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dotoypagio eE@evAlov: Kataypaen tov tveodva Isabel otig 16/9/2003 amd to pavtap
katakpnuvions (PR) tov dopvedpov TRMM. O cuykekpiévog Tuemvag YTOTNoE To
avatoAMKa mapdia otig 18/9/03.

ITnyn http://cpgis.gmu.edu/vaccess/news/Isabel.htm



http://cpgis.gmu.edu/vaccess/news/Isabel.htm

A@IEpwVETal OTNV OIKOYEVEIA [IOU
yia Tnv auépioTn aydmn Kai
ouuTapaoraao...






IHEPIEXOMENA

00 g DN 5 s 7
N = R I o N 8
EKTENHX IIEPTAHWH....c.cciiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiieiieittiesiatiaesscsasiascenes 9
W D3y U 0. 1 - e 9
AEAOMENA. ..c..ouuiniiuiiiiiiiiiiniiiiieiiiieietetatiattecsssassscsscsssssscsssssans 9
MEQOQOAOAOITA.....cuuuenueineiiniineiiniineiiniarinriiesiaciassssssassassssssssonsns 11
AHOTEAEZMATA . .c.ccueeineineiineieiierineietiseiasissesasisssssssssssssssssssan 13
ZYMIEPASMATA-2YZHTHZEH. ......c.ccuvueneineiniiniieieineinriecnecncnnnn 17
EXTENDED ABSTRACT cutiiiiiiiitiiiiiiiiiiiiiiiiitiiiicteiitettiecaceiecscncsecan. 19
INTRODUCTION. . ttiitiiiiiiiiiiiiiiititieiiiiieieietiecieestieciececncsscscncnn 19
13 19
METHOD OVERVIEW........oooiiiiiii e 21
T S 22
CONCLUSION-DISCUSSION.......ccoiiiiiiiiiiiiiiciiee s 26
ANADOPEX.....coiiiiiiiiiiiiiiiitiieiitiieietitttetiattaetscsastssssasssscssssscanasenss 29
EAAHNIKEY ANADOPELX ...............coccoviieieieiii e 29
EENOINQEYXEY ANADOPELY........c.couuvneiniiniiiiniiniiaiieieineiaciecnccnces 31






IHEPIAHYH

Emyepeiton o mpdm a&loddynon tov S0pueopik®y OEO0UEVOV VETOD GE HIKPN
YPOVIKY] KAIpoKo Tave ond 6An v EAinvikn emikpdreia. Ta dopveopukcd dedopéva
mov a&oloyodvtal eival awTd OV TPOKLATOVY Amd TOovV OAYOpOuo 3B42VE g
armootoAlc TRMM t¢ NASA. H pupikpotepn ypovikn wAipoko otnv  omoio
a&loroyovvtarl tor dgdopéva givar o 3mpo, TOL €ivol KOl 1) YPOVIKN EVKPIVEID GTNV
omoia dtatiBevior to dopvEopikd dedopéva ovToD TOL aAyopifuov, evd 1 YOPIKN
gukpiveln eivar 0.25°. H a&ohdynon €ywve pe 1 Ponbeio emiyeiov (onpeloakdv)
HETPNOEMV VETOV oL ANEONKav amd 29 otabuovg e EMY, 660 10 duvatdv mo
oupoopopea. Kotaveunpévovg otov EAladikd ympo. H ypovikr| mepiodog mov koAvmTeL
avt N a&loAdynon Eekwva amd 1/1/1998 (dnradn amd 1d1e oL dpyloav va dtatiBevtot
T SOPLEOPIKA FESOUEVE, TOV GLYKEKPLUEVOL ahyopiBuov) péypt tig 31/5/2010.

EmumAéov, 1660 amd to dopuopikd dedopéva 0G0 Kol amd TIG ENLYEIEG LETPNOELS
e&nydnoav, pe eumepkn Katavoun, péyiota 10etiog kot Setiog kot €ywve oOyKplom
HETOED TV avTioToy v TIH®V. Ot S1dpKEEG TOV PEYIOTOV TOL LITOAOYIGTNKAV £ival Ot
3,6, 12, 24 ko1 48 ®pec. AmoO TNV GVYKPION QT VTOAOYIGTNKE TO GOAALO LEYIGT®V
TV dopueopikdv dedopévov. Emiong, emyeipndnke n ovamoapdotoon g yoPKNS
KOTOVOUNG TOL GCOAAMOTOS UEYIoT®OV o YOpTEC, HE TNV YXPNOT ZVOTNUATOV
I'ewypapikdv [Tinpoeopiav (ETTI-GIS), énmg eniong kot TV S0V TOV HEYIGTOV TOL
Tpoékvyav and To dopvPopikd dedopéva ympis kopio dopbwon. Télog, atiler va
onpewdel mog mépa amd T TYWEG peyioTwv eEAEYXONKE Kot Katd TOGO 01 S0PLPOPIKES
LETPNOELS TPOCOUHOIDVOLY TNV dlouta  (cuyvotmra, péyebog K.0.) TOV 1GYLPOV
enelcodiov Ppoyng péoa ¢’ avtd 10 dtdotnua tev 10 mepimov VOPOAOYIKOV £TMOV
(1/1998-5/2010).



ABSTRACT

We evaluate satellite precipitation data at the fine time scale all over the Greek territory.
The evaluated satellite data are derived from the algorithm 3B42 Version 6, from the
NASA TRMM mission (Tropical Rainfall Measuring Mission). The finest time scale in
which this data is evaluated is 3 hours, which is the temporal resolution of the 3B42V6
data. The spatial resolution of the data is 0.25°. In order to evaluate the satellite data, we
used ground observations data from 29 meteorological stations belonging to the
National Meteorological Service of Greece (EMY). The time period of this evaluation
starts in 1/1/1998, since TRMM satellite data is available, and ends in 31/5/2010.

After the comparison between satellite and ground data, we extracted the
maxima of both data sets by using the empirical distribution and then we compared the
respective values. These are 10 and 5 years maxima as the period of the evaluation
slightly exceeds a hydrological decade. The durations of the maxima are 3, 6, 12, 24 and
48 hours. Through the maxima comparison, we calculated the bias of the maxima and
we tried to depict its spatial distribution on maps using a Geographical Information
System (GIS). Moreover, we depicted the spatial distribution of the satellite maxima
without any correction. Finally, apart from comparing strictly the maximum values, we
checked if the satellite data can simulate the behaviour of maxima (frequency, intensity
etc) through the study period (1/1998-5/2010).



EKTENHX IIEPIAHYH

EIZATQrH

Yto mhoiclo TG SWAMUATIKNG ovTNG epyaciag KAnOnkoue vo a&lohoynoovue to
dopvpopikd  mpoidvta Ppoydmtmong Tov  akyopibpov 3B42, 6" £kdoong, NG
dopvpopikng anootolg TRMM (Tropical Rainfall Measuring Mission), mov Egkivnoe
pe mpotofovAia g Apepucavikng kot lomwvikne Yanpeoiog Altaotmuatog (NASA -
JAXA). Ta mpoidvta tov aiyopiBuov 3B42V6 civar mpoidvia Bpoyxdntwong pe
HEYOADTEPT JUVOTH YOPIKY KOl YPOVIKY EVKPIVEWD 7OV VLIAPYEL GE SOPLPOPIKA
dedopéva, YEYovog TOV TOL KAVEL 1O10UTEPMS EAKVOTIKG KOOMG amoTeEAOVV Glyovpa pio
€0KOAN Kot dwpedv dwobéoiun Avom, evd 0ev mapovctdlovv To TPOPANUOTE TOL
TPOKVTTTOVY OO T emiyswo dedopéva. Tétown mpoPAnuata  sivor M peYAAn
OVICOKOTOVOUY] HETEMPOAOYIKOV OTAOU®V AOY® 0vAYALPOL GTNV ETIPAVELD TOV
€0dpovc, N oxedov TANpNg avurapéio dedopévev ot BdAacoa Kot ot cuyveg PAGPES
TOV TPOKAAOVVIOL OO okpoiot KOUPIKA QOIVOUEVH KOl £XOVV MG OMOTEAECLLOL
ONUOVTIKEG eMAelyelg, €dIKd OTIC WKPEG YXPOVIKEC KAIpaKeS (UIKPOTEPEG NG
nuepniotog).

Yuvenmg, To dopveopikd dedopéva pmopel va ypnoyomonfodv Kot yio
OPIOUEVEG TTEPLOYES OOV LILAPYEL TAVTEANG EAAEWYN a&IOMIGTOV EMIYEIOV UETPTCEMV.
Mnyv Egyvobpe g Ta dedopEVA BPoyOTT®MONG HKPNG XPOVIKNG KAMpakag eivar peilovog
oNUOciog 6TOV OGQPOAN KOl OIKOVOUIKO GYESOGO VOPOVAIK®OV £pymv vrodouns. To
epOTNHO Elval av OVIMG T0. S0PLPOPIKA SEOOUEVO, LTOPOVV VAL OVTOTOKPLOoVY, ONAOY|
av €govv TNV amoapaitnT aSlomoTio MGTE VO IKOVOTOL00V ATEG TIG OVAYKES. X& VT
TO EPOTNUO. KOAEITOL VoL dMOCEL U0, OMAVTINGT 1 TOPOVCO HEAETY, TOL €lval 6MC M
TPAOTN TOV OOKIUALEL VO AEI0AOYNGEL SOPVEOPIKE OEGOUEVO GE AETTN YPOVIKT KAIpLOKOL

néve and 6Lo tov EAAad1kd ydpo.

AEAOMENA
Mo mv aglohdynon Tov dopveopPIKOV dedOUEVOV TPOUNBeLTRKAIE TA OOPLPOPIKA

npoiovta 3B42 amd v 1otocerida (http://disc2.nascom.nasa.gov/Giovanni/tovas/), mov

avnkel otV emionun otocedido g NASA. Ta dedopéva avtd KaAOTTOLY OAOV TOV
EAL0SIKO PO Kot GLUYKEKPILEVO UL TEPLOYT YEMYPOPLKOD TAdTOLE 0md 34° puéypt kat

g 42° xon yeoypoaeikd uikn amd tic 19° uéypt xon tig 29°. To dedopéva avtd eivat


http://disc2.nascom.nasa.gov/Giovanni/tovas/

YOPIKAS avaivong 0,25° kot ypovikig 3 opdv, KOADITTOVTAC Ui XPOVIKH TEPiodo amd
1/1/1998 péypr 31/5/2010. AnAadn OVGLOGTIKG Yo TV TAPOUTAVE TEPLOYT| SIVETOL EVOC
kavvofog (grid) gvkpivelac 0,25° kot og kGO onueio tov kavvafov (grid point) divetat
pa ypovooelpd Ppoyng omd 1/1/1998 uéypr 31/5/2010 pe 3wpo ypoviko Prua. H kdbe
T 6€ KAmOowo onueio tov KavvaPov givar 1 pEON EMUPOAVEIOKN TOL QPATVIOL TOV
kavvofov mhevpdg 0,25° kar Gpo to dedouéva givan NoN empaveiakd (NASA, 3B42

Algorithm, 2011).

fovBpolTTohn

*
Aora Tpikoha
. a‘\uEfu

plohog  gb
wita | g%r:ﬂpng %Mun}.r’]\fn

=
Eihypen Ej‘

B \tht’nQ\Za

o ot

P BoPhikovog gy T

S
. “":}‘Qéj-"' \t‘g;:a'
. * a4
|-‘ . .. *
Zolda Hp dkhzio g
oy -
= Isp-c'rrrSTpct

Ewova 1. Xaptng pe tovg otabpovg g EMY mov ypnoipomon)dnkay.
[Na va a&oroynoovpe 1o mopomdve otowyeio, mpoundevtirope emiyea
dedopéva PBpoyng amd 29 cvvolikd petemporoyikovg ctabupovg g EMY (Efvikn

Metewporoykr| Yrnpeoia, http://www.hnms.gr/), ot onoiot @aivovtor oty gikdva 1

KOl TOVG 0T0iovg Kol ywpicape og 2 opddeg Aoyw g doung tov dedopévav tovg. H 1M
opdoa amotedeito amd 12 otabpovg, to 0£d0UEVO TV OTMOIMV TO TMNPUUE OO TO
YEPOYPOOQ EVTLTa TV Ppoxoypdowv To omoie Kot TANKIPOAOYNGOUE (OOTE Vo
amoONKeVTOHV GE NAEKTPOVIKNY LOPON KoL VO LTOPoVV va deytovv emelepyacia. Xe KaOe
éviomo  Bpoyoypdeov ovoypdeeton Yoo kdbe pépa M (muepnola) EvoelEn Ttov
Bpoyxduetpov kot ot evoeilelg tov PBpoyoypdpov SAemtng ypovikng wkiipaxog. Epeig
ynoelonomoape yo Kae pépa kot otabpd Tic nuepnoieg evoeiEelg twv PpoyoueTpov
kot yuo T 10 mo Bpoyxepés nuépeg tov KaBe vOPoroYIKoD £TOVG, TIG LETPNCELS TOV

Bpoyoypdpnv ot wproio kAipaxa. H 2" opdda arotedeitan omd 17 otobuode pe éroua
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ynoelomompéva dedopéva Bpoyng o 12wpn ypovikn kiipoka. Kot ot 2 opdodeg otabpumv
TPOPOVAG KOADTTOVV TNV ¥povikn Ttepiodo amd 1/1/1998 uéypr 31/5/2010.

ME®QA0A0rI'IA

Mo v ektipnon g a&lomotiog Tov d0pLPOPIKAV dedOUEVAOV, GVYKPIONKaY
avtd pe ta eniyswo dedopéva oe kdbe éva otobuo. Emedn koavel petemporoytkog
otafuog 0ev cuvémepte va glval otn 10w Béon pe kamolo onpeio tov kdvvaPov, M
YPOVOGELPE TV O0PLPOPIKMY OEOOUEVOV o€ KABe oTafud ekTiOnke and mopepfoin
a6 to 4 yerrovikd onueio Tov kévvapov. H pébodog mapeppoing mov axorovdndnke
etvat tétolo ®ote va vtoAoyileTat 1 BEATIOTN OUEPOANTITY EKTIUITPLO KOl AKOAOVOET un
YPOUUIKO UETACYNUATICHO. Apykd, kabepio ypovooelpd and TG 4 TV YEITOVIKOV
onueimv tov KavvaPov petooynuatiCetar ommg akoéAovbo (Koutsoyainnis, 2004,
Koutsoyainnis et al, 2008, Tsaknias et al, 2011):

Sji = (a+Yji)*

Onov, Yji 1 apyikr| ypovooelpd o€ kdmoto amd ta 4 onpeio Tov kévvapov J kar Sji n un
ypappkd petacynuatiopévn. Ta € kKo a glvar pun apvnrikoi apfpoi. Amd €00 Kot mépa
xpnoonoteitol to amhd ypoppikod poviédo (dBpoton pe Papn) and to omoio exTipdton
N Bértion ypopukn apepoAnmn ektiuftpro. (Best Linear Unbiased Estimator, BLUE,
Koutsoyiannis et al, 2008):

4
j=1

Ta Wj eivar Bépn kar o dOpotoud tovg 1ovtar pe 1. Tuvdvaovtag Tic 2 Topomive
e€lomoelg mpokOITEL M WANPNG  EKPPOCT TOL  YEVIKELUEVOL  HOVTEAOL 1OV

ypnowwonotovue (Tsaknias et al, 2011, Toaxviag, 2011):

lc
(ZW} (a+Yji) ] —a

H emoyn tov Papdv o0AAd KOl TOV GUVIEAESTAOV o KoL C MTOV L0 ETITOVT|
depyaocia Beitiotomoinong, A0Y® NG TOALTAOKOTNTOS TOL TPOPANUATOS, Kol NTAV
TETOL DOTE VO EYOVUE TO EAAYIOTO HECO TETPOY®VIKO o@dApa (Mean Square Error,
MSE) otic tuég tov peyiotov (maxima). A@od VLTOAOYIGOUE M0 EKTIUATPLO
JopLPOPIKAV dedopévev Yo kdbe otabud kdvape v cOyKplon oe kdOe otabuod. Xtovg

otadpovg g 1™ opddac éywvav 2 cvykpicelg yio kdbe éva amd avtode, pio otn pikpn
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KApoka Tov 3 opov yuo 116 10 mo Bpoyepés népeg ava vOPoAoYIKS £T0G Kat pio oTig 24
dpeg 6e OAO TO UAKOG TNG YPOVOCEIPEC. tovg otabudc e 2™ opddog €yve pio
ovykplon o€ 12wpo ypovikd Prua.

Amo xaBe olHyKkplon LTOAOYICTNKOV OPYIKA TO CTATICTIKA YOPOUKTNPIOTIKA
(Léoog O6pOG KO TLTIKY AmOKAIGN) NG KAOE YPOVOGEPAS, ONAMOT TNG TPOYLOTIKNG-
eMyEl0G KoL TNG EKTIUMUEVNC-00PVPOPIKNIG Kat VoTtepa eKTONKe 1 amdkAon (%) Tov
uéowv opwv (PBIAS) kot tov Tumik®V anokAicemv, 10 HEGo amOALTO COUAUA TOV
napatnpioewv (MAE) kot 1 piCa tov péoov tetpoyovikod oeaipotog (RMSE). I'o va
extyunBet n aomotic TV SopLEOPIK®V dedopévav, Opol amd KA cvyKplom
vmoloyiotnke o ovvieleotng oamodotikotntoag Eff (Nash-Sutcliffe), n wwun g
ouvapmnong oedipnotoc Er (to péco teTpaym@VIKO GEAAUN TOV TAPOTINPTCEDV
TPocHETOVTIOG T TETPAY®VA T®V OMOKAIGE®V TOL HECOL OPOL KOl TNG TLMIKNG
andxMong moAramhactacuéva ent 1000), o cvvieheot) (etepo)otoyétions R ko to
Héco teTpayvViKdO oedipa MSE tov peyiotov tuov (Moriasi et al, 2007,
Kovtooyudvvng, 1996) «oBog 0Oéhape va  dovpe Eexopotd v KovOTNTO
TPOCOUOIMONG TOV LEYIGTOV TILMV Kol LOVO MG ATOAVTEG TUUEC.

Ta péylota mov vroroyiotnrav and kabe otaduo Nrav 3, 6, 12, 24 kot 48 wpdv.
Mo «éPe ddpkela vmoAoyiotnke 1 MOAVOTIKN KATOVOUN TOGO NG TPOYUOTIKNG
YPOVOGEPAG, 0G0 Katl TNG O0PLPOPIKNG Kot cuykpiOnkav petad Tovg. Ot kaTavopég
mov vroloyiotnkav &ivor ot amAég eumelpikéc KobBMG To TANOOG TOV ETOV TOV
YPOVOGEPADOV OEV EMIPENMEL TNV TPOGOAPUOYN KATOWS MOONUOTIKNIG KOTAVOUNG
(Kovtooyidvvng, 1996). Erniong, oe ka0e otabud, and xdbe ypovocelpd vworoyiotnke
T0 GLVOAMKO VWog PBpoyng, Kot 10 TANB0G TV ¥poviKav Pnudtov, tov 120pov yio
napdderypo otovg otafpovg e 2" ouddac, mov £xovv un uNdevikd Hyog PPoyfg OTMS
eMiOMG KOl VYOS LEYOAVTEPO OO KATOLOL TLLT.

Oocov agopd ta ceaipata, vroloyiotnkav yio kdbe otabud ta ceaipa TV
peyiotov 10etiag ot Setiog (tov peyoAdTep@V Kol O£VTEP®V UEYAAVTEPOV TULDV
avTioTor0, COUPMOVO LE TNV EUTEPIKN KATOVOUT]), T0 UECH GOAANOTO Kol TO LEGQ
ATOAVTO. COAALOTO TOV KOTAVOUDV HEYIoTOV Yo kdOe didpkela omd T1g 3, 6, 12, 24 ko
48 mpeg Eeywpiotd. Ta opdiuata avtd deiydnkav o yapteg pe XTI (GIS) €161 dote
va gpeuvn el 1 YOPIKN KATOVOUN TOV GEUALATOV KOl GUVETMDS Ol TAGELS LeEPOANyiog
TOV 00PLPOPIKAV OESOUEVOV 0TO Y®PO. TENOG, £ytve £pguva Yo TO OV T SOPVPOPIKEL

O€JOUEVO OVOTTOPIOTOVV TNV GULUTEPIPOPA TOV OKPOI®V EMEIGOSIMV Kol Kupimg TV
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W10TNTA TOVG VO LELDVOLV TO TOCOGTO TOLG GYETIKA e LEGO ETNGLO VYOS Ppoyng otav

avtd avéaveror (Mapdong, 1997, 2011).

AIIOTEAEXMATA

Ta Sopvpopikd dedopévo amd TNV OTOTICTIKY] OVOAVOT O0EV  TPOGOUOUDVOLV
kavomomtikd to eniysio dedopéva. Extog and kdmoovg otafpodg and vy 1" opdda
KOl LOVO Y10, TV CLYKPLoT TOV 24 ®p®V, 0 GLVTEAEGTNG Om0d0TIKOTNTOG PyNKe TOVTOD
apVNTIKOG LE GUVETELD O OTAOG LEGOG OPOG VO ATTOTEAEL TTOAD KAADTEPT] EKTIUNTPLN OTTO
™ Sopvoptkn ypovooelpd (oyfua 1 (a), (B) kat (y)). O cLVTEAEGTNHG GLGYETIONG GTOVG
otabpovg g 2™ opddag ko g 1" oty 24mpn odykpion, eivar g taEng tov 0,5 kot
omv 1" opdda otn chykpion tv 3 wpdv dvckoro Eenepvd to 0,15 (oyfua 2 (o) kot
(B)). H M tov 0,5 ogeidetor kvplowg oto mOAAGL pndevikd Tov TEPEXOLV Ol
YPOVOGEPES, AOY® TNG HKpNG ypoviKNg kKAMpakag. Eniong, a&ilel va onueudoovpe mmg
OTN GUVIPUTTIKN TAEIOYNPI0 TOV GLYKPIGE®V glyoe coPfapn VITOEKTIUNGN TOV HEGOL

OpPOL TOV TAPUTNPNCEMV aKOU Kot TG TaENG Tov 50%.

Eff yia atabpoug 3h Eff yia oTabpoig 24h
Tardl JT::tm'|
Mrhodshgeia (le\-uﬁs)\fpSIu
Zklpog Zkugng
AUTIA ) Mun{\nvn
Mk oo Mikpa
Kooropid Kagrapid
I divivo ladrvema
Hpdkasio Hpdkheio
Ehhmard Eddryikd
Ahebiohn AhelfTodn
Agyichog Ayyiahag
Aypiva Aypivia
03 05 04 0z ] a4 03 02 01 0 01 02 03 04
(@) ®)
Eff yvia otabpoidg 12h

ApugolTohn

Dhoprvg

Tpitrahn

Tpikaha

Tpikoha HpoBiog

Tolbo

Mopyog

Mikovog

Azovidio

Mdpioo

Ao

Koddun

Keprupa

Kahapdro

lepdTreTpo

Bho KopwBiog

Apro ! ;
o5 05 04 03 02 01 0O 01 02

)

Yo 1. Zovteleotic amodoTIKOTNTOS Y10, TOVG 6TaOpovg e 1" opddag oty

3opn (a) ko 240pn cvykpion (B) kot Tovg otedpovc e 2™ opadag (y).
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Tyfpe 2. Tpég cvvtehest®dv cvoyétions Yo v 1" opdada ctodpudv (o)

ko ) 2" (B) avricToyye.

Q¢ mpog TG Katavoués peyiotwv, ekel glyape moAd KoOATEPES EMOOGES KAl GE

Kamolovg oTafpovg ot amokAicelg NTov MOAD pikpég. Ewdwd vy to otafpd tov

EMnvikod n mpocopoimon tng KoTavoung Ntav moAd koA o€ OAEG TIC YPOVIKEG

KMpokeg (PA. oynua 3 (). Ot kodég emddoelg TOBavag vo, opeilovial 6To OTL pmopel

Vo VLApyEL KOVTA EMiyel0g 6TAOUOC TOV GVUETEYXEL TN PABLOVOUNGT TOV TPOTOYEVAV

dopveopikdv petpnoewv. [Todd kaAdég emodoels elyape kot € GAAOVG oTafovs, OTwg

ot Propwva (BA. oynua 3 (B))

48h maxyear 48h maxyear
180 — ° —real
160 - / 80 —_—
et / — —est
140 /-_ 70 /
120 7 60
c 100 // e 50 A::_j'
E & A E x /
__‘/ / -
60 30 Eed
— =
40 — 20
20 10
0 T T T T
0
0 0.2 04 08 0.8 1 0 02 04 06 08 1
P P
() ®)

Yympoa 3. opadeiypota oA KOA®V TPOGOUOIDGEMV KUTUVOUMV Y10, T ETOL0

péyota 48 op@v Yo Tov 61afpo (a) Tov EAAnvikov kat () Tng @ropvac.

Toco otig otatictikés ovykpicelc OG0 Ko

OTI KOTOVOUES peyioT®V

wapatnpnnke pa Pertioon 6co peyaimver n ypovikn kMpaxa. Emriéov, oe kdmotovg

otabpovg cidope caen Peitioon oty ektiumon tov peyiotov and 1o £toc 2004-05,

KATL OV TOOVMOG OPEIAETAL GTNV TEYVOAOYIKT OVATTUEN TV SOPLEOPIKOV OPYavVOV.

ZHETIKA LLE TN CLYVOTNTO TOV EMEIGOOIMV, TopaTNpPRONKeE N oxeddOV TANPNG advvopio

KOTOYPOPNG TOV HKPAOV ETEICOOIWV PPoyNg Kol 1 GAVEPT VTOEKTIUNGN TOV UETPL®V.
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Axopa kot oto HEYGAM EMEIGOOIN VIINPYE CYETIKY VIOEKTIUNGT), KUPI®MG GTN GLYVOTNTO.
I'evikd o dopveopikd dedopéva AEITOLPYOVV LE TETOLO TPOTO DGTE VO Ayvoovv OAd
OYEOOV TO, LKPE EMEIGOOI0 Kol GE KAMOL0 Ypovikd onueio divouv o peydAn tyun
(umopel mOAD peyaADTEPT OO CLTH TOV JIVOLV TO EMLYELN GTOLXEIDL GTO GLYKEKPIUEVO
YPOVIKO onpeio) yuo va £100pPOTTHGOVY KATMG TNV KoTdotaot. Avtd cvpfaivel Adym
oV 0Tt 1 Pabuovouncn Tov S0PLEOPIKAOV UETPNCEOV SLUPOivEl G UEYOADTEPES
KMpokeg kol votepa pe empeptopd Eavayvpvave ot pkpn 3mopn kipoaxo (NASA,
3B42 Algorithm, 2011). Xav amotédecpo €xovue 0 ooPapy VTOEKTIUNGT TOL
OLUVOAMKOD VYOV PBPoyng Kol QUOIKA TOL HEGOL OPOL YO TOV OTOI0 CVOPEPOLE
nponyovpéves. Emiong, oe moAAéG meputtdoelg pmopel ot avrtioToryeg TIHEG TMV
peyiotov TV eniyelov Kol SOPLEOPIKOV dEOOUEVMV VaL elXav EAAYIOTN ATOKAIOT OALY
va GuVERaLVAY GE SLAPOPETIKA XPOVIKA oTueia.

Oocov apopd to. cAALTE, TOV OTOIMV 1 YOPIKN KATAVOUN £pevVNONKE, avT
TowiAovv avéloya tnv KAlpoko Kot To €100G. Zvykekpiuéva yroo to peyén 10stiog,
napatnpnke vroektiunon g tédéng tov 25% ko og Alyeg mepumrooels kot 50%
(xvplog n Ayyiarog pe opdipa 50% oe dhec Tic KAMpaKkeg) Ko vepektipmnon ond 25%
N ko Aryotepo g 50%. Meyorvtepn vrepektipnon and 50% eiyope ot Mutidnvn
otV 3mpn kAipaka ko 75% kot 125% o€ éva 2 otafpotg avtictorya (otmv Kolopdta
kot otov IIopyo avtictoyya, ot 12mpn xhipoka). Xta péyiota Setiag €ovpe
vroektipnon 1ad&ng 25% 1M Kot Aydtepo £KTOG TG ZoVdAG GTNV OOl TO GOAALL PTAVEL
50%. H vrepektipnon kopaivetor amd 25% péxpt 50% kot ywa tov [Mopyo to 75%. Ta
HEYOALTEPO COAALOTO €lvarl cuVNO®G Yo TIG puKpOTEPES YpoviKEG KATpokeS. To péco
opaipa glvar taEemg =10 mm pe v vmepextipnon voa vreptepel. Ewdwd yia to
Aegwvidlo kot ™ Zovda ot 48wpn KAipaxa Exovpe péso cpdipo -30 mm kot yuo TNV
TpimoAn Tov [Topyo kot v Képrupa 10 cedipa givar +20 mm ot 120pn, v 24w0pn
Kol v 48wpn KAlpako avtiotoyo. TéELog, To péco amdAvto cpdipa sivon tdEewe 10
mm pe v Ayyiado, tov ITopyo, v Tpimoin, T Lovda, 1o Acwvidro ko v Képkvpa
va dtvovv 6pdipa 20 mm oyeddv og OAEG TIG KAMPOKEC.

Q¢ TPOG TN YOPIKN KOTAVOUN TOV COOALATOV, apyiKd, ot pnéytota 10etiog kot
Setiog, mopotnpeitor LOVIUN GNUOVTIKY VTEPEKTIUNGCT OO TO. SOPLPOPIKE dEOOUEVA
oT1g Teployég Tov BA Atyaiov (MutiAnvn) Kou pio coBapr) DTOEKTIUNGT GTIC TEPLOYES
NG KEVIPOUVAUTOAIKNG NTEPpTIKNG EAALGO0G (Peccairia). Emiong, amd tig 12 dpeg ko
Tévo vdpyel pio akOUN cofapr] Kol LOVIUY VTEPEKTIUNOT OTNV TEPLOYN TS SVTIKNG

[Mehomovvioov (IMVpyog), Omwc emiong kar otn odvtiky Kpnimn (Zodda) o6mov
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mapotnpeitor por poviun Kot coPapn vrogktipnon. Axoua, kol 1 Képxupa eppavidet
peyaio opaipato oAAd ota peyédn 10etiog eitvar apvnTikd (VToeKTiUNo™), EVO OTIG
peydieg kMpoaxee (24 kor 48 dpeg) g Setiag yivoviar Oetikd (vmepextiunon). Zta
péoa cpdipota Eexwpilel n poviun vrepektipnon oto BA Atyaio kot ) Opdxn. T1dA
omv mepoyn g Oeccariog evromileTar pOVIUN VIOEKTIUNON KOl TAVE amd Tig 12
opeg Egxwpilel mid n veepektipnon ot dvtikn [leAomdVYNGO Ko 1) VTOEKTIUNGN 01N
dvtikn Kpnn ko v meproyn Oeccariog-kevipikng Maxedoviag. Emmiéov, ota péoa
OmTOALTO COAAUOTO, Ol HEYOADTEPES TIUEC, TPAYIO TOL CNUOIVEL TOC £YOVUE KOl TIC
YEPOTEPES TPOCOUOIDGELS KOATAVOUDV peyiot®mv, evromilovtalr ot BA yopa ot
Wwitepa otV mepoyn s Opdakng-Mutiivng. Metd tic 12 dpeg peydio cpaipoto
evromilovtor otn A-NA ITlehomodvvnoo, ot ovtiky Kpntm ko omv mepoyn tov
Entavicov.

Téhog, epevvOVTOG TO OV TO SOPLPOPIKH OESOUEVO TPOCOUOLDVOLY TNV
CUUTEPLPOPE TOV AKPAIWV ETEIGOIMV, LTOPOVUE VO TOVUE TOG GE YEVIKES YPOUUES TOL
J0pLEOPIKA dedoUEVA TNV TPOGOUOUDVOLY TKOVOTOMTIKA. AnAady| @aivetor mwg to
EVTOVOTEPO. EMELGOOL0. GLYKEVIPMOVOVTOL OTN OLTIKY (Kupiwg mapaboridccio Kot
VNOIOTIKN) YOpo, O©Tn VOt Kot v mepoyn g Kpnme, omv  avatolkn
napobordocia (Attikn, EvPola péypt kow BOA0) kot omnv meployn Tov OVOTOALKOD
Avyoiov kot wWwitepa ota Awdekdvnoa. Emiong, ¢oaivetar mwg tor dopveopikd
d€d0UEVA TTPOGOUOLDVOLV TOAD TKOVOTOMTIKA TNV TAoN TOV aKpoinVv £TEGOdimMV Vo
av&dvouv 10 TOGOGTO TOLG G OYE0M HE TO HEGO €TNoo Vyog PBpoyng, Kabadg to

OEVTEPO LELDVETOL, TPAYLLO TTOV POivETOL OTO GYNUa 4.

Feal

- r3 B Salkst

[ ] .
i * | L | YnepPohen (Real)

u R —_— e YnepPfotien (Satkst)

O 400 BOO BOO il 1200 1400

Tt

Mégo Etfowe Yo Bpoxhg (mm)

Yyqua 4. Iocootd (%0) pneyictov 12 opodv 10etiog ¢ oyion pe To péco £T1)610

Vyog veTod Yo T emiyela (Real) kot to dopvgopika (SatEst) dedopéva.
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2YMIIEPAYXMATA-XYZHTHXH
Ta dopveopikd dedopéva SV TPOGOUOUDBVOVY IKOVOTOWTIKG T EMLYEWD OedOUEVA GE
enimedo ypovooelpds. 1o ocvykekpluévo oe OAeC oYedOV TIC TEPUTTAOGELS, €KTOG ATO
KAmoleg otn ovykpon tov 24 opodv, o ocvvieheotng amodotikdtnrag EFff (Nash-
Sutcliffe) eivor apvnrikog (oynua 1). Emiong, o ocvvieleotig cvoyétiong R og mold
Myec meputtdoelg Eemepva 1o 0,5 Kot Yo TIg GLYKPIGES TV 3 @pdV, T0TE SVGKOAL
Eemepva 1o 0,15. TIpoywpodviag otn cOYKPIoN TV TIW®OV peyiotov (maxima) e6m
elyape KoAVTEPO OmoTeEAéoUOTO KAOMG OTIS TEPIGOOTEPEC TV TMEPIMTMOCEMY Ol
TOOVOTIKES KOTOVOUES UEYIOTOV TPOCOUOIDVOVTIOV GYETIKA KOAN. QQ0TOC0, GE TOAAES
nepmTOcel; otabudv, eetalovrag ta péyiota 10etiog TopaATNPACAUE TMOG OV KOL 1|
OmOKAIOT HETAED TOL OOPLPOPIKOV KOl EMYElOV UEYIGTOV NTOV TOAD [IKPY, LT
pmopet va. unv Nrav ovyypova. To yeyovog avtd dsiyvel pia acvvémela kol mavag n
TOAD KaAN ovTh emidoom va ogeidetatl kabapd otnv TOXN.

Toco og eminedo ypovocelpdc OGO Kol KOTAVOU®OV NTov EUGOVIS M Perticoon
TOV amodOGEMV GUVAPTNGEL TNG aVENONG TG YPOVIKNG KAlpakag cvykpiong. Avto
ocvppaivel KaBapd AOY® T0 OTL TO KOAMUTPAPIGLE TOV SOPVOOPIKMV dEOOUEVOV YiveTaL
oe peyolvtepeg kAipoakeg (NASA, 3B42 Algorithm, 2011) oAld kor AOYy® TOL
YEYOVOTOG TG OTN UIKPN KApoKo To emelcodto Bpoyng yopaxtnpilovtor and évrovn
petafintomro. [apodlo avtd, n GLUTEPIPOPA TOV dOPLEOPIKOV OEOOUEVOV QOIvETOL
vo okoAovBel £va cuykekpiévo potifo. Avto eivorl To va ayvoel povio To ikpd Ko
Mybtepo Ta PHETPLOL ETEGOOLN Bpoyns Kot Kdmov va Balet pa peydin tiun Bpoyxng yuo va
eElooppomnoetl v katdotacn. To ypovikd onueio mov emAéysl va tomofetroel v
T VTN 0&V GLUTTTEL GLVNOMG LLE EVTOVO EMELGO0 COUPMOVO LLE TO ETLYELD GTOLYELL
N umopetl akdpa 1 aviicToryn yPovika Tur oo entyswn ototyeia va givar 0. Ayvowvtog
oxedOV TANP®G TO UIKPA EMEIGOOLN, TO dOPLPOPIKE dEdOUEVA PUIVETAL VO VGTEPOLV
épa TOAD 6T0 GLVOAKO VYOS BPoyNg Kol 0 LEGO Opog givar oxedOV TAVTO LIKPOTEPOG
TOV OVTIOTOLYOL T®V EMLYEI®V TIUAOV. AKOUA OUMOS KoL TO £VTOVO ETEICOOI0 PAVNKE TMG
VTOEKTILOVVTOL GTNV TAEOYNOI0 TOV TEPIMTAOCEDV TOVAAYIGTOV ®G TTPOG TO0 TANH0G
TOUG, OElYVOVTOG £TGL Mo YEVIKY oduvapio TPOCOpHoimong g ovyvotntog Tmv
EMELG00IMV PpoyNg o€ Lo TEPLOYN.

Oocov apopd T Y®PIKN KOTOVOUN CQOAUAT®V 0VTH O10(pOPOTOLEITOL OPKETH
avdAoya T xpovikn KAlpako kot to ekdotote peyédn mov egetalovpe (10etiog. Setiog
K.0.). Q01660, TAPATNPOVVIOL KATOIEG YEVIKEG TACELS. ApYKd, OTIG HEYOAES TIUES,

onAadn ota péytoto 10gtiog kol Setiag, mapatnpeitonr poviun (oe OAEG TIG YPOVIKEG
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KMUOKEG) ONUOVTIKY LREPEKTIUNGOT amd Ta SOPLPOPIKE deSOUEVA GTIG TEPLOYES TOV
BA Avyaiov (Mutidfvn) kot otnv meptoyn g dvtikng Ielomovvioov (ITvpyoc) ko
coPapn LWOEKTIUNGN OTIS TEPLOYEG TNG KEVIPOOVOTOAIKNG MTEWPW®TIKNG EAAGSOC
(®eococoMa) kot otn ovtikn Kpntn (Zovda). Axopa, n Képkvpa eppaviler peydio
o@aipato Kupiwg apvntikd (vroektiunon). Ta péoa cpdipato akolovboldv mepimov
1d1ec KoTavouég 6To YMPOo, dNAadr vrepektiunon oto BA Atyaio, T ®pdkn, Tn SLTIKY
[Tehomovvnoo ko to Emtdvnoa ko vmoektiunon otig meployéc e Oecoaiiog, g
dutikng Kpfmne kot g kevipikng-ovtikng Makedoviog.

Q¢ TPOG TN YEVIKN YOPIKN CULUTEPIPOPE TOV 0OKpoiwv EMEWCOdi®V, TO
dopueopikd dedopéva delyvouv vo TNV TPOGOUOIDVOLV  IKOVOTOMTIKA. Aniodn
QoiveTol MG TA EVTOVOTEPO EMELGOJ0. GVYKEVIPMVOVTAL GTN OLTIKN KOl VOTLOL XD PO,
oTNV avaTOAKN Tapadaidootia Kol 6 Tov ovatolkol Atyaiov. Emiong, aiveroat mmg
T SOPVPOPIKE SEGOUEVO TTPOGOUOIDVOVY TOAD TKOVOTOMTIKA TNV TACT TOV aKPoimV
EMEC00IMV VO LEAVOLY TO TOGOGTO TOVG GE OXE0N LE TO UEGO €TNGLO VYOS Ppoyns,
Kabdg 10 devtepo pewwvetat. ‘Etol, o meployés pe pkpod péco €moto Vyog Ppoyng,
omwg N Attiky|, avapévetatl va dtvouv moAd évtova akpaio emelcOON MG TOGOGTH TOV
HEGOL ETHGLOL VYOVC, KATL TOV dely Vel TWS akoAovBel 0 SopvPOPOG.

Ta dopveopikd dedopéva KOTAKPNUVIONG €lvol Uil VEQL TPOOTTIKY] GTO YMOPO
™G UHeETE®POIOYiaG Kol VOporoyiag. AmO Ta pEXPL TOPA oToryeln delyvouv GYETIKA
aOVVOLO VO, TTPOGOUOLOCOVY TO KAHECTMOG TMV KATAKPNUVICE®V G€ O TO EMIMEd GE
pa weployn. ‘Etol, kataAnyovpe oto 611 o€ vdporoyikd Bpata, dmmg LOPOAOYIKO Kol
QVTITANUUVPIKO  oYeSOGUO, UTOPOVV Vo, ¥PNOLUOTOmBodV HOVO EMKOLPIKE Kot
OmOTEAOVV ADCT HOVO OE TMEPUMTAOGELS TOVIEAOVSG EAAEWNG OEOMGTOV EMIYEIOV
petpioewv. H a&lomotio tov dopueoptkdv dedopévav eivar Kotd moAd pLeyaAdTepT| o€
HEYAAES YPOVIKEG KAMUOKEG, OMMG UNVIOMES, E€MOYLOKEG, ETNOLEC KOl VREPETNGOLEC,
Kbvovtag ta ypnolne kKvopiog o kApotikd Oépota ko épgvves. H  Omoapén
0PLPOPIKMOV OEOOUEVAOV Kol AAA®V TETOOL €100VG o€ Kapio mePinTmaon dev avorpel
TV avAyKn Yl OYOANGTIKN KATOYpO®n entysuwv dedopévav  edkd  Otav
avapepOLaoTE 6€ axpain €melcodl Ppoyng mov amd T EUoN TOL EUTEPIKAEIOLV

peydin afefordtnra.
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EXTENDED ABSTRACT

INTRODUCTION

This study made in the framework of MSc thesis concerns the evaluation of the
satellite rainfall data derived from the 3B42 algorithm, version 6, from the mission
TRMM (Tropical Rainfall Measuring Mission). This mission was established by the
American institution NASA and the Japanese JAXA. The product of the 3B42
algorithm is gridded data with the best spatial and temporal resolution of all products of
rainfall data, free available. This fact makes the 3B42 product extremely attractive as it
is definitely a very practical solution to the numerous problems arisen from the
terrestrial-gauge data. The uneven distribution of meteorological stations in the
embossed surface, the almost complete absence of these above sea and the frequent
malfuntions caused by extreme weather events are some of these problems to name but
a few. These problems have resulted in many gaps in meteorological data, especially
when talking to fine (subdaily) time scales.

Therefore, satellite data may be useful for some areas and where there is a
complete lack of reliable ground measurements, their use may become imperative. Keep
in mind that the rainfall data in fine time scale is crucial to safe and economical design
of hydraulic infrastructure. The critical question is whether the satellite data can
respond, otherwise if they have the necessary reliability to meet these needs. This
question is tried to be asked in this study which is perhaps the first to try to evaluate

satellite data in fine time scale over the entire country of Greece.

DATA
In order to evaluate the quality of the 3B42 satellite data, we were provided

these satellite products by the official website of NASA

(http://disc2.nascom.nasa.gov/Giovanni/tovas/). The spatial coverage is a region of
latitude from 34° until 42° above the equator and longitude from 19° until 29° east of the
prime meridian, covering the entire Greek territory. The data’s spatial resolution is 0.25°
and temporal 3 hours, covering a period from 1/1/1998 until 31/5/2010. So basically the
above data is a grid and at each grid point is given a rainfall time series of 1/1/1998 to

31/5/2010 with a 3 hour time step. Each value in grid points is the average surface of the
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grid cells, which area is 0,25°x0,25° so the data is already surface and not just point
values (NASA, 3B42 Algorithm, 2011).
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Map 1. Map of Greece where the used meteorological stations
of HNMS are shown

To evaluate these satellite data, terrestrial gauged data of rainfall was provided
by 29 meteorological stations of HNMS (Hellenic National Meteorological Service,

http://www.hnms.qgr/), which are shown on map 1 and are parted into 2 groups because

of their structure of data. The first group consisted of 12 stations whose data we got
from the handwritten paper of the rain recorders and we typed them in electronic form
so as to be edited. In each paper of rain recorder is shown, for each day, the daily
indication of rainfall from rain gauge and the indications of the rain recorder in 5 minute
time scale. We typed for each day and station the daily readings of rainfall and of the 10
most rainy days of each hydrological year, the readings of rain recorders on an hourly
basis. The second group consists of 17 stations with already digitized data of rain in 12
hour time scale. Both groups of stations clearly cover the period from 1/1/1998 until
31/5/2010.
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METHOD OVERVIEW
To assess the reliability of satellite data, these were compared with the ground gauged
data collected at each station. Because no meteorological station was in the same
location with some grid point, the time series of satellite data at each station was
estimated by interpolation from the 4 neighboring grid points. The method of
interpolation is followed such that calculates the optimal unbiased estimator, followed
by nonlinear transformation. Initially, each time series of the 4 neighboring grid points
is transformed as follows (Koutsoyainnis, 2004, Koutsoyainnis et al, 2008, Tsaknias et
al, 2011):

Sji = (a+Yji)°
Where, Yji is the original time series into one of the 4 grid points j and Sji is the
nonlinear transformed. ¢ and a is nonnegative coefficients. We then use a simple linear
model (weighted aggregation), from which we estimate the optimal linear unbiased
estimator (Best Linear Unbiased Estimator, BLUE, Koutsoyiannis et al, 2008):

4
- ZWJ x Sji
i—1

The wj are weights and their sum equals 1. Combining these two equations we conclude
to the full expression of the generalized model we use (Tsaknias et al, 2011, Tsaknias,
2011):

lc
(ZW} (a+Yji) ] —a

The choice of weights and the coefficients a and ¢ was a laborious process of
optimization, given the complexity of the problem. The objective funtion was the
minimizing the mean square error (MSE) at the maxima values of all time steps (3, 6,
12, 24 and 48 hours). After we calculate an estimator of satellite data for each station,
we made the comparison at each one of them. In each station from the first group we
made 2 comparisons, one in the small scale of 3 hours for the 10 more rainy days per
hydrological year and one in 24 hours along the time series. As for the second group of
stations, we made only one comparison at 12-hour time step.

From each comparison, we calculated, initially, the statistical characteristics
(mean and standard deviation) of each time series, ie the ground-gauged and satellite-
estimated and then the bias (%) of averages (PBIAS) and standard deviations, the
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average absolute error of the observations (MAE) and the root mean squared error
(RMSE). To assess the reliability of satellite data, in each comparison we calculated the
efficiency coefficient Eff (Nash-Sutcliffe), the value of the error function Er (the mean
square error of observations by adding the squares of the bias of the average and
standard deviation multiplied in 1000), the rate of correlation R and the mean square
error MSE of the maximum values (Moriasi et al, 2007, Koutsoyiannis, 1996) as we
wanted to see the ability of the simulation of the maxima as absolute values.

The maxima calculated from each station were for 3, 6, 12, 24 and 48 hours time
step. For each time step, we calculated the probability distribution of both the actual
time series, and satellite and were compared with each other. The calculated
distributions were the simple empirical ones, as the few years of time series does not
allow the adjustment of a mathematical distribution (Koutsoyiannis, 1996). Moreover,
at each station, the total rainfall was calculated, and the number of time steps that have
non-zero rainfall and height greater than some value.

Regarding the errors, we calculated for each station the error of maxima with 10
years and 5 years return period (the largest and second largest values, respectively,
according to the empirical distribution), the mean and the mean absolute errors for the
maxima values in each time step of 3, 6, 12, 24 and 48 hours separately. These errors
were about to be represented on GIS maps (GIS) to investigate the spatial distribution of
errors and therefore the bias trends of satellite data in space. Finally, it was investigated
whether the satellite data represent the behavior of extreme events and in particular their
capacity to reduce their percentages compared to the average annual rainfall when it
increases (Mamassis, 1997, 2011).

RESULTS

The results of the statistical analysis conclude that satellite data did not adequately
simulate the terrestrial data. Apart from some stations, coming from the first group and
only in the 24 hour comparison, the rate of efficiency (Eff) was negative everywhere,
resulting in the simple average to be a much better estimator (Figure 1 (a) (b) and (c)).
The correlation rate was about 0.5 and at the first group in the 3 hour comparison,
hardly exceeded 0.15 (Figure 2 (a) and (b)). The value of 0.5 is mainly due to the many
zero values contained in the series, because of the short time scale. Also it worths noting
that the vast majority of comparisons showed serious underestimation of the average of

observations, even 50%.
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Eff for 2h comparison Eff for 24h comparison
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Figure 1. Rate of efficiency for the first group of stations in the 3-hour comparison

(@), in the 24-hour comparison (b) and for the second one (c).
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Figure 2. Rates of correlation for the first (a) group of stations
and the second (b) respectively.
As for the distributions of maxima, where we had much better performances, at
some stations the differences were very small. Especially, for the station of Ellinikon,
the distribution simulations were very good at all time scales (see Figure 3 (a)). This

could be due to the fact that there may be near a ground station that participates in the

23




primary calibration of satellite measurements. What is more, very good performance we

had in other stations such as Florina (see Figure 3 (b)).
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Figure 3. Examples of very good simulation of distributions for annual maxima of
48 hours for the station of (a) Ellinikon and (b) Florina.

Both statistic and distribution of maxima showed an improvement as the time
scale was growing. Furthermore, in some stations there was a clear improvement in the
simulation of maximum values by the year 2004-05, which is probably due to the
technological development of satellite instruments. On the frequency of episodes, there
was the almost complete lack of recording the small rainfall events and the apparent
underestimation of the mediocre. Even the extreme episodes were underestimated,
especially in frequency. Generally, satellite data function in such a way as to ignore
almost all the small episodes and at some time give a great value (which can be much
greater that the given by the terrestrial data in that time) to equalize the situation
somewhat. This is because of the calibration of satellite measurements that occurs at
larger scales and then come back (with disaggregation models) to the fine 3-hour scale
(NASA, 3Vv42 Algorithm, 2011). As a result, we have a serious underestimation of the
total amount of rain and of course the average, for that previously mentioned. Also, we
observed that in many cases where the respective maxima values from satellite and
terrestrial data had very little variation, they were not contemporary but occurred at very
different times.

As for the errors, whose spatial distribution was investigated, this vary
depending on the scale and kind. Specifically, for the maxima with return period of 10

years, there was an underestimation of 25% and in a few cases of 50% (mainly
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Anchialos with error 50% at all scales) and overestimated by 25% or less by 50%.
Greater overestimation of 50% was observed at Mytilini in 3-hour step and 75% and
125% in 2 stations, in Kalamata and Pirgos, respectively, in 12-hour step. Concerning
the maxima with return period of 5 years we have mainly underestimation around 25%
or less, except for Souda in which the error reaches 50%. The overestimation ranged
from 25% to 50%, but for Pirgos reaches 75%. The largest errors are usually in smaller
scales. The mean error is approximately + 10 mm while the overestimation
predominates. Especially for Leonidio and Souda in 48-hour scale we have mean error -
30 mm and for Pirgos, Tripoli and Kerkyra, the error is +20 mm in 12, 24 and 48-hour
scale, respectively. Finally, the mean absolute error is approximately 10 mm with
Anchialos, Pirgos, Tripoli, Souda, Leonidio and Kerkyra the error is about 20 mm in
almost all scales.

In regards with the spatial distribution of errors, the maxima of 10 and 5 years
return period were allmost permanently amd seriously overrated by the satellite data in
the regions of the North Aegean (Mytilini) and a seriously underrated in the regions of
Central and Eastern mainland (Thessaly). Also, from 12 hours and above there is
another serious and permanent overestimation in the western Peloponnese (Pirgos), as
well as in western Crete (Souda) where there is a permanent and severe
underestimation. Also, Kerkyra shows large negative errors in the maxima of 10 years
return period (understatement), while on large scales (24 and 48 hours) and in the
maxima of 5 years return period are positive (overstatement). In the mean errors, it is
impressive the permanent overestimation in the region of northeastern Aegean and
Thrace. Again in the region of Thessaly, we found permanent underestimation and
above the 12 hours step, overestimation in the western Peloponnese and underestimation
in western Crete and central Macedonia (Thessaly included). Moreover, in the mean
absolute errors, higher values, which means that we have the worst simulations of
distribution of maxima, located on the northeast country and particularly in the region of
Thrace, Mytilini. After 12 hours large errors found in W-SW Peloponnese, in Western
Crete and the lonian region (Eptanese).

Finally, while investigating if the satellite data simulate the behavior of extreme
events, we can say that in general that the satellite data simulate it satisfactorily. That
seems that the most intense events are concentrated in Western (mainly coastal and
island) country, in the south region (Crete included), in the eastern coastal area (Attica,

Evia up to Volos) and in the eastern Aegean Sea, especially in the Dodecanese. Also, it
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seems that the satellite data simulate very well the tendency of extreme events to
increase their proportion in relation to the average annual rainfall, and the second is

reduced, which is shown in Figure 4.
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Figure 4. Percentages (%) of maxima of 12 hours with 10 years return period
compared with mean annual precipitation for terrestrial (Real)
and satellite (SatEst) data.

CONCLUSIONS-DISCUSSION

The satellite data does not sufficiently simulate the ground data series. More
specifically, in nearly all cases, except some on the comparison of 24 hours, the
coefficient of efficiency Eff (Nash-Sutcliffe) is negative (Figure 1). Also, the correlation
coefficient R in very few cases exceeds 0.5 and for the comparisons of 3 hours, hardly
exceeds 0.15. Going on the comparison of maxima, here we had better results as in most
cases the probability distribution of maxima was simulated relatively well. However, in
many stations, considering the maxima of 10 years return period, we noticed that
although the bias between satellite and terrestrial peak was very small, even negligible,
the naxima values may not be contemporary. This shows an inconsistency, and it is
possible the very good performance was due to lack.

At both time series and distributions were evident improvement in performance
as a function of increasing time scale. This is purely due to the fact that the calibration
of satellite data becomes in larger scales (NASA, 3B42 Algorithm, 2011) but also due to
the fact that the small scale of the rainfall events are characterized by high volatility.

However, the behavior of satellite data appears to follow a specific pattern. This is the
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total ignoring of small and less moderate rainfall events and somewhere to put a great
value of rain to rectify the situation. The moment chosen to put the value can be
“random” and there may not be an intense episode according to ground data or the
respective value according to ground data can be 0. Almost completely ignoring the
small incidents, results in the fact that the satellite data fall behind too much in total
rainfall and the average is almost always less (even 50%) than the corresponding of the
terrestrial observations. Even the intense episodes seemed underrated in most cases at
least in the frequency, thus indicating a general inability to simulate the frequency of
rain events in a region.

Concerning the spatial distribution of errors, that vary significantly depending
on the time scale and the actual figures look (return period etc.). However, there are
some general trends. Initially, at large values, ie maxima of 10 and 5 years return
period, standing there (on all time scales) a significant overestimation of the ground-
gauged data in the regions of North Aegean (Mytilini) and in western Peloponnese
(Pirgos) and severe underestimation in the mainland of central-eastern Greece
(Thessaly) and western Crete (Souda). Still, Kerkyra shows large errors mainly negative
(understatement). The mean errors follow approximately the same distribution in space,
ie overestimate the northeastern Aegean, Thrace, western Peloponnese and the lonian
Islands and underestimation in regions of Thessaly, Crete and central-western
Macedonia.

Generally, the spatial behavior of extreme events, satellite data show to simulate
sufficiently. That seems that the most intense events are concentrated in western and
southern country, the eastern coastal and the eastern Aegean. Also, it seems that the
satellite data simulate very well the tendency of extreme events to increase their
proportion in relation to the average annual rainfall as the latter decreases. Thus, areas
with low average annual rainfall, such as Attica, is expected to give very intense
extreme events as a percentage of average annual value, a trend that satellite seems to
follow very well.

Satellite data of precipitation is a new perspective in the field of meteorology
and hydrology. From the evidence so far, they seem relatively weak to simulate the
precipitation regime at all levels in an area. Thus, we conclude that in hydrological
issues, such as hydrological and flood prevention planning, can be used only in a
subsidiary way and constitute an option only in cases of total lack of reliable ground

measurements. The reliability of satellite data is much greater in large time scales, such
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as monthly, seasonal, annual and scaling, making them particularly useful in climate
issues and surveys. The availability of satellite data and others like that, in no way
negates the need for meticulous ground data recording especially when it refers to

extreme rainfall events which by their nature pose great uncertainty.
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