERISTICS OF DUST AEROSOL EVENTS IN THE MEDITERRANEAN BASIN
BASED ON A SYNERGISTIC USE OF 7-YEAR (2000-2007) SATELLITE DATA

A. GKIKAS!, N. MIHALOPOULOS? AND N. HATZIANASTASSIOU*

! aboratory of Meteorology, Physics Department, University of loannina
Environmental Chemical Processes Laboratory, Chemistry Department, University of Crete

ABSTRACT

The characteristics (frequency and intensity) of dust events in the Mediterranean basin during the 7-
year period from March2000 to February 2007 were determined in the present study. This was achieved
by making a synergistic use of daily satellite data of aerosol optical properties. An objective algorithm has
been developed for the identification and classification of dust events into strong and extreme, depending
in their intensity. The results show that strong dust events occur most frequently in the W. Mediterranean
(~10 episodes/year) while the most intense extreme events are observed in the E. Mediterranean with
aerosol optical depth up to 4.4 at 550nm. According to our results, the frequency of occurrence of dust
episodes has declined over the study period, whereas the intensity of strong dust episodes has decreased
and that for extreme episodes has increased from 2000 to 2007.

1. EIZATr'Qra

To agpolvpota amoTeAoVV Evov amd TOLG O CTUOVTIKOVE TOPAYOVIEG OLOUOPPOONG TOV
KAipatog g I'ng. H enidpaon tov agporvpdtov 6to evepyelako 16oldylo tov cuothiuotog I'me-
Atpécoopag, Kol KoT' €TEKTOOT) GTO KA{LO, TPOYLOTOTOLEITOL [E TPELS TPOTOVG: TOV GUECO
(direct affect), tov éuueco (indirect effect) xat tov nui-aueco (semi-direct effect). Ta agporduata
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Aertovpyodv @¢ aitio efacBivnong (AOYm @owOopEVOV OKESOONG Kol amoppdPNnons) g
axtvoPoroag pKpdV unkdv kopatog (MAtaxng), oAdd emiong (oe pkpotepo Pabud) xai g
axtvoBoriag peydrhmv unkodv Kopatog (ywvng). Emumpocherta, ta agpoivpata dpovv ¢ mupriveg
GUUTOLKVOGCTG TV VEQPMV, IE OTOTEAEGLLO TOL TPOTOTOLOVY TIC OTTIKEG TOVG WO10TNTES, TNV £KTAON
Kol v odpkela {oNg Tovg, TN PPOYOTTMOOT|, EVED EMIPOVV KOl GE LETEMPOAOYIKE Qovopeva
peyaing kiipoxag (wy. povomveg, Lau et al., 2006). TTapd T £pgvveg kot ™V Tpdodo 600
OEKUETLDV, TO EMMESO EMOTNHOVIKNG YVAOOTG, 0 OTL APOPd GTOV aKPIPr pOLO T®V G.EPOAVUATOV
Yl TO EVEPYELNKO 100L0Y10 I'NG-ATHOGPAIPOC KOl TO KA, KOUOIVETAL OKOUN G YOUNAG etimeda
(IPCC, 2007). H peimon g afefardotnrog amortei Ty evoeAey] HLEAETN TOV OTTIKOV WO10THTOV
TOV agPOAVUATOV T060 o mhovntikn (m.y. Li et al., 2009) 6co kol ce meployikn KAipoxo (.y.
Hatzianastassiou et al., 2009), 1diaitepa e T xp1OT S0PVPOPIKDY FEGOUEVOV.

To peyaddtepo mM0GOGTO TOV POPTIOV TOV OEPOAVUATOV, GE TAOVNTIKO eminedo, amoteleitol
amd COUOTIOWN EPNUIKNG OKOVNG, TPOEPYOUEVO amd GVLOPEG TEPLOYES TNG VONAiov (Zayapa,
Apafn yepodvnoo, Li et al., 2009). Ta goptio ovtd poiiota propodv vo petapepfodv, avaroya
TIG EMKPATOVCEG UETEMPOAOYIKES GLVONKES, G€ peYdAeg amootdoelg (~2000yAn) amnd Tig mNyEg
wpoélevong tovg. [IAn0oc epevvnTdV €YEl €O0TIACEL TNV TPOCOYN TOV GTNV TEPLYPOUPT| TMV
YOPOKTNPIOTIKDY TNG YOPIKNG KOl YPOVIKNG KATAVOUNG TOV OEPOAVUATMY EPTLUKNG CKOVNG LE TN
yxpnon eniyeiwv (m.y. Kalivitis et al., 2007) kot dopvgopikmdv dedopévov (Li et al., 2009).
Emum\éov, givar 1010itepov evOLOQEPOVTOG 1 LEAETT TOV TEPTTOGE®V VIAPENG 1WO1{TEPU LEYAA®DY
QOPTIOV COUUTIOIOV EPMUIKNG OKOVNG OTNV ATUOGEOIPE TAVM OO MU0 TEPLOYN Yo Hid
GUYKEKPLUEVT YPOVIKY] TTEPI0d0. O1 v AOY® TEPMTOGELS YopakTNpilovTol g ETEIGOON EPTLUKNG
okovne. Koataotdoeig peydhov @optiov oepoAvpdtov (emelcodia) ePNUIKNG OKOVNG &YOouv
ueketnBel pe ™ ypnon emniyeiov dedopévov site AERONET (m.y. Toledano et al., 2007) eite
Lidars (EARLINET, Papayannis et al., 2005) amokAeiotikd Kot povo o€ Tomikd eninedo. Mehém
EMEIC001MV 0EPOAVUATOV GE OAN TNV £KTaom Tng Aekdvng tng Mecoyeiov €yel yivel amd Tovg
Gkikas et al. (2009), aAld ywpic dwaympiopd tov €idovg TV couatdiov. Kowotopio g
GUYKEKPIUEVNC EPYOCIOG OmOTEAEL M UEAETN EMEIGOOIOV EPNUIKNG OKOVNG Yoo OAOKANPN TNV
mEPOYN NG Aekdvng g Mecoyeiov kot Oyl Yo GUYKEKPIUEVEG TEPLOYEG-ZTaOLOVS. AVTO
EMTUYYAVETAL UE TN XPNOUOTOINGT GOYYPOVOV Kol 0EOTIGTOV 0PLEOPIKDOV OESOUEVMV, Y10, LIl
pueyodn ypovikny mepiodo (7 étm) yio por amd TG TAEOV evaictnteg KAMOATIKG TEPLOXES TOV
miovntn, ™ Meodyeio (IPCC 2007), oy omoio gueavifovior ot peYOADTEPES TYEG OTTIKOV
nayovg mave and Odhocoa (Ichoku et al., 2002) aAld kol Gueong enidpacng TOV 0EPOIVUATOV
0710 gvepyelakd wwoliylo (w.y. Hatzianastassiou et al., 2007).

2. AEAOMENA KAI ME®OAOAOTTA

Mo v viomoinom g epyociog £ytve ypion HECOV MUEPNCIOV TIUAOV OTTIKOV
B0TATOV aepolvudtov amd tig dopveopikés Pacelg dedouévov MODIS-Terra (Moderate
Resolution Imaging Spectroradiometer), Earth Probe kot OMI (Ozone Monitoring
Instrument) ywo ™ ypovikn mepiodo Mdaptiog 2000 — Defpovdprog 2007. H mepioym
pedétng (Aexdvn g Meooyeiov) ekteivetal Heta&d Tov Yeaypapikdv unkav 11° A kot
39° A kot TV yeoypoapikdv mAatdv 29° B kot 47° B. Tavtdypova avomtoydnke évag
aAYOPIOLOG, LE OVTIKEYEVIKA KOl SUVOUIKE YOPOKTNPIOTIKE, OTOTEAOVUEVOS amd 000
Backd okéln. 1o TpdTO 6KEAOG YiveTat vToAoyiopuog ™G HéEong TWNS (AODmean) Kot TG
péong tomikng amokAlong (STDV) twv tipdv tov ontikov PabBovg MODIS tov
aepolvpdTov ota 550Nm (tipég OANG N ypovikng mepidoov). Bdoel towv 600 avtdv
TOPAUETPOV VTOAOYIGTNKAY TO, KOATOEALL 0mtTikoV Bdbovg (thresholds) ya kébe kuyelida
yopung avéivong 1° x 1°. Ta ens166810 AepOADUATOV TV 0ToimV Ol TIHEC TOV OTTIKOD
BaBovg ota 550nm sivor peyoAvtepeg i ioeg amd 10 ABpolGHa TNG HEOTG TIUNG KOL TOV

25-28/5/2010, PATRAS, GREECE 624



100 COMECAP 2010, I[IPAKTIKA XYNEAPIOY -- 10th COMECAP 2010, CONFERENCE PROCEEDINGS

outhaciov g TumkNG amdkAMong (AODmeant2STDV) kot Tantdypova pikpdTePES amd To
dOpotopa. AODmeant4STDV yapaktnpilovtor wg toyvpd. Avtictotryo, To ETEIGOOIN W
TG AODssonm peyarvtepec/iceg and AODmeant4STDV yopaxtnpilovion o¢ axpaio. H
TEPLYPOPYT] TOV TPMOTOV CKEAOVG TOV OAYOPIOUOV, TOL £YKELTAL GTNV TOVTOMOINGN TV
EMELIC0BIMV 0EPOAVUATOV, €xel Topovolaotel avaAivtikd amd tovg Gkikas et al. (2009).
210 0€0TEPO OKEAOG TOL OAYOPIOLOV TTOV OTOGKOTEL GTO YOPUKTNPIGUO TOV EMEIGOOIWOV
agpolvudTov, AapBavovtal VoYY emmrpOGHETEC OMTIKES 1O10TNTEC AEPOAVUATOV KO TTLO
ovykekpipéva: (i) o exOetikdc mapdyoviag Angstrom méve omd Enpd (0470-660nm) KO
BdAacoo (as50-865nm), (1) 0 deiktng amoppdenong (Al) tov agpolvpdtov, (iii) 0 Adyog Tov
onTikoh BaOovg TV AETTOKOKKOV COUOTIOOV ®C TPOS TOV GLVOAOL TMOV GOUATIOIMV
(FF) xou (iv) n péon evepydc axtiva, (effective radius) tov agpoivpdtov ota 550nm (reg)
v ond 0dAacca. Ot 1010TNTEC AVTEC XPNOUOTOIOVVTIOL YO, TNV TLOTOTOINGN NG
TAPOLGIOG EMEGOOIMV AEPOAVUATOV EPNUIKNG GKOVING GE L0 GUYKEKPULEVT] TEPLOYTN KO
Yo poe ovykekpluévn nuépa. Baoetl e Bipaoypaeiog (m.y. Gobbi and Barnaba, 2004),
KaBdg Kot OPOpwV HEAETOV gvoicOnciog mov mpaypoTonmomOnKay, opicTnKav ot
akOAOVOEC TIHEG aVOPAIOV Kot KOTo@Ai®V yio Ty Kabe mapduetpo: (i) a<0.7, (i) Al>1,
(iii) FF<0.4 ko (iv) res£>0.6 yio. v mepintoon 0aAdooiov Teploymy.

3. ANIOTEAEXMATA

3.1 Zoyvétnto enterc0dimv

H ovyvétmra epgdviong woyvpdv kol akpaiov eTEG0dimv pNUKNG 6KOVNG OGNV
guplTEPN TTEPLOYN TG AeKAvnG TG Meooyeiov, yia ) ypovikn mepiodo Mdptioc 2000-
DePpovaprog 2007, mapovoidletan ota Zynpota la ko 1B, avtictoya. Ta nepiocdtepo
GLYVA 1oYVPA EMEICOS0. GKOVNG GLUPAIVOLY GTA SVTIKG TUAUATO TG TEPLOYNG HEAETNG
(¢og ~10 emeico01/étog). Elvar eppavig n vmopén pog Poduidag omd ducpdg mpog
avaToAds, pe péyioteg twég ot A. Meoodyewo, evoldpeceg oty K. Mecdyeo (<4
eME00010/€T0¢) Ko eAdylotes onv A. Meodyeo (<3 enewcodw/étog). Emiong, esivon
OloKPLTN Y10 TOL IoYVPA EMEIGOJLN, 1| TOpOVGin Kol pog devtepng Paduidag amd voto mpog
Boppd. H mapovoia g A-A Pabuidoc, opeileTor 6T GUVONTIKEG KOTAGTACELS TOV
€LUVOOLV TNV AVOY®GCT KO TN HETAPOPE TNG GKOVIG a0 TIC TNYEG TPOEAEVGNC TOVG TPOG
M Meodyeo, evdd n N-B Pabuida, dikaroroysitan amnd v mpog PBoppd av&ovouevn
OmOGTACT) TOV TEPLOYDV “DIOOOYNS” amd TS TYyEG mpoéievong g okovng. Eilvan
EVOLIPEPOV OTL EMEIGOOLO GKOVIG ONUEIDVOVTOL KOl 6€ peydreg amootdoelg (N. Evponn)
amo TIG TNYES TPOEAELONG TNG (Zaxdpa), £5T® Kol Le TOAD LIKPT) GUYVOTNTA.

AvtiBeta, pe 6t ovuPaivel pe to 1oYLPE EMEIGOSIO, TO OKPAiD ETEIGOOINL GKOVIG
eppaviCovior mo cvyvd mdve and Bardooieg ektdoelg g K. Mecoyeiov aArd kot g
votiag meployng g A. Meocoyegiov (cuyvottes g 4.4 emelc6010/£€10¢). 1N Boddooia
wepoyn ™¢ A. Meooyeiov, gppavifoviol meptocoOTEPO GLYVE aKpaio eTEICOO0 GKOVIG
amd 011 61N A. Meodyeto, og avtifeon pe 01t cvpPaiver pe ta 1oyvpd enelcoota (Xy. la).
Mdéhota, sivor evdweépov 61t oty Bdiacca g A. Meooygiov gppavifovron
TEPLGGOTEPO GLYVA aKpaia, Tapd 1oYLPA ETEIGOOIN GKOVNG, evd ovtiBeta oty K. kot A.
Meodyeto ta 1oyvupd cvppaivovy mo cuyvd and ta akpoia.
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S . (@)
o
YXHMA 1: l'soypagik kotavoun g cvuyvotmrag (emelcddo/étog) tav: () woyvpav kot (B)

aKpaiov eTEGOdimV EPNUIKNG GKOVNG OTNV EVPVTEPT TEPLOYN] TG AeKAVNG TG Meooyeiov koTd
T ypovikn wepiodo 2000-2007.

3.2"Evtacn ene1600imv

H yeoypaewn kotavoun g Héong Eviaong TV ENEG0dImV 6KOVNG, VTOAOYIGHEVN
Baoel Tov Tipdv Tov otk BdBovg agporvpdtov oto S50nm, mapéyetol oto Zynpoto
200 ko 2B v o woyvupd Kot akpoio €mElcOol okdvne. Avtiotowo, 1 HEYIOTN TIUN
£vtoomng yuo o 1.oyvpa enelcodta etvar ion pe 1.7 (Bokdooieg meproyég oo avoryTd TG
APONG) evd yia Ta akpaio enelcddla givor HEYOADTEPT), OTWS EVOL AVOUEVOUEVO, KOl oM
pe 4.4 (A. Meodyelo). H pelémn tov Katavopdmy cuyvotnTog Kot £VIOCNS TV ENELGOdImV
oKOVNG 00MYEL OTO CLUTEPACUA OTL GE TMEPLOYEG OMOV GLUPAIVOVY TEPIGGOTEPO GLYVAL
EMEICO010 GKOVNG OEV GUVETAYETOL OTL AVTA Eivol Ko amapaitnTa To TEPIGCOTEPO 1GYLPEL
N 1o avtiotpo@o. ‘Etot yia mapdderypa, n Bordosio teproynq g A. Mecoyeiov veiotatot
o MyOTEPO GLYVE, OAAL TEPIOGOTEPO 1GYLPA EMELGOdD OKOVNG, o€ avtifeon pe Ot
ovpPaivel o A. Mecdyelo. Avtd vTOINADVEL OTL TOL PLGIKEA O{TLOL KO Ol UNYOVIGHLOT TOV
TPOKOAOVV GUYVE €MEWGOd. OKOVNG (Y., CLYVOTNTO EUEAVIONG KLKAMVOV) gival
OlLPOPETIKA. amd  eKelva OV TPOKOAOVV 1oYLPA €MECOOD (T.Y., 1OYVG YOUNADV
BOPOUETPIKOV GUGTNUATOV).

- - (@) | (. . @)

YXHMA 2: leoypagikn kotavour g péong évraong tov: (o) woywpdv kot (B) axpaiov
EMEICOOIMV EPMLUKNG OKOVIG GTNV EVPVTEPT] TEPLOYT TNG AEKAVNG TNG Mecoyeiov kaTd TN ¥povikn
nepiodo 2000-2007.

3.3 Emoyikn petafoir] ToV ETE1600iMV GKOVIG

2y wapohoo VTO-EVOTNTO UEAETATOL 1 €VOOETNOW KOUOVOT NG ovyvoTnTag
EUOAVIONG TOV 1oYLPOV (Zynua 3a) Kot akpaiov (Zyfua 3B) ene1codinv epMKNG oKOVIG
oTNV €VPLTEPN TEPLOYN NG Aekdvng ¢ Mecoyeiov yuo T ypovikn mepiodo Mdptiog
2000-®eBpovdprog 2007. Toa oamotedécpata  moapovotdlovior Eexoplotd Yoo TIG
NREPOTIKEG Kot Bahdooieg ektdoets. Tevikd, ta enelcodtor epnUIKNG okovNg (Ioyvupd Kot
axpaia) cvpPaivovv mePIocOTEPO GLYVA KOTA TNV dvolln Kot T0 0€poc, onAadr| TOvg
ENpovg unveg Tov £toug (YapnAd Bapopetpikd cuotiuata, Kpd Hyn Bpoxdntmong) eve
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o ondvia. epeaviovion 1o yeywmva (peydio vyn Ppoyomtmong). ITo cvykekpuéva, n
dvoién elvan n emkpatovoa emoyn (mrocootd 40-58% tov GLVOLOL TV EMEICONIMV TOV
€tovg), evad akoiovBel to 0épog (17-47%). To yeyovdg avtd ce cvvdovacud pe v
eldyiotn  PBpoyoémtwon ot Mecsodyelo  katd to  0€pog, vmodnidver 6Tl Ol
GUVOTITIKES/ LETEMPOLOYIKEG KATAOTACELS KO Ol LUNYOVIGLUOL HETAPOPES GKOVIG PoiveTOL
va givol TepocdTEPO 1GYXVPOL 0T TIG SLUOIKAGIEG KOl TOVS UNYOVICUOVS OTOUAKPVVOTG
(amomAvong) amd v atuoceopa. Otav  Oumg ot SladIKaGieS  OMOUAKPLVONG
(Bpoyomtwon) eivar mOAD 1GYVPES, T, TO YXEWWMOVA, 0dNYOOV G €AGYIOTO EMEICOI
oKOVNG. AVOALTIKOTEPO, TO GLYVA 1oYVPA enelsodo. cupfaivovv v avoiEn (40.8%)
mhvo amd dAacoa kol KoTd TV dtdpkela Tov BEpovg Tave amd Enpd (39.3%). TNa v
KaTnyopio. TV 0KpoiMV EMEGOOIMV, 1 EMKPATNON TOV TOGOCTOV NG dvoiéng eival
gudlakprrn 1660 mave Enpd (58.3%) 6co kot mave ond Odiacca (54.9%). Ta
YOUNAOTEPO TOGOGTA, KOTA TV OLAPKELD TOV £TOVG, GNUEDMVOVTOL TOV XEYLMVA, TAV® Ao
NTEPOTIKEG EKTAGELS, TOGO Y1a TaL 1oYLPA (5.6%) 660 Kot Yo ta akpaia (5.1%) enelcodio.

SEA1Z4%

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Frequency (%) ((1) Frequency (%) (B)
YXHMA 3: Enoyikn| petaffoin g cuyxvotntag epeaviong (o) woyvpav kot (f) akpainv encicodiov
EPNUIKNG OKOVNG GTNV €VPVTEPN TTEPLOYN TG Mecoyeiov katd Tnv mepiodo 2000-2007.

.....
mmmmm
nnnnnn
......

3.4 Avaypoviki] pETAPOAT] TOV ETELGOOIOV GKOVIG

H yopum kdioyn tov dedopévov g epyociog 6& cGLVOLAGHO e TN OBECTIUOTNTO
TOUG Yo poe peydAn ypovikn mepiodo (7 £€1r), HOG EMTPEMEL VO UEAETNCOVUE TN
owpoviky] peTofor] g ovyvotrtog (ekmeepocuévng o€ aplBpd emelcodiov ovd
KOYEAMSa yopikng aviivong 1°x1°) ko g évtaong (Tipég onticod Padovg aepolvpdtmv
ota 550nmM) tov eneicodinv epnuikig okovng otnv meployn perémg. Ot petaforég g
oLVYvOTNTOG (UTAE KAPTOAES) Kol TG Eviaong (KOKKIVES KAUTOAES) ametkovifoviol 6To
Zyua 4 Eexoplotd Yo o 1oyvpd (o) kon ta akpoia (B) eneicodia okodvNg, mive amd Enpa
(i) ko1 BdAacoa (ii). NV mEPITTOON TOV 1GXVPDOV ETEIGOSIOV OKOVIG dlOKPIVETAL VOl
EMKPOTOVV KATA TNV TEPIOO0 PEAETNG, TTOTIKEG TAGELG TOCO Yol TNV £VTOGCT 0G0 KOt Yol
TN oLYVOTNTA EQPAVIONG TOVS TAVE TGO omd ENpd 660 Kot amd BaAacoa. Zvykekpluéva,
N pelwon g €viaong tovg sivol oxetikd pkpn kot ion pe -2.3% ndvo and Enpd Kot -
2.6% mhve and Bdhocoa, Ve 1 cuYVOTNTA TOVG LEAVIiEL TOAD peydAn peioon ion pe -
87.7% move and Enpd kot pikpdtepn -8.9% mhve and BdAacca. Avtibeta, n éviaon Tov
axpoiov enelcodinv avéavetorl 1660 Tave and Enpd (7.5%) 6co kol mive and Badiacoa
(13.1%), eved avtiBeta n cvyvoTTa TOVG, HeEtdVETAL Katd -97.2% ndveo amd Enpd kot
Katd -43.3% mave and Bdracca, Katd v tepiodo Mdptiog 2000-PeBpovaprog 2007. Ot
TAGEIS TOV TPOEKLYOV YIOL TNV GLYVOTNTO ELEAVIONG TOV EMEICOOIMV EPNLUKNG GKOVNG
dev yapokmnpilovtor ®¢ oTaTIoTIKA onUavTikéS (eminedo eumotoovvng 95%) kotdmv
EPAPUOYNG TOV oTaTIoTIKOD eAéyyov Mann-Kendal(m vmopén eMemovc®v Ti®v yio v
£€VTOooN O0EV EMTPEMTOVY TNV EPAPUOYT TOV OVTICTOL(OL GTOTIGTIKOD EAEYYOVL TWV TAGEMV
TOVG).
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[Ipoxvmtel 10 yevikd ovumépoacpa 0Tt kotd tnv mepiodo 2000-2007 to oyvpd
enelc6010 okoOVNG 6T Meosoyeo e€acbévnoay, eved avtiBeta akpaio ETEGOd0 £YVOV O
évtova. Tavtdypova, TOcO TO 10YLPA OGO KOl TO OKPOio ETEWGOSIL GKOVNG £YVOV TLO
“apord”, OnAadn peimdnke n cuyvoTTa EREAvions toug. To mponyoduevo cuuTEpAGLa,
umopel va amodobel oe avtiotoryn tdon avEnong tov deiktn kopavong tov B. AtAavtikon
(NAOI), yeyovog mov vrodnAdvetal amd TOLg LVIOAOYIGOEVTEC VYNAOVG GUVTEAECTEG
ovoyétiong (€mg 0.94) petald cvyvomtog enelcodiov kot NAOL

Téo0o 1 évtacn 660 KoL 1] GLYVOTNTA TOV ENEGOdIMV oKOVNG elvar peyaddtepn mhvo
and 0oAAoo1EC O OYEOT LE NIEPWOTIKEG eKTAoEL TG Mecsoyeiov. H évtaom tov ioyvpdv
enelcodiov Tave and Enpa avépyetar puéyxpt v Tun 0.96 (Askéuppiog 2000) evd mavem
and 0dhacca péxpt 1.3 (NoéuPprog 2004). O avtiotoryeg TIWEG OTNV TEPITTMOON TOV
aKpaiov enelcodinv gival avapevopeva peyolvtepes kot ioeg pe 1.6 (Oktopprog 2006)
kot 4.9 (Iavovaprog 2004).
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YXHMA 4: Awypovikn petaforn g ovyvotntog (UmAe KOUTOAES) Kot NG évtaomg (KOKKIVEG
KapmoAeg) Tov (o) 1oyvpav kal (B) akpaiov enEc0dimy EPNUIKNG OKOVIG TOV GLUPAIVOLY TOV®D
a6 extdoeig (i) Enpag ko (ii) 6dhacocac, e Aekavng g Mecoyeiov katd v mepiodo 2000-
2007. Hapéyovton emiong kot ot THEG TG KAloNg (o) TNG YPOUMIKNG TapeRBOANG, KabmG Kot TG
petafoing (A) v v kébe mepintwon.

Or evdoetnoleg HeTaPOAEC Yoo TNV €vioon Kol TNV ouyxvotnto  EREAVIONG
anmekovifovtol 6to Zynuo 5 yio ta woyvpd (o) Kot to akpaio (B) enelcodio oKkdVNS, TOVE®
and Enpd (i) ko1 Odhacoo (ii). Eivar epgavic o6t ta encioddo okdvne cvppaivovv
TEPLOCOTEPO GLYVAL TPOTICTOS TNV Avoln (Ampilog) Kot devtepevovimg 10 BEpog
(IovA10g), to6c0 mhve amd Enpd 660 Kot Tave amd Bdracca. Tlapatnpeitar, ®otdc0, OTL
N gLEAvVIon tov Bepivod peyioTov eAayloTomoteitan Yo To aKpoiol GE GYECT LE T 1oYLPEL
EMELGOOLN, EVAD LEYIGTOMOLEITOL TAV® OO NTEPOTIKEG G€ OXEOT e BOAACTIEG EKTACELCS.
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YXHMA 5: Evdoetnoio petaforn e ouyvotntag supaviong (UmTAe KOUTOAEG) KOt TNG EVTOGTC
(koKkkveg kaumoreg) tov: (o) wyvwpodv kKor (B) okpoiov emelcodiov epnuIkng GKOVNG TOV
ovpfaivovy mave and ektdoeig (i) Enpdg kau (ii) Bdhaoocoag, Tng Aekavng g Meooyegiov Katd v
nepiodo 2000-2007. Arewovilovtat, emiong, ot LEGEG TUMIKEG AMOKAMGELS Yio KAOe pva.

4. YYMIIEPAXMATA

2mv napodoa epyacio LEAETHONKOV TO YOPUKTNPIOTIKE, CUYKEKPLULEVO 1] GLYVOTNTO
EUOAVIONG, KOl 1 €VTOOT TOV EMEICOSIMV EPMUIKNG OKOVIG TOL CNUE®ONKOV o1V
guplTeEPN mepLoyn G Aekdvng ™ Mecoyeiov katd ) ypovikn mepiodo Maptiog 2000-
deBpovdprog 2007. o v vAomoinon g, ¥PNOLOTOMONKAY GE GLVEPYELD NUEPTOLL
dedoUEVA OTTTIKMV 1810TNTOV 0EPOAVUAT®V amd Tovg dopvedpovg MODIS-Terra, Earth
Probe ka1t OMI. Emipdcbeta, dnpovpyndnke évag olyoptOuog, He OVTIKEWEVIKG Kot
SUVOIKG  YOPAKTNPIOTIKG, HE OKOMO TNV TOVTOMOINGYT KOl TO YOPOKTNPIGUO T®V
ENELG00IMV GKOVTG, draympilovTag Ta TavTOYpOVa G€ 1oyLPd Kot axpaia. Ta tepiocoOTEPO
oLYVA 16YVPA £MEGO 6KOVNG cupPaivovy ota duTikd Tupato g Mecoyeiov (éwg 10
EMELGOOL0/ETOG) VD avTIBETO TAL GLYVOTEPO AKPOAiO ETEIGOOI0 CIUEIDOVOVTAL TAV®D OO TOL
Bordooa tunpata g K. koaw e NA Meooygiov (émg mepimov 4 emeicdota/étog). Ta
YOPOKTNPIOTIKA TNG EVIOONG TOV EXEIGOOIOV EUPAVICOVV SUPOPETIKY YWPIKY| KATOVOUT).
'Etot, ta evtovitepa emelcdola okovng (AOD €wg ko 4.4) Aapfdvouy ydpo otV Aekavn
™G A. Mecoyeiov kot devtepevdviag oty K. Meoodyeto. Katd ) didpkeia Tov £T00G, T
TEPLOCOTEPQ EMEICOOINL EPNUIKNG okOVNG cvpPaivovv v dvoidn (Adym tng évrovng
UETOPOPAG oKOVNG amd TIG EpNIKEG TTEPLOYES TG B. A@pikng) kot katd dgvTEPO AOYO TO
0époc (MOyw ovoodpevong okOVNG OTNV  ATHOGOOPO €EAITIOG OMOVGCING GYLPDOV
UNYXOVICU®V OmopdKpLuvenS, OnAadn Bpoyxomtwong). H peiétn g dtoypovikng pnetafBoing
avEDEIEE MTMTIKY TAOT TNG CLYVOTNTOS EUPAVIONG TOV ENEICONIMV OKOVIG (1oYLPOV Kot
akpoiov) evd og 0Tl agopd TV &viaom, dyvoodnke pkpov peyéBovg peimon tov
woYLPOV enclcodiov (~ -2%) kol avtiBeta, avénon (~ 10%) tov axpaiov encicodinv
okoévng. H pelowon g ovyxvétmroc tov eneicodiov okdvng ot Mecodyslo kotd
OuapKeL TNG TEPLOSOVL HEAETNG Ppénie var eival oNUOVTIKO GLGYETIGUEVN LE TO OEiKTN
™m¢ toAdvioong tov Bopeiov Atiavtikov (North Atlantic Oscillation), yeyovoc mov
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VTOONAMVEL TN ONUOVTIKY] OY€omn HETOEL 1TNG OLVOUIKNAG Kol KLUKAOQopiag NG
ATUOGPALPOS KOl TWV ETEICOOIWMV GKOVIG.
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EXPLORING THE NEED OF USING EXISTING METEOROLOGICAL STATIONS FOR
THE EFFECTIVE MONITORING OF IRRIGATION DEMAND IN CYPRUS

G. PAPADAVIDY?, A. AGAPIOU, A. NISANTZIY, S. MICHAELIDES® AND D.G. HADJIMITSIS!

'Department of Civil Engineering and Geomatics, Remote Sensing Laboratory, Cyprus
University of Technology, Lemesos, Cyprus
“Cyprus Agricultural Research Institute
3Cyprus Meteorological Service

ABSTRACT

Cyprus is facing severe droughts and the need for accurate and systematic data on crop
evapotranspiration (ETc) is essential for decision making on water irrigation demand and scheduling. The
aim of the paper is to highlight how data from meteorological stations, situated all over Cyprus, can be
used for monitoring and determine irrigation demand in the island.. The paper shows how daily
evapotranspiration can be estimated, using the FAO Penman-Monteith method. This method is
acceptable and widely used in many countries for estimating evapotranspiration by using meteorological
data (maximum and minimum temperatures, relative humidity, wind speed etc) as inputs. Moreover, this
method can be expanded, so that meteorological and satellite data can be used. A case study area was
selected in order to determine evapotranspiration using meteorological and low resolution satellite data
(Modis Terra).

Furthermore, main automatic meteorological stations of Cyprus were mapped, using a Geographical
Information System (GIS). All the agricultural areas of the island were categorized according to the
“nearest” meteorological station situated in the area and Thiessen polygons were used for this purpose.
The result was the building of a database in which both meteorological stations (with their meteorological
measurements) and agricultural areas (type of crop) are georeferenced in a common geodetic system.
From this database, any spatial query (nearest station, distance to the station, temperature, and air
humidity etc) can be determined. Finally, reference evapotranspiration for two agricultural areas were
determined and an estimate of water loses was carried out.

1. INTRODUCTION

Evapotranspiration is referred as the combination of two different processes: firstly,
water is lost from the soil and plant surfaces by evaporation; secondly, water is lost
from the crop by transpiration (FAO, 1998). The actual estimation and calculation of
evapotranspiration is a crucial necessity for water resource management and irrigation
demand (Hoedjes et al., 2008). Reference evapotranspiration values can be calculated
by using meteorological weather data and typical reference crops using specialized
instruments, namely the lysimeters (see Courault et al., 2005).

Estimation of evapotranspiration combining conventional meteorological ground
measurements with remotely-sensed data has also been widely studied. Several methods
using different satellite images data have been developed as shown by: Gieske and
Wouter, (2005) using low resolution NOAA images; Papadavid et al. (2009), Hafeez et
al. (2002), Sobrino et al. (2004), Stathopoulou et al. (2007), Qin and Karnieli (2001)
using medium resolution Landsat/ETM+ satellite images; and French et al. (2002) using
Aster satellite images.

2. OBJECTIVES

The main objectives of this paper are:
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Obijective 1: The use of low resolution satellite images, such as MODIS Terra, and
their contribution for estimating evapotranspiration by using auxiliary meteorological
data. For this purpose, 14 MODIS Terra images in 2009 are used. The results of the
evapotranspiration, in the area of Mandria (explained below), are directly compared
with the FAO Penman-Monteith method.

Objective 2: Moreover, the authors examine the accuracy of automatic
meteorological stations, situated all over the island. For this step, 3 Landsat images are
used and the agricultural areas are categorized according to the nearest meteorological
station, using Thiessen polygons. This methodology will assist producers/farmers to
acquire the needed meteorological data from the most appropriate meteorological
station depending on the area of interest and to calculate their daily need of water
demand for their crops.

3. RESOURCES AND METHODOLOGY

3.1 Cases studies

Mandria and Kokkinochoria, vast irrigated areas of the island of Cyprus, have been
used as pilot studies. For these areas evapotranspiration was determined using both
meteorological and satellite, satellite data. This first area was used for objective 1, while
both areas for objective 2, as mentioned above.

FIGURE 2. Landsat TM image of Cyprus: Mandria (left) and Kokkinochoria (right) areas

3.2 Resources

Objective 1: In order to estimate evapotranspiration using the FAO Penman-
Monteith method, auxiliary meteorological data, from Paphos airport automatic
meteorological station were used. These data include air temperature, atmospheric
pressure, wind velocity etc. Moreover, 14 low resolution MODIS Terra images used, in
the period from 25/01/2009 to 09/05/2009. These data will be used in order to retrieve
the surface albedo from surface reflectance bands of MODIS, in the Mandria area.
Despite the fact that these images have very low spatial resolution, MODIS images pass
over Cyprus every day and can assist in the estimation of evapotranspiration.

Objective 2: In order to examine the accuracy of estimating evapotranspiration by
using the automatic meteorological stations data of the island, three Landsat TM and
ETM+ have been wused. Irrigation demand was calculated for Mandria and
Kokkinochoria area.
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3.3 Methodology
The overall methodology, applied in this paper is shown in Fig.2.
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FIGURE 2. The methodology applied

According to the FAO Penman-Monteith (FAO, 1998) method, the reference
evapotranspiration can be calculated from the following equation:
900

Ton 0.408A(R ,-G)+y 4273 u,(e;-¢e,)
A+y(14+0.34u,)

1)

where,

ETo reference evapotranspiration [mm day™],  es saturation vapour pressure [kPa],

G soil heat flux density [MJ m-2 day™], ea actual vapour pressure [kPa],

T air temperature at 2 m height [°C], A slope vapour pressure curve [kPa °C’
1
1

u2 wind speed at 2 m height [m s™], y psychrometric constant [kPa °C™],

Rn net radiation at the crop surface es-ea saturation vapour pressure deficit

[MJ m-2 day™], [kPa].

Liang’s equation (Liang, 2000) for deriving albedo was employed for the MODIS
Terra (equation 2) and the Landsat images (equation 3) which are used in the FAO
equation, in order to determin ETo.

Albedo modis = 0.160al + 0.291a2 + 0.243a3 + 0.116a4 + 0.112a5 + 0.081a7 — 0.0015
(2)
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Albedo angsat = 0.356al + 0.130a3 + 0.373a4 + 0.085a5 + 0.072a7 — 0.0018
3)

where: al, ...a7 are the reflectance of band 1,...band 7

Furthermore, five main automatic meteorological stations of Cyprus were mapped.
According to their planar position, Thiessen polygons were determined. Thiessen
polygons (or voronoi) diagram is a decomposition of a metric space determined by
distances to a specified discrete set of objects in the space (in our case the
meteorological stations).

Landsat TM and ETM+ covering almost all the island of Cyprus were used in order
to estimate evapotranspiration at Kokkinochpria and Mandria area. More specifically, 2
Landsat ETM+ (20/11/2003, and 13/08/2008) and 1 Landsat TM (25/09/2009) images
were used.

4, RESULTS

4.1 Objective 1

The FAO Penman-Monteith method, for estimating reference evapotranspiration
(ETo), has been applied using MODIS satellite data (albedo parameter) and
meteorological data. The final results are shown in Table 1 and graphically in Fig. 3.
These results were compared to the FAO method by using only meteorological data.

TABLE 1. ETo in mm/day using the FAO method and MODIS data

Date 25/01 02/02 10/02 18/02 26/02 06/03 14/03
ETo (MODIS) 2.2 2.2 24 2.2 21 4.0 3.3
ETo (met. data) 1.9 2.0 2.1 1.9 21 3.7 3.2
Date 22/03 30/03 07/04 15/04 23/04 01/05 09/05
ETo (MODIS) 3.0 3.1 4.0 3.8 4.1 4.9 4.7
ETo (met. data) 2.9 2.9 3.7 3.7 3.9 4.5 4.3
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FIGURE 3. ETo using FAO method and MODIS data
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4.2 Objective 2

In order to determine the suitability of the meteorological stations for estimating
ETo, spatial analysis using Geographical Information Systems was applied. In detail,
five main automatic meteorological stations of Cyprus were mapped and then Thiessen
polygons were created, in order to identify which area was closer to which station (see
Fig. 4 with the agricultural areas of Cyprus mapped)
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FIGURE 4. Main agricultural areas as mentioned in NATURA 2000

ETo for five different dates, according to the FAO Penman Monteith method by
using only meteorological data was calculated as shown in Table 2. A farmer can
calculate the daily needs (actual evapotranspiration) of a crop, by using a crop
coefficient which is subsequently multiplied to ETo. As can be seen from Table 2, the
selection of the nearest meteorological station can be crucial in determining accurate
results. In cases where meteorological data from the nearest meteorological station are
unavailable, an approximation can be made using other meteorological stations. As it
was found, an error of £0.45 mm/day may expected in such cases.

TABLE 2. ETo (mm/day) using the FAO method and meteorological data

Station Date 20/11/2003 05/08/2004 13/08/2008 23/07/2009 25/09/2009
POLIS 2.50 7.50 7.50 7.40 4.50
PAFOS A/P 2.60 5.80 5.50 6.70 4.60
LIMASSOL HARBOUR OLD 2.10 6.10 5.90 6.40 4.90
ASTROMERITIS 1.60 6.30 6.60 8.10 5.20
ACHNA FOREST 2.30 6.00 5.90 8.10 5.30
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Using medium resolution satellite images (Landsat images), ETo was calculated.
The final results are shown in Tables 3 and 4 (Kokkinochoria and Mandria irrigated
areas, respectively). The underlined results are considered to be the most accurate, since
the meteorological station is situated close to the irrigated area of interest.

TABLE 3. ETo using the FAO method, remote sensing and meteorological data at
Kokkinochoria irrigated area

Station Date | 5011112003 13/08/2008 | 25/09/2009
POLIS 2.90 8.00 5.10
PAFOS A/P 3.0 5.90 5.10
LIMASSOL HARBOUR OLD 2.50 6.40 5.80
ASTROMERITIS 2.10 7.20 6.00
ACHNA FOREST 2.70 6.30 6.00

TABLE 4. ETo using the FAO method, remote sensing and meteorological data at Mandria
irrigated area

Station Date | 56/11/2003 13/08/2008 | 25/09/2009
POLIS 3.10 8.00 5.00
PAFOS A/P 3.20 6.10 5.10
LIMASSOL HARBOUR OLD 2.70 6.40 5.70
ASTROMERITIS 2.30 7.20 5.90
ACHNA FOREST 2.90 6.30 6.00

From the results shown in Tables 3 and 4, one can estimate the losses of water
consumption over per hectare of agricultural area. For Kokkinochoria area, the losses in
a month are calculated as shown in Table 5. Table 6 shows the losses for Mandria area.

TABLE 5. Water loses (tonnes per month) for 1 hectare (Kokkinochoria area)

Station Date | 50/11/2003 13/08/2008 | 25/09/2009
POLIS 60.0 510.0 -270.0
PAFOS AP 90.0 -120.0 -270.0
LIMASSOL HARBOUR OLD -60.0 30.0 -60.0
ASTROMERITIS -180.0 270.0 0.0

As it is shown, a sophisticated irrigation schedule can be performed using
meteorological and satellite images data for estimating evapotranspiration. This will
contribute to minimizing the water losses for irrigation demand in Cyprus by using
daily meteorological data and remote sensing images.
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TABLE 6. Water loses (tonnes per month) for 1 hectare (Mandria area)

Station Date | 50/11/2003 13/08/2008 | 25/09/2009
POLIS 60.0 510.0 -270.0
PAFOS AP 90.0 -120.0 -270.0
LIMASSOL HARBOUR OLD -60.0 30.0 -60.0
ASTROMERITIS -180.0 2700 00

5. DiscussioN

This paper aims at highlighting the use of meteorological data and satellite images
for monitoring irrigation demand in Cyrus. For this purpose, two objectives are put
forward in the paper: the first shows the results of using low resolution satellite images
with daily overpasses over Cyprus, for calculating evapotranspiration, while the second
objective aims at showing the water losses which can be minimized by using
meteorological/satellite data.

Moreover, it was found that in the absence of data from a close meteorological
station, data from another station can be used, leading to an error of £0.45 mm/day. The
maximum error was calculated to be +£1.20 mm/day.

The authors will continue to calculate evapotranspiration by using both
meteorological and satellite remote sensing data. Furthermore, other methods will be
evaluated in the near future, such as SEBAL method.
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