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EYXAPIXTIEX

H mopovoo Metantuyokn Awtpif] maveo oto Ogpotikd medio g Enpoaciag,
TPOAYLOTEDETAL TNV EKTIUNOT TG ENpaciag otn Askdvn amoppong Tov IInvelod motapon
pe xpnon cvpPatikdv pebddmv.

H épevva mpaypatomomnke oto mhaicia tov IIpoypdupatog Metamtvylokmdv
Ymovdmv g oyog leomovikov Emomuov pe titho «Asgwpopikny Atayeipion
Yoatwko0 IlepipdAriovtocy tov tunuoatoc I'ewmoviog, IyxBvoloyiog kot Yddtivov
[TepiBarrovtog tov IMoavemommuov Osocariog, kol cvykekpuéva oto Epyaotiplo
Avypopetewporoyiag kot Aopveopiknig Metewporoyiag, vrd v emifieym  ToL
Kabnynt Nikdriaov P. AaréCiov.

10 onueio avtd Ba NBera va evyaploTHo® WINTEPW®S ToV emPAEnovta Kabnynt k.
Nworao P. Aorélo yio v ovclaotiky] fonfeia Tov Hov TPOCEPEPE PE TNV CWOY™
oLVEPYNGTiN, TIG TOAVTIHES CUUPBOVALC Ko TV KaH0d1yNoT ToV o€ OAN TV SLOPKELD TNG
EKTTOVNONG OLTNG TNG OIMAMUATIKNG epyaciog, kabmg 1 Pactkn WEéa g £PELVOS TOV
avikel. ‘Eva peydho guyoplot® otovg KaONnyntéc mov GUUTANPOVOLV TNV TPLUEAN
emrpony, K. Prhofiko ko k. Kdykaiov, yia Tic mopatnpfoelg Kot TiG VIWOSEIEELS TOVG
o1 Pertioon g epyosiog. Emiong, ekppdlovtal evyapiotieg omnv Avva MmAdvto kot
ta. vmohouto péEAN tov Epyoaotnpiov  Aypouetewporoyiog Kot Aopv@OPIKNg
Metemporoyiog yio v avektipun Bonfeld tovg kabe popd Tov TV ¥PELEoTNKA.

Evyaprotd v EOvikr) Metewporoykn Yanpesioa (EMY) and v omoio mponABav
0. GLUPATIKG HETEMPOAOYIKA oTOolEior Tov otabuod g Adpiocag kot 1o Kévrpo

Extiunong ®vowkdv Kivdovev ko TlpoAnmtikov Xyxedaopuod e Xyxolig Aypovoumyv
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Vi

kot Tomoypdeowv Mnyovikov tov EBvikod MetsoPiov ITloAvteyveiovn vy v
TOPAYMDPNOT TOL TPOYPAppaTog «DrinCs,

Téhog, Ba MBeha va evyapiotiom® oAOBepupa Tovg Yoveic pov (ABoavicio wat
Awotepiv Mmovkovfdaia) kot v adeper pov (Boaocthiky MrmovkovBdia) yio v
VOOV, TNV LTWOGTNPLEN, TNV OVIOYN KOl TNV ovoyn TOuS KOTé TN OldpKeEw TV
OTOVOMV LOV.

Kdabe kaAn ovvepyocio pmopel vo 001NyNOEL GE KAAO OMOTEAEGLO, GOV EMIOTEYAGLLO
g oelpdg mpoonafeidv. To ypovikd SGoTNUO TOV OPLEP®GO GTNV EKTOVNON NG
Metantoylokng pov Epyaciag ntav éva amd ta dnpuovpywkotepa kot Bo 1o Bopdpon
VT PE OLOPPES OVOUVIGELS. 20G EVYOPLOTM OAOVG Kot GOG gvYopot To kaAvtepa! H

ocvvepyasio poll 6og NToV TPOYHOTIKE Gyoyn Kot ETOTKOS0UNTIK.

Me ameploplotr EKTIUNOT TPOS OAOVG

Evayyeiio A. MmovkovBdia
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INEPIAHYH

[dwitepo evolapépov mapovotdlel N HEAETN TV TEPIPUALOVIIKOV KIVOLVOV AdY®
™G OLYVNG EMOVEUQAVICNG TOLG KOl HAAOTO OTIC OKPOIEC TOVG HOPQPEG. ZTOVG
KvoOvoug avtotg cvopmeptiappdvetorl kat 1 Enpacia, 1 omoia TpoPAnuatilel onuovTiKa
éva, peydao mooooto Tov mAavntn. Ot Enpacieg Katotdooovtal, xopic kapio apeioiia,
OTOL  EMKIVOLVO  OKPOiOL HETEMPOAOYIKO - KAMUOTIKE @ovopeva  evog  TOmOV,
KaToAapPavouy to €va dKpo TG SlakLUAVONG TG PPoyNg o€ SAPOPES YPOVIKEG
KMUOoKEG Kot pumopet vor LpovioTodv 6€ avOTOTTO YPOVO, GE OTOLUONTOTE TEPLOYN KO
LE amPOGOIOPLOT SIUPKELQ.

O 6pog Enpacio ypNOYOTOIEITOL Y10 VO TEPTYPAWEL L0 LEYOAN OE SLAPKELN YPOVIKN
nepiodo, O6mov M TAPOLSi TOL YALKOL VEPOD GE U0 YEOYPAPIKN TEPLOY Eivon
ONUOVTIKA UIKPOTEPT OO TNV OVOUEVOUEVT, OTWG VT £XEL TPOCIOPIoTEL pe Pdon To
KMPoTikd kaBe0T®G OAAG KOl TIG OTOLTAGELS VEPOD Yol TNV KOALYTN TOV TOTIK®OV
avoykov (Kovtooyiavvng & Mapdong 2007). H pakpoypovio vaepekuetdALevon TV
AYPOTIKAOV EKTACEMV, 1 GAOYIGTI KATAVAA®MON TOV LOATIVOV 0ToOEUATOV, 1) KALATIKY
aArayn (Fernando et al. 2011) kot 1 gpEAVIOT OKPOIOV KOIPIKOV QOIVOUEVOV, Elvat
pepKoi amd Tovg AOYoug Tov 0dNyoLV G€ ELPAVICT) PavopeEvev Enpaciag. Emopévag, 1
Enpocio eivol amotélecua GLVOLAGHOD TOAADV OPVNTIKOV TOPAyOVI®OV Kol odnyel
oTadl0KE 6TV VTOPAOIGT) TOV EOAPIKOV TAOVTOV.

H mopodoo petamtuylokn SWmMAGUOTIKY €pyacio TPAYLOTELTNKE TN ENpocio. ot
Aexdvn amoppong tov Invelod motapov. H EALGda A0y g yemypapikng tg B€ong
elval emppenng oV EKONAMOT CLYVOV ENPACIOV KOl 1| LEAETT OLTAOV TOV ETEIGOOIMV

oV mepLoyn ¢ Oeocariog mailel TOAD onuAvTIKO POLO deJOUEVOL OTL 1 EULPAVION
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viii

™mg emmpedlel dueco ™ yAwpida, Vv movida kot Vv yOvomavida TG Aekdvig
OTOPPOTG.

["a tov yopaxtpiopd TOV ENEIC0dImV 0TN AeKavn aroppons tov IInvelon motapov
EMAEYTNKAY  Oplopévol  €VpE€ws  YvoTol  OEIKTEG  MOCOTIKNG  EKTIUMOMG
VOPOUETEMPOLOYIKNG ENPaciaGg, GTOVG OTOioVg EICNYONCOUV HETEMPOAOYIKA OEOOUEVA
vy Tot VOPoroykd £tn 1950 - 1951 £wg 2009 - 2010. Ot deikteg avtol eivar: 0 delkTNg
dpwwotntog  Enpaciog  Palmer (Palmer Drought Severity Index - PDSI), o
avoyvoplotikdg  dsiktmg Enpaociag (Reconnaissance Drought Index - RDI), o
Tomomonuévog dgiktng vetov (Standardized Precipitation Index - SPI) kot o deiktng
dexatnuopiov (Deciles Index - DI).

Exto¢ amd v extipnon tov @awvopévov g Enpaociog, aviikeipevo g epyaciog
OTOTEAECE KO 1] GUYKPLOT TOV TPOUVOPEPHEVT®MV GUUPBATIKOV SEIKTMOV HE TN YPNon
OTATIOTIKAOV OEIKTMV, GTOYEVOVTAG CGTNV TIGTOTOINGN Kot SEPEVVNON AELOTIOTIOG TG
pebodoroyiag. Ot otatiotikol avtol deikteg mov epoppdéoTKay givat: o Oeikng
amotedecpatikomtog (Eg), t0 péco tetpaymvikd cedipo (RMSE), to pepoinmtikd
opdpa (BIAS) kat o cuvteleotic pocdloptopod ().

Ta amoteAéopota mOL TPOEKLYOV OO TNV EPOPUOYN TS peBodoroyiag yio KO
deiktn Egymplotd kpivovtor moAd tKavomomTikd. Meietdvtag ta 60 vIpoAoyIKa £tn,
npoékuyav 29 emeicddin Enpaciag. [Tapatnpeitor 611 6Aol o1 deikteg Tapovsidlovy v
Ot copTEPLPOPE e TAVTION TOV TEPLOd®V ENPACIOG KOTOANYOVTOG GTO GUUTEPACLLOL
OTL TTPOKELTOL YLl €VYPNOTOVG Kot 0EIOMIGTOVS OEIKTEG TOGOTIKNG EKTIUNONG NG

Enpoaciog.
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ATO TOV LTOAOYIGUO TOV CTATICTIKAOV OEIKTMOV TOPOTNPEITOL OTL TO OTOTEAEGLLATOL
Kopaivovtal evtdg amodektol e0povg Yia kdbe deiktn Enpaciag, TAnclalovioag HaAoTo
T1¢ BéATIOTEG TIHEC TOV KAOE OeiiTn).

Yvvenwg, emPePardveton 1 ypron tov deiktodv PDSI, SPI, RDI kot DI yio onpetoxn
extiunon g Enpaciag KabloTOVTOS TOVG KATAAANAOVG GTO Vo TEPLYPAYOLV Kol Vol

EKTIUNOOLV TO PALVOUEVO TNG ENpaciag.

A&Eg1g KAEWOA: ovpuPatikol deikteg Enpaciag, ToTONOiNoT), GTATICTIKOT OEIKTES
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1. EIZATQI'H

H &npoacia etvar capmg pia amd Tig mo “axpiés” puoikés kataotpoés (ITap. B) kot
eMOPAE o€ €va gVPY MESIO OLUPOPETIKAOV TOUEDV, KOWWOVIKOV OPAd®V 1 TEPPAAAOVTOG
Kot 1 eKOMA®oN TG, e£0pTdTol Omd TNV OAANAETIOPACT) TOL PLGIKOV POLVOUEVOL TNG
Bpoyxdmtwong. Enuovtikd emBopvuvoviol ol GUYXPOVES OVETTUYUEVEG KOWMVIES, OTOL
éva peydho pépog g owovopiog Paciletar ot yewpyio (FEMA 1995, Tookipng xaz
ovv. 2007, lokwPidov 2010).

Eivar d0okoro va oprotet i évapén ko n AMén evog ensicodiov Enpaciag, Kot ovtd
yoti Tapovoldlel YPOVIKY] VOTEPNON GTNV EUPAVIOT] OO TN GTIYUN TOV TAPOTNPETOL
amovcio. PPOYONTAOCEWV, VO TO KOTOOTPOPIKA TNg oamoteAécpata cuveyilovtal Kot
pHetd ™V euedvion kamowwv Ppoyomtdcemv (Tannehill 1947). O mocotikog
TPOGIOPIGHOG TV {NUIdV TTov TpoKaAel 1 Enpacia eival dHokoAo va ekTiunOel apov
Ol EMITMOOELS NG &ivor yopig Wiaitepn doun kol mwapovcslalovial SUACTAPTES GE
peyaies yveoypoaewés meployés. Eivor oamapaitmto Opwmg, vo vmapyelt éva oxédlo
AVTILETOTIONG TG Enpaciag, evd emPdiletor va givar mhvto oe e£EMEN oyéola

dwyeiprong g Enpaociag.

1.1. THmor Enpaciog

Av 1 &npacia Beopnbel ®g awvdpevo, gival aGPUADS OTHOCPAPIKO (QUIVOUEVO.
Qo1660, av 1 Enpacia OcmpnBel wg TepPoriovtikdg kivduvog, vapyet d1ebvag 1 téon
tawounong tov TOnev Enpociag o€ Tpelg Katnyopieg, T HETEMPOAOYIKN 1)
KMUOTOAOYIKY, TN YEMPYIKN 1 OYPOUETEMPOAOYIKT KO TV VOPOAOYIKN ENpacio Kot vo
neplhoppdvetar ®g TETOPTN KOTNYopioh Ol KOWMVIKOOWKOVOUIKEG EMUTTOCELS TNG

Enpaciog (Keyantash & Dracup 2002, AaréCiog 2007, Aarélioc kat ouv. 2011).
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Y10 Zynuo 1.1 mopatnpodvtal ot d1dpopot TOmoL Enpaciag, Kot 1 duVATOTNTA TNG

UETOED TOLG GVUVOECTG.

Tyfqua 1.1: Tonol Enpooiag ko 1 peta&d tovg ovvdeon (http://drought.
unl.edu)

Ewdwotepa:

H petemporoyikn Enpacio (meteorological drought), vmohoyileton pe Bdon v
amokAon g Ppoyxdntwone (cuvoAlkd Vwog, aplfuog nuepodv Ppoyng) omd v
avapevopevn, Paocwopévn oto kAo g mepoyns. Me Pdon tov  Ilaykoouio
Metewporoyikd Opyaviopd (World Meteorological Organization - WMO 1986), n
Enpacio kaBopiletar og o Eddepupa Tov 40% 1 peyoldTepOL TOGOGTOD PPoYOTTMOONG
v TEPLocOTEPO 0md dVO GuvEYOLEVA £TN O€ £KTaoT peyalvutepn Tov 50% tng meployne.

Epdcov 1 atpoceaipikn kuokAogopio n omoia emnpedlel ™ Ppoyxdntmon Exel xwpikd
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http://drought/

YOPOUKTNPO, CUUTEPACUATIKG KOL 1| LETEMPOAOYIKT Enpocio Tapovstdlel meploykd N
TOTIKO YOPOKTIPA.

H yeopywn Enpocia | aypopetewpoloykn (agricultural drought), opiletar mgn
peiwon g vypaciog Tov €04Povg, o T€Tolo PoOUd BOTE N YEWPYIKY TOPAY®OY VO
peiodvetor onpaviikd. H éviaon e yveopywmg Enpaciag mpocdlopiletar oamd
Spopd peta&y Ppoyxdmtmone kot duvntikng e€atcodtanvong. YrevBouiletar 6tt o
0po¢ dvvnTiKN e€aTUIGOdOTVON TTEPLYPAPEL TO GVUVOLO TOV OTMOAELDV VEPOD OO TNV
e€dTuomn €d0P®V Kol omd TN SmTVON TV QLTOV KAT® ond GLVONKES amepldploTNg
drabeopotntag vepov (Kovtooyiavvng & ZEavOomoviog 1999).

H voporoywkn Enpaocia (hydrological drought), yopaxtnpiletonr and v EAdeyn
Oyt UOVO  OTUOCQUPIKAOV KOTOKPNUVICUATOV, OAAG ETLPOVEIOKNG KOl VLITOYELNG
amoppone. H voporoywkn Enpacia, e€aptdtor amd T HETEOPOAOYIKY] EVAD M EUPAVION
™G TopPoLGLAlel pia ypoviky kaBvotépnon mpdyuo mov oQeileTal GTO YEYOVOS OTL
e€aptatar kot amd v edapikn vypacio. ‘Eva £to¢ yapaxtnpiletal wg vdporoyikd Enpod
€10G OTOV 1 GLVOAIKY| OOPPON GE ML AEKAVY) OmOoppor|g €ival KATw &vOog opiov
(Whipple 1996).

O1 KOWVOVIKO0IKOVOPIKES EMTTAOGELS (SOCioeconomic impacts), oyetiCovrot pe v
apVNTIKY TN G Oopopds kdbe HopPNG TPooeopds kot (tmong ayobmv mov
oyetiovtar pe ) ypnom vepol, 0TS T0 TOGUYLO VEPD, TO TOTIGUO TOV KOAAEPYELDV, M
Tapoy@yn VOPONAEKTPIKNG evépyetag ka. H {nmon petafdiietar onpoviikd Adym g
avénong Tov TANBLGHOY pe TNV TAPO0do ToL Ypdvov. Otav Aowdv n {RTNon Yo aVTA TaL
ayafd Eemepvad TV TPOCSPOPA TOTE TPOKVTTOLV GOPUPES EMMTMOCEL OTNV KOWVOVIKY|

Kol OIKOVOUIKY| Kotdotaor pag mepoyns. H Enpacio mpokaiel 1660 Gueceg 660 kot
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EUUECEG EMMTMOOELS OTIS avOpOTIVEG OpacTnNPLOTNTES YEYOVOS Tov emmpedlel TV

TOPOY®YT KoL TNV EVPVTEPT| OIKOVOLLIOL.

1.2. Xapaxtnprotikd g Enpaciog

H amotipnon tov yopaktnpiotikdv g Enpaciog Exel ¢ AVTIKEILEVO TNV eKTiUNoN
TOV TOAVOAOYIKOV OpV NG SPUDTNTAG 1 VTOONG Kol TNG OBPKELNG TV ENPACIOV
ov Topatnpovvtal o uia dedouévn mepoyn (Kalamaras et al. 2010). Mo tétola
amoTiuno” €ival TOLTOYPOVO YPNOIUN YO TNV OVAALGT TV TPONYOVLUEVAOV ENPOcLOV
KOl YL TOV TPOGOIOPIGUO TOL «GYEONGHOD dlaxeipiong g Enpaciag» yoo o
npokafopiopévn  mepiodo  emovoapopds, o omoiog Ponba  otnv  avaivon NG
emkvovvotrag (MEDROPLAN 2007).

Kdabe ene1c6010 Enpaciog yapakmpiletor Kupimg omd tn dpudTnTa 1 TNV £VIaoT, T
olapketa, Ko ™ yopikn tov e€dmiwon. To Kabe enelcdo10 dropopomoteitan eniong Kot
pe Baon v évapén, t ANEN, T CLYVOTNTA, TN YPOVIKN KOTOVOUN KOl TNV OVATTUEN
tov. H dpyomra, n yopikn e£AmA®on Kot YEVIKOTEPO 1 KAWLATIKY] KOTAGTOON,
e€apTOVTIOL ad POVOUEVO TTOL AAUPAVOLV YDPO GTNV ATUOGPALPO OTT®G PPOoYOTTOO,
eCatpioodianmvon, eEdtuon, toydtnTa. avépov, Oeppokpocio dAAG kKot amd To

YOPOKTNPIOTIKA TOV €6GQOVS KoL TG PUTOKAAVYTG.

1.3. Awyeipron g Enpaciag

Ot dvopeveig emmtdoelg Tov ogeilovtol oty Enpacio, avipeTomilovrol Kuping pe
péTpa oL AapPivovtol PETA TNV EKONAMGT TOL PALVOUEVOD. Q6TOGO, TOAAL Ao To
HETPpOL Kot €pya TOV Tpoteivovion omd TV moAlTeia KoTd TN Odpkeln ¢ Enpaciag,

gykotoieimovral 1 dev Kotaokevaloviol KaBolov HOAG apyicovv ot PpoyonTOCELS.
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Avt n apéreta, €xel OC AmOTEAEGHO VO EEYVIETAL 1] OTTOLOONTOTE EMIMTMOT TPOKANONKE
KaTd TN Odpkela Tov eavopévov. Ev cuveyeia, emkpatel pio mepiodog npepiog kot
amadelng, ayvomVToS TIG TEPIGGOTEPO OLGUEVEIC EMMTAOGES oL B eméAbovv pe v
EMAVELPAVIOT] TOV PAVOLEVOD (VOPO — Tapdroyog KOKAOC) (Toaxipng 1995).

Ot dwdoyikég Enpaocieg e cuvOLACUO pe TNV KoK dtoyeipion vroPabuilovv To
TePPAALOV KoL KOTO OCULVETELD HEWOVOLV TNV TOPOYOYIKN KOVOTNTO NG YNG.
E&edwkevpéva dropa avorapfdvouv ) oaxeipion g Enpociog, TPOKEWEVOL Vv
OVTILETOTICOVV TIG KOTACTPOPIKEG CULVEMELEG TOL @awvopévov. H odwayeipion g
Enpaciag o ML OpPIOUEVI TEPLOYN OMOLTEL OAOKANPOUEVEG TPOCEYYIGELS KOl
oloKANpoOUEVN Olayeipton, pe Paon Oyt HOVO TIG QULOIKEG dlEPYOCies, OAAL Kot TIG
KOIVOVIKOOIKOVOLUKES GUVONKES TNG TEPLOYNC.

Mo TpOANTTIKY] TPOCEYYIoT TEPIAAUPAVEL TOV EYKOUPO GYESIOCUO TOV HETPOV, UE
To. KOTAAANAO epyoreio oyed1GHOD Kol TN CUUUETOYN TOV Aueca evolapepduevoy. H
TpoITiKY] mpocéyylon Pociletor 1000 oTOL  Ppoyvmpdbecpo 660 kKol oTO
poakpompobecpa pétpo Kot mEPAaUPAVEL T cLveY TOPAKOAOVONON Kol KOTOYPOET
TOV CLUOTNUATOV Y10 (o £YKOPY TPOEWOToinon TV cuvinkadv Enpacioc. Mropel va
BewpnBel oG o TPoGEYYIoT Yo «T1 SlayElpLon TG EMKIVOLVOTNTOCH.

Mo dopBmtikry Tpocéyyion Paciletal otnv gpapuoyn HETPOV KOl OPACE®V UETH
TNV €KKivnom kot TNV ovTiAnymn tov ¢@awopévov Enpociog. H mpocéyyion avty
Aoppévetol ©€  KATOOTAGELS EKTOKTOL OVAYKNG. XuYVO £€xel ¢ OmOTEAECUO
OVOTTOTEAEGIOTIKEG TEYVIKES KOl OKOVOKEG AVGELS, kabdg ot dpdoelg Aappdvovtan
péca oe Alyo ypovo yio TNV eKTipnom Tov PEATIOTOV OPACEMV KOl 1) GUUUETOYN] TOV

Gueoa evolapepopevov gival mohd meproptopévy (MEDROPLAN 2007).
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Boao1lopevol emopévemg otov TpOMO TPOGEYYIONG TOL (QALVOUEVOL, M Olayeipion
KOTNYOPLOTOLEITOL GE TPOANTTIKY| dlayeipion kot o€ dlayeipton Kpiong. Xto Zynuo 1.2.
ameikoviCovtal o1 HpacTnPLOTNTEG TOV GLVOEOVTOL LE TN dtyeipion ¢ Enpaciog.

[MpoAnmtiky Swyeipion (Risk management),eivar ta otpatnylkd péTpa Kot ot
Ophoel; mov  mpoypappatilovior €K TOV  TPOTEP®V, TOL  TEPAaUPdvovy  TnV
TPOTOMOINGCN TOV VLTOJOUDV N/Kol TOV LIOPYOVIOV VOU®V Kol TV Oecuikdv
CLLOOVIDV.

Awyeipion kpiong (Crisis management), eivar  un mpoypoupaticpévn d10pfmTIKA
TPOGEYYIoN MOV WPOUTOBETEL TNV €POPUOYT|] TOKTIKOV — HETPOV, (OOTE VO

OVTILETOTIGTOVV T TPOPA LT LETA TNV £VOPEN TS KATAGTPOPTG.

Yympe 1.2: Awyeipion Enpaciag (Wilhite 1999)

[ToAAG €0vn o€ cvvepyacio pe TOVG OPUOIIOVE POPEIC, TOPATPNCAY HETA OO TNV

epapuoyn tov uehodmv dayeipiong kpiong g Enpaciag, oG T ATOTEAECUATO OEV
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elval katd Kavovo woavoromrikd. H avamoteAespatikdtnto e Topadoslokng oG
TPOGEYYIONG, £YEL OOMNYNOEL OTAOWKA O o TPOoTABE AVIIKOTAGTOONS TNG
OTOYEVOVTOG OE MWL TO OTOTEAECUOTIKY) TPOGEYYION, OLTH TNG TPOANTTIKNG
dlayeipiong.

Yuvende, pécw tov mpoodiopiopot (identification) kot g extipunong (estimation)
Tov  @owvopévov, Mg oa&lohdynone (evaluation) OAAG KOl TOL  OIKOVOLUKOV
TPOHTOLOYIGHOD Emerta amd pa avaivon KOoTovg — opélovg (cost — benefit analysis),
elval eIkt vo emTevyOel 1 AVIILETOMION TOL QOVOUEVOL TNG Enpacioc Kot Katd
ocuvémeln 1 Uelwon TV EMITOCE®V TOL oyetilovror HE UEAAOVTIKG ETEIGOSN
Enpaociag. Katavont elvatl emopévog n avaykotdtnto ANyne amopoitntov LETpmv yio
™ dwyeipiomn Tov Kvdvvov gppdviong Enpoaciog kot oyt yio ) dwayeipion g Enpaciog

HETA TNV EKONAMOT] KO TNV EMKPATNON TOV SUCUEVAV TNG EMUTTOCEDV.

1.4. ZvpPartikég pébodot ektipnong Enpaciog

Yrdpyovv evoeilelg Enpaciag, mov oty ovcio peTafdAloviol eved TEPLypapovv
YOPOKTNPIOTIKA TG ENpaciog. X0vOeom dapopmv evieiEewmv 0o yel o€ Lo LELOVOUEVN
évoeldn o mocoTikn KAipaka, Tov ovopdaletan dgiktng Enpaciag. ['a tov Tpocdiopiopo,
TOPOKOAOVON O KOl TOCOTIKY| EKTIUNOT TG ENPOCIOG GE L0 TEPLOYT XPNCLOTOLOVVTOL
ocvvBog deikteg Enpaciag. Ymhpyet LeyaAog aptBpdg dekT®dV mov £ovv avamtuydel o
TaykOGo  emimedo kot epoappolovior  Pacilopevor e ddpopes  peTafAnTég
ypnoonowwvtag €ite ovuPatikd eite miemoxkomkd oedopéva (Toaxipng 1995,
AaréClog 1999, Heim 2002, Keyantash & Dracup 2002, Kavéliov 2010).

O1 dgikteg Enpoaoiag mov ypnoyomoobv cvpPatikd dedopéva (ITwv. 1.1) éyovv

duvatdTNTO Vo TEPLYPAYOLV OAOVG TOVS TOTTOVS Enpaciag. [Ipv amd to deiktn Palmer, o
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omoiog Oewpeiton  «delkng otabudcy Yo v extiumon g Enpoaciag, eiyov
ypnoporomBet opiopéveg pébodot ot omoieg otnprloTav og o 1 600 HETEMPOAOYIKES
petopAntés ko emouéveg etvor  gdkoAo  kotavontd 0Tl dgv  umopovoav  va
yopaxtnpicovv a&dmiota éva 1060 ovvOeTOo Poavopevo Ommg 1 Enpacio. Metd tov

Palmer éxavav v epedavion tovg dtdpopot GALot deikTeg.

Mivakag 1.1: Agikteg Enpaciag pe xpnoT ENLYEIOV dESOUEVEOV

XYMBATIKOI AEIKTEX ZEHPAXIAYX ME XPHXH EIIIT'EIQCN AEAOMENQN

1. MéBodog Thornthwaite

2. MéBodog Fitzpatrick

3. MébBodog Baier — Robertson

4. Powown Mébodog

5. Agiktg dpdtnrag Enpaciog Palmer, Palmer Drought Severity Index (PDSI)

6. Avayvopiotikdg deiktng Enpaciag, Reconnaissance Drought Index (RDI)

7. Tvmomompévog deiktng vetov, Standardized Precipitation Index (SPI)

8. Asiktng Askatmuopiov, Deciles Index (DI)

9. Asikmgc avoualdv Bpoyomtmonc, Rainfall Anomaly Index (RAI)

10. Aeixtng meproyng Enpaciag, Drought Area Index (DAI)

11. TTocootd TG Kavovikng Ppoyodmtmanc, Percent of normal

12. Awakprtég kot 0abpotoTikég avoporieg Bpoydntmonc, Discrete and cumulative
precipitation anomalies

13. Aeiktng Enpaciag Bhalme — Mooley, Bhalme - Mooley Drought Index (BMDI)

14. Agiktng vypaciog kaliepyeimv, Crop Moisture Index (CMI)
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15. Yroloywouévn edagikn vypacio, Computed soil moisture

16. Agiktng avopaiiog edagiknc vypaciac, Soil Moisture Anomaly Index

17. Agiktng aypo - vdporoyikov dvvapikov, Agro-Hydro Potential (AHP)

18. Aciktng Enpaociag pevpatopong, Streamflow Drought Index (SDI)

19. Aciktng amotedeopotikng Enpaciag, Effective Drought Index (EDI)

20. Acgixtec Enpaoiag dedopévav porg, Drought Indices derived from flow data
21. Agixtng kavovikomomuévng otddunc vepot, Standardised Water-Level Index (SWI)
22. Agixtng mapoyng empoavelakov vepov, Surface Water Supply Index (SWSI)
23. Agixtng avaxtnong Enpaciac, Reclamation Drought Index (RDI)

24. Zvvolkd vdatiko Elhewupa, Total water deficit

25. ABpototikry avopaiio véatopong, Cumulative streamflow anomaly

26. Tvmomompévog deiktng avopoimv, Standardized Anomaly Index (SAI)
27. Agiktng Enpaociag Keetch-Byram, Keetch-Byram Drought Index (KBDI)
28. Agiktne avouaiidv Fooley, Fooley Anomaly Index, (FAI)

29. Agiktng Enpotnrog, Aridity index

O yapoxtnpopog g Enpaociag eivorl mepimAokog Kot VIAPYEL £V HUEYOAO QACLLOL
UETEOPOAOYIKDOV 1 VOPOAOYIKOV OEIKTOV 1oV pmopel va ypnowponombei (Map. A).
Amarteiton puo akpipng emoynq pnebddmv mpocdoptopod g Enpaciog /Kot SEKTOV
Enpoaciog, Kavov va meptypdyouy pe €va cuvOeTIKO Kol cagn Tpdmo v e&EMEN TV
cuvOnK®V Enpaciag 6To YdPO Kot To YPOHVO.

H exrtipnon tov gowvopévov g Enpaciog ¥pNoYLOTOIOVTAS [0 EKTETAUEVT] GELPE
eniyelwv dedopévav ot Aekdvn amoppong tov [nvelov motapod kabmg emiong kot M

oLYKPLON TOV GLUPATIKOV SEIKTOV ATOTELECAV TO OVTIKEILEVO TNG EPYUGIOG OVTG.

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 18:22:55 EEST - 13.59.53.151



10

YKomOG NG TOPOVCOS LETAMTUYLOKNG OMAMUATIKNG dotpiPng eivanr 1 Tpoomdheio
ovuPoAng oty opboroyikny Sloyeipion TV EAEIUUOTIKOV VOOTIKOV TOP®V NG

Aekdvne omoppong tov IInvelod motapod mapoakoAovbdvIag TNV eKTIUNoN  TNG

Enpaociag.
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2. YAIKA KAI ME®OAOI
2.1. Tleproyn peréng

H meployn pekétmg oty mapodoa epappoyn eivar n Aekdvn amoppong tov [nvelon
TOTALOV GTNV TEPLOYN NG Oeccariag.

H Tleppépela Oeoooriag, 1 ovvolkh éxtaon g omoiag eivor 14.036 km?,
KaToAOUPAVEL TO KEVIPIKO — OVOTOAMKO TUNHO TOV MTEPOTIKOD kopuov g EAAGSOg
kot amoteheitan amd tovg Nopovg Kapditoag, Aapiong, Mayvnoiog kot Tpikdiov.
Yvvopevet mpog Boppd pe tig Teprpépeteg Avtikng ko Kevrpikng Makedoviag, mpog
Noto pe myv [eprpépeta Xtepedg EALGS0g, Avtkd pe v [eprpépera Hreipov, evd

Avartoiikd Bpéyetar oand o Aryaio [Tédayog (Ew. 2.1).

Ewévo 2.1: Teoypapikd dwapépiopa e Oeocariag (http://geografikadiameri
smataelladas.blogspot.com)
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Ta ynid Boovva mov mepiPdrAiovy 10 Oeccaiikd kdumo, 6mmg o Olvumog, To voTIo
tunpo. g opoocelpds g Ilivoov, o Itapdg, to IINAo kor n OBpvg dnuovpyoHV TIG
Aexdveg amoppong tov [Inverod motapod ko g Alpvng Kapia. O IInveldg ndTapog
kotéyel v 3" 0éom avauesa otovg motopode e EAAMGSag pe puikoc 205 km, wnydlet
amd TIg OVTIKEG TAaYEG NG votwg [livoov ota Opla twv voumv loavviveov kol
Tpwarov, dappéel oxeddv 10 chvoro ¢ [leprpépetog avtng pe d1eHBvvon amd dvTiKa
PO TOL OVOTOMKA Kol e€kpéel 6to Atyoio méAayos. Eivar éva omd ta peyordtepa
EMNVIKA TToTap, e TN AEKAVT) amoppon|g TOL va. £xel cuvoMKkn éktaom 9.500 km?. H
Atpvn Képho mov amotehel avamdOTOGTO TUNUA TG AEKAVNG amoppong tov [Invelov,
éyet éktaon 1.050 km?.

Ot tapandTapotl Tov [Invelov mov Ppickovror ot fopeia TAELPA TG Aekdvng givor o
Turapnoog, o Neoympitng, o Anbaiog kot o mapandtapog Movpykdvi. Ztmv Avtikn —
Bopelodvtikry mhevpd g ®eocoriag Ppiokovrar ot motapol Molokaoidtng,
Kiewopitkog, Toptaikdg, [Tapicog kot yio éva dtotnuo 1 STk opev Ogcoalio
dwoyiletar and tov AxeAdo, o omoiog OHmG 0 GUUPAAAEL GTN AEKAVN OTOPPONG TOV
[Mnvelov. Emmpdcbeta o Inveldg déxetan 1o vepd twv mopamotapmv Papooidt,
Yopadit, Evutéa, Korétln ko Koapdumain mov dwoyilovv ) votio mAevpd tov
yveoypopkov dwopepiopatoc (Ew. 2.2).

H Aexdvn amoppong tov IInvelod motapov, couemva pe to Nopo 1739/87, avrkel
oto 8° Ydatikd Awapépiopa g EALGSag (Ewk. 2.3). To cuvolikd v3otikod Suvoukd tng
Agxbvng [Invewod eivon mepinov 3.140 X 10° m® avé £10G Ko amotedeitan omd 2.558 X
10° m® emgaveloxdv vepdv kot 590 x 10° m* vadyeiwv. To vrdyewo vepd Ppioketar

GTOVG KOPOTIKOVG KO TPOTYOUOTIKOVS VOPOPOPEIS TNG TEPLOYNS.
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Ewkova 2.2 YSporoyikog xéptng Osocoriag (Tsakiris 2008)

Ewova 2.3: Ydatikd dwpepicpota e EALGSag (Www.ypan.gr)
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YyeTikd pe TIg KMUOTIKEG ouvOnKeg, Ta kolokaipio ota medva gival cuviBwg ToAD
Ceotd ka1 Enpa, 6mov tov IodMo kol Tov Avyovsto ot Beppokpacieg @OGvovv TOVG
40°C. H péon emiota Ppoxdmtmon e OAN TV meploy] ™ Osccoiag sivor mepimov 700
mm Kot €ivatl AviGo KOTOVEUNUEVT] GTO YOPO KOl TO YPOVO. LVYKEKPIUEVO, KLUUAIVETOL
and mepimov 400 MM otV TEPLOYN TS KEVIPIKNG eSS0 £m¢ Kol mhve amd 1.850

mm o115 duTikég fovvokoppég tng ITivoov (Dalezios et al. 2011, Vasiliades et al. 2011).

2.2. Bdon dedopévev

Ot ovpPatikég pébodor extipmong g Enpaciag ypnoipomolovy dedopéva amd
O1apopovg petemporoykots otabuovs. To petemporoyikd dedopévo meptiapBdvovy
peto&y dAAmv  unvioieg Tipwég Ppoyomtwong, Oepupokpaciog aépo, TOXOTNTOG KOl
otevbuvone avépov. H xataypaen yivetoar cvovinbog pe egedcevpéva opyava, wotdco
VIdpyeL 0 KIVOLVOS EUPAVIONG GPAALOTOG TOV UITOPEL VO TPOKOWYEL EITE MO TNV KOKY)
Aertovpyio Tov opydvov, gite amd TV amepio 1| TNV adlaPopio T®V VLEVLOHLVOV.

Xmv mopohoo €Qopuoyn  ypnolpomombnkay eniygleg mopoatnpnoelg omnd To
petemporoyikd otabud g Ebvikng Metewporoywkng Ymnpesiog (EMY) ot Adpioa
kot 10 otofud tov IMAatdkoumov tov Epyoaostmpiov Aypopetemporoyiog tov
[Movemotuiov Osocoriag. H 0éomn kobBmdg emiong kot To YOPAKTNPIOTIKE TOV
HETEMPOLOYIK®DY otafumv otaxkpivovtar otnv Ewova 2.4 ko otov I[livoka 2.1
avtiototyo. ATd TOvg PETEMPOLOYIKOVS GTAOIOVG OV TPOoavaPEPONKAY, TPOEPYOVTAL

dedopéva péong unviaiog Beppokpaciog aépa Kot unviaiog afpoloTikng Ppoydntmong.
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Ewova 2.4.: Metewporoyikoi otadpoi tov 6edopévev cupfotikdy
dewtav Enpaciag

Mivakag 2.1: XopokTnploTikd LETEMPOLOYIKDOV GTOOUDV

STAGMOX
AAPIZA ITAATYKAMIIOX
XAPAKTHPIZTIKA
Teypoa@ikd piKog 22° 25’ 22° 18’
Ceypo@tkd TAGTOC 39° 37’ 39°22°
Yyopetrpo 81m 68 m
Bepuopetpo, Bpoyodpetpo, Bepuoperpo,
Opyava pétpnong
aVEUOUETPO Bpoyouetpo
[Mavemotro
dopcag EM.Y. ®eccariag, Epyactiplo

Aypopetemporoyiog
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2.3. MeBodoroyia

2V mopovca epyacic Tpaypatomomdnke extipmon g Enpociog otn Aekdvn
amoppong tov IInvelod mOTAPOV, YPNOUOTOLOVIONS TOVS 7O JOESOUEVOLS
ocvpPotkotg deikteg ektipnong tov eoawvopévov: PDSI, RDI, SPlI xouv DI. H
pebodoroyia mov axorovdnOnie dakpivetal oe Tpio facikd oTdda.

To np®dTO 6TAd10 TG pebBodoroyiag amoteleite amd T GLAAOYN KOl ENEEEPYOTIO TOV
unvioiov dedopévev VETOV Kol TG péong unviaiog Beppokpociog aépo to omoio
TpoNABav amd SO HETEMPOAOYLKOVS GTAOOVS Yo Ta VOpoAoyukd £tn 1950 - 1951 éwg
kot 2009 — 2010.

21 GLVEYELD, GTO OEVTEPO OTASIO Ol TWEG TNG HEoNG unviaiag Bepuokpaciog aépa,
¥pNowonomdnkay  yio v ektignon ¢ ovvnTikng  e&atpicodlomvons,  to
AmOTEAECUATO TNG OTolag o€ oLVOVACHO HE TIG TWES TG Unviaiag aBpoloTiKng
Bpoyxdmtwong odMynoav otV eKTIUNoT TV EMAEYUEVOV deKTOV Enpaciag yia To 60
xpovia. H extipmon tov deiktov Enpoaciag mpoypotomomOnke pe t Ponbeia evog
vroAoyloTikoy mpoypdaupatoc Drought Indices Calculator (DrinC).

TéNog, axorovOnce n a&0AOYN O TOV TILAOV TOL TPOKLATOVY Ao TV KAbe néBodo
Kol 1 motonoinon ¢ pebodoroyiag, e TN ¥PNON OTATICTIKOV OEIKTOV. X& aVTd TO
Tpito  Kou TeEAELTOiO0 oTAdo TG peBodoroyiag, m  oOykpion TV peBOOWV
TPAyHOTOTOmONKE 6 GUYKPLon e Tov Bewpodpevo mo a&ldmoTo Kot upeiog ypnong

deiktn Enpaciag Palmer.
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2.3.1. Xvykpivopeveg péboodot

2.3.1.1. Acixkmg Enpaciag Palmer

O W. Palmer to 1965 dnuiovpynoe éva poviédo Enpaociac, 1o omoio mapovotdlel
evpeia ypnon (Mavromatis 2010, Bacanli et al. 2011, Boucher et al. 2011, Mishra &
Singh 2011) apob gbkora pmopei va ddoet pio, Yevikn eikova g Enpacioc. Ocmpntikd
TPOKELTOL Y1o. €V PLETEMPOAOYIKO dgiktn Enpaciag mov ek@pdlel T Odpkeln £vOG
Enpov 1N vypob emelcodiov kot kabopiler v apyn kot to TEAOC KABe emelcodiov
Enpaociag N kGbe vypNc mEPLOSOL. XN TPAYHATIKOTNTO OPMG, Ogv glvol puovo €vag
UETE®POLOYIKOG Oeiktng, aAAd emedn PBoocileton o’ éva KAMpatikd voatikd 16olvylo
umopel va petatpanei 6€ VOPOAOYIKO OEIKTY.

O 06pog «Agikte Enpooiag Palmer» ovclaotikd avaeépetor oe TpelC deikTeEC: 6TO
deiktn Apywotntag Enpaociag Palmer (Palmer Drought Severity Index- PDSI), oto
deiktm Apywtntag Yoporoywkrg Enpaciog Palmer (Palmer Hydrological Drought
Severity Index - PHDI), kot 670 deiktn avopaiodv vypoaciog Palmer yvootog kot og Z-

index (Dalezios et al. 1991, Heim 2002).

2.3.1.1.1. Aciktng Apudmrac Enpaciog Palmer

O deiktng dpyotrag Enpaciag Palmer (Palmer Drought Severity Index - PDSI),
elvatl yvootog oG HETE®POAOYIKOG delkTng Enpaciog, TapOAo TOL Yo TOV VTOAOYIGUO
TOV Ypnotponotel THES PPoyOTTMOONG, VYPAGING KOl OTOPPONS  TOPAUETPOLS ONANON
TOV VOPOAOYIKOV KOKAOL amd TiG omoieg yopaktnpiletor 1 voporoyikny Enpacic. O

deiktng avtdg Paciletal otn Bedpnon Tov voaTikov wolvyiov kot Aapupdvel vIOYN TIg
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TOPOVCEG KUPIKEG oLVONKeg, TIG cuvONKeg vypaciog Tov €0APOVLE KUOME Kol TIG

KOvOVIKEG KMUOTIKES ovvOnkeg g eproyng (Dalezios et al. 2000, Zapaykdtag 2005).
O odeiktng Palmer kaBopilel évieka otadio eEéMEnc g Enpaociac, ta omoia

Kopaivovtot amd to -4 (axpaia Enpéc) £wg 10 4 (axpaio VYPES) Kot Tpocsdlopilovror amd

™V KAlpoka Tov tipov tov deiktn (IMw. 2.2).

MMivoxog 2.2: Katmyoplonoinon g Enpociog coppova pe to égiktn PDSI (Palmer 1965)

Twég ociktn PDSI Khpotikéc ovvOnkeg
>4.0 Axpaio vypég
3.0 éwg 3.99 IToA vypég
2.0 éwg 2.99 Métpia vypéc
1.0 éwg 1.99 Elaoppic vypég
0.5 éwg 0.99 Tyvn vypooiog
0.49 ¢w¢ -0.49 Kovovikég cuvinieg
-0.5 émw¢ -0.99 Tyvn Enpaciog
-1.0 éw¢ -1.99 AcbBevig Enpég
-2.0 ém¢ -2.99 Métpia Enpég
-3.0 ém¢ -3.99 Ioyvpa Enpég
<-4.0 Axpaio Enpég

Ta Pacwcd Prpata To ool eivon amapaitnto yio Tov vroioyiopud tov deiktn PDSI

napovctaloviot avalutikd mg e€ng (Kavéiiov 2010):
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1° Bijpa: Yroroyiopnés KAMpatikod vdatikov teolvyiov

O)ot 01 Pacikoi 0pot ¢ e&icmong voatikov 1olvyiov, cuumepAaUPavorEVNG TG
€EATIGOO1OMIVONG TNG EQ0PIKNG TOPUKPATNONG, TN ATOPPONG KOl TOV OTOAEIDV GTO
EMPOVELNKO GTPOUO TOL £6APOVS, kaBopilovtal amd Ta apyikd dedopéva (Bpoyodmtwon,
Oepuoxpacia). Xtov vmoAoywopd tov oolvyiov vypaciag, Oewpeiton 6T M
€EATIIGOO10TVOT YIVETOL KOTA OLVOLIKO TPOTO OO TO EMUPAVELOKO CTPMUI LEXPLS OTOV
yoBel OAN 1 drbEcun vVYpacia Kot TOTE HOVO GUUUETEXEL KOL 1] VYPOGIO TOL KOTDOTEPOL
otpouatoc. Ot anwieleg and ta Padvtepa orpopato (Ly), eoptdvion amd v
TEPLEYOUEVT] VYPACia, TN SVVNTIKN €SATUIGOOOTVOT Kot T OBEGIUN VOATOTKAVOTI T
TOV €00PIKOV GUGTLATOG.

Ot anoreleg Moym e€dtuiong and 10 empavelokod otpdpa (Ls) ektypovvion pe
uébodo tov Thornthwaite (Gutzler et al. 2011), n omoia vmoloyiler ™ dvvnTiIKN
e€atpoodianvon (PE). Eivar opmg dvvatn 1 ypnion kot GAAov pebddwv ektipnong
duvntikng e€atpicodiomvong (m.y. Blaney- Criddle). o ta epappocio anoteléopata
€I0AYETAL GTOVG LTOAOYIGHOVG 1 Tpaypatiky eéatpcodtonvon (ET) mov Bewpeiton
ocuvaptnon ¢ PE kot g vypaciokng Katdotaong Tov 54eovg. Ao TV avaAvon Tov
TAPOUETPOV, OTMOG OVAPEPHNKOY TOPATAV®, TPOKVTTOVY dVO eEIGMOCELS:

Av PE > P, 161¢

Ls = min [Ss (PE - P)]
(2.1)
Lu = [PE - P - L Su [/ AWC, Ly, < Sy
(2.2)

omov Ls eivor m oamdAewo vypociog tov em@avelokov oTpdpotoc, Ly n anodieio

VYPOGIOG TOL KATMOTEPOL OTPMOUATOS, Ss Kot Sy Ot mwocdNTeg NG SabEGIUNG
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amoOnkevEVN G VYpaciag oy apyn KABe punva Yoo To ETPOVEIOKO KOl TO KOTMOTEPO
otpouo  avtiotoyya, PE n dvvmtikn e€atpucodiamvon tov unva, P n pnvioia
Bpoyxomtwon kor AWC 1 daBéoiun voaToympnTIKOTNTO 1] VOATOTKAVOTNTO Kl TOV 00O
GTPOGEMV.

SOUTANPOUATIKG  6TOV  pnvicio  vmoAoyispud  tov  vdoTikov  1oolvyiov
YPNOLOTOL0VVTOL TPELG EMMAEOV LETAPANTES, 01 omoieg KaBopilovror wg e&ng:

> Avvouwoc ovepodaoudc 1 dvvntikn emavaodption (Potential Recharge, PR) Etvat

1N TOGOTNTA TS LYPOSING TOV amonteiTon Yia vo, OAGEL 1] VYPOAGia TOV EOGPOVS GTNV
voaTOTKOVOTNTA KO diveTon amd T oyéon:
PR =AWC - (Ss + Sy) (2.3)

>  Avwntikn andrewo (Potential Loss, PL)

Eivon n mocdtta ¢ vypaciog n omoia Oa pwopovoe va xobel and 10 £60¢poc Adym

e€atoodlamvong, epocov 1 unviaio fpoyxdntmon sivor undév. H duvntikn anmdAeio

vroloyileton omd T oxéon:

PL = PLs + PLy
(2.4)

omov PLs, PLy eivor n duvntikn omdAEl LYPOGIOG TOV EMLPAVEINKOD KOl TOV

KATMOTEPOL CTPAOUOTOC, avTioToyo, Kot Kabopilovtal amd Tic oyéoels:

PLs = min [PE, Ss]
(2.5)
PLy = [PE - PLs] Su/ AWC, PLy < Sy (26)

> Avvnuikn emoavelokn aroppon (Potential Runoff, PRO)
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KoabBopiletar and ) dopopd peta&d g SuvnTIKNG BPoyOmTt®mong Kot TG SLVNTIKNG
enavapoptions. H svvnmtikn Bpoyxdntmon wesovton pe v AWC, dpa n oyéon mov
oémer v PRO etvan 1 €€nc:

PRO= AWC-PR=¢S (2.7)
omov S’ etvan 1 dtbEc1un VYPOGia KoL TOV VO GTPOUATOV GTNV OPYT TOV LIV

[Ma Tov avoAvtikd unvieio vVToAOYIGHO ToL VOUTIKOV 160LVYIoV, ¥PNCLUOTOIOVVTAL

EMIMAEOV Kol 01 0KOAOVOEG oYEELS:

S = Ss + Sy
(2.8)

L=Ls+Ly (2.9)
ET=P+L (2.10)

omov S eivan M dwwbéciun vypascio Kol TwV VO CTPOUAT®V 6TO TEAOS TOV unva, L n
amOAED. VYpaoiog Kot Yy To OVo €dapkd otpopate kot ET n mwpaypatikn
€€aTUIC0010TVOT| TOV PVaL.
2° Bijpa: YRoAoYI6 oG KAMPATIK®DY GUVTELEGTAV

Elvar amapaitmtn n mtpocopoimon tov poviédov og mepiodo pe dtabéota 16Topikd
dedopéva Beppokpaciog kot fpoyOTTOONG, MOTE VO VTOAOYIGTEL 1| VOATOYWPNTIKOTNTA
TOV KOTAOTEPOV EGUPIKAOV OTPOUATOV, KOONDS Kol TECOEPIS GUVTEAESTEG TOL ALPOPOVV
omv mepoyn perétng. Ot axdrovbor técoepig pnviaior cvvtereotés (aj, by, ¢j, dj)
vroloyifovTot YPNOOTOIDOVTAS TOVG TEGGEPLS duvnTikovg 0povg PE, PR, PRO kot PL,

Kot dtvovton omd TIg TOPaKAT® GYECELS:

m
N

s
|

(2.11)
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R.

b= 2
PR, 2.12)

.

j =

PRO, 213

L.

d,=—L
PL, (2.14)

omov ET elvar m eatpucodianmvon, R 1 emavagoption tov edapikov vepov, RO n

amoppon kot L m ovvolikn oamdAelo vepod amd to £0apoc. H vmepypdppon otovg

O6povg TV EIGMGEMY VTOSNAMVEL TIG LEGEG TILEG AVTMV Y10 KAOE ufiva j.

3° Bipa: Kiapotikad Katalinies o 1ic Yaapyovosg TovOnkeg Tipnég
Ymoloyilovtor ot Khpatikd KoatdAinieg yia tig Yrdpyovoeg ZuvOnkeg THéC Tov

napapétpov (Climatically Appropriate For EXxisting Conditions - CAFEC) a1

ocopPoriCovtan pe (1). Qg mopdderypo avaeépetor m Ty CAFEC yuo v

eatpucodtanvon ET tov unva j,  omoia divetor amd ) oyxéon:
ET;=a, PE (2.15)

omov PE; eivon n duvntikn e€atioodiomvon tov Tpéyovtog uiva j. Qg ek To0Tov 1 TN
CAFEC ¢ Bpoyomtwong P unopel va vroroyiotel and m oyéon:

A

P=a,-PE+b,-PR+c, PRO-d,- PL (2.16)

4° Bjpa: Agiktng avopoldv vypaciog
Ymoloyiletar n Otapopd petald G TPAYHATIKNG PBpoyOmtwong Kot TG TUNG

CAFEC yw ) Bpoyomtwon,. H dtapopd avtr, n omoia cupforileton pe D, ekppdleton

and ™ oxéon D =P — P (Dalezios et al. 2000). Ot dapopéc D petatpémovtar o€ deikt
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avoporiog vypaciog (Z), yvootog oc ociktng Palmer Z 7 Z-indeX, cOupmva pe
oyYEon:

Z=K,-D (2.17)
omov K givan o cuvtereotig Bapitntog Yo to pfva j, o omoiog Aapfaver veoyn m

YOPIK peTafAntémra TV dapopmdv D, €161 dote o deiktng va givor ypovikd kot
YOPIKAE aveEapTNTOC.
5° Bipa: Apwpdvtnta Enpaciog

TeMKd, 01 YPOVOCEIPEG TOL TPOKVTTOVV Otd TO deikTn Z, avoADoVTaL [LE GKOTO TNV
avantuén kpumpiov, to omoia kabopilovv v évapén kot ™ ANEn g mEPLddoL
Enpociog, KoOOG Kot €vOC TOMOV TPOGIOPIGHOD NG OPULTNTOS TOV (POLVOUEVOD
(Zapayxkotag 2005). Zouewvo pe tn pebodoroyion tov Palmer, vmoAoyilovtor tpelg
evoldpeoot dgikteg X1, Xz, X3, Yo KaOe unva kot évag mapdayovtog mbavortnroc. H
évapén kor n MéEn g Enpaciog ekgpalovtal pe mocootd mboavotntag. Ot Tpelg

evoldipecot deikteg vroloyiloviot amd TV EUTEPIKY GYEON:
Zj
X;=0897X;,+—1 (2.18)

OToOV T0 Zj aVTITPOCMTEVEL TIG CVGCMPEVUEVES TYES TOV deiktn avopaiiog vypaciog Z
v o Sraosthpato pe Eviovn Enpooia, ko X; etvon ) tiun tov PDSI ya to prjva j. To
povtélo tov Palmer emiléyet v Tun yio Kobéva amd Toug EVOLAUESOVS SEIKTEG KOl TN
yxpnowonolel otov vmoAoywopd tov PDSI avdioya pe v TR TOoL mTOPEYyOvVTOL
mhovoOTNTOC.

‘Eva peydro mieovéktnua tov dgiktn PDSI givai n tumorompévn tov popen n omoia
OLELKOAVVEL TIG OGUECES CLYKPIGES TOL O&iKTN HETOED OPOPETIKAOV TEPLOYDV KoL

xpovikov meptddmv (Guttman et al. 1992). O deiktng Opmg mopovoldlel Kot
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ONUOVTIKOVG TTEPLOPIGHOVS 0T ¥pNom Tov. [lap’ dha avtd oe mepinTmon mOL 0 delKTNG

ypnowonombel cwotd, HE EMYyVOON TOV TEPOPIGUAOV OVTOV, TOTE UTOPEl v

amoTEAECEL £vaL XPNOLO ePYOLEID OEOOUEVOL OTL £xel ypnotpomoBel oto Tapeldov pe

emtuyia, kKvpiog otnv Auepikn, o6& TOAEC epsuvnTikéG epapuoyéc (wy. World

Meteorological Organization 1975, Karl 1986, Kothavala 1997). Eyxet amodeiybei eniong

OTL pmopet va ypnoporombet emtuymg g epyareio yia tn peAétn g Enpaciog ko g

dpuvtntog avtge oty EAAGda (Dalezios et al. 1991, Dalezios et al. 2000).

Ot mepopiopoi Kot to. pelovekTiuota Tov oeiktn Palmer meprypdeovion

napakdto (Alley 1984):

» Ot téc tov PDSI dev mapovoidlovv upeydAn axpifsio oe mepoyés, Omov
KOTOYPAPOVTOL GLYVA YLOVOTTAOGES OO TN OTLYH] TOL O O&iKTNG dgv AauPdavel
VIOYN TEPUTTDOGELS YLOVOTTMOTG, LOVOKAADYNG KO TAYOUEVOL EGAPOVC.

» T'a Tov vmoloyiopd ¢ dvvnTikng e&atpicodlomvons ypnotomoteitol 1 péBodog
Thornthwaite (Thornthwaite & Mather 1955) otm 60éon g omoiog Oa MTav
TPOTIUOTEPO VO ypnoomombodv aidreg pébodol ommg Yo Topadetypa 1 Blaney -
Criddle, 1950, n omoia ivel Gop®OG KOADTEPO, ATOTEAECUATAL.

» H ovown votépnon petad g Ppoyxdntmong Kol TG avtioToyns omoppons dev
vrohoyiletar. To tufua TG omoppong TOv ToPOVOIALEL VOTEPNON TOIKIAAEL
onuavtikd kot e&aptatot and to PABog Kat TNV VET TOL E3APOVGS, TN YEMUOPPOAOYia
Kot To péyefog G Aekdvng Omoppons, Kot T UGN TOL VIESAPLOV VOIPOAOYIKOV
GLGTNLOTOG,.

» O yapoKTNpIopoc TOV KARATIKGOV GLVONKOV ToL TpoKVTTeL omd Tig TéG Tov PDSI,

Bewpeitar avbaipetog amd ™ otiypun mov €xer kabopiotel Pdon dedopévaov ko
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avalvoewv PBpoyomtmong amd dvo ovykekpiuéveg mepoyés tov HITA (Kevrpikn
AioBa ka1 Kavoag).

» Téhoc, o Palmer yw tov vmoloyiopd g eda@ikng vypaciog Oewmpel 0Tl TO
EMPOVELNKO GTPOUA EYEL LOATOYWPNTIKOTNTA 25 MM. AvTtd amoterel pa avbaipetn
TOPOOOYN OO TN GTIYUN TOL 1 VOUTOY®PNTIKOTNTO UETAPAAAETAL CNUAVTIKA, KAODG
e€aptdrTor omd To KM, TNV LET TOL E6APOVS KO TN PLTOKAALYN TNG TEPLOYNG.

2.3.1.1.2 Aciktng Yodporoywnc Enpaciog Palmer

O deiktng voporoyikng Enpaciog Palmer (Palmer Hydrological Drought Index -
PHDI) dwpépet eldyloto and to Ogiktn Opwotrag Enpaciog Palmer (PDSI).
Yvykekpéva, o PHDI extipd ™ én wog Enphg M Wog vypng meptodov pe mo
aVGTNPE KPLTAPLOL Kol 0VTO €XEL OC OMOTEAECHO. TY OTOOLOKN Kol KOT EMEKTOCT TNV
apyn ovakapyn mpog Tig Kovovikég cvvinkes. O PDSI Bewpel mog éva eneic6d10
Enpaciog £xel TEAELMOEL OTOV 01 GLVONKES VYPAUGINS TAPOLGSLALOVY GVVEXT] VOO0 UEXPLS
0Tov elaytotomomnBel To EAlelpa Tov vepov, eved o PHDI Bewpel 611 n Enpacia Anyet
otav 10 EMAeupa vypaciog £xel mpayuatikd undeviotel (Heim 2000). Avt n ypovikn
votépnon Bempeital KatGAANAN Yo TV eKTiUNon TG VOPOAOYIKNG Enpaciag, 1 omoia
OVOTTTOGGETOL TTO aPYQ o€ oyéon Ue T petewporoyikn Enpooia (Keyantash & Dracup

2002).

2.3.1.1.3 Asikng avopoiav vypaciog Palmer

O deikng avopoldv vypaciog Palmer (Z-Index), amoteAei évav evdibueso 6po
otov voAoylopd tov PDSI ko ektipd ) yewpykn Enpocio. O vtoloylopdg Tov av Kot
Bempeitan apketd mtoldmriokog (Keyantash & Dracup 2002), ivot TpoTitdTePOG Yoo TV

TOGOTIKOTOINO™ TNG YEWPYIKNG Enpaciog Evavtt Tov apkeTd dtaudedopévon ogiktn CMI
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(Karl 1986). O dciktng avouaiidv vypaciag Palmer (Z-index) divetar omd v eicmon

2.17 (Heim 2002, Mavromatis 2011).
2.3.1.2. Avayvopiotikdc deiktng Enpaciog

O avayvopilotikog deiktng Enpaciog (Reconnaissance Drought Index - RDI) ékave
TPOGPATO TNV EUPAVICT] TOL KOl EPOUPUOCTNKE, LUE OKOMO VO TPOCSPEPEL TATPOPOPIES
vy TV voporoyikny Enpoacio oAAG KLpI®G YL Vo TPOGOIOPIGEL TN UETEMPOAOYIKY
Enpaoia. IIpoxertan yla Evav €ykvpo 0eikTr), 0 0moiog vepTePel EvavTl AAA®V OEIKTOV
Enpaciag, apol TPOSPEPEL TEPICCOTEPO OAOKANPMUEVEG TANPOPOPIES Y1 TIG GUVONKEG
™G TEPLOYNG, XPTOILOTOLDOVTOG EMTAEOV Kat Tn duvntiky e&atpicodiomvon (Kanellou et
al. 2008c, Jamshidi et al. 2011). Exiong, sivar cvykpiciuog pe tov dgiktn PDSI tov
Palmer, a@ol mopéyel Tig idleg mANpoopiec pe mOAD o amhovg  pebddovg
VTOAOYIGLOV.

IMa Tov vroAoyiopd tov deiktn, amatteiton 1 péon unviaio Beppoxpacio aépa Kot M
unviaio afpototikn Bpoyomtwon. H apykn tipn tov deikt ok 16odTot Pe To AOY0 NG
GLUVOMKNG PPoYdnT®ONG G€ Lo TEPLOYN TPOG T GLVOALKY] SLVNTIKY EEATIIGOSOTVOT,
v kGOe cuveydpuevn mepiodo uNvav KoTd T ddpkela evog £toug (€. 2.19).

j=k
= &
J=k

PET, (219)

/=1

ak:

o6mov, K n cvvexduevn meplodog unvadv Tov 1o, Pj n Bpoyomiwon xa PE 7; n

duvntikn e€aticodlomvon yo kébe pva .
O deiktng RDI exepdletar og opororompévog RDI (€. 2.20) kot oG TVTOTOpUEVOG

RDI (. 2.21).
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RDI, (k) = =% -

3 (2.20)

RDI (k) = Y=k

O k

(2.21)

omov, 3z, etvan 0 P€GOG Opog TOV Ok, Y, O VETEPLOG AoYAPLOLOG TOV Ok, Y, 0 HEGOG OPOGC

OV Y, KOl & T TUTIKY amOKAoN TOV Y,

Xy gpyocio avt) ypnoonoteitonr o tvmoromuévog oeiktng RDIL.Ow typég tov RDI

ov poodopilovy TG cvvinkeg Enpaociag ¢ kdbe meployne mapovcsidlovior GTov

ITivoxa 2.3.

Mivaxag 2.3: Kamnyopieg Enpaciag cOPP@Va pe TO deikTn
Enpaociog RDI (Tsakiris and Vangelis 2005)

Katnyopieg Enpaociag Twég deiktn RDI
E&opetikd vypég >2.00
IToAb vypéc 1.50 éwc 1.99
Métpro vypéc 1.00 éwc 1.49
Koavovikég ocuvOnkeg -0.99 £wg 0.99
Métpuo Enpég -1.00 éw¢ -1.49
Ioyvpa Enpéc -1.50 éw¢ -1.99
Axpaia Enpéc <-2.00

2.3.1.3. Tomomompévog dlKTNG VETOV

‘Evag  véog kot

OXETIKA  OomAOG  HETEWPOAOYIKOG  deiktng  Enpociog, Tov

y¥pNoonoleitol Wiaitepa o TEAgLTAiR YpOHVIA, €ivarl 0 TVTOTOMUEVOS OEIKTNG VETOV

(Standardized Precipitation Index - SPI)
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TOGOTIKOTOLEL TO EAAEUHO NG PPOYOTTOONG GE JAPOPES YPOovikég kAMpakes. O
vroAoyiopog Tov SPI mpaypatonoteital pe v xatavoun I'appo (€. 2.22):

Xa—le—x/ﬂ

P(x) = W(a) >0 (2.22)

O vroAoYIGHOG TOV TOPAUETPOV O KOl B UTOPEL VO YIVEL Y10 OTOLUONTOTE YPOVIKT
KAMpaka (1, 3, 6, 9, 12 unvec). O TPoGdOPIGUOS TOV TOPOUETP®V YIVETOL UE TIG

eElonoels:
a = (1/44) (1 +J1+ 4A/3) (2.23) Ko g =%x/a (2.24)

omov A =Inx — (X In(x)/n) xar n 0 ap1Budg TV mapatnpiceny. I'a to Adyo Tov 0Tt
n ovvaptnon Fappa dev opiletar yio x = 0, evd 1 ypovocelpd g PpoydmTmong sival
duvatov va mepthapPdvel undevikés Tég, 1 aBpoloTiKy] GuVAPTNOY THAVOTNTOG
TOPVEL TN LOPON:
Hx) =g+ 1 —-q)G(x) (2.25)
o6mov q eivan  mOovoOTTA Pndevikdv Tinmv, G(X) givar 1 abpototikh mhavoTnTo TG
un mTAnpovg cvvaptnong I'appo. H abpoiotikn mbavotnto H(X) petaoynuotiletoar otnv
TUTOTTOMUEVT TVYOHO peTafANT Z pe péon Tiun undév kol dtakvuaveon £va, 1 omoia
diver Tig tedkég Tnég tov SPI ovppova pe v e€icmon (2.26):
Zspi = (Xij — Xim)/ 0 (2.26)
omov Xjj elvan M emoywm Ppoydmrtwon oe £va cuykekpuyévo otabud, Xim mn péon
emoyk BpoydmTmon kat 6 givar m Tumik andkion (Bhuiyan et al. 2006, Khalili et al.
2011).

2Opeova pe to cuotnua TaStvopnong yio Tov Kabdopiopd tov evtdoemv Enpaciog pe
Baon tic Tipég mov mpokvmTovy amd tov dgiktn SPI (IIwv 2.4), mapatnpeiton 6TL éva

enelo6010 Enpaciag eppaviCetoar 6tav o SPI maipvel ocvuveydg apvnTikég THég yro Eva
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oo, ioec pe -1 N wkpdtepec. H Enpacia tedeidvel 0tav o SPI gppavilel kot mdi
Betikég Tuéc. Kabe emelcodio Enpaciag, £xet pia dwdpkela, mov opileton amd v apyn
Kol TO TEAOG TOL Potvouévov, Kot vtoon yuw kdbe puva mov e€akolovbel n T Tov
ogikn va eivan apvntikn. To dBpoiopa tov apvnrikdv tipumv Tov SPI yio 6Aovg toug
univeg Enpaciog yapaktnpilet to péyebog tov pavouévou (Hayes et al. 1999).

O ogixtng SPI ypnoonoteiton pe emtuyio yo tnv mapakorlovdnon 1660 twv Enpov
000 kol TOV VYpdV ovvinkov. O vrohoyiopdg tov, Pociletor o dedopEVQL
Bpoyxoémtwong pog Hakpds ypovikng mepidoov, peyoaivtepng tov 30 etov, ©®cTdG0
amotteiton n exktipnomn dvo HOVo TOPAUETP®VY. XaPoKTNPLOTIKA ToV deiktn elvan OTL OV
emmpedletar amd TNV Tomoypaio. TG VIO HEAETN TEPLOYNG OAAG Kol TO OTL OV
eCaptdton amd TNV €00QIKN VYpacio TPAyHo wOL onupoivel Ott pmopel  va
ypnoporomBet e&icov kaAd TOCO KATA TN OGPKELD TNG XEWEPIVIG, OGO KOl KOTA TN
dbpketo, NG kadokalpvig teplodov (Aarélioc kar ovv. 2011). Eniong, n dvvatdtnta
VTOAOYIOUOV TOV OEIKTN O TOIKIAEG YPOVIKEG KAMUOKES, EMTPEMEL TV TEPLYPOON TNG
Enpociog, Yoo évo ONUOVTIKO €0pOC LETEMPOAOYIKMV, YEWPYIKMOV KOl VIPOAOYIKMOV
eoawvopévev. Télog, vmdpyel N dvVVATOTNTO OVIYVELONG TNG CLYVOTNTOG Yo OKPOioL
yeyovota Enpaciog o€ omoldnmote Tomobecio Kol e OMOLONTOTE XPOVIKN KAILOKQ

(Vasiliades et al. 2009).

ivekog 2.4.: Kotnyopieg Enpaciag ovpueova pe to dsiktn Enpaciog SP1 (McKee et al.

1993)
Kotnyopieg Enpaociog Twég ocixtn SPI
E&opetikd vypég >2.00
IToAb vypéc 1.50 éwc 1.99
Métpro vypéc 1.00 éwc 1.49
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Kavovikéc cuvOnkeg -0.99 £w¢ 0.99
Métpro Enpéc -1.00 éwg -1.49
Ioyvpa Enpég -1.50 éwg -1.99
Axpaio Enpég <-2.00

2.3.1.4. Aeixtng dexotnuopiov

Mo dAA omAOTOMUEVT TEYVIKY YO TNV TOPAKOAOVONON NG HETEMPOAOYIKNG
Enpaciag TPOKVTTEL OO TNV KOTOVOUN TOV UNVICIOV OTOlKElwV PBpoyOmt®mong oG
HOKPOYPOVIOG GEWPAG OEO0UEVMOV 1 OO0 GTY] CLUVEYELD dKPIVETAL GE OEKO KATNYOpieg
N dexatnuopla (Deciles Index - DI) (Gibbs & Maher 1967). H anAdtrta tov deiktn,
£YKELTAL OTNV EVKOMO VTTOAOYIGUOV TOV, APOV ATOLTEL LOVO dedouéva PpoxdTTOoNS Kot
Mydtepeg TapadoyES o€ oyéon pe AAlovg deiktec. QQoTOG0, 0 OelKTNng deKaTnUopiY
EVOEYETOL VO, TTOPOVGLAGEL SVCKOAID GTNV EPOPLOYN OTMG KOl GTNV KOTOVONOT GTNV
TEPIMTOON TOV Ol £PELVNTEG KAOMDC Kal Ol apUoOdeg Yoo TV Enpacio Yanpeoieg oev
eivon e&okelmpévot pe to ovotnuo avtod (Steinemann et al. 2005).

To mpoto dekatnuoplo meplauPdvel TIWEG PPOYONTOGE®Y 01 OTOIEC OV
vrepPaivouv to 10% OAwv tev mepoTaTiKOV PBpoxdnTmong. Aviictoyo to 0e0TEPO
dekatnuopo mepthapfaver tpéc perasd 10 ko 20% k.o0.x.. Ta dekarnuopia

OpLOBOTO10VVTAL OE TTEVTE KOoTnyopieg, 600 dekatnuopla avd kidon (T 2.5).

IMivaxag 2.5: KhMpatoloyikég cuvOnkeg meployng pe faon ta dekatnuopio
Bpoyoémtmonc (Kanellou et al. 2008b)

AgkaTnuopra
K\doserg XopoKTnpopos cuvonkav

Bpoyéntmong
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1-2

<20%

[S101TépmG KATM TOL KOVOVIKOD

3-4

20% - 40%

Kdatm tov xovovikov

40% - 60%

Kavovikég cuvOnkeg

7-8

60% - 80%

ITave tov Kavovikov

9-10

80% - 100%

[dtntépmwg Tdve Tov Kavovikon

2.3.2. IIotomoinon pebodoroyiog

e avtd T0 6TAd0 TPaypaToTomOnKe N motoroinon g nebodoroyiag pe ™ ypnon

OTATIOTIKAOV OEIKT®V. T ATOTEAEGLOTO TTOV TPOEKLYOV OO TN CLYKPIOT] TOV OEIKTAOV

pe tov PDSI xaBdg kot amd v aEloAdynon tov TIHOV HE TN XPNON OTUTICTIK®V

deiktmv, &yovv avaptndei oto enduevo kepdioro. H pabnuotikn ékepaon tov kdbe

deiktn mapovotdleTon 6T cCLVEKELNL:

» Acgixtnc anotelecpatikotnrag (Efficiency Coefficient - E¢) (Nash & Sutcliffe 1970)

n S 2
E _ 1 _ lel(PDSI ISlm)

rr s™(PDSI - PDSI)’

(2.27)

6mov PDSI givan o eriyelog deiktmg PDSI tov pnva i, lsim givar ot Typég tov deiktdv

RDI, SPI, Deciles tov uiva i kot PDSI givat o1 péceg unviaieg Tipég eniygion deikmm

PDSI. To g0pog Tiucdv tov E £r Kopaivetar peta&o 1,00 (BéAtiom Tiun) xou - oo

(Krause et al. 2005).

» Méoo tetpayovikd opdipa (Root Mean Square Error - RMSE) (Dalezios 1988,

Hondronikou et al.

2005)

T
RMSE — \/Zizlam T )?

N

(2.28)

omov lgim eivar o1 Tég tov emiyelov deiktdv Kabe pnva i, Iy, &lvar ov péoeg

unviaieg tnég tovg kar N givor o cuvolikdg aplBuog etwv. To €vpog TH®OV TOV
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RMSE xvpaiveton peta&y 0,00 xon + oo.

» Mepoinntikd opdiua (BIAS) (Dalezios 1988)
BIAS = %Z?’:l(PDSI — Iyim) (2.29)

6mov PDSI givar ot tyég tov deiktn PDSI tov piqva i, lsim €ivot ot Tipég tov deiktdv
RDI, SPI, DI tov pufva i ka1t N o cuvolkdg apiBudg etdv. Me 1o deiktn owtd
vrohoyileton | amoKAlon and TG péseg Tinég Ko 1 BérTiotn Tun ivon To 0,00.

> Yuviekeotiic mpoodiopiopod (Coefficient of Determination - r?) (Dalezios 1988,

Vasiliades & Loukas 2009)

2 Z?=1(PDSI = PDSI )Usim — Isym)

T =
\/Z{’zl(PDSI— PDSI)? JZ{'zl(Isim— Teom)?

(2.30)

omov PDSI givan ot emiyeieg tipég PDSI, PDSI ot péoeg punviaieg Tiég tov, lsim etvon
ot ég tov dewktmv RDI, SPI, DI kot Iy, ot péceg unvioieg Tipég Tov kéde deiktm.
Me 10 otatotikd avtd deiktn, petpiétor 10 péyeboc ovoyétiong HETaEL Ovo

petafAntav. Tywég kovtd oto 1,00 vrodeikvhovy ToAd VYNAY GLCYETION.
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3. AIIOTEAEZMATA

Xmv mapodoo epyacio GLVOAMKE vmoAoyicOnkav Técoeplg ocvpPatikol degikteg
Enpaciag (PDSI, RDI, SPI kot DI). Mg Bdon tov a&dmoto otabud g Adpioog Eyve
avaymyn otn Aekavn amoppor|g Tov IInvelod motapov. X cuvéyeln, peietmdnke o
TPOTOG e TOV 0Toio TPocdlopicOnkay Ta enelcdda Enpaciag amd Tov kdbe deiktn evd
070 TEAOG TPUYUATOTOONKE GUYKPION TOV OEIKTOV OVTOV e TN PoN0elo GTOTIOTIKOV

OEIKTOV.

3.1. Anoteréopata dektav Enpaciag PDSI, SPI, RDI kot DI

Apywcd, viomombnke o LWOAOYIGHOG Yo kdBe pva TG ypovooelpds tov 60
VOPOAOYIKOV €TOV TOL oTabpov Adpicag yio kKaBe oeiktn mov efetdobnke. Ta
AmOTEAECUATO, TOV TPOEKLYAY 0mtd Tov KABe deiktn eaivovtor otov Ilivaxa 3.1, evod
ota Zynuota 3.1, 3.2, 3.3 kot 3.4, answkovifovtor Sloypapllatikd ot THéG Tov kébe
Oelktn yopotd og etnola Pdor. ZOUE®VE HE TOVG TMIVOKES KOTNYOPLOTOINoNG TMV
TV, O ENpég mepiodotl BewpnOnkav ot THEG o1 omoieg Ppickovtor KATM® omd TNV Ty
0. Z1o ZyMua 3.5 answkovifovtor cuykevipmTikd OAeg ot Tipég Tov deiktwv PDSI, RDI,

SPI ko DI tov 60 voporoyikdv eTmV.
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Mivaxag 3.1: Anotedéopatao Tov otaduod Adpioag ke deiktn yia 60 vOporoykd £

Years PDSI RDI SPI DI
1950 - 1951 -0,14 0,25 0,46 2,00
1951 - 1952 0,89 0,64 0,83 3,00
1952 - 1953 0,29 0,04 0,12 1,00
1953 - 1954 2,53 1,28 1,40 5,00
1954 - 1955 0,34 0,97 1,15 4,00
1955 - 1956 5,27 2,17 2,50 5,00
1956 - 1957 -1,11 -0,08 -0,02 0,00
1957 - 1958 -1,40 -0,77 -0,66 -2,00
1958 - 1959 -2,72 -0,28 -0,29 -1,00
1959 - 1960 -0,55 0,40 0,42 2,00
1960 - 1961 0,06 -0,43 -0,30 -1,00
1961 - 1962 -1,77 -0,15 -0,03 0,00
1962 - 1963 3,54 1,02 1,16 4,00
1963 - 1964 1,74 0,59 0,60 3,00
1964 - 1965 -1,18 -0,78 -0,77 -2,00
1965 - 1966 -3,96 -2,71 -2,43 -4,00
1966 - 1967 0,14 0,82 0,92 4,00
1967 - 1968 -2,31 -1,44 -1,35 -4,00
1968 - 1969 -2,90 -1,02 -0,96 -3,00
1969 - 1970 -3,19 -1,44 -1,32 -3,00
1970 - 1971 -3,46 -0,75 -0,76 -2,00
1971 - 1972 0,49 0,89 0,97 4,00
1972 - 1973 -0,55 -0,51 -0,53 -1,00
1973 - 1974 0,92 0,35 0,35 2,00
1974 - 1975 -0,49 0,24 0,28 1,00
1975 - 1976 0,67 0,59 0,53 2,00
1976 - 1977 -2,27 -1,62 -1,46 -4,00
1977 - 1978 -2,69 0,85 0,92 4,00
1978 - 1979 3,22 -0,49 -0,50 -1,00
1979 - 1980 2,89 0,69 0,67 3,00
1980 - 1981 0,46 -0,18 -0,19 -1,00
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Years PDSI RDI SPI DI
1981 - 1982 2,34 1,70 1,95 5,00
1982 - 1983 0,09 -0,06 -0,09 0,00
1983 - 1984 1,23 0,50 0,46 2,00
1984 - 1985 -2,43 -2,20 -2,00 -4,00
1985 - 1986 0,07 -0,09 -0,04 0,00
1986 - 1987 0,83 0,66 0,64 3,00
1987 - 1988 -1,40 -1,20 -1,10 -3,00
1988 - 1989 0,00 0,09 0,04 1,00
1989 - 1990 -1,25 -0,76 -0,72 -2,00
1990 - 1991 2,08 1,26 131 5,00
1991 - 1992 -1,82 -0,95 -0,98 -3,00
1992 - 1993 -2,95 -1,40 -1,33 -4,00
1993 - 1994 0,35 -0,16 0,00 0,00
1994 - 1995 0,37 0,53 0,61 3,00
1995 - 1996 0,15 0,22 0,22 1,00
1996 - 1997 -0,99 -0,76 -0,76 -2,00
1997 - 1998 -0,83 0,05 0,05 1,00
1998 - 1999 0,70 0,38 0,43 2,00
1999 - 2000 -1,80 -1,06 -1,02 -3,00
2000 - 2001 -4,20 -0,75 -0,65 -2,00
2001 - 2002 -3,00 -0,75 -0,80 -2,00
2002 - 2003 3,26 1,32 1,30 4,00
2003 - 2004 2,02 0,60 0,53 2,00
2004 - 2005 -1,15 -0,93 -0,96 -3,00
2005 - 2006 1,66 1,51 1,47 5,00
2006 - 2007 -0,56 -1,37 -1,33 -4,00
2007 - 2008 -1,12 -0,67 -0,65 -1,00
2008 - 2009 0,15 -0,49 -0,50 1,00
2009 - 2010 1,38 0,77 0,93 3,00
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3.2. Eneic0dw0 Enpaciog

Ytovg Ilivakeg 3.2 wor 3.3 oamewovilovtar to emelcdd  Enpociog mov
napoampnOnkav Pdost tov dewtov PDSI, RDI, SPlI kot DI xoBbdg ko to
YOPOKTNPIOTIKE TOv KGBe emelcodiov (évapén - AREn — Odpkewn - €viaocm) yuo To

VOPoAOYIKE £ amd To 1950 émg ko To 2010.

Hivaxag 3.2: Eneio6010 Enpociog otny meployn g Adpicag Bdoet tov dgiktn PDSI

Iepiodog "Evapén ANEn Avapkewa (uveg) | MLO. évtaong
1950 - 1951| Ot 1950 Yem 1951 9 -0,70
1956 - 1957| Avy 1956 Avy 1957 13 -1,17
1957 - 1958| Noe 1957 Yem 1958 11 -1,66
1958 - 1959| Ot 1958 Yem 1959 12 -2,72
1959 - 1960| Ot 1959 Avy 1960 7 -1,39
1961 - 1962| Amnp 1961 Avy 1962 17 -1,50
1964 - 1965| Avy 1964 Yem 1965 14 -1,04
1965 - 1966| Oxt 1965 Okt 1966 13 -4,04
1967 - 1968| Oxt 1967 Yem 1968 12 -2,31
1968 - 1969| Oxt 1968 Yem 1969 12 -2,90
1969 - 1970| Oxt 1969 Yem 1970 12 -3,19
1970-1971| Ot 1970 Iov 1972 16 -3,16
1972 -1973| Nog 1972 Avy 1973 10 -1,06
1974 -1975| Avy 1974 Mai 1975 10 -1,23
1976 - 1977| ZXem 1976 Yem 1977 13 -2,11
1977 -1978| Ot 1977 Avy 1978 11 -3,34
1984 - 1985| Xem 1984 Okt 1985 14 -2,13
1987 - 1988| IovA 1987 Okt 1988 16 -1,36
1989 -1990| Xem 1989 Tovv 1990 10 -1,86
1991-1992| Ot 1991 Yem 1992 12 -1,82
1992 - 1993| Okt 1992 Okt 1993 13 -3,06
1996 - 1997| Nog 1996 Yem 1997 11 -1,20
1997 - 1998| Oxt 1997 Avy 1998 9 -1,46
1999 - 2000| Maoi 1999 Yem 2000 17 -1,54
2000 - 2001| Okt 2000 Yem 2001 12 -4,20
2001 - 2002| Okt 2001 Tovv 2002 9 -4,28
2004 - 2005| Avy 2004 Okt 2005 15 -1,06
2006 - 2007 | Nog 2006 Yem 2007 11 -1,02
2007 - 2008 A&k 2007 Agk 2008 13 -1,71
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Mivaxkag 3.3: Encic6010 Enpaciog otnv meproyn g Adpicag Bacet tov SP1L,RDI ko DI

Iepiodog | M.O. évraong RDI | M.O. évraong SPI M.O. évraong DI
1950 - 1951 -0,41 -0,52 -0,81
1956 - 1957 -0,95 -0,83 -1,28
1957 - 1958 -0,84 -0,97 -1,79
1958 - 1959 -1,34 -1,28 -1,45
1959 - 1960 -0,73 -0,88 -1,42
1961 - 1962 -1,12 -1,21 -0,99
1964 - 1965 -0,58 -0,67 -0,54
1965 - 1966 -2,24 -2,12 -4,83
1967 - 1968 -1,21 -1,34 -2,16
1968 - 1969 -1,36 -1,48 -2,77
1969 - 1970 -1,55 -1,62 -2,85
1970 - 1971 -1,84 -1,71 -2,79
1972 - 1973 -0,55 -0,69 -0,59
1974 - 1975 -0,67 -0,82 -1,33
1976 - 1977 -1,12 -1,30 -2,81
1977 - 1978 -1,73 -1,67 -3,01
1984 - 1985 -1,19 -1,38 -2,46
1987 - 1988 -0,83 -0,91 -0,99
1989 - 1990 -1,35 -1,22 -1,24
1991 - 1992 -0,76 -0,87 -1,17
1992 - 1993 -1,44 -1,67 -3,28
1996 - 1997 -0,71 -0,83 -1,34
1997 - 1998 -0,87 -0,78 -1,50
1999 - 2000 -0,59 -0,61 -1,66
2000 - 2001 -2,23 -2,41 -4,65
2001 - 2002 -2,38 -2,49 -4,71
2004 - 2005 -0,74 -0,62 -0,58
2006 - 2007 -0,83 -0,59 -0,42
2007 - 2008 -1,11 -1,03 -1,64
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Yto Zyquata 3.6 £oc 3.34, mapovcialetal yoplotd To Kabe emelcdolo Enpaciog mov

TPOEKLVE.
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Zyqpa 3.16: Adypapipo chHYKpLoNG SEIKTMV TOL APOPA TO EXEIGOHS0 ENPAGING TOV VOPOLOYIKOD
£€1ovg 1969 — 1970 omv meproyn g Adpioag
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Zyqpa 3.17:Adypapipo chHYKpLoNG SEIKTMV TOL APOPA TO EXEIGOS0 ENPAGING TOV VOPOLOYIKOD
¢t0vg 1970 — 1971 oy meproyn g Adpioog
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Zypa 3.18: Adypapipo chHYKpLoNG SEIKTMV TOV APOPA TO EXEIGOS0 ENPAGING TOV VOPOLOYIKOD
étoug 1972 — 1973 oy neproyn| g Adpioag
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Zyqpa 3.19: Adypapipo chHYKPLoNG SEIKTMV TOV APOPA TO EXEIGOSI0 ENPAGING TOV VOPOLOYIKOD
é€toug 1974 — 1975 oy meproyn g Adpioag
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Zypa 3.20: Adypapipo chHYKPLoNG SEIKTMV TOL APOPA TO EXEIGOS0 ENPAGIG TOV VOPOLOYIKOD
é€toug 1976 — 1977 oy meproyn| g Adpioag
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Tympa 3.21: Atdypoppo cyKpiong SEIKTOV TOL 0popd TO EXELGOS10 ENPACIAG TOL VOPOAOYIKOV
é€tovg 1977 — 1978 omv meproyn g Adpioag
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Tympa 3.22: Adypoppo GOYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV
étoug 1984 — 1985 oy meproyn g Adpioag
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Zyqpa 3.23: A1dypapiplo cHYKPLoNG SEIKTMV TOL APOPA TO EXEIGOHS0 ENPAGING TOV VOPOLOYIKOD
étoug 1987 — 1988 omv meproyn g Adpioag
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Zyqpa 3.24: AGypapiplo chHYKPLoNG SEIKTMV TOL APOPa TO EXEIGOS0 ENPAGig TOV VOPOLOYIKOD
£€tovg 1989 — 1990 oy meproyn tng Adpioog
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Zyqpa 3.25: A1Gypapipo chHYKPLoNG SEIKTMV TOL APOPA TO EXEIGOSI0 ENPAGING TOV VOPOLOYIKOD
¢toug 1991 — 1992 omv meproyn g Adpioag
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Tympa 3.26: Atdypoppo GUYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV

£€t0vg 1992 — 1993 oy meproyn g Adpioog
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Tympa 3.27: Adypoppo GOYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV

£€t0vg 1996 — 1997 oy meproyn tng Adpicog
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Tympa 3.28: Atdypoppo GUYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV
£€t0vg 1997 — 1998 oy meproyn tng Adpicog
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Tympa 3.29: Atdypoppo GUYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV
¢tovg 1999 — 2000 oy meproyn g Adpioag
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Yympa 3.30:Atdypoppo cUYKPIoNG SEIKTOV TOL 0popd TO EXELGOS10 ENPACIAG TOL VOPOAOYIKOV
£€1006 2000 — 2001 oy meproyn ™g Adpioag
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Zypa 3.31:Adypapipo chHYKpLoNG SEIKTMV TOV APOPA TO EXEIGOS0 ENPAGING TOV VOPOLOYIKOD
¢tovc 2001 — 2002 oy meproyn g Adpioag
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Tympa 3.32: Atdypoppo GUYKPLoNG SEIKTMV TOL 0popd TO EXELGOS10 ENPACIAG TOL VOPOAOYIKOV
£€10vg 2004 — 2005 oty meproyn ™g Adpioag
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Zympa 3.33:A1dypapipo chHYKPLoNG SEIKTMV TOL APOPA TO EXEIGOS0 ENPAGING TOV VOPOLOYIKOD
£€10vg 2006 — 2007 oV meployn g Adpioag
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Tympa 3.34:Atdypoppo GUYKPLoNG SEIKTOV TOL 0popd TO EXELGOS10 ENPACING TOL VOPOAOYIKOV
¢tovg 2007 — 2008 onv meproyn g Adpioag

Yto Zynuato 3.35, 3.36 kou 3.37 mpaypatonoieitan gl cuykpion tov deiktov SPI,

RDI ko1 DI pe tov PDSI 6c0ov apopd ta ene1c6dta Enpaciag.
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3.3. ATOTeEAEOUOTO GTATIOTIKOV OEIKTAOV

[Tpoxeévov va eEac@alobel pior TEPIGGOTEPO OAOKANPOUEVY] TPOGEYYIOT] TMV
OEIKTMV  OTOYEVOVTOG  TOPOAANA otV miotomoinon ¢ pebodoroyiag,
YPNOCLOTOON KOV Ol GTATIKOL OEIKTEC, TO AMOTEAEGUOTO TOV OTOiwV Topovstdlovrol

otov Ilivoxa 3.3.

Hivaxog 3.3: ATOTEAEGLOTO GTATIOTIKOV OEIKTMOV

Agikng Enpaociog E# RMSE BIAS r
RDI 0,53 0,97 -0,15 0,62
SPI 0,52 0,97 -0,21 0,62
DI -0,10 2,83 -0,65 0,57

PDSI - 1,98 - -
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4. XYZHTHXH

H &npacia oyetietar pe to xpoévo gpedviong g (kabvotépnon oty Evapén g
VYPNG TTEPLOSOV, ATOLGIN PPOYOTTO®ONG KATH TO GTASN AVATTVENG TOV VTAOV) OAAA
KoLl TNV OOTEAECUATIKOTNTO TOV Ppoyontdcewv (m.y. éviaon Ppoydmtwong, aptduog
eneicodiov PBpoyng) (Avayvootoroviov 2003). ‘Etol, kabe eneicddio Enpaciog pmopet
va BewpnBel povadikd pe Skl Tov KAUATIKE YOPUKTNPICTIKG KOl EMTTOCELS.

H ektipnon tov pawvopévoo g Enpaciag yivetoar cuvnbmg o Pdbog ypdvov, kabmg
SpépeL amd GAAL TapOUOLD TEPIPUALOVTIKG POIVOUEVO TOV TPOKOAOVY KATAGTPOPES,
yort éyet peyddn owdpkewn. o 10 A0yo ovTO, OTI OCLYKEKPWEVN epyocic, O
VTOAOYIOUOG TV EMYEI®V dedopévav £yve o Eva PdBog xpovov 60 etdv.

Yo Zynpoto 3.1, 3.2, 3.3 ko 3.4, amewovifovtor S10ypapllatik@ ot THEG TTOV
npoékuyav omd TOV VTOAOYIoHO TOv KABe delktn Ywplotd oe emoa Paon.
Mopatnpeitar 61t 6AoL ot deikteg oxeddv Tovtiloviar Yo v 1d1a ypoviky mepiodo
perétng. Ot ghdyloteg O0POPOTOMCELS HETAED TOV TIUOV TOV TECCHP®Y OEIKTMV,
Bewpodvior apeAnTéeg Kat o HeTABAAAOVY G Kapia mepintmon v Taén peyédovg tov
@awvopévov. Ot petaforéc avTEG OVAUESH OTIG TIES TOV OEIKTOV oL eetdatnKay,
KIvoOvTol eviog Tv opimv g ke kKAdong g Enpaociag (Létpra, Evrovn, akpain), Kot
e€nyovvtal Pacel TG SUPOPETIKNG UONG TOV dESOUEVOV OV Elon)YOnoay KOTA TN
Sl d1KaGio VITOAOYIGHOV TOVC.

2oppova pe tovg Ilivaxeg 3.2 ot 3.3 yu 10 ypovikd dSdotnua 1950 — 2010,
apBpovvtal 29 cuvolkd enelsodia Enpaciag oty mepoyn. [apatnpeitor 6T T0 KAOE
éva kaBopiletar amd po cuYKEKPIUEVT] S1APKELD UNVAV. L& UPKETEG TOV TEPUTTOCEMV 1|
Enpocio Eepedyel amd To Oplo VOGS VOPOAOYIKOD £TOVG, SUEOVILOVTOG EUUOVY] GTNV

mepoyn yw peyoAvtepo dwomuo. O pnvag évapéng kot AEng tov emelcodiov
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KkaBopileTon amd TV ELEAVIOT TG TPADTNG KoL TNG TEAELTOIOG OPVNTIKNG TIUNG TOL KAOE
ogiktn, oavtiotoyo. H owbpkelo tov €vOg €melcodiov 16ovTOL e TO GUVOAO TOV
SLOOOYIKOV VAV ERPEVIoNS TOL Potvopévon. O HEGog Opog NG Eviaong TG Enpaciog
oV OelkTn TPodKVYE amd TO AOPOIGHO TOV OPVNTIKOV TIUOV TOV HUNVOV TPOS TO
GUVOAD TMV UNVOV TNG OIIPKEINS TOL POLVOUEVOD, OMOTEAECE O EVOEIEN NG UEOTG
unviaiog dSpyotnrag g Enpaciog yio kabe ene1cdo10.

Oyt emeiodo. Enpaociog mapammpndnkav oe épevva (Kavéilov 2010) mov
Tpaypotortomdnke ot mepoyn g Adpioag yua ta voporoykd £tn 1981 — 1982 éwmg
2000 — 2001 pe xpron tov odciktn Enpacioc RDI yia ) ypovikn didpkela Tov dDdEK
unvaov. Zuykekpipéva, Evrovn Enpacio mapovsiocav ta voporoykd £tn 1984 — 1985
Kot 1992 - 1993 evd pétpro dptudTTO TOV POIVOUEVOL gUQaviotnke ota £tn 1987 -
1988, 1989 — 1990, 1991 - 1992 xar 1999 - 2000. Xvykpivovtog Yo To 1010 YPOVIKO
OlAoTNUO. TO. OTOTEAECUOTO TOV TTPOEKLYOV OO TNV TOPOVCO. £PELVO TOPATNPEITOL
TONTION TOV EMEICON MV, ®OTOGO SOMIGTOVETAL U0, OTOKAIGT MG TPOG TOV aPlOUd TV
enelcodiov e Enpaciog ta omoio avEPYOVTaL GE EVVEQ.

H oVykpion kot t0v te664p0v deikTdv Enpaciag otnv meployn Oivel emtuyn
amoteAéopato, KoBOoov Kol o1 T€0oePlS OeikTEC TPOoIOPIoOY HE ToV 1010 TpOTO TaL
enelo6olo Enpacioc, epeoavitoviag o¢ ent 1o mAelotov TIC 018G YPOVIKEG OLAPKELES
UNvoVv péca ota id1o vdporoYIKA £T1 Kot TV 101 Tepimov péon dpuvtnta. Ot dopopés
oV TapATNPNONKAV, 6OV aPopd TN SPUHTNTO, HETAED TOV JEIKTOV £ENYOVVTOL AOY®
NG OLPOPETIKNG PVOTG KOt SOUNG TMV OEIKTMOV OVTMV.

[Mapammpaovrog ta Zynuoata 3.6 €¢mg 3.34, gaiveton 0Tt HEGN TN TS EVIOONS TOV

KkdOe enelcodiov, Koatatdoosl v Enpacio oty 0o | yertovikn katnyopia (pétpa,
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£vtovr, axpaio), Kol Yoo TOvG TE60EPLG OgikTeg, AapPavovtag vtoyn T OlPOPETIKN
SPaduon twv TGV Toug,.

AmO 10 OOVOAO TOV OMOTEAEGUATOV OTNV TOpovoa £pevva  dlaKpidnkav To
vdporoywd €tn 1965 — 1966, 1969 — 1970, 1970 — 1971, 1977 — 1978, 1992 — 1993,
2000 — 2001 won 2001 — 2002 w¢ to TEPIOGOTEPO ENPA £T1 TNG XPOVOCELPAS, OOV GE
OPIGUEVEG TTEPITTOGELG 1) Enpoacia, dyyie kot Tig axpaieg TIES TNG.

Yto Zyfuato 3.2.30, 3.2.31 ko 3.2.32 anewoviovtol To enelcodo ENpaciag 61o
GUVOAO TOVG eUPOVICOVTOC U0 TEPIGCOTEPO OAOKANPWOUEVT TTPOGEYYION TMOV OEIKTAOV.
[Topatnpeitor OTL 01 OEIKTEG EKTIHOVV TO POIVOUEVO TNG ENPOCIAG GTNV TPOG UEAETN
neployn He tov idwo tpomo. Iepiocotepo epupavng eivor 1 oOYKAoN oTIg akpaieg Enpég
TIWEG TOV OETKTT, OOV PaiveTol og oNUAVTIKO Badrd 1 TODTION OAMV TOV SEIKTMOV.

To omoteléopota mov mpoékvyay omd TN YPNON TOV OTATIOTIKOV OEIKTMOV
Bempovvtol TOAD KAVOTOMTIKA KOl KUUOIVOVTOL EVIOC TOV OMOOEKTOV €0POVE TIUMV
TOV GTOTIOTIKOV OEIKTAOV, YEYOVOS TOV ATOOEKVVEL TV 0510MIoTio TG pebodoroyiag.

Melet®vtog TO OMOTEAEGUOTO TOV TPOEKLYOV mopatnpodue ot enydnoav
otoyeila, to omoio. GAAote ocvpPadilovv pe To OMOTEAEGUOTO GAA®V EPELYNTIKOV
ddkacldv Kot GAlote dtapopormotovviat. I[paypatomowdvrog o BipAoypagikn
avaokomnon yo v Enpoacia, dlumotd®inke 0Tt To To GLYVO gvpnua gival 1 EKTiUnoN
TOV QOVOIEVOL TOGO GTOV EAAAOIKO Y®dPpo OG0 Kat dlebvdg, Kupimg e T ypNom Tov
avoyvopiotikoy dgiktn Enpaciog (RDI), tov deikt Enpaciag Palmer (PDSI) kot tov
Tumomonpuévov deiktn vetov (SPI).

Xe pa mapopota epeuvntiky] tpoomddeia (Kavéirlov 2010), dwumotombnke 61t o RDI
VIToAOYIGUEVOG pE TN péBodo duvnTikng eEatuicodiomvong Blaney - Criddle, Oswpeiton

N TEPIGGOTEPO OAOKANPOUEVT] KOL OVIUTPOCOMTELTIKN UEOOOOC Yoo TNV TEPLOYN NG
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EAMGO0c, 6cov agopd otnv katnyoplromoinon g &Enpaciag. Emiong, odppova pe
vrapyovoa. Piproypagio (Tsakiris & Vangelis 2005, Tsakiris et al. 2007, Tsakiris
2008, Kanellou et al. 2008b, Kanellou et al. 2008c, Kanellou et al. 2008d), o RDI £ygt
EQUPUOCTEL TPOGPATA YO TNV EKTIUNOT NG ENpaciog o€ apkeTES TEPLOYES TS EALASG
(®ecocorio, Attikn, Kuvkhadeg, Tlehomovvnoog, Kprtn) ordd kot oe Mecoyestakég
xopeg (Kompo, Itorio, MdaAta) xpnolpuonolidviog 0e00UEVOL ETLYEIOV LETEMPOAOYIKOV
otafumv kol Topovcotdlel eEMPETIKA OMOTEAECUOTO, GUYKPIWVOUEVOS HE EVPEMG
O100e00EVOVG deiKTEG ENpaciag. AlOPOPOTOCEL TOV OPOPOVV TN OPUHTNTA 1 TNV
KOTOVOUT TOU QOIVOUEVOD EVOEYETOL VO TPOEPYOVTOL OO TOPAYOVTEG TOL OPOPOVV TN
YPOVIKN Oldpkeln. otnv omoion vmoAoyiletan o deiktng RDI (mwotol pnveg omiodn
EVOOUOTMOVOVTAL 0TI O1001Kacia), KabmMG Kol T0 LOPPOAOYIKO avAYAL(QO TNG EKAGTOTE
neployns ava tov EALado ydpo.

Ot ovyypoeeig (Avayvootomoviov 2003, Baocwiewadng 2010) xoatéAn&av oto
ocoumépacpo 0Tt o deiktng SPI pmopel vor amoddoel KavomomTikd TNV EUEAVIOT, TN
petafAntotra, v évracn Kabmg Kot TV ppovh g Enpaciog oty EAANVIKY TEPLoym
TapoLSLALovTag EMMAEOV KOAY CLGYETION HE TO OEIKTN OVOUOMOV TNG KEVIPIKNG
Evpdnng, oldd kot g avatolkng Mecoyeiov. Emiong, vmootnpiletor o611 0
petemporoyikog osiktng SPI, pmopet va ypnoyorombel oe emyeipnolakd tpoypdppoto
napokolovOnong g Enpaciag, a@old pmopel vo ovayvopicel S1dpopovg THTOVG
Enpoaciog AOym TG moAAATANG KApakag vroAoyiopol tov. O SPI péypt onuepa €xet
Bpet peyoahdtepo medio €apHOYNG 0T VOTIOOVTIKY Acio. 0md OTOOVONTOTE (GAAO
deiktn Enpaociag, Adyw g TEPLOPIoUEVNG amaiTnoNG ToL o€ dedopéva, TV gveMéia kot
TNV OmTAOTNTO TOV VTOAOYICUADV TOL €VA €xel ypnotpomomBel pe emrvyio yoo v

TePLYPaPn TV cuvinkdv Enpaciog oto TéEag kat oty OkAayopa (Hayes et al. 1999).
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Ye wo épevvo tov Khalili et al. (2011) mpoyuatomomdnke pio mpoomddeio
ovykpong tov oeiktdv SPI xoar RDI mov eiye g otdyo v depedhivnon mbavav
opoloTTeV 1N dtpop®v. Ta amoTeEAECUATO TIGTOTOINCOV o TOPOUOLN CLUTEPLPOPA
HETOED TV Ovo UEBOJOLOYIDV ONUEIOVOVTOG EAAYIOTES Olopoportomaels. Avtifeta ot
Zarch et al. (2011) vrootypi&av 6tL 0 RDI vreptepel oe oyéon pe 1o dgiktn SPI, o
omoiog ypnoonolel povo dedopéva Ppoxdmtwons, KaBdGov TPocPipel mEPIGOTEPO
OAOKANPOUEVEG TANPOPOPIES Y1a TIG CLVONKESG TNG TEPLOYNGS, XPNCULOTOLDVTOS EMUTAEOV
KoL TN SVVNTIKNY EEATIIGOO1UTVOT).

Youeowvo pe tov Guttman et al. (1992) éva peydro mieovéktnua tov deiktn PDSI
elval 1 TVTOTOMUEVT] TOV HOPET| 1| 01Ol SIEVKOADVEL TIC APEGES GLYKPIGEIS TOV deikTN
UETOED SLOPOPETIKOV TTEPLOYDV KOl YPOVIK®OV TEPLOdwV. Xe o épevva (Vasiliades &
Loukas 2009) mov mpaypatomombnke otnv meployn e Ococariog og emAeyuévec Aekaveg
ATOPPONG UE OLOPOPETIKA YEMHOPPOALOYIKA YOPUKTNPIOTIKA, OlamoTmOnKe 6Tl 0 deikINg
Enpaociag Palmer dev extipnd wkavomomtikd tn Swdpkelo Enpoociog evoc €melcodion Kot
obpemvo pe tov Rosenberg et al. (1983) o PDSI teivel va vroektiud v évioon tng
Enpooiog.

Ot tehevtaieg peydieg Enpoacieg mov £mAn&ov TN yo®po Mo giyov TEPAOTIES
OIKOVOUIKEG, KOWMVIKEG Kol TEPPAALOVTIKEG EMMTAOGES dedouévov 0Tt 1 Enpacia
onuovpyet cofapd mpoPAnpaTe ot YE®PYio, GTOV TOLPICUO, GTO amoBEpaTa vEPOD,
OTO OIKOGVLOTILLOTA KoL YEVIKOTEPA 6T To1dTNTa TG (NG TOV AVOPOT®V.

H &npacia cvvenmg, dtapépel and T GALES PLGIKEG KATACTPOPEG G Tpia. Pactkd
onueta. Katapynv, mintrer mohd meptocdTEPOLS avOpdTOLG amd KAOe GAAN QLGIKY
kataotpoen (Mishra & Desai 2005, Zarch et al. 2011), av Anefei v’ Oyv pog to
yeyovog 01t povo kotd tov 200 aidve vanpEov EKOTOUUVPLO VEKPOL MG GLVETELN

deKAd®V PeYAAmV ENpacidv mov cuvéPnoayv otnv Acia kot oty Aepikr. Eivot emiong,
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Qovopevo Tov eEgMaceTal clOTNAL Kot givor OOGKOAO VO TPOGOIOPIGTEL 1) apy Kot TO
TéA0G Tov. O EMIPACELS TOV GLOGMPEVOVTOL OPYE HEGOH GE UEYAAO XPOVIKO O1ACTNHO
Kol propet vo mopapeivouy yio apKeTd ypovia. petd t AREn tov. e to Adyo avtd,
ocuvnBmg TpoKaAeiTal UYL HEYPL VA TPOGOIoPIoTEL N ENpacia Kot 1 €VTaoTn TNG.
TéN0G, Ol KOWmVIKEG eMOPACELS €lval AyOTEPO OpPATEC KOl €KTEIVOVTOL GE TOAD
UEYOAVTEPES YEWYPAPIKES TEPLOYES amMd OTL OGAAEG (QULOIKEC KOTAOTPOQES  (T.Y.
TANUUOPES, oelopol), dedopuévov Ot 1 Enpacio omdvia KOTAANYEL GE KATOGTPOPT| TWV
VTOOOUADV. XVVETADG, | TOGOTIKOTOINGN TOV EMOPACEDY TNG Kol 1| TPOPAEYN 0PN

GTOVG TANYEVTES Elval TOAD To SVGKOAN.
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5. XYMIIEPAXMATA

5.1. Zvumepdopota

Amo ™V epapuoyn g pebodoroyiog otnv emAeyUEVT TEPLOYN UEAETNG TTPOEKLYOV
GUUTEPACLOTO TTOV OLPOPOVY TOCO TNV KATUAANAOTNTA TV HeBdOOV Tov eMALYONKAV
000 KoL TNV EVKOAMO EPUNVELNG KO OVAALGTG TOV ATOTEAEGUATMV TOVG.

To oamoteAEoUOTO TTOV TPOEKVLYOV OO TN XPNON TOV EVPEWS SLUOEOOUEVMV OEIKTMV,
PDSI, RDI, SPI, xou DI, mpotpémovv va eEaybel 10 ocvunépacpa 6Tt TpdKeLTOL Yo
€0YPNOTOVS KOl OAOKANP®UEVOVS OEIKTEG O1 OTTO101 EKTILOVY TO PAVOUEVO TNG ENPOCIg
YOPIG TOAMEG amantnoels o€ dedouéva. Avtd odnyel oe eEotkovounon mOAOTILOL
xPOVOVL, 0 0moiog elval AmAPOITNTOG Y10 TNV KATATOAEUNON TNG ENPACING TOL TANTTEL
€va, LEYAAO TOGOGTO TEPLOYMDV TOV TAAVITN OAAG KO TNG YDPOS LOG.

AvoALTIKOTEPQ, 1| OTOTEAECHOTIKOTN T Kot 1 €yKLupoTNnTa TV nebddwv RDI, SPI kat
DI mpoéxuye and 1 ovykpion tovg pe tov PDSI, o omoiog Bewpeiton o mo a&lomotog
deikng mov ekTnd 10 eavopevo g Enpoaciog. Amd ™ ovykpion avty e&nydnoav
IKOVOTIOINTIKG  OTOTEAECLOTA GPOD Ol YPOVOGEIPEC TOL TPOEKLYAY Omd OAEG TIg
ueBod0vg cuUTITTOLV, TOPOVGLALOVTOC UIKPES VEOUELDOELS OGOV QPOPA TN OPOTNTA
™mg Enpoaociag, ot omoieg elvor ko avopevopeves. H tadtion tov amotelespdtomv
VTOONAMVEL TNV OMOTEAECUOTIKY €KTiunom g &Enpacioag akdun Kot HE TN ypnon
SLLPOPETIKNG neBdoovV.

KoabBopiotikd poro oty €£aymyn TwV CUUTEPACUATOV, €ixe M ¥PNON OPIGUEVOV
EVPEMG O10OEOOUEVAV GTOTIOTIKMOV OEIKTAOV OO TOVG OTOIOVG TPOEKLY AV GUYKPIGILN
KOl 1KOVOTOMTIKG amoteAéopato. Amd TOV LTOAOYICUO T®V GTOTICTIKOV OEIKTOV

mopatnpOnKe OTL T0 AMOTEAECUATO KLUUOIVOVTOL GTO EMITPENTA Oplol TANGIALOVTOGC
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péota Tig PEATIOTEG TYES TOV KAOE Ogiktr), YEYOvHg Tov eEakpifmdvel kot emoindedet
T NOT VILAPYOVTA ATOTEAEGLLOLTOL.

Yvvenwg, emPePardveton 1 ypron tov deiktodv PDSI, SPI, RDI kot DI yio onpeloxn
extiunon g Enpaciog KabloTOVTOS TOVG KATAAANAOVG GTO Vo TEPLYPAYOLV Kol VO

EKTIUNGOLV TO POLVOLEVO TNG ENPaciag.

5.2. lpotéoeig

Oocov apopd, Tov apTtiotePo HEBOSOAOYIKO GYESOGUO KOl TNV EQUPLOYT| TAPOUOIWV

UEALOVTIKOV EPEVVADV:

& Znuoavtikd pétpo mov Bo. propovoe Vo EPApUOCTEL agopd TNV adENon Tov SikTHoV
TOV HETEMPOAOYIK®V oTafudv. Me 1oV TpOmo awtd, eSacpaiileton 1 koAvTEPY
TPOGEYYION TOL GUIVOUEVOL TNG Enpoaciag amd Tn oty mov o mwapéyeton M
duvoTdTNTO AVTANONG TEPLGTOTEPMV FEFOUEVAV Y10 ETEEEPYACTA KO OVOAVOT).

¢ T'a v extipnon tov eawopévov g Enpaciag, vadpyel po. TAnBopa deiktdv. O
Kkd0e évag amd avtovg £xel T dkn tov agia Kot cvyvd vrootnpilel o évag Tov dAro.
Daiverar 0TL Kavévag delkTng 0ev eivar BEATIOTOC Y100 OAES TIG TEPLOYES Kol Y10 OAES
TIG TEPUTTAOCELS, e PAom TO Yeyovdg 0Tl opiopévorl deikteg Tapovotdlovv KaAvTePa
AMOTELECUATO O GYECT HE BAAOVG, Y10 GLYKEKPLUEVES KaTaoTAcES. ETopévac, évog
GLVOLOUGHOG JEIKTAOV EVOEYOUEVMG VO ETvar L ETIAOYN.

¢ Baowod emiong, eivar va edpoiwBovv ot pébBodot Kot o1 TapAUETPOl TOV JEIKTAOV,
TPOKEWEVOD VoL EEACPOAMOTEL 1] SVVATOTNTO TPOYVMOCTG TOL POLVOUEVOU.

% Téhog, oxdémpo OBo Mrav vo e€etactel N SLVATOTNTO, YPNOLUOTOINONG Kol GAA®V

OEIKTMV ot omoiol va omodidovv €VOEYOUEVMG TN OLVATOTNTO KOVOTOUTIKMV
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OTOTEAECUATOV OVOAIY®MG HE TO LOPOKAUOTIKE YOPOKINPIOTIKA TNG AEKAVNG

OTOPPONG.
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7. ABSTRACT

The study of environmental risks has particularly increased due to the frequent
recurrence of their extreme forms. Drought, which is included into those risks, causes
great concern in a large part of the world population. Without any doubt, droughts
belong to the dangerous extreme environmental conditions of a region and are based on
the reduction and variability of rainfall at different time scales.

The term drought is used to describe a long period in duration, where the presence of
freshwater in a geographical area is significantly less than expected, as determined by
the climate regime and the water requirements in order to cover local needs
(Koutsoyiannis & Mamasis 2007). This natural hazard may occur after the long-term
overexploitation of agricultural land, the excessive consumption of water resources, the
climate change (Fernando et al. 2011) and the occurrence of extreme weather events.
Therefore, drought is a combination of many negative factors and eventually leads to
degradation of soil resources.

This thesis is a contribution to the drought analysis in the basin of Pinios river
(Thessaly, Greece). The study in the region of Thessaly is very important since the
appearance of drought has a direct influence on the flora, fauna and fish fauna of the
basin.

Assessment and monitoring of drought is carried out using a time series of monthly
conventional data for 60 hydrological years, from 1950-1951 to 2009-2010. Four widely
used indices of quantitative estimation of hydrometeorological drought are applied,
namely the Palmer Drought Severity Index (PDSI), the Reconnaissance Drought Index

(RDI), the Standardised Precipitation Index (SPI) and the Deciles Index (Dl).
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Also several widely used error statistics are employed for validation of the analysis,
namely Efficiency Coefficient (E¢), Root Mean Square Error (RMSE), Statistical Bias
(BIAS) and Coefficient of Determination (r?).

The results are considered very satisfactory. All the drought estimation indices have
indicated the same temporal behavior during periods of drought. Also the values of
error statistics are considered very satisfactory and vary within acceptable ranges for

each drought index.

Key words: conventional drought indices, validation, error statistics
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Yroloyiopévn edapikn vypacio (Computed soil moisture)

Agixtng avouaiiog edogikng vypaoiag (Soil Moisture Anomaly Index)
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Agiktng Enpaociag pevuatopong (Streamflow Drought Index - SDI)
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1. M£00odog Thornthwaite

To povtéro 16oluyiov Hoatog £xetl epapuochet yio T AVon TOAADY TpoPAnudTwv
€00PIKOV  VOOTOG TEPIAAUPOVOUEVNC Kol NG HEAETNG NG YewpYwng Enpaciag.
Xpnowonotel T dwpopd Ppoyontdoemg Kot e&otpicodomvong Kot vroloyilet
eMeipparo 1 Theovdopata VOATOG. ATOLTEITOL 1) IKAVOTNTA GLYKPATHGEMG VOOTOS OO
T0 £30(0C, TOV £lval 1 GLVAPTNCT TOV THTOV TOL E6APOVG KOl TV ATALTNCEWV GE VEPO
mg mepoyns. To miedvaopo Voatog vmoroyiletor apéomg Kot AopPdvetor cav
amoppon. To éAlelupa Tov vepol eivor SuoKOAITEPO Vo LTOAOYIGTEL O10TL VITOTIOETOL
OTL M TpaypatTiKy] €€ATUIC000MVOY| Elval GUVAPTNON TOVL TEPLEYOUEVOL GTO E60POG
vepov, o 0g puOudc e€atpicodianvong vroroyiletar amd v PpoydnTmon 6€ GYEoN UE
T0 OGO TOL S1ABEGIHOV VEPOD TIOV TTaPApEVEL 6TO £00.pog. Otav 1 Bpoyxdmtmon sivat
Mydtepn NG SUVOIKNG EEATUICOOIAMVONG 1) TPAYUOTIKY 1G0VTOL UE TN PPoyoOnTon
GLV TO VEPO, OV YdveTan amd 10 600G MG EEATHION 1) OloTVoN.

To povtélo Thornthwaite éyer emiong ypnowwonmomBel yo vo emiPePordost
SuVOTOTNTO OPOEVCEMC, O10TL TEPLEYEL TOV OAKO OYKO TOL OATOUTOVUEVOL VOATOS OE
k&g ypovikn otryun|. Eniong ypnowyonoteiton ko yroo v teAkn pétpnon e Enpocioc.
O 6ykog avtdg GLYKPIVOUEVOC LE TO TAEOVACUO VOOTOG GAL®V TEPLOOMV (EMOYDV)
Oglyvel av VIAPYEL APKETO VEPO KATA TN OEPKELD TOV £TOVG Yo APdEVOT). ZuyXpPOVMG,
VTOAOYIGUOG TV HETAROA®Y amodnKevUEVOL vEPOD 6TO £00.pOC KAOE LEPQ, TapPEXEL TN
SLVOTOTNTO VTTOAOYIGHLOV TOL ¥POVOL KOl TOL OGOV TOV VEPOL Y10 APOELOT| UE GTOYO
) mpoctacio amd v Enpacia, Tov o TePOPIle TN YEWPYIKN TOPOYWOYT.

H e&iowon tov vdatikov mov ek@pdlel ) dwtpnon g Haloc o po €30pIKN

KoTavoun pmopet vo ypoet:
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P+1+ASW+RO-D-ET=0 (A1)

omov P givan 1 Bpoydmtowon, I eivor 1 dpdevon, RO eivar n emoeaveioxn anoppon, D
elvar n Padid S Onom ko DSW givor  aAroyn tov mepteydpevov vepol g 00PIKNG
KOTOVOUNG.

2m pébodo avty mn dvvoukny e€atpicodiamvor] vmoloyiletor amd T péom
Oeppoxpacio pe ™ yvootm uébodo tov Thornthwaite (1948). O Mather (1981)
YPNOLOTOINCE NUEPNOIEG KO UnViaieg TWES PpoyonTdoemg kot e&atpicodtomvons. To
CLUTEPAGLO. TOV TPOEKVYE tvar OTL ToL unviaiar otoyeia divouv TIHEG TAEOVAGLOTOG
Kot eAAEIppaTog TOAD HIKPEG. XapoKTNPIoTIKA ovapEPETaL OTL TaL unviaio eAAeippaTo
&xovv Bpebet 50% pikpoOTEPO amd OTL glyav VTOAOYIOTEL Pe MUEPNOLEG TIUEG, EVD GAAML

eMEIPPOTO VTOAOYIGUEVE OO PHECEG TYLES NTAV TOAD O UIKPOTEPOL.

2. M£0odog Fitzpatrick

H pébodoc avt) ypnowonolel to yevikevpévo povtédo teolvyiov 0O0TOG Yo vo
kabopicel 1 Odpkeld avantHEE®G TOV PUTOV GE GYEON HE TNV €00PIKY VYPOCidL.
Yvvenmg umopel va ypnotpomombel oe pedéteg Enpaciog avapepdpevn o mePLOO0VG
eMelppotog vepod. Xe peléteg khipatog yio koAMépyelec kou Pookéc o Fitzpatrick
KAveEL TG emOpEVeEG LVTOBECELS:

» Bpoyonthoelg diapkelag LeyaAdTepNG TG UG BOOUAdS TPOPOSOTOVY TO £00.(POG
uéxpt 100 ythrootd (mm). Kdébe npodchetn Ppoydmtwon Bewpeitor 6T ydvetor amd to
£00(POC G ETPAVELNKT] ATOPPOT | ®G dmbnom.

» O pvOuodg efdopadiaiog e&otpcodiomvong ival avaioyog g eatpicemg erevOepng

EMPAVELQG.
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» Av 10 vVToAOYIGHEVO VEPO TOV £6apovG pali pe v gfdopadiaio Ppoydmtmon sivol
pHeYaALTEPO TV 64 MM, tOTE N €€0TICO0dTVON Bempeitan SOLVOLIKT. TO HLOVTEAO
avtod £xel vmoloyiotel 0Tt €ivan Ta 6/10 NG e€diTiong erebBepng emeavelag.

» Av 10 vVToAOYIGHEVO VEPO TOV £6apovg pali pe v gfdopadiaio Ppoydmtmon sival
UKpoOTEPO TV 64 MM, 0 pLOUOG eEaTicodtamvong vroroyiletor 0Tt givan Ta 4/10
¢ e€atpicemg erevBepng empdvelag.

To povtédo &xel ypnopomondel yio va vroroyicel tov apBud efdouddmv kabe £Tovg

OTOL M €00PIKN VYpacia NTav evidg tov opiov Twv 100 mm. Edkola petatpémovtal ot

VTOAOYIGHOL Y10 VoL OeIEOVV TEPLOSOVG TEPLOPIGUEVIC 1 UNOEVIKNG avamTOEEMG ONANOT|

TEPLOSOVG ENpaciag.

3. M£06odog Baier-Robertson

Etvor tomucod mopddetypo pebdoov mov ypnoiponolel pealotikég vwobEcelg yo )
¥pNoN ™S vypaciag tov &ddeovg amd to eutd. H pébodog avth tpomomolel Tig
nponyovueveg tov Thornthwaite-Penman-Kouler. 'Eyxet Ppebei (Holmes-Robertson
1959) 611 pe ovvOnkeg un apdgvong to 16oLHY1o VOUTOS TOV YPNCLOTOLEL TNV EMISPAOT
NG VYPAGING TOV €3APOVG KOl TO YOPAKTNPIOTIKA TOV PLAONOTOS TOV QLTAV, VITEPEYEL
amd amAoVGTEPOVS VITOAOYIGHOVG TNG VYPOSING TOL €04(POVS, 01 0moiot dev Aapfdvouv
VTOYT TO YOPOKTINPIGTIKAE OV TA.

YUVETMG, N LEBOSOG Y10 TOV VITOAOYIGUO TG NUEPN LG VYPAGING TOV E3APOVG KATH
{dveg amd KhMpatoAoykd otoyyeio eivar avth towv Baier-Robertson (1966). H pébodog
avtn Oewpel ™ Svvapukn eEatpicodwamvor] (PE) ocav tn péylotn dvvar T g
TPOYUOTIKNG Ol0mvong Kol TPooaplolel v Ttedevtaio. cOUPOVO pHe TN Sbéoun

vypacio TOV £3GPOVS, TNV amMOpPPOn Kot TNV arootpdyyion. H pébodoc avt) ta&ivopuet
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EMIONG TO OMKO OGO TNG O100EGIUNG VYPAGING TOV €XAPOVG 0 (MVEG LE SLOUPOPETIKEG
YOPNTIKOTNTEC. LVVERMG EMTPENEL TN TOVTOYPOVY] OVAANYT vypaciog omd Oldpopa
6N Tov £30PIKOV GTPOUATOC GE GYECT LE TN OVVOUIKT EENTHIGOOINTVOT, TV VTTOPEN
plopatog kat tn dtbésiun vypacio tov £0dpovg o kabe {dvn. XapakTnpioTikd Tov
HOVTEAOL givor 1 €KAOYN OPOPOV TOTTOV KOUTOA®Y ENpoOTNTaS TOL €6APOVS, TTOV
kafotd dvvarn v e&€taot SlPOP®Y KOTAGTAGE®V TNG OBEcIUNG VYPAGIag TOL
€00(POVE OTA PUTA GE GYECT] LLE TO £J0UPOG KO TOVS LETEMPOAOYIKOVS TOPAYOVTEC.

Amd tovg Baier-Robertson spappolovtar t-1e0t 68 OAeg TIC PAOEIS TOL KOKAOV TG
vypaciag Tov €ddgovs. IMapoéia avtd, av 10 TEPIEXOUEVO TG O00ECIUNG EUPIKNG
vypaociog TANGLalel To Undév TOTE aKOUN Kol IKPA GOAALOTA DTOAOYICHOD YivovTal
ONUOVTIKA Kol TPEMEL va. dlopldvovion 1| HE TNV TPOTOTOINGCT TV GLVIEAECTAOV

KOAALEPYELOG 1] LE TN YPT|OT LLOG TTLO OMOTEAECUOTIKNG OYEGEMG.

4. Poyowi) M£0odog

Ot Pooor €ovv ypnoyomomoet puéBodot 1ooluyiov vepol yioo v wpdPAreyn g
c0oe1dg. Xtnpilovtar oe otoryeio VYPAGING TOV £3APOVG, TOV GTASIOV AVATTVEEMG TV
QLTOV, TOL TOMOV TOL €dAEOVg Kot TNG e&atoodtanvons. Ot Pocotr epappdlovv
QUEGOV UETPNOEMG TNG VYpaociag Tov €ddpovs. Ta otoyeion avtd vrapyovv ce KdaOe
AYPOUETEMPOLOYIKO oTAONO, KAODS Kol GToLEin Yo TIG TPELG KUPLOTEPES KOAMEPYELES
kdOe mepoyne. Ioapdra avtd, spappolovior kot péBodol vToAoyiopov, Omov dev
vrapyovv otoryeio. Ewdwotepa £xovv ekmovn0el vopoypappaTo ove SEKOMUEPO Yol TV
EKTIUNON TOV SLOKVUAVGEDV TOL TAEOVAGUATOG TG LYPAGIOG TOV €£3A(QOVS KATH TNV
nepiodo  PAACTNCEDS ®G GLVAPTNON UETEMPOAOYIKAOV, (QUOIKAOV KOl €00PIKAOV

TOPAUETPOV.
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O Fedossen (1962) éyet ypnowonomoet tov ovvieheot "vypdmrag" K. O

GLVTEAEGTNG VTG Elval avAAOYOG TOV OAKOD TOGOD VYPAGING, TOV TEPLEYETOL LEGN GE

éva, LETPO €0GPOVG €VOG TLTIKOL Opoypapikoy mediov. Ta mocd g vypaociog tov

€00povg dtopHmvovtol cOPP®VE pe T0 avayAvgo g emedvelas. O Tlivaxkag 2 divel

olapopec TéG tov ocvvteheotn K ovppova pe 1o avdylveo g emeavewnc. Ot

UEYOAVTEPEG OOPOPEC OTNV LYPOGIOL TOL €0APOVG GE GYECN HE TO OVAYALPO TNG

emeavelag epeaviCovror oto "vypd" €.

O Fedossen ypnouonotei T1g akOAovBeg eumelpikéc eEIGMOGEIS Y10 TOV VTOAOYIGUO

NG VYPUGING TOL £6APOVC.

U=-198T10+1,64P10-0,36 Z+ 32
U=-0,63T10+0,49P10-0,22Z+8,2

U=-0,03T10+0,49P10-0,152+1/4

o6mov U = dwokdpaven g dtafEciiov vypaciog eviog dekonuépov (mm),

T10 = péon Beppoxpacio aépog tov dekanuépov (°C),

P10 = Bpoyoémtmon tov dekanuépov (Mm) ko

Z =vypaocia Tov £64povg otV apyn Tov dekanuépov (Mm)

(A.2)
(A.3)

(A4)

Amo T1¢ elomoelc avtég N e€icmon A.2 YpNOIUOTOIEITOL OTOV 1] VYPUGIN TOV EAPOVG

elvar peyadvtepn tov 60% 1ng voartoikavotntag, n eElowon A.3 6tav m vypooio

€06povg gtvar petacy tov 60% g voartoikavoTnToS Kot ToL "onpeiov papdvoemg'”, Kot

n e€lowon A.4 6tav 1 €daPikn vypacio eivol KAT® amd TO ONUEID LOPAVOEWDG.
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IMivaxag A.l.: Tyéc ovvieheotod K soppmva pe to avayAveo g

EMLPAVELNG
Tomog avayrv@ov K
Aopadeg avaylopo
Eninedo peta&y Adewv 1,00
Kopvpn Aopov 0,46
Nortia kAion 0,53
Bopetodvtikn khion 0,71
Metafinto oveyivpo nuiepnuwmv
Mukp6 ridge 1,00
Mikpo-kAiion 1,24
Maikpo-trough 1,58
Bopeta kAion 1,12
Trough Bopetag Khiong 1,27
Bdon cabpopotog 1,40
200po ovaylvopo

Enimeon Aexdvn 1,00
Notia kAion 0,76
Trough oce votia khion 0,94
ABdot 1,41

Ot Paocotl éxovv ypnoipomomoel 1o 100lvylo ¥oatog, 10 160L0YI0 eVEPYELNG Kot
aepOodVVAIKEG HeBGOOVE Yia ToV voAoyiopnd g e€dtuonc. Epapuoletor 1 pébodog
Budyko ywo tov vmoloyiopd g eEdtiong and pkpEG e0apIKEG EMPAVEIES. AVTH M)
néBodog ypnoponotel otoryeio Ppoyontdcoems ko axtivoPoiiag. H eumepikn e&icwon

€xel og €ENG:

BO
E- JBo[l_epL].thPL (A5)
L B,
o6mov P = emoa Bpoydmtwon (mm)

B, = 1000y10 axtivoPoAiog yia Ty vypn emedveta (Kcal/cm?year)

L = AavBavovoo Beppotnra sEdtponc (Keal/cm®)
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th = vepPorkn epamTopévn

B,/L = péyiotn duvapukn e€drtuon.
5. Agiktng avopadv Bpoydéntoong (Rainfall Anomaly Index - RAI)

O Acgikmg avoupohav PBpoyomtwong (RAI) sivor pa dtadikacio ta&ivounong tov
peyébovug og BeTikég Ko apvnTIKEG TIES avopaA®y Bpoyodmtwons. H popen tov deikt

sivat:

RAI =432 =P (A.6)
E-P

omov P givon n Bpoyxontoon, P eivorl n péon Tiun TV Ppoxontdosmy, kar £ gival o
pécog 6pog tv 10 akpaimv BETIKOV 1 ApVNTIKOV TYLOV.

Mo 1 Betikéc avoporiec ™c Ppoyxdmtwone, to mpoéonuo eivor Oetikd kot 1M
TApAUETPOS £ elvar 0 pécog 6pog tv 10 vyniodtepmV TILOV TV BPOYOTTOCEMY TOV
£€YOVV KATOYPAPEL EVOD Y10 TIG OPVNTIKES OVOUAMES, TO TPOCTIO Eivar apvnTIKO Kot M
TapAUETPOg £ mpokvmTel amd Tig 10 yapnAdtepeg THEC.

Aloonueioto givar va avagepbel mwg ot dtapopéc petald g nebdoov avtg Kot
Tov mo mepimlokov deiktdv Palmer ko Bhalme-Mooley sivon apeintéec (Oladipo

1985).

6. Agiktng meproyic Enpaciag (Drought Area Index - DAI)

O d¢eiktng meproymg Enpaciog (DAI), ypnoponoteitat yloo TV €KTipnom e vYpaciog
KATé TN OPKELN TOV KOAOKAPIVOV WVOIKOV HOVGMVOV, OTOV GUYKEKPLUEVES TEPLOYES

katakAvlotay omd peydAn mocdtnta Ppoydmtmong, M omoio KOTA  TEPLOSOVG
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Eemepvovoe akopo kot 75% tov ethowwv PBpoyontdoewv (Bhalme & Mooley 1980,
Keyantash & Dracup 2002). H tyun tov deiktn meproyne Enpaciog divetar amd T

oYEon:

P-P
|, =05,  4—— -k k
‘ “1U4855 o

K

(A7)

omov I givon n évraom g Enpaciog (adidotato péyebog), k sivar o apBpog unvav, P
gtvor n unviada Bpoxontmon (mm), 7 eivar o pécog 0pog Twv Ppoxontdcewv (mm), Kot
o, etvon 1 okt amokAon PpoydnTmong (mm).

[Topatnpeite Tog 1 nEBod0g Tov deiktn mepLoyng Enpaciag ivor Alydtepo mepimhokn
and ekeivn tov PDSI ene1on amoutel povo dedopéva Bpoyomtmong Kot Oyl TEPICCOTEPES
TOPAUETPOVG TOV VOOTIKOL toolvyiov (Bhalme & Mooley 1980). Téhoc, petd omod
ovykpion tov deiktov PDSI xor DAL oe meproyn tov HIIA, Somotddnke otl taL

AMOTEAECLLATO, TTOV TPOKVTTOLV OO TOLG OLO AVTOVG dEIKTES £ivat OO

7. Ilo6ooT6 TG Kavovikis BpoyorTtoeng (Percent of normal)

To m0G00TO TG KAVOVIKNG PPoyOmTonS, LIoAoYILETOL SoPOVTAG TNV TPOYLUATIKY|
Bpoyxdmtwon pe ™ péon Ppoyxdntmon (kotd kavoéva Bewpeital o pécog 6pog 30 eT1dv)
kot moAdamAacidlovtag eni 100. Qotdc0, T0 TOc0sTd ™G HEoNG TG PpoxdnTmong
€0KOAQL TOPEPUNVEVETAL OO TN OTIYUN 7OV UTOPEL Vo ODCEL SOPOPETIKEG TILES
avaAioyo pe T 06om T VIO PEAETNG TEPLOYNG KLl T XPOVIKT TTEP100.

To pelovEKTNA TG XPNONGS TOV OEIKTN, EYKELTOL OTO YEYOVOS TOV OTL 1 PHEoT TN dev

elvar ion pe m d1dpeco tov TocoH PPoYOTTOONG €POGOV M UNvieio. | 1 ETOYLOKN
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Bpoyxodmtwon dev mapovctalel KOVOVIKT KOTAVOUT. X€ o BETIKA ACOUIETPY] KATOVOUN
TOV BPOYONTOCE®Y, 1N SWIUECOS TOV TIUOV givor Hkpdtepn TG MEONG TIUNG, £TCL
av&avel N TOAVOTNTA ELPAVIONS TILAOV BPOYOTTM®ONG KATM TOV KAVOVIKOV GE GYE0T UE
avtég mov epgavifoviar miveo omd to péco Opo (Steinemann et al. 2005). Ttnv

TEPIMTOON QLT 1) TEPLOYES YopaKTNpilovTal o¢ yevikd Enpéc.

8. Awukpurég ko afporoTikég avoparieg Ppoyxontoweng (Discrete and cumulative

precipitation anomalies)

H éewyn Ppoyontdoewmv mpocdiopiletar amd 1o O&iKTn OoKPITOV OVOUOAMDV
Bpoyxodmtwong kot vroAoyileton amd T O0Popd HETAED TWV TOPATPOVUEVOV TILDV
Bpoxoémtwong Kot Tov KAATIKOD HEGOVL OPOL TNG TEPLOYNG TOV TPOKLITEL OO
pakpoypovio dedopéva (Kanellou et al. 2008a). H onuacia g avopaiiog egaptato
amd To KAILO TNG EKACTOTE TEPLOYNG YEYOVOS TOV OMOOEIKVVEL OTL O OEIKTNG OVOUUALDV
dgv gtvar 110iTEPO KATOTOMGTIKOC.

O Foley (1957) etonyaye o t€tota teyViKy otV omoia eEetdlovTat ot afpoloTIKES
avOUOAEG TG PpoyxOnTmoNs. XUYKEKPIUEVO, TPOYUOTOTOEITOL 1 HEAETN TV
AMOKAICE®V PNVIKi®V HETPNOEOV OO TOLG UNVIKIOVG HECOVG OPOLE LG HEYOANG
YPOVOsEPHG dedopévav. Avtd deiyvel KaBapd TO GUVOAIKO TOGO KOl TN OEPKELD TOV
TAEOVAGHOTOC 1 TOL  eAAeippotog vepol. O delkng 0BpoloTIKOV  OVOUOAMOV
Bpoydmtwong, 6mmg Kot 0 dakpitdg, eEoptdtor amd to pEYEHog TOV OVOUOAM®DY TNG
Bpoydmtwong oe oxéon pe TIC Kavovikeés cuvOnkeg oty meptoyn. ['a va AneBel vtoyn
avTd 10 OmOTEAEG L, N TPpocEyyion tov Foley opalomotetl ka0e avopoiio o oxéon pe
TOV €TNC10 UEGO OPO PPOYOTTAOCEWV, LE TIC 0OPOIOTIKES AvVOUOAES Vo eKppalovtal o€

yootd g emotag Bpoydntmong (Keyantash & Dracup 2002).
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Qc1000, N LEB0OOG 0OPOIGTIKOV AVOUOAIDV BPOoYOTT®ONS, Tapovctalel 600 KOPLEg
advvapies. H pébodoc apyikd, dev mapéyet ) ovvatdotnta evpeong g Evapéng g
Enpaociag, po TopAUETPO KPIOIUN YK TOV VTOAOYICUO T®V 0OPOIGTIKOV OVOUOAIDV.
Eniong, n onuacio tov avopoAidv, Sokpitov 1 afpoloTikdv, eEoptdtor ond To
puéyebog avtdv oe oYEom e KATO10 TPOTLTO UETPO TLTIKAV AVOUOMOV (7)., 1| TUTIKT

amoKAon).

9. Agiktng Enpaciag Bhalme - Mooley (Bhalme - Mooley Drought Index - BMDI)

O d¢eiktng Enpaociog Bhalme — Mooley (BMDI), Baciletar povo oe tipéc unviaiog
Bpoyxodmtwong kot amotelel £va KaAd HETPO TNG TPEYOLOAG KOTAGTOONS TNG ENpaciag, N
omoia etvar amotéleouo GOVTOU®V TEPLOdWV ENPov kapov. Ta Pacikd Pruata yio Tov
vroAoytoud tov deiktn BMDI giva o axdAovba (Oladipo 1985, Loukas et al. 2002):
> Apyikd, TPOYHOTOTOLETOL O VIOAOYIGUOGC HéSNC Hnviciag Ppoydntmong P, TOMKYC

ATOKAIONG S KOl GUVTEAECTMV SLOKVLOVONG Yo KAOe oTafo.

» 'Encita vmoloyiletan o deiktng vypocioc M (6. A.8), ypnowomoim®vtag Tnv

mocooTtioio ardokAlon TG unviaiog fpoyxdntmong omd tn péon.

M=100(P - P) /s (A.8)

» Xt ovvéyeln yivetoar ANYN TOV HECOV OpOV TOV LYNAOTEP®OV 0OPOIGTIKOV
APVNTIKOV TILOV TOV OEIKTN VYPUGING G€ SLAPOPa YPOVIKG SIUCTAUOTO UNVOV ord
OAOVG TOVG GTAOUOVG HEAETNG. Me anTd TOV TPOTO, HOG TOPEXETOL EVOL GUYKPLTIKO
HETPO  TEPLOYIKADV  AVOUOADY  VYpaciog oeov  emTpémel  Ttov  oplOuntikd

TPOGIOPIGHO TOV OKPAi®V cuVONK®OV ENPaciag o€ TUNUOTO TNG TEPLOYNG LEAETTG.
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» Ot akpoieg ovvOnkee Enpacioag Tov pEYIGTOV UnNviciov afpolsTIK®V apvVNTIKOV

TIL®V Tov dgikTn VYpaciag M vrodoyilovtan amd v e€iowon A.9:

K
D M, =a+bk (A.9)

t=1

omov M; gtvar o1 aBpototikég Tipég tov deiktn vypaciog M, k o apBudg tov unvov kot
a, b o1 otabepéc.

» H e&icwon mov avtictoyel otig téc0epig katnyopieg Enpaociog givat:

k Mt
II,k :|I|Z (a+bk)

t=1

(A.10)

omov Iy etvar n dpyvTnta g Enpaciog yo Tov piva t ko lezle [-4, 4].

Y& ddoykovg UNVES, Wio apvnTIKn TN Tov M €xel ¢ amoTtéAecpo TEPIOCCOTEPO
apvnTIKEG TWES Tov Ik Kat T dTpnon Tov vEloTapevey cuvinkov otpec. ‘Etotl, yo
OAOVLG TOVLG UNVEC TTOV £TOVTAL EVOG apYIKoD ENpov Unva, EI0AYETOL VOGS ETITAEOV OPOG
VTOAOYIGUOD TNG OMOCONTOTE WETAPOPES TNG KATACTAOYNG TOV EMIKPATOVGE GTOV

TponNyovevoL piva. O 0pog avTdG LETATPETEL TV TPONYOVLEVT] e&lomon ¢ eENg:

Al ==y =——+ el

K

(A.11)
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oOmov ¢ givar pa otafepd mov e€apTATUL OO TN GLYKEKPLUEVT] TEPLOYT KOl VTTOONADVEL
Vv EMOpacN TG KATACTOONG TOV TPONYOOUEVOL piva. Q¢ €k TOOTOV, 0 TEMKOC

deikng oppvTnTog Enpaciog yio £va cvuykekpiévo unva k, divetar amod m oyéon:

4M
/, = “+(1+c)l

a+b (A.12)

‘Encita €yovpe xotdtaln tov tipdv tov ocikty BMDI oe évieka diagpopetikég
katnyopieg (ITwv. A.2), mapdpoieg pe exeiveg tov deiktn Palmer. T to Adyo tov 0Tt 0
BMDI omoutel, o0mwg mpoavaeépbnke, povo dedopéva  Ppoxdmtmong Kot Oyl
ToAOTAOKOLG HpoVS VIATIKOV 1oolvYyiov, puropel va BewpnBel pa amlomompévn £kdoon

tov dgiktn PDSL

Mivaxag A.2: Khpotwég cuvinkeg pe faon tig tipés tov oeiktn BMDI

Twpég Tov dciktn BMDI Khapoatikéc ovvOnkeg
>4.0 Axpaio vypég
3.0 éwg 3.99 IToAV vypég
2.0 €05 2.99 Métpua vypéc
1.0 émw¢ 1.99 EAappic vypég
0.5 ¢0¢ 0.99 "Tyvn vypaociog
0.49 éw¢ -0.49 Kovovikég ocuvinieg
-0.5 émw¢ -0.99 Tyevn Enpaciog
-1.0 éwg -1.99 Elappdg Enpég
-2.0 éwg -2.99 Métpia Enpég
-3.0 émw¢ -3.99 ‘Evtova Enpég
<-4.0 Axpaio Enpég

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 18:22:55 EEST - 13.59.53.151



15

10. Asiktng vypoociag kalepysr®v (Crop Moisture Index - CMI)

‘Evag and Toug To amoTeAECUATIKOVG OEIKTES YEWPYIKNG ENpaciog Katd Tn StdpKeL
LG KOAMEPYNTIKNG TTEPLOdOV givarl o deiktng vypaciog kKarAepyewdv (Crop Moisture
Index - CMI), tov omoiov dnuiovpyds eivar kot oAt o Palmer (1968). O cuykekpipévog
OelKTNG, EKTIUG PIKPNG SIUPKELNG KATAOTAGELS VYPAGIOG KLUPIWG Yol OYPOTIKEG TEPLOYES
Kot vroAoyiletan Bdoel TV PES®V BEPLOKPAGIOV KOl TOL TOGOV BpoxdmTmONG Yo Kae
epdopddn kabhg emiong ko Pacel g TG tov deiktn CMI g mponyovduevng
eBdopadas.

‘Eva yopokmmpiotiké mov eumodiler tov CMI va ypnowyomombel yuoo v
TapokolovOnon tov cuvinkov Enpaciag kol vypaciag €KTOG TNG KOAMEPYNTIKNG
ePLOdoy, eivor OTL ot TWéG Tov delkTn KOTA TV Oopy| Kol To TEAOG NG KaOE
KOAMEPYNTIKNG TEPLOdoV eppaviloviar cuviBwg kovtd oto undév. Emopévac, o deiktng
CMI avrtamokpivetotl dpeco otig Bpayumpodecues ahiayés oTig cuvOnKeS VYpaciog oe
po KaAAMEPYELD VD deV TpoopileTan yia TV aSloAdyNo” LG LaKpoxpoviag Enpaciag.
O ovvdvaopog wotdéco tov dsiktowv CMI kor Palmer, 6o odnyovoe oe mo &ykvpa
OTOTEAEGUATO. XTOV TOPOKAT® TIVOKO, TOPATPOVUE TIG KALATIKEG cuvOnKeg pe Pdon

T1G TIpéG Tov dgiktn CMI.
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Mivaxog A.3: KApotucée ouvOnieg pe Bdon tig tipég tov deiktn CMI

Kapotikég ovvOnkeg Twég deiktn CMI
E&apetikd vypég >3.0
Yypeg 2.0 £0¢ 2.9
Mn opoAn vypacio 1.0 émg 1.9
Elappac Enpég -0.9 éw¢ 0.9
Mn opoAn Enpoacia -1.0 éo¢ -1.9
E&apeticd Enpéc -2.0 émg -2.9
Apueio Enpég <-3.0

11. Yrohoywopévy £6a@uki) vypacio (Computed soil moisture)

H &dagikn vypaocio pmopel va vroloyiotel péow apluntikedv poviédwv (Computed
Soil Moisture), ta omoio. TPOGOUOIOVOLY  TIC TAPAUETPOVS TOV VOATIKOV 160LVYiov
EVTOG NG OTNANG TOL EJAPOVS, LE TN XPNON UETAPANTAOV, 0TS TNG PPOoYOTT®ONS, TNG
Bepurokpaciog tov aépa, e Beppoxkpaciog €34POVS, TOV TOPDOIOLG TOL £6GPOVE, Kot
¢ deiodvong (Keyantash & Dracup 2002).

To kévtpo npofreyng khipatog CPC (Climate Prediction Center) tng Apeptkavikng
Metemporoyikng kot Qkeavoypoeikng Ymnpeoiog NOAA (National Oceanic and
Atmospheric Administrator) dwafétel vroloyicpéva otolyeian €3aPIKNG VYPOCING Yl
kéOe kKhpotikny {ovn, oe unviaio gpovikn kAipokae amd to 1931 og kot ofjuepa (CPC
2000). Ot Aemtopépeleg GYETIKA pe TO aplOUNTIKO LOVTEAO OV YPNCLLOTOLEITAL Y10 TOV

VTOAOYIOUO TNG LYPOGING TOV €04POVE TaPOLSLALoVToL GE GYETIKN épevva TV Huang

et al. (1996).
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12. Asiktng avopariog edogikis vypaciog (Soil Moisture Anomaly Index)

O Jelkg avopoMdV €30Ik vYpaciag onpovpynnke ard tovg Bergman et al.
(1988) kot ovclaocTtikd emikaAeiton T péBodo vroroyiopov vypaciog Tov Thornthwaite
Kot Aettovpyel pe v @apuoyn evog HOVIEAOL VYPaAciag 000 GTPOUATOV EOGPOVLS Yo
TNV TOpaKoA0VONoN TG Kiviiong Tov vepov, amoPAETOVTAG TEMKA GTNV EKTIUNGT TOV
TOGOGTOV KOPESHOV Tov £0dpovc. Enctta and épevveg, mapatnpinKe TmG ot TIES TOV
dgiktn kvpoaivovtol HeTa&d Tov TV tov deiktn CMI kot tov deiktn PDSI (Bergman

et al. 1988).

13. Agiktng aypo - véporoyikov dvvoukov (Agro-Hydro Potential - AHP)

"Evag tkovomomtikdg 0eiktng, Tov YPNOIUOTOLEITAL Yl TNV EKTIUNON TNG YE®PYIKNG
Enpoaciog elvar 0 Ol g YemPYKov kot VOPoAoykoD duvapkod (AHP). O AHP, aviket
o po. eupvTEPT OPAdH JEIKTAOV, Ol OTOIOL OVOTTUYONKOV pHE OKOTO Tr UEAETN NG
dafectdTTOG TOL VEPOD GTO £J0POG KO TNG EMAPKELN OVTOV Y10 TIC KAAAEPYELEG.
Exoppdletor amd 10 AOY0 NG TPOAYHOTIKNG EENTHICOONMVONG OGS KOUAMEPYELNG
(ET actua) mpog ™ Pértiom e&oticodianvon g idag kodlépyewag (ET optimal) Kot T0
€vpog TV TIOV Tov Kvpaiveton petald 0 ko 1 (TTv. A.4). Tlepotépo avdivon tov

OLYKEKPIUEVOL delkTN TTopéyeTar oty épevva tov Palfai et al. (1995).
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IMivaxag A.4: Katdotaon kaAlépyelag Pdoel Tov Tinmvy Tov dgikt AHP

Evpog Tipav ociktn AHP | Eppnveio Tov cuvOnk@v £vtog TG KoAMEPyELOG

To voatikd EMAEUA GTN CLYKEKPIULEVT KAAALEPYELDL
1.0-0.8 etvar povo Bewpntikd kabmg o VUTIKG omoBEHaT
€lvoll IKOVOTTOINTIKAL

H {tnmon tov vepod mov amarteitan yio v avamtuén
0.8-0.5 ™G KOAMEPYEWG KAAVTTETOL TPOCMPIVAOS OAAL TO
VOOTIKE amoBEpata lval TEPLOPIGUEVQL

Eppavietor avénuévo éddelupo vepol, M mapoyn
05-0.3 vepod otV KoOAMEPYEWL eivon  TEPLOOIKY Ko
avanTOGGOVTOL GUVONKES LOUTIKOL GTPEG

Epgdvion évtovov vdatikov otpec otnV KOAAMEPYELQ,
pueimwon avantoéng tov  eutov, Popdlog kot
anddoonc. H mapdtaon avtdv tov cuvinkodv odnyel
o€ 0Gvato TV QUTOV TNG KOAAEPYELAG,.

14. Asiktng Enpaciag peopatopons (Streamflow Drought Index - SDI)

O d¢eiktng Enpaciag pevpatopong (SDI) vroroyileton abBpoilovtag Tig unviaieg TYéG

TOL OYKOV TNG GOPPONG EVOG VLOUTOPEVLLOTOG, Yio v VOPOAOYIKO €tovg (g€, A.13)

(Nalbantis 2008).
3k

V,=> 0, i=12.. j=12,..12 k=1234 (A.13)
=

omov V/ etvar 0 aBpoioTikdg O6yKog amopporg €vOg LOporoykol Etovg (i), piag
oLYKeKpIUEVNG ypovikng Tteptodovn (K). To k=1 yia to TpdTO TPiUNVo T0L VOPOAOYIKOD
étovug, k=2 yia 10 Tp®TO EEAUNVO TOL VOPOAOYIKOD £TOVG, K=3 Y10 TOVG TPAOTOVS EVVEQ

UVEG TOL VOPOAOYIKOD £TOVG KOt K=4 Y100 TO GOVOAO T@V UNVAV TOL VIPOAOYIKOD £TOVC.

spr, =YY% i=12,... k=1234 (A.14)
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omov V, eivor 0 péoog Opog kor Sy M TLMIKA OTOKAIGT TOV 0HPOGTIKOV OYK®V

OTOPPOT|G.
O SDI xvpaivetonr peta&d -2 (ocvvOnkeg Enpaociag) kot 0 (kKavovikég ovvinkeg). Ot
KaTnyopieg mov dtakpivel Pdoel Tov edHpovg TIUDV TOv, Tapovotdlovtal otov Ilivaxa

AL,

IMivaxag A.5: Katnyoproroinon mg Enpaciog cvppwva pe 1o deiktn SDI

Yrdowo eEéMénc Enpaciog | Katnyopies Enpaciag | Tipég dciktn SDI
0 Kavovikég cuvOnkeg >0.00
1 Elaoppird Enpacio 0.00 ém¢ -1.00
2 Métpia Enpacia -1.00 éwg -1.50
3 "Evtovn &npacia -1.50 éwg -2.00
4 Axpaio Enpacio <-2.00

15. Asiktng amoteleospatiknig Enpasiog (Effective Drought Index - EDI)

O deiktng amoteieopatikng Enpooiag (EDI), vmoloyiletoar e muepiolo ypoviko
fMuo kot elvar cvuvapmnon g PpoxOdTT®ONG MOV OmOLTEITOL YOO TNV TPOGEYYIoN,
KETOTPOPT», OTIG Kavovikég ouvOnkeg Bpoyng (Precipitation Return Normal 1 PRN). O
0pog PRN, avtimpocwnevel 10 mocd ™G Ppoydntwons, mov gival avaykaio yiwo tnv
avVAKOUYT TOV OCLOTHHOTOG amd TV Enpacic. AOY® GLGCOPELUEVOD  VOATIKOV
eMeipparog. H PRN ovclootikd mydalet omd v kaOnuepvi] omoTEAECUATIKY

Bpoyomtmon (Effective Precipitation) kot tnv amdkAion g amd 10 pHEco 6po Yo Kabe
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uépa (Smakhtin & Hughes 2006). I'to. Tov VTOAOYIGHO TOV SEIKTN TPAYUATOTOLODVTOL

T akOAovbo Prypata:

1° Brjuo: Yroloyiopoc e kodnuepvic orotedecuatikie Bpoyodmtwong (EP)

H nuepriowr oamotedecpatikny Ppoxdémtoon opiletar ©¢ 1 ovvaptnon g
Bpoxdmtwong G TPEYOLGOS MNUEPAS KOl TOV PPOYONTOCEDV TMOV TPONYOVUEVOV
nuepmv. H didpkela g mponyovpevne meptodov pmopel va Sapépel, 0AAL yio TV

amAOTNTA TNG EPAPLOYNG TNS HEBBIOL opiletar og 365 nuépeg
EP, =Y [ P,)/n] (A.15)
n=l m=1

oMoV j givar o deikng TS TPEYOoVTAG NUEPAC, 1 1 d1dpKeLa Yio TNV omoia voAoyiletan 1
EP, P, elvan 1 Bpoydmtwon m-1 nuépeg mptv amd ) onuepvi NUEPA Kat N 0 GLVOAKOG

aplOIOC NUEPDY TOV £TOVG.

2° Brjua: Ymohoyioudc e péong EP

Xt ovvéyewn vmoAoyiletar n péon EP yo kéOe nuépa tov étovg (MEP;). Edv
vrdpyovv 30 ypovia Kataypapmv dedopuévmv, vdpyovy 30 tapopota nuépes (m.y. Kabe
xpovo v 25 lavovapiov). tn cvvéyeto vroroyilovrar ot nuepnoteg amokAicels e EP
and 1t péon muepnow EP  (DEP), ov tumkég amoxiicelg (ST (EP)) vy kdéOe
NUEPOAOYLOKT MUEPA, KOl 1) TUTOTOMUEVN MUEPNOD T TV amokAicewv (SEP), n
omoio emtpémel T ovykpilon ¢ Eviaong e Enpaciog oe dVo N TeplocoTEPES BECELC,

avedptnta amd TIG KMUATOAOYIKES d1POPES LETOED TOVG.

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 18:22:55 EEST - 13.59.53.151



21

ep-DEP (A.16)
ST(EP)

H duapkela g Enpaciag opiletar, OTmg kat oto deiktn SPI, wg po tepiodo 6mov n SEP

elval otaBepd apvnTiK.

3° Brjuo: YroAoyiopog tov tiudv PRN

AxoAovBel 0 vToroYiopOG TNG PPOYOTTOONG, TOV OMALTEITOL Y10 TNV EXICTPOPT OTIG

Kavovikég ouvOnkeg g meployng (Precipitation Return Normal 3 PRN).

DEP, (A.17)
i

D (IN)

PRN; =

oMoV j elvar M TpaypaTiKn SLaPKEL Yo TNV omoia £yovv voAoyiotel ot Tipég DEP

4° Brjua: Yrohoyiopdc tov deiktn EDI

Téhog, mpoypotomoleitar 0 VWOAOYIOUOG TOL Ogiktn Pdoel ™G MaBNUOTIKNG

£KQPao™G Tov aKoAoVOEL:

PRN .
EDI, =— L (A.18)
ST(PRN,)

omov ST(PRN) eivon n tumikn andkiion tov tipdv PRN yua kéBe nuépa.

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 18:22:55 EEST - 13.59.53.151



22

Ytov mivako mov axkolovBel (ITiv. A.6) mapovoidletar M Katnyoplomoinom g
Enpaociag ocdppova pe twég tov ociktn EDI, ov omoieg wvpaivovron petad -2

(ovvOnkeg Enpaciag) kot 2 (GVVONKES VYPAGING).

IMivakag A.6: Katnyopronoinon g Enpaciog coppmva pe to deiktn EDI

Katnyopia Enpaciog Twég dciktn EDI
E&apetikd vypég >2.00
[ToA¥ vypég 1.50 éwg 1.99
Métpra vypéc 1.00 ém¢ 1.49
Kavovikég cuvOnkeg -0.99 ¢wg 0.99
Métpra Enpég -1.00 éwg -1.49
‘Evtova Enpég -1.50 éw¢ -1.99
Axpaio Enpég <-2.00

16. Agiktng kavovikomomuévng 6tdOunc vepov (Standardised Water - Level Index

- SWI)

‘Evag omd tovg Odeikteg TOL  YPNOWOMOlEITAL Yoo TNV  TOPAKOAOVONGN NG
VOPOAOYIKNG ENPOCIOG KOl GUYKEKPIUEVE TNG OVOUOAMOG 6T oTdbun TV LVIdyElV
VOATOV, N omoia epEaVIlETOL OC amdPPOLE TOV GTPEG TOL VIPOPHPoV opifovta (Bhuiyan
2004), eivor 0 deikng Kovovikomomuévng otadung vepov (SWI).

O odeiktg SWI vroroyileton amd t0 Adyo NG dPopds HETOEL NG oTAOUNG T™V

VIATOV KO TNG EMOYIKNG HEOTG TIUNG TPOG TNV Tumikn andkiion (Bhuiyan et al. 2006).

M4]' - Wm
s =1 "m (A.19)
(o2
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omov W/ etvar m gmoyikn otdbun vepov, W, eivon o gmoyikog pécog 0pog kot 6 givar

TUTTIKN ATOKALOT).

Ytov wmivaxko mov akolovBel (ITwv. A.7) mapovcidletar m koTnyoplomoinon g
Enpaciog copeova pe 1o deiktn SWI. IMapatnpovpe mwg Betikég avopaiieg (Oetikég
Tipég tov deiktn SWI) avtiotoyobv e otpeg vepov, kot enopévag Enpacia, eved ot
apvnTIkég avopoiies (apvntikég TyéG Tov dgiktn SWI) avtimpooonedovy Kovovikég

oLVOTKEG.

IMivaxag A.7: Katnyopromoinon g Enpaciog cOpemva pe 1o deiktn SWI

Klaosi Enpaciag Tyég Tov deiktn SWI (Bhuiyan 2004)
Axpaia Enpocia >2.0
"Evtovn &npacia >1.5
Métpra Enpacio >1.0
Erapprd Enpacia >0.0
KaBd6rov Enpacia <0.0
(Kavovikég ouvOnkecg)

17. Agixtng mapoyis emovelakov vepov (Surface Water Supply Index - SWSI)

O deiktg mapoyng emaveiakod vepod (SWSI) eivar évog eumelpikdg deiktng
voporoyIKNg Enpacioc mov onmpovpyndnke amd tovg Shafer ko Dezman (1982) e
oKomo Vo cuUTANPDGEL To ogiktn PDSI yia tig vypéc ouvOnkeg (TocoTNTO TOL Y10VIOD
KOl TNV OVTIoTOLYN amoppon) Kot Yo TEPLOYEG LE EVTOVI TOTOYPAPIaL.

O vrohoyiopdg tov deiktn SWSI dotvndvetar og 1o dbpoicspa tov mhavotitov
TEGGAPOV  VOPOAOYIKDV  TOPAPETp®V  (yoviod,  Ppoxdmtmong,  voUToppong,

amofnKevong HOUTOC) Kot 1 LABNUATIKY TOV EKPpacT givat:
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aPsnow + prrec + CPstrm + dPI‘
SWSI = o

50
(A.20)

omov o, b, ¢, d givar to Bapn kGBe vIporoyikng mapapéTpov (Yroviod, Ppoyng,
voaTOPPONG Ko amodnkevong avtictoyyn) TV omoimv 1o dfpolcpa 1GovToL pHE TN
povada kot Pj gfvar n mbavotnta (%) pn mieovéopatog Kabe voporoyucod mapdyovra.

Kotd ™ diapkela tov yepmva, o deiktng SWPI vrodoyiletar povo Bdomn tov Hyovg
TOV Y1oVIoD, TNG PPoyOTT®ONG Kot TNG amofnNKeVoNS TOL VOUTOG EVAD TO KAAOKAIPL, TO
Vyog tov yovioh ovtikadiotatal and v voatoppor. O odeiktng SWSI, 6mmwg kot o
deiktng Palmer, avtiotowysl T1c kavovikég cuVONKeS GE o TEPLOYN OTNV TN UNOEV Kat
Kopaiverol peta&y tov - 4,2 Ko tov 4,2.

O SWSI &ivan €0koAog 6TOV LIOAOYICHO TOV Kol Bempeiton évag omd TOvg TOAD
YPNOOVG OeiKTEG Yl TNV eKTiunon Kou v wpdPAeyn g KOTACTOONG TOV
EMPOVELIKAOV VOATOV G€ OAO TO €0POG TNG TEPLOYNG UEAETNG. Q0TOGO, KATOEG OAAAYEG
ot Olayeiplon TV VOATWV HEGO OTN AEKAV OmMOPPONG, OMMG £ivol Ol EKTPOTEG 1)
KOvoUPYlEG VOATOOEEAUEVES, OOLTOVV TOV EXAVATPOCIOPIGHO Tov deiktn SWPL étot
wote va vroloyifovtor kovovpyleg TWES Yo kdbe ocvvieheotr. Télog, Ta axpaio
QOWVOUEVO UTOPOVV VO, TPOKOAECOVV EMMAOKES €WOIKGL oV TO. YEYOVOTO OLTA
VIEPPAIVOLV TIC TIHES TOV 1OTOPIKOV OEOOUEVOV TNG TEPLOYNG. XTNV TEPITTMOON OV
TPENEL 0 OEIKTNG VO LITOAOYIGTEL €K VEOL GLUTEPIAAUPAVOVTAG OVTE T akpaio YEYovOTa.

GTNV KOTAVOUT CUYVOTNTOV GTN AEKAV.
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18. Asiktng avaktnong Enpaciag (Reclamation Drought Index - RDI)

O deiktng avaxtong Enpaciag (RDI), eivan mapoporog pe tov deiktn SWSI andd yio
TOV VTOAOYIOUO TOL YPNOLUOTOLEL (ol EMTAEOV GUVICTMOGA, oV PacileTor oe TES
Oepuokpociog. O RDI, mov €xst 1t dovvatdtmra mpocappoyng oe kdbe meployn,
wpocdopilel v évtaon kol T ddpkela e Enpaciag, ypnopomoteitol Opmg Kot yio
™V TPOPAEYN NG EvapEng Kot TG ANENG TOL PAVOUEVOU.

Ot katnyopieg mov drakpivovion Paoet tov evpovg Tindv tov RDI, mapovsialovton

otov Ilivoxa A.8.

IMivaxkag A.8: Kamnyopromoinon g Enpaciog cOppva e 1o deikn

RDI
Katnyopieg Enpaociog Twég deiktn RDI
Kavovikég cuvOnkeg - EAappid Enpacia 0.0 éo¢ -1.5
Métpro Enpacio -1.5 ém¢ - 4.0.
"Evtovn &npacia <-4.0

19. Zvvohké voatiko Elheyupo (Total water deficit)

H vdporoywn Enpacia propel eniong va mpocdloplotel Kot omd T0 GLVOAMKO VOUTIKO
EMAELIO, GUVOVVUO TG dpLLTNTAS NG Enpacioc, N omoio TPOoKLATEL Omd TO YPOVO
(01bpxela) Katd Tov Omoio M pon TOv VOATOS eivon otabepd yapunAotepn amd Eva
oplopéVo emimedo, kabmg Ko amd 10 péyebog M, 10 omolo exk@pdletar oG n péon
amOKAoN NG VOUTOPPONG OO TO CLYKEKPIUEVO EMIMESO KATA TNV TTEPIOdO EUPAVIONG
tov eowvopévov (Dracup et al. 1980). H tiun 0 spgoaviCeton ko okt petd ) AREN g

Enpaociag.

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 18:22:55 EEST - 13.59.53.151



26

H mpocéyyion tov cuvolikol eddeippatoc vepod abpoilel T cuvolikn pon o€ €va
OLYKEKPIEVO onpeio evag dedopévouv vodtivov copatog. Evtodtolg, n ekmpoomrnon
LG LEYAANG O€ £KTOON TEPLOYNG ME EKTETAUEVT) AVAAVLOT TPOVTOOETEL TN AETTTOUEPT)
€EETOON Ko LEAETN TOV €L LEPOVE AEKOVAV ATOPPONG TS TEPLoyns avts. H eppdvion
Enpaciag oV €uPVTEPT TEPLOYN OEV KOTAVEUETAL HE TNV 1010 £VTAOT KOl LOPQY| OF
OMEC TIC VTOAEKAVEC, LLE OMOTEAECUO, W0 YEVIKELUEVY] EKTPOCHOTNGCT TNG TEPLOYNS
Baciouévn oto kupimg LVOATIVO CAOUO TOV TN OlPPEEL, VO OONYNOEL GE ATMOAELN

TANPOPOPLOV Kol eVOEYouEVMG oe opdiuata (Kavéliov 2010).

20. ABporoTiki] avoporia véatoporls (Cumulative streamflow anomaly)

H aBpoiotikn avopoiio g pong evog vOATIVoL 6MOUATOS Omd TIG HEGES VOUTIKES
ocuvOnKkeg oG meployng etvar pia EvoeiEn g tdong g ObecuoTNTAG TOL VEPOD
poxportpofeopo. Onwg xor oty mepintmon TV afpolsTIKOV OVOUOAMOV NG
Bpoyxdmtwong, e amdtoun TTOON TG afpoloTIKNG Pong o€ éva motapd 1 o€
0T0100MTOTE VOATIVO GO 0dNYEl 6T0 cvumépacua epedviong Enpaciog (Keyantash &

Dracup 2002).
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Hopdptnpo B

XYI'KPIXH ®YXIKQN KATAXTPO®QN

210 mopdptnua ovtd mapatiBetonr Evag TIVoKOS, GTOV Omoio YIVETOL Lo GUYKPLTIKN
TOPOVCIaoT TOV PLGIK®V KotaoTtpoemv. H Ty 1 avtiotoyel oe vynidtepn, evod n

TN 5 o€ yapunAotepn Paduoroyio.

MMivexog B.1: uykpitikdg mivaxog puoik®v kataotpoemv (Frampton et al. 1996)

; . Tewyp. | Amdiees | Owov. Kowav. Muowpomp. Awowvi-
Evraon | Awdprew | | PR - . - .
EXTUGN Lanic Inpin | emuwtdoel; | emmtdos | Soonoc
Znpucic 1 1 1 1 1 1 1 4
Tpomoi 1 2 2 2 2 2 1 5
KUKAGVEC
ITinpuipa 2 2 2 1 1 1 2 4
Tewopoc 1 5 1 2 1 1 2 3
Howwewam 1 4 4 2 2 2 1 3
expnén
'1' TR 2
poml 1 2 2 2 2 2 5
Kataryioa
Toovvam 2 4 1 2 2 2 3 4
IMupkayid 3 3 3 3 3 3 3 2
Avodog e
Bepuokpuciog 5 1 1 5 3 5 1 3
™ Baiocoog
Muayofouvvo 4 1 1 4 4 5 5 2
K Yid -
ararrion 3 3 2 5 4 5 4 1
TKOVIC
Katoliobnosg 4 2 2 4 4 4 5 2
Xiovofueida 4 3 3 5 4 4 5 2
Isyvpoi dvepot
TOTIKTG 5 4 3 5 5 5 5 1
ihipaKeg
ITtooel; - - - - - - -
. 5 5 5 5 5 5 5 1
Ppaycov
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