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1 Ewayoyn

1.1 Hepiypa(pﬁ TOV EPEVVNTIKOV UVTIKEIPEVOL

To telyog avtd meprypdpel 10 VOAOYISTIKO GUGTHMA TPpocopoineng Kot BeAtictonoinomg
Yopovouéag kol TNV €pappoyn tov 610 Ydpoosvomua g Avatohkng Ztepedg EAlddas. To
épyo ypnpatodotifnke amd ) Awevbvvon Yopevong kar Amoyétevong tov YIIEXQAE xou
ohoxkAnpmbnke ota TAaiclo g Tpitng Paomg Tov epgvvnTikod Epyov «Extiunon ko Swyeipion
TV VEOTIKOV TOPWV TG LTEPEUS EAMGSacy. Zuykekpyléva 1 Topodca epyacio aviamokpiveTal
070 €3G0 TG amdEAcTg AvABEoNG TOV EPELVNTIKOV £pYOv OV avaépetor oty Avdrroly
uoviélov mpooouoiwons kai Peiticromoinons vopoovotiuatos Avatodiknc Ztepeds ElAddag
kabdg kol pépog tov edapiov mov avagépetar 6t OlokAipwon kal diacdvoeon mAnpoYopiKwy
OVOTHUATOY.

INa v enitevén tov okomobd g mpocopoimong ko BeAniotomoinong kpifnke oxdmipog o
Sypiopds Tov épyov TG avamTLENG £VOG VIOAOYISTIKOD GULOTAMOTOG OO avTéV NG
TPOGOUPHOYHS KA EPAPHOYNG TOV OT0 vdpocvotnue g Avatohkng Ztepedg EAMGSag. To
vrohoyloTikd chotnua 7mov @épelt 10 Ovopa  Ydpovouéag, eivar oyedacpévo yw. va
OVTOTOKPIVETOL OTO OTOX0 NG VOPoddTMOTE TNG TpwTebovoag 0 omoiog Kupupyel ©To
vdpociomuo tng Avatohkng Ztepebg EMGSac. Tlapdiinia o oyeduaopds tov sivar tétotog
dote va emTpénel TV emilvon pag evpelag KAdong SwyepioTikdv tpofinpudtov ToAAATADY
ooV, oveEaPTHTMG TOTOAOYING TOL SIKTVOV TOV VEPOGLGTAKATOS.

H Bswpntuch Bdon oL VAOAOYIOTWKOD GUOTAUOTOG KOADMTETAL WOVO &V uépeL amd
Biproypagic. To peyoddtepo pépog g amoteAsl mpatdTunn epyacia g mapovong QAoNg
KaOhG Kot TV Tponyouuévev Tov gpsvvnTikod épyov. MepapPéver v mAfpn pabnupotun
TPOCOUOIMOT GUGTANOTOG TAMEVTAP®Y Kot ERTEPIKOV Vipaywyeinv, Aapupdvovtag vIoyn Ty
TAPOYETEVTIKATITA KoL T1 SuvatdTnto aueidpopng pong Tov vdpaywyeiny.

To tevyog owtd cuvodevetar and éva chvoro nAskTpovikdv opyeimv mov mepthaufavouy o
vroloylotikd cvotnua Y8povouéag kat tn Bdon dedousvav npooapuocpzvn o710 oSpocmcmua
g Avatohikfig Zrepedg EAAGSac.

Ta v epapuoyf Tov ovothuatog oty Avatohikhy Zteped EMAGSa ofomombnkav ot
mAnpogopisg mov cvverémoav omd ™ PipMoypagic kar amd oppddovg @opeig Ku
kataypdgoviar avalvtikd oto tevyos 36. H opydvaon tamv TAnpoopLdv oTnVv evpltepn Pdon
~ Sedousvov g Ziepedg EMAGSag meprypdgetal oto 1evxog 38. H mposappoyh TV dedopévav
670 POVTERD Kat 1) EQOPUOYR Tov Ydpovopta yia v Avotolu) Zteped EAMGSa mepryplpeTon
AETTOUEPADG OTO KEPAAMLO 5 TOV TEVYOVG AVTOV.
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1.2 Xt6yot 66106100 TOV VTOLOYIGTIKOD GUGTHNATOS

H Swyeipion vdatikdv nopmv yia thv e€otkovopnon kat v kahdtepn katavour toug faciletat
ota épya afromoinong kat Katd KOplo Adyo oe SiKTLA TAMEVTAPOV KUl ay®ydv petagopds. O
amOBNKEVTIKOG OYKOG TMV TAUIEVTHPWOV GE GLVOVUOHS HE T SUVOTOTNTA HETAPOPES TOV VEPOD
péom vdpataywydv avghvel Kot KabioTd TEPIGGOTEPO AMOSOTIKN TV tKavoTNTa diuxeipiong Tov
ocvotipatog. Ot duvatdmnteg emAoydV Stayeiplong avEdvouy GG OTUOVTIKG HE TOV oplOud
TV épyov adlonoinong ue cuvénewn va Svoyepaivel o £pyo g Swyeipiong. To épyo avtd
dvoyepaiveton eniong Kot Le TNV TAPOVGIN AVIAYOVIGHOV 0ToX0V dTtwg 1 Bdpevon, 1 Gpdevom, M
Tapay®yn LOPONAEKTPIKNG eVEPYEWG K.G. 10w0iTEPR GE VIPOCVOTAUATO UE TEPLOPICUEVOUG
voduTIKOVG TOpovg. H andvinon O EPOTALATA OTOG T TpOPreyn Svvatdmrag KaAvyng evoc
otdyov Kol M EMAOYH TOL 0mOS0TIKOTEPOV CLOTAMNTOS dluyeipiong amoterodv avTikeipevo
peAétne, amapaitmro gpyaieio tov onolov anoteel éva poviého mpooopoinong kol BEATIGTNG
Sayeipiong vdATIKAOY TOPWV.

O Baocwdtepog 01dY0g KATd TOV oYEdoNO oV Aoyopikod NTav EMOUEVOS 1 avanTuEn evdg
gpyaieiov woavoy va vmoloyiler tov PéAtioto kaviva Swyeipiong kar va mpoPAémer
dvvatétnro, kdAvyng o1éxwv oto Ydpoohotpa tng Avatolkng Ztepeds EAMGSag kar katd
KUp1o Adyo TnVv ¥8pevon g peilovog meproynig Abnvav.

Itv mpaypatikdtnre Oumg ot duvatdmteg tov  Yopovopéo Oev  mepropifoviar otmy
TPOGOMOIMOT €VOG GUYKEKPEVOL VOPOCLOTANATOG 1 €0TM Kol TAPUAARYDV TOV, GAAG
TPOcEEPEL GTOV YPNOTN TANPES Suvatodtnteg oxedacpol gvog poviéhov vdpoovothipatos. O
YPAGTNG UTOPEL VO SMILIOVPYNOEL TA AVTIKEIHEVE TOV HOVIEAOV TOV VOPOCVGTHUATOS, VO TOVG
TPOcOMOEL YOPAKINPIOTIKA, va T0. d1ucuvoéoel petadld Toug Kol va opicel Toug oToOYOuG
npocopoinong. Kabdg ot kavéveg Aettovpyiag Tov cuothuatog mpocopoinong sivar yevikod
YOPOKTAPW, UTOPODY VO, EPUPUOGTOVV GE Eval EVPV PAGHO, VEIPOCLGTNUATOV.

Eminpbéobetog 61dy0g Katd Tov oxedacpd tov AoYIopikod ftav 1 duvatdtnTo EUKOANG Kol
YPAYOPNS TPOSAPUOYNS TOV VOPOCVOTHUATOG O MEANOVTIKEG 7| QavTooTKEG OCLVOfKeg, pe
omoTéheopa 0 MEAETNTAG VO UTOPEL VO OMOKTHOEL EMYVMON TOV OMOTEAECUATOV S1pPOPOV
TPUYLATIKOV 1| QUVTOOTIKOV OEVOPIMV KOl VO KOTOVONOEL KOADTEPE TG EMMTMOCE; TV
eMAOYDOV TOV. L& AVTO EVIGOOETAL 1| SUVATOTHTA TPOTONOINGCTG ag CEPEG and TapdyovTeg Kot
ToPOUETPOVG, OTMG 1 dopny Tov Suctdov, ot Tipég TV WoThtev eV épyav adonoinomg, ot
oTéY0L KUl O1 TPOTEPLOTITEG KATA TNV TPOCOROIMOT, OL POVOCEIPEG EIGOB0V K.d.

[opdAinha pe tov x0Opo o1éx0 Tpocopoinong, GAAOL SevTepelovieg GTOXOL UMOPOLY va
ANeBodv vrdym otov Ydpovopta, Omwg my. 1M Gpdevon tov extdoenv g Komaidos. O
Y8povopéag Siver t Suvatdtnra oto pehetnr va opicer évav cuvdvacud amd o6TOYOLS
TPOGOLOIMOTG, TOV HITOPOVY VO EIVAL KOl AVTAYOVIGTIKOT HETadl Tovg, Evidocovdg tovg o€ éva
oVoTNUA TpoTEpuOTHTOY. [Switepn mpocoy 360nke katd tov oxedacud otov eviaio TPoOTO
OVIIHETOMIONG OOV TV OTOY®V, evd omd 10 padnuoTiké poviého Oev MPOKVTTEL KAVEVAG
TEPLOPICHAG WG TPOG TOV APLOUS 1 TOV GLUVEVAGHS GTHV ETIAOYY TOVG.

Ot modamhot Tpémot Sruyeipiong tav vdaTkdV TOpmv EVEg VIPOSLGTAHATOG EMPBAAAOVY GTO
Aoyiopikd vo Sabéter Ty kavotnto enthoyng PETagd TePLocoTépMV Suvatothiay, divoviag tov
YOUPAKTNPIOTIKG  EUTEIPOV  GUOTNAMOTOG. AMAG  VRMOAOYIOTIKE GULGTAMOTO apKODVTOL OTN
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Aertovpyio g mpocopoimong pe mepropiopéveg Suvatdmteg avalfitnong g Béltiotng
dwyeipong. To ovomuo Peltiotonoinong tov Ydpovouse mpocopoidvel 10 vEPOSHOTNHO
TOAAEG POpEg pe G1apOopPeTIKOVG Kavoveg Aertovpyiag kot enthéyst and To amOTELEGLOTA TOV TO
amodoTIKO SYEPIOTIKO KAvOVaL.

[MoAM& o6 Ta TBAVE GEVEPIL TTOV TPOGOUOLDVOVTAL UTOTOVV OPKETA UEYAAN aiioiucria oIV
TPOYVOOT TOV QTMOTEASCUATOV, OMMG OTNV MEPINTOON TOL OTOXOL TG VIPOSHTNONG TN
TpwTEVOVCNG, 6mov N amodext} actoyio propel v givor g TaENG TG ping Qopds oTa £KATO
£t Avtd mpolimoBéter Ty mpocopoimwom pag xpovikig Teptddov xiMddwv tdv. Ot 1topikég
ypovooelpég Ppoxns, amoppong kot e&dtiuong mov Swrtifevral oumg dev Eemepvovv Tig Alyeg
dexaetieg. o tov Adyo avtd xpibnke amopaitmin n evoopdtoon otov Ydpovousa kat M
TapaTéPo, avATTUEN €vOg LOVTEAOL OTOYAOTIKNAG Tpocopoimong to omoio ornpiletar oe
BepNTIKA aVEAVOY OV €yve OTNY TPOMYOVUEVY] PACT TOL epsuvnTikod £pyov. To poviého
avTd Tapdyel amd OTOPIKES XPOVOCEIPEG GLVOETIKEG, MEYAANG Ypovikig Siapkeag pe o 1wt
OTOTIOTIKGA YOPAKTNPIOTIKA PE OUTE TOV IGTOPIKAOV.

H ocwotf gpunveia tov anotehecpdtov omd 10 peheTT) eivor Wioitepa oNUOVTIKA Y10 TV
eEayoyn Tov Katdhiniev cvprepocpdtov. o tov Aoyo avtd emdimén katé tov oyedacud
o0 Ydpovopéa MTav M AEMTOHEPTIG KOl KOTOTOMIOTIKY] TOPOVGIOCT TV QMOTEAECUATOV. ZE
avtd cvpPdrovy tdco N TPOPAEYN KEAVYNG TOV GTOYWY TPocopoimong e 6povg mbavdtnTag,
600 kou ot avalvtikoi wivakeg wwoluyiov mov zmepthapfdvovior oTo ATOTEALGUATO TOV
Yoépovopéa.

‘Epgacn 800nKke téAhog Katd Tov GYESHOUO TOV VIOAOYIGTIKOD GUGTAKATOG KAL GTO TOWOTIKG.
YUPUKTNPIOTIKA TOL AOYIOHIKOV. XOPOKTNPIOTIKG OVOQEPETAL OTL TO OVTIKEWUEVOSTPUQES,
Sounpévo Aoytopkd mov avantdxdnke mpoceépetal Yo mOavEG HEAAOVIIKEG EMEKTACELS TOV
LOVTEAOV, TPAyHa TTOL £UVOEL T HakpofotnTa Tov VIoAoYloTKOD cuotipatog. To cvoTnua
Aertovpyei o€ Topadupicd TepiBailov Qratkd Tpog Tov xpRoT.

1.3 XovorTiki TEPLYPUPN TOV PAGIKAV AErTOVPYIOV TOV Ydpovousa

To npéypoppa Ydpovopsag eykobiotator pe tn Pdon dedopévav tov ot mepiPdriov MS-
Windows 95/98/NT. Ze i tomikhy session o ypiomg emthéyst amd m Poom dedopévav 1o
vdpocvioTua IOV BEAEL VO TPOGOUOIDOEL Kat TO XEpTn Tov Ba ypnowonomBel wg eovTo, Evbig
Letd v évapén tov mpoypappatog. To cvomuo emPefaidver Ty stcaycoyﬁ TV OedoUEVOV
avapépovtag TNV ovopacia kot GAAo xpYiciHa oTotyEln TOL VIPOCVOTANATOG.

Apéong peTd o ypNog &xel I SuvatdTnia va eneovicel oty 086vi 10 poviEho Tov SIKTHOV
Kal TNG YEWYPAQIKNG TEPLoxng oto onoio evidooetal. Me 1o Yroobotnua Opydvwens Aiktoov
nov Paciletar o8 OYPNOTEG KAt PIMKEG TPOG TOV XPNOTN HACKES EL0aYWYNG Sedopevarv, &xeL T
SuvaTOTTA VO, GMEVEPYOTOWGEL, VU ETOVEVEPYOTOWOEL, VO TPOGHECEL KOVOUPYD KAl VoL
Swayphyer pépn tov Siktdov Kabdg Kol va petofdier Tig 1810TNTEG TOV AVTIKEWEVOV TTOV 10
aroaptiCovv, ovpewva ue 10 oevépo mov oxolovBeitar. ‘Etor pmopel yur mopdderypo va
OVOTPOCAPUOGEL TOV OpYIKO Oyko Kot TG TAPAUETPOVS TGOV VROYEl®V Slguydv GTOVg
TOEVTAPEG N TN Sidpkewa xpAoNg Kot TV KatedBuvor porig 6Tovg arywyols.
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Me 1o Ymoobotnua Emidloyns 2toyxwv Ilposouoiwang o xphotg puropet va 8éoer molhamholg
oTdYOVG IOV APOPOLY TNV KAAVLYT NG {NTNoNg o8 vePS, T dathpnon g oTddung Kéte amd
éva avAOTATO 1| KATOTOTO EMTPENTO OPIO GTOVG TRUIEVTHPES, TNV EAAYLOTY POT| OF Ay@YoDE Kot
v mopaywyn véponiektpikig evépyelag. Olovg tovg 6TdYoUg TOUG EVIAOGEL GE M GEPG

TPOTEPALOTHTOV COUPOVA LE TNV CTOLIALITITA TOV GTOYOV Kot EMAEYEL TNV OVATOTN ATOSEKTH

aotoyia yo kabe évav amd avtovs. H emoywaxh petaforn tov otdymv, 6nmng n avatatr otddun
A TpNONG TANUULPIKOD 6YKOL TaevTpov Kabdg kot 1 TpdPreyr Swuypovikng adénong Trng
TWNG TV 6TOYWY, Aapfavovior vdyn xotd v mpocopoimon. Ot oAloyég Tov GUGTANOTOG
gmhoyng oToY®V duyeipiong propolv va anodnkevtovy kat’ enthoyiyv kot otn Paon dedopévmv
YL HETENELTAL YPHION.

Tt Bdon OSebopévav eivar amobnkevpéva ta OedOpEVO 1GTOPIKDOV YPOVOCEPQOV BPoxAs,
anopporic kar g&atmong otovg kOuPovg twv tapevmpev. To Ymoodotnuo Zrtoyootikhc
Ilpooouoiwons pmopel va SMUIOLPYNGEL ANO TA OTOTICTIKG YOPAUKINPIOTIKE IGTOPIKOV
YPOVOSEPHY CULVOETIKEG YPOVOCEIPEG TOAD HeyoldTepng OSudpkewng Kol OV OTATICTIKOV
YOPAKTNPIOTIKAOV, TPAYLUL TOV EVOL ATAPiTNTO Y10 TNV TPOCOUOINGT oTOXWV OTMG AVTOV TNG
Vdpevomng.

0 ypfotng mpoetoudlovrag Tig cvvlikeg mpocopoinong/Pertictonoinong emdéyer xotdmy
TOUTOL TEG Y1 TIS TAPAUETPOVS TOV AEITOUPYIKOD GUCTAHOTOG, OTMG Yol TAPAOELYHA TNV
okpifsir v vrodoylopdv N 10 €idog g ootoxing mov AapPdvetor vmdym kotd TNV
Behtiotonoinon. Katd v extéleon 1ng mpocopoimong/PeAtictonoinong eichyovian oto
Yrocbotnua Aertovpyixns IIpooouoinons ot GUVOETIKEG XPOVOGEIPEG MOV AVTICTOLOUV GF
yIMadeg ypdvia Tpocopoinong poli pe To diktvo kai Tovg oToX0VG ToL ceEvapiov.

Kotéd v PBeltictonoinom mpocopowdvetal T 310 cevdplo pe Sapopetikods kavoves
Jermovpyiac KGs @opd pe oxond v avedpeomn tov PéATioToL Kavovae Aertovpyiag. O kavovag
ovtog, AapuBaver vIEOYN TOV T0 CUVOMKO GYKO TOU GUGTHUATOG GTN CUYKEKPLMEVY XPOVIKN
OTWYHH, TNV KOTOVOUY TOV OTOVG TOMELTHPES, T {Rtnom mov dmuiovpyodv oL 6Todyot
TPOGOLOIMGONG, TV TAPOYXETEVTIKOTNTA TV AY@Y®OY Kol GAAovg napdyovieg Kt amogacilel v
TIg AmMOAAYELS amd TOUG TAHIEVTAPES Kal Tig poég péoa oto cvotua. Kabbdg mpokertar yia
TAPANETPIKS Kavéva Agttovpyiog, o xpfotng éxst T Suvatétnta va TPOGOHOIDCEL £vav
GUYKEKPLIEVO Kovdva Asrrovpyiag Sivoviag TéG oTIG TAPUUETPOVG TOV KavOVe amd TV E181KA
YU aLTOV TOV OKOTO CYESIACUEVT POPHL.

Katé m Sidpkeia tg npocopoinong o xpfiotng propei va nepboel 610 Yrosbotnua Avvopixne
Ameiovione xa va mopakolovBnoet Pripe mpog PApo T uetaPorés twv OyKmv OTOUG
TAMEVTAPES Kot TG poég mov Aapfdvovv xhpa oto Siktvo. [a va katovoroel Kakbtepa Tig
aAAayég autéc, éxel T dvvatdnTo Vo otduatﬁcat TV TPOCOHOIOCT] GE OTOWONTOTE JPOVIKT
oTyp, Vo EHavicel 6T 006VI] TOL VIOAOYIOTH YOPUKTNPICTIKES TUIEG TMOV TAHIEVTNPWV
(emixonpog dyKog, OyKoG-6T0%0G, VEKPOG 6YKOG, TAMUUUPLKOG YKOG), TV ayarydv (enikaipn pof,
TOPOYETEVTUCOTNTO, VYOG TTAOONG) KOl TOV HOVAS®V EVePYElaKAG METATPOTNG (EVEPYELL MOV
TapfyOn/Kotavaddinke) Kot va SLmoTdoEL ToV TPOTo AETovpying Tov CUCTAKATOS KOL TO AT
g aotoyiog KdAvyng cTOY V.
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To anoteréopata g Pedtiotonoinong avapépoviat oty TOAVOTHTA ACTOXING TOV CVGTAROTOG
KOl TOL €KAOTOTE OTOYOL ToL £xglL Bécer o YpAoTNG Eex®PioTd, KATE TV SQUPUOYH TOL
PéktioTov kavova Aerrovpylag. [épa and mv mBavotnro. actoyiog mg npog Tn xpoviky nepiodo
(£ aotoylag TPOG TO GUVOLD TMV TPOCOUOIWUEVMV ETOV), VIoAoYiILeTon 1 TavOTHTA dotoyiog
ypovikov Prpatog (unves) 6mmg kat 1 actoyia kKGAvyng Tov éykov (oe peptkolg povo oTdyovg,
BA. keo. 2.4.1.3). Ta anotehéopate avTd cLVOSEHOVTAL OO AEMTOUEPEIS TiVOKEG VEATIKOD KOt
gvepyelakov 1oofuyiov 6mmg Kol OIKOVOUIKOU LGOAOYIGHOD TOV GVAPEPOVTIUL OE ETNOLEG HECES

TWéG TG PéATIoTnG Aorg.

1.4 Xg& mow epOTHNATE diVEL GTAVTION TO VTOAOYIOTIKS GVOTN N

To vrohoyioTikd cvotnue propel vo ddoet anavinon oe pio Gelpd and epeOTHUATI OTWG TA
ak6AovBo TOV aPOPOLV TO CUCTNUA TAUIELTHPOV Kot EENTEPIKAOV VOpaywYeimv Tpopodocing
g Abnvag:

e To vdpocvomua Avatohkng Ztepets EAAGOag mapéyer t Suvardtnra kaAvyng {iinong
600 hm’ yie Tv V8pevon g ABMvag pe ?WPdMTIM yprion 50 hm® emoing and v YAixn
yw v dpdevon g Kenaidag;

e Tlow 1 aotoyio kGAoyng avtig g {fTnong;
e [low 1 péyrotn Crnon vdpevong mov pmopei va kaAvedei pe aotoyia to oAb 1%;
e Mze nowo kovova doysipiong propei va emttevyfei avtod;

o Tldc Sapoponowdvror ta peyédn oe mepintoon un xpnowonoinong mg Auvng YAikng koi
™G voiekdvng Tg;

o Ildg Swgopomolovviar to peyédn o mepinton mov AdPovus VROYN TNV TPAYHOTIKA
TIULPOYETEVTIKOTITO TOV AYWOYDV;



2 Movtélo GLGTHHOTOG TPOGOUOIMONG -
BeltioTtomoinong

2.1 Movtélo vOPOLOYIKAV GUVICTOCAV

2.1.1 Baow séicmon voéatikov wwolvyiov TaptevTipa

IMa xé0s k6pPo tov cvothpatog pe avdovia aplBud i wyder n Pacwn edicwon vdatTikov
woolvyiov

S*' =S +QS' +QR! +QN! = D! —R! —SP/ - [\ —EV/ (1)

=1,..M =1,.N

6mov Y10, 10 YPovikd BAna £, M 0 cuVOMKOG apOUOG TPOCOUOIOUEVGV YPOVIKOV Brudtov -

(uMvév), N o adéav aptBpég tav kopfav tov diktbov, S, T0 andbepa Tov kOuBov-TomevThpa J,
QS! o1 eopoég oTov KOUPo and TV VIOAEKEVN TOV KOUBOV-TAMEVTAPY QR o &yKog vepov
7oV TPoEpxEToL and PpoxdmTwon otV EMPAVEW TOV KOPPOV-TAEVTAPA I, QN ot giopoég
otov k6pPo i and GAla onpein Tov dikTdov pécw vopaywyEiwy, D} ov amohAyelg and Tov koppo
i v TV KéAoyn {Rznomg, R ot expoég amd tov kéuPo i mpog dAAa onpeia Tov SikTOOL pPECH
vdpaymyeimv, SP o dykog mov Srapedyer Moym EMeyng amofnkevticig kavoTag 6Tov kKOpPo
i (m.y. mepintoon vrepyeilong TaevThp), L’,f ol amdAsieg omd vrdyeieg Supuyés otov kOpuPo-

toynevtipa i kar EV/ ovomdieieg e&dtpong and tov kOpPo-topevtipa i

Ty nepintaon kopfov mov dev eivar Tapevtipes Ko dev daBéTovv anmoBNKELTIKO (DPO 1)
Aexdvn amoppofg, omd v e&icwon (1) ovvendyetoL:

QN' = D' + R' +SP! (2)

TOpQoVe, pe TNV Topondve egicwnon, fitmon vepod D! otov k6ppo i pnopei va vadpEer axduo.
Ko av 0 kopPog dev Sbéter amobnkevtikd ydpo. To vroloyioTikd cvoTHo povtilel Yo TV
K6y Tov (rodpevov dykov amd To amoéuata mov Ppickovar avdvin. Eniong oe e1dKég
neputhoelg sivor emBePAnuévn N sopof} dykov otov kopPo, m.y. Yo Adyovg TEPPAALOVTIKTG
SiTApNoNE TV avivin ayeyd, xwpis va eivar duvath n anobfkevon 1 n doyétevon Tov dyKov
KOTéVTY, PG, pévo 1 vrepyeibion mpog puotcd viatopedpatae. O dykog avTog SP/ y&veron amd

t0 dlkTVO.
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2.1.2 Andieieg and vroyeies dra@uyég

H pabnupotiky eéicoon mov neprypleet Tig andreleg evog TAMEVTHPR 06 VIEYELEG Stopuyég
givon ovvaptmon g otdBung Kot mpooeyyiletan and éva wuPud molvdvopo pe tuxaio 6po
oQdApatog, dSnAady:

Liy=A4Zy +BZy) +CZy+ E + W, (3)

émov L,y etvar o1 vndyeieg Srapuyég 610 Ypovikd PApa ¢ g xpovikng nepiodov y, 4, B, C, E; o1
cuvieAeoTég g egicmoong oto ypovikd Prpa £, Z;, 1 o16Oun otov TOEVTAPA GTNV apyn Tov
XPOVIKOU Prpatog f g Xpovikhig TmepLOdov y kat W, 0 0pog c@aApoToc mov akolovdst
katavoun N(0,0).

AoV mpocappootody katdAnia ot cvvtereotés A, B, C, E; xobdg ko 1} Tumikf andkhion o;, 0
YSpovopéag mpocopotdvel 11 TPOPAETOUEVES VITOYELEG SILQUYES TV TAMEVTAPOV AapBdvovTag
VYN oL €KTOG amd TN OTAOUN TOV TOMIELTNAPO KAl TG EMOYKEG OWKVUAVOES TTOL
TOPATNPOVVIAL OTA QAIVOUEVE OUTA.

2.1.3 AwpOwon aroppons - Yadysior vdpogopeic

H acdeeio. v3poyemAoytkdv KaTaoTdoemy Kol 1 90T TV voyeinv VIPoPopEwy duoyepaivel
NV OTOTEAECHATIKN Tpocopoimon tovg. H taxtikn pme tov anoljyemy vdatTikdv tépav anod
vrdystong v8pogopeic mov Ppickoviar oty VrOAekAvn evog TapeLTpO emmpedlel Kal TV
amoppor} Tov anoteAel Pacikd mapdyovia Tov VOATIKOV 1oluyiov. Q¢ ek TovTOL O BVTANCELG
vroysimv V3GtV MoV PBpiokoviar GTNV VWOAEKAVN TOL VOPOCVLOTNHATOG OV UTOPOLV VL
TaPAAEIPOOHV 0o TO HOVTELO.

To okentikd pe 10 onoio emyePNONKe 0 cCLVLTOAOYICHOG TV anoAnyemy eivar o e&fg: Kabdg
Ol WETPNCEIS TOV AMOPPOMY GTOVG TOIEVTAPEG TEPAAUPAVOLV M1 CUYKEKPUEVY YXPOVIKY
nepiodo Ko TOKTIKA OmOAAYEmV, HeEALOVTIKG oevipila mpooopoimong mov Pacifoviol 611G
peTpNoslg autég mpénetl va. Adfouv vrdyn Tovg Tig TUYOV SPOPOTOCELS amd ekeivn TV
TakTikh amoAjyewv. [a avtév tov Adyo otov Ydpovopéa eivor evoopatopévn 1 dvvatotnia
S16pBmomg g KaTaWPNUEVNG AMOPPONG OTOV Tapievtipa 6tav avth kpiveton emPBefAnuévn,
dnhadf otnv nepintoon mov e&etdlovian oevapia Ue S1UQOPOMOMUEVES XPNIOELG TOV VRGYEIDV
v3pogopéav and autég katd Tn didpkeln Twv peTpicemv. Or petaforéis g amopporg e oyiom
LLE TG VIAPYOVGES XPOVOSEIPEG ATOPPODY OO TNV VIOAEKAVT] TOV TapELTpa divovial omd Tov
EMAVOANTTIKO TUTO:

AQS, = (1-0)AQS.. + afAD,  xar AQSo=0 (4)

6mov AQS, n S16pbwon g amopporig oto xpoviké Prua ¢, AD, m dgopd petald NG
npoPAendpevng amdAnyng amd tov vmdyewo vOpopopén Kal TN GmOANYMG HE TV omoin
vroloyloTnKe M YPOVOCEPE amoppong oTo Ypovikd Prpo ¢ ko a  xai B ov mapPAUETPOl
dopbwong.

2.1.4 Ilepropropoi mapoyijs aywyov
[Tépav tobTov TOV GVOTNHO TNPEL THV APy THG STNPNOTG TOV GYKOV KATH T} HETAPOPE TOV
uéoa oto oVOTNU. AV VTOBECOVUE TMG
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m
L _ 4 t o v
Ri=Dr, ka QN = 2., (3)
j=1 J=1 )
émov n gival 0 apBpog TV aymydv Tov KataAyouv atov kéufo i, m o aptepég TV AYQYOV
7 z P . k , 7 , / ’ .

OV TPOPOdOTOVVTOL amd Tov KOUBO 4 F, Ol eKpoég To ypovikd P ¢ and tov kouPo i péow

, . k z 7 7 7 . . , .
Tov VIporywYEiOL j KAl g, Ol ELGPOEG T0 YPOVIKS Pripa £ otov kOpPo i péow tov vopaywyeiov J,

7 r r ’ ; k z ’ ¢ , .

101e eivol Qavepd mog ot kdbe expof| 7, omb kdmowov kO6ufo I Tov Siktdov vmapxEL Kar

’ , k . 7 7 P ’ ’.
avtictolm €wopon} g, , o€ Kamotov dAro koppo i (i#), Etot hote

=4l (6)

H ponj o€ évav aywyod dev pmopei va vrepPel v mapoyxetevTIKdTNTd TOL 67O 1010 YPoVIKS Pripa.
Mo kéde aywyd plog katevBivoeng Kot yua K&Oe xpoviko Prua. £ TPENEL CUVETDG VO IGYDEL:

0, < C DG, (7)

émov Oy  pon 670 YPpovikd PrApa £, C 0 GUVIEAESTHG XPHOTG TOV ByYOD KATE TV KAVOVIKY
@opd. porig kar DC, n mapoyetevTikdTnTo. 670 Ypovikd Priue £ O cvvieleotig C déyetan Tég
and 0 péypr 1 6mov 1 avuistoyel oty anpéokontn duvatdtira xpNong Tov oywyold og Oy
S1d.pKeLe. TOL YpovikoL PrApatos.

Te mepintoon mov 0 aywyds eivor apeidpopnc povg mpémer va oy Vel avtioToyo Kot O
TEPLOPICHOG:

Q" < C" DC (8

6mov O m avéotpoen pory oo xpovikd Ppa £, C” o cuvteleoThg xpHiong Tov aywyod Katd v
avaotpoen popd. pog kot DC’; 1 TopoxETEVTIKOTNTE, 0VEGTPOPNG POTG OTO XPoviKd Pra £ Tov
opietan and v wKavdTNTe GvTANGTS TOL GUVIEGEUEVODL AVTAOCTAGTO.

Me tovc ovviedeotég C xar C” tifevion kovoveg mov meplopilovv m duvatdnra xpriong evog
ayayod Gg PEPOG KOV TNG CLVOAIKTG SidpKelag Tov ypovikov Prpatog. H emthoyh avt Bpioket
3. XPNOILOTNTO, GTOVG oryayols au@idpopng porg ot omoiot GuvSEoviar pe HOVASES EvepYeLaKtg
LETATPOTNG KOl AEITOVPYOUV G DPEG AIYUTG TAPEYOVTAG TPOTEVOVCH NAEKTPIKY EVEPYELD KAt
LETAPEPOVTIOG VEPS OMO OVAVTN TPOG KATAVTY, EV( OTIG VUXTEPIVEG HOVO DPEG RELTOVPYOLV 10
AvTMOGTAGI KOl HETapEPOLY VEPS otV aviifetn katevbuvon xaravakdvoviag dsutepebovoa
gvépyeLlL.

Téhog ot KGOe TepinTwom o) VEL 1 GXECT
0,/DC; +Q°4/DC’ <=1 (9)

1 ontoia nepropiler Tn cuvolukt) pot} Kat oTIg 500 KaTEVOVVOELS 6TOV Ay®YS KaTd T0 idto ypovikd
Pripa.
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2.2 Movtédlo EVEPYELEKAV CUVIGTMOCDV

LKOTOG TNG ELCAYWYNG EVEPYEWKDV GUVISTOGAOY 6Tov Y8povopsa anotehel ag’ evég 1 emdinén
GTOXOV TapAYWYNG NAEKTPIKAG EvEpyelng katd v mposopoinon/Beltictonoinem, evidocovtdg
TOVG O £vOL TAOIC10 TPOTEPAIOTATAOV UE TOUG VIOAOITOVG |1 EVEPYEWNKOVG GTOYOVG Kol o’
€TépOv 1 mapovciaon evég ohokAnpopivou evepysakod ooluyiov g Bédtiomg Swxeipiong
VOATIKOV TEHPWV.

O gvepyelaxol napdyovieg poviehomolovvial otov Ydpovouéa and Movadeg Evepyeraxig
Meratpomiis (MEM) xau ovGAoyo pe Tov TOTO Tng HOVASAS Topdyowv % KOTAVAADVOLV
nAektpikn evépyew. [Tio cuykexpipéva Swaxpivovion otig e€ng katnyopisc:

o Xrpofrror Ilapoyoyis Yoponiekrpikng Evépysiag mov mapdyovv vdponiektpich
EVEPYEL KOTA TN HETAQOPE VEPOD MO AVAVTN TTPOG KATAVTN

*  AVTMOGTAGLX TO OTOIR KATOVAADVOLY NAEKTPIKT EVEPYEWN HETAPEPOVTAG VEPS ATd KATAVTN
TPOG VAV

e Avthootpofihot o1 omoiot xovv TV KavoTnTa Vo Asrtovpyody apeidpopa avaloya pe Tig
AVEYKES TOL VOPOCVOTHATOG KATAVAADVOVTOG 1) TaPAYOVTOS LOPONAEKTPIKTH EVEPYELL

Mo povada evepyelKig LETATPOTNG CUVOEETUL TAVTOTE He évav aywyd o omoiog éxet dedouéva
onueio vépornyiog kot e&aywyng. O 16106 0 aywydg pe tov onoio ovvdéetar 1 MEM pmopei vo
éyet duvatdtnto poving M apeidpoung xatedbuveng pofg. And Tig WO1OTNTEG TOV OVTIKEUEVHV
A’y(byég kot MEM mpoxvmtouv ot akdrovBeg duvatdtnteg cuvovacudv:

o Aywydg povig katevfuvong yopig covoedepévn Hovada EVEPYELNKTG LETATPOTNG
e Aywydg povig katebBuvong pe cuvoedepivo avtAootdoto

. Aymyég Hovig katevBuvong pe c'uvﬁeésué\/n Hovada mapoymyng EVEPYELRS

¢ Aynyog oueidpoung pong pe cuvdedeUEVO OVTAOGTAGIO.

*  Aywybdg augidpopng pofis e cuvdedepévo avtmootpoPiio

O avticToryol un duvatoi cuvdvacpol kat o1 S10pBADCE GTIG WIOTNTEG TWV AVTIKEWEVHOV OV
AapBdvouv yhpa Kotd v eweayoyn Tov ototeinv etvat ot akérovbot:

e Aywydg apeidpoung pong xwpic cuvdedepévn povdda evepyelokng petatpomng. O aywydg
LETATPEMETAL OF ay@Yd poviig Katevbuvong

o  Aywydg au@idpoung pofig pe ovvdedepévn povado mapaywyng evépyews. O aywydg
UETATPEMETOL OE Qy@yd povng katevbuvong

o Aywydg povig katevbuvong pe ovvdedepévo aviiiootpéPiro. O aviiootpdfiiog
HETATPENETAL OE POVASQ TOpaymYNG EVEPYELNG

Te Movadeg TMapaywymg Ydponiektpumg Evépyeag pumopotv va teBovv evepyetaxoi 616x0t, 1

gEumnpétnon TV oroiwv EMSUOKETAL KATE TNV TPOCOUOION HE TOV TPOTO MOV TEPLypApETAL

oto xe@. 2.4.1.2.5.
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2.2.1 Ymnoloywopoi evepyeraxod teolvyiov

Na va vrnoloyiotel m evépyein E mov mapaystar 7 katovaddveronr omd pic MEM
ypnotponoteitar 1) e€icmon

E=wy Vi h | (10)

6mov yy, ivan 1 e1duen evépyele o GWh/hm*, mov eaptétar 1660 ond Ta YOPAKTNPISTIKG TNG
Hovédag, 6co kot amd Tig VIpavAKig cuvBnKeg, ¥, 0 dykog vepod o hm® ko 4 0 ohikd Vyoc
nthong o hm mov avtotorgel ot Swpopd o1dbung vepod ota onueia vV3pornyiag kot
eEaywyNg ToL aywyol pe TOV ontoio ouvdEeTal 1) HoVAdA EVEPYEIRKAG METATPOTNG. Amtapaitnin
Tpotindbeon Yo va 1oYVEL O TAPATAVE® TOTOG EIVOL 1] LOVOCTIHOVTY OY£0M VYOUG TTOCNG Kot
napoyfig mov Siépyetor amd ™ povéda. Molovott 1 Aertovpyion H0G HOVASOG EVEPYELKAG
LETATPOTNG EMTPEMEL EvaL EVPD PACH TapoX®V Y1 dedopévo Vyog TTdong, Adyot Aertovpyikol
KOl OKOVOUKol odnyovv og povoonuavin oyéomn, €1cl OOTE 1 eKTiUNoT 7OV Yiveton pe TV
napandve eéicnon va Beopeitan ao@aing.

Eo@' 6c0v 0 aywyds mov cuvdéetar pe Tov oTpoPiho Lovadug TopaymyNG EVEPYELRS EMTPETEL TNV
Siéhevon mapoyng ueyorvtepng omd ovth mov pmopel va diéABer amd Tov otpdfiho, M
nhgovalovoa mopoyh HEXPL TG EEOVIANOENG TG TAPOXETEVTIKOTNTAG TOV OY®YOD HETUQPEPETUL
Le eKTpomf mapokdpmToviag Tov otpoPrio (PA Zy. 1). Ze xdbe mepintoon n mapoyn mov
Siépyetan amd tov otpdPiho dev pmopel vo vrepPel ™y mapPOYXETELTIKOTNTO TOV AYWYOD pE TOV
onoio cvvdéetat, £T61 hote va. 1oydeL 0 akdlovbog Tomog:

Qr=max(Qp, Or) (11)

QOr: Méyiotn mapoyfi mov pmopel va xpnoionomBel yio ™V TEPUYDYT VIPONAEKTPIKNG
evépyewng

Op . TlapoyeteuTkéTNTA 0LYQYOoL
Or: Topoyetevtikdtnra otpofilov

Av vdpyet Svvatdtnta mapdkapyng me MEM, énwg oto Zy. 1, amocvvdéovtog kat’ avtdv Tov
Tpémo N Asrtovpyia Tov oTpoPilov amd TN pow vePoD GTov aywyod, umopoly vo, eunnpetBody
omd auTéV OTOYOL EMMALOV TNG TOPAYWYNG LIPONAEKTPIKNAG EVEPYEWDG, EVD TopdAANA
AMOGUVSEETAL 1 MAPOYETELTIKOTNTA TOL Ay®@Yod OmS TNV MOPAYWYT/KATAVEAMOT EVEPYELAG,
TPGYILL YPTCULO Y10, EQAPHOYEG OV TEPIAAUPAVOLY HEAETEG CEVAPIOV LE EVUAAAKTIKES SLATOUES
AYDYOV.

Katéd v GviAnon 1 napoyerevtkdtnta tov aywyod eiooltar pe t uéylotn duvatodthTa
TapoxAG vepol Tov avrhootaciov pe dedopévo VYOG HTMOONG.

v eéicwon (10) n evépysir mov ToPdyETAL N} KATAVAAGVETAL Efvol GLVEPTNON TOL VYOG
TTdog. To omoio xar petaPdrietar kotd tn Sdpkeia evog xpovikod Pripatog. Koatd t extéheon
NG mpocopoinong To VYog TTdomg Hewpeital oTadepd Yo ™ Sidpkeln evOg Ypovikoy PrNATOS.
Avt6 pmopei va Exel 0 OmOTEAECHA THV EICOY@YT} CNUAVTIKAOV CPAAUATMOV GTOVG VTOAOYLGHOVG
™G evépYelg TOL TapGyETaVKoTOVAAGVETL 1] TOV {nTovuevoL SyKov VEPOL TOL TPEMEL VO
petapepfel vy v xdhoym Cfmong oe vdpondextpuci evépyewn. O meplopiopds TV
CQUAMIETOV oVTOV emTuyXGveETOl Ot KavomomTikd Pabud pe TV £owTEPIKA Kol Yy
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VOAOYIGTIKOUG AOYOUG EVO VTTodiaipeon TOV ¥POVIKOD BAHATOS KOL TOV VITOAOYIGUO TOV VYOUC
TTOOMNG OAOV TOV VEATAYWYDOY TOL SIKTOHOL 0To TENOG KGOE vrtoduaipeong.

Zrabun vrepxeiMong

: Movada rapayayic
evépysias

REYIOTO VYO RTHOONG

EAAYIOTO VYOG TTOGHG

Za8pn vagpyeiiiong

2x. 1. Zynuatikhi mwopdotocn Pocikdv Topayoviwov yio Ty Tapaymy DOPONAEKTPIKNG
EVEPYEIOS :

2.2.2 YRroloylopog TG TOWOTNTUS TG TAPUYONEVIG EVEPYELUG

H Y3ponhextpwkn evépyewr (YHE) xatd v npocopoinor vrokoyiletar dpeca oe tpdmo dote
vo Kovomowovvtor or otdyor mopayoyng YHE mov éxouv 1ebei, dwoyerevoviag tovg
amapaitntovg dykovg vepod péoa otovg otpofiovg twv MEM kal éppeco pe £vav amd Tovg
Vo mapaxdte Tpdnovg:

e M:c v glumnpémon GMov otdymv aveldpmimv g mapoywyng EVEPYEWS Omd TN
CLYKEKPEVT LOVASa, ot ontoiot £xovv Gav amoTéhesua TV por dYK®V vEPOD omd HOVAOES
TUPAYOYNG EVEPYELNG. ‘

e Me TV £0appoYH TMV KavOVaV Aertovpyiag mov ctoyebouy otnv BEATioT Syeipion Tov
GUGTANOTOG KoL €YOVV GOV OMOTEAECHE TNV PoT) OYKOV vePOD omd {HOVAdEG mapaywyng

EVEPYELNG.

IMpwtedovso gvépyera (oG HOvadag Tapay®yng evépyelag Kareitar n gvépyelo mov pmopel
cbacpolopuéva va mopoxfel pe ehdyloteg Swkomég katd TN SidpKew MG CUVOAIKNG
eketalduevng YPoViKig TEPLOBOL Kol G £K TOVTOV umopel va mopoyOel pe modd peydro Pabuod
ablomotiog. Eivar gavepd mag pe dedopévo Babud afiomotiag, n npwtedovoa evépyeia evog
vdpocvoTANaTog eEoptdTar omd TG KMUATOAOYIKEG OULVONKEG Thg meployflg kot amd Ta
YAPOKINPIGTIKE TOV VEPOSLGTANATOG, OTwg 1 TomoAoyin, ot S1acTACEG Kol O 1010TNTEG TV
épyov a&lomoinong, Tov vroiekavav KA. [lépa amd avtolg tovg mapdyovieg, GAiol 6mwg Ot



kavoveg rerrovpyiag xar Sayelpiong, ot 6160t KaL ot mpotepadnTeg KAAVYNG TV GTOXWV
Agrtovpyiag Tov cvoTuatog maifovy onuaviikd poio ot SUOPPWON TNG TPOTEHOVCAC
evépyelog. O BEATIOTOQ amd evepyElaKnc Thevpag Tpémog Siyeipiong TV VIATIKGY TOpwV
e&acparilel v péyrotn duvarti) TpwTedovs EVEPYELX.

[dwitepn onpacio yo TG EMYEPNOES TAPAYOYAS NAEKTPIKAG evépyeiag éxel M TpETEHOVGA
gvépyein mov uropel va mapayfel yia v kdAoyn g avénuévng {inong oe dpeg oypig. O
Ydpovopéag Srkpivel TNV TpeTeovco. EVEPYEID GE EVEPYEIX TTOL TapAYON oE Bpeg arypng Kat
un avpng Ot dpeg oy opifovrat amd Tov yprot.

[a tov vrmohoyiopd g npwtebovcug evépyelag o Ydpovopéag drekpivel TV Tpocsopotmuévn
xpovikh mepiodo o ypovikd Pripate and Ta omoie TPOKHNTEL £va. GOVORO TIHDV TaPAyOYHS
voponrekTPIKNG evépyelng E; 68 dpeg ayung yie kaBe pio povado mopaywyns evépyswac. H
TPOTEVOLCA EVEPYEWL €lvol TO X-TOGOOCTNUOPIO TV TIHOV  QLTOV, OOV TO MWOCOGTO X
rapBaverar ToAD vynAd Kot avTImpocwnevE To Padud agomotiog tpmTedovcas evépysiag.

AgvTepebovca EVEPYEL LIRS LOVADNG TAPAYWYNG EVEPYEWLG KOAEITAL 1) EVEPYEIR TTOV TOPAYETOL
and ™V ev AOY® povada emmAgov TG TPOTEVOVCUG EVEPYELNS.

To dBpowcua g mpwredovoag evépyews OA@V TV HOVASWV Tapaywyng svépyswg &vig
OVOTNHOTOS amoTeAel TNV TPmTELOLCO EVEPYEW TOL GUCTAMATOG. Avtiotoya opiletar m
JeVTEPEVOVON EVEPYELRL TOV GUCTHHATOG.

2.3 Movtého OLKOVORIK®DV TAPAYOVTOV

210 owovopikd poviého ovumepihopfdvovior ot Pacikol owovopikol mapdyovieg Tov Eivat
CLVLQACUEVOL UE THV TOPAYOYN KoL TNV KATAVAA®OT MAEKTPIKNG evépyewrg omd TG HOVAOES
EVEPYEWKNG HETATPOTNG TOV SkTOov. AAA0l onpavTikol owkovopkol napdyovieg dmmg 1 xpnon
vepoD yla Ty ¥3pevom, Ty Gpdeucn KAT., T0 AETOVPYIKS KOGTOG, T0 KOGTOG SLVIRPNONG TOV
EYKATOCTACE®Y KOl TOAD TEPIGGOTEPO MOPAYOVIEG TOL deV cuVOEOVTUL Gpeca pe TN Aettovpyia
TOL GUOTANATOS, OMMG TO KOOTOG KOTUOKELNG Epywv aflomoinong vepod Kol Ol GULVAPEIG
owovopkés Sadikaocieg (Savewhnyein, amdoPeon), dev ocvumeprlapfdvoviar oto mopdv
owovopkd poviéro.

Ta owovouikd peyédn mov vmohoyiCovton pe Bdon v tyq povadag mov opileton amd tov
xpnotn etva:

¢ To 6pelog amd TNV TOPAYWYT TPHOTEVOVGAG VOPONAEKTPIKNG EVEPYELIG

e To 6¢ehog omd TV TaPAyYR SEVTEPEVOVCAG VOPONAEKTPIKAG EVEPYELNG

e To k66TOG KATAVAAMONG EVEPYELNG OVTALOCTOGI®V

¢ To k6GTOG KATAVAAWGTS EVEPYELNG AVTALOOTAGI®V OV Aeltovpyodyv pe pewmpévn dwetipnon

2.4 AE1TOVPYIKI] TPOCOUOIMGCT] TOV VOPOGVGTINATOS

Katéd v Aerrovpyikfy mpocopoinon smdidketal n kdAvyn tov otdymv mov €xer Béoet o
XPAoTNG Y100 KGOe ypovikd Phpo tng Teptddov mov mpocopotdvetal. [lopdiinde emdibketan n




KATAVOHT TV LOUTIKOV TOpV UECA GTO VIPOGUCTNUA LE PBAOT TOV TOPUUETPIKS KAvOva
Aertovpyiag. To Sidypappa pong tov Ly. 2 amodidel oe yevikég ypopupés m Swudikacio g
Agrtovpyikng mpocopoimong. H ouvvapmon inc(i) mpooBéter o povdda oty Ty g
petaPfintg i Zto Sldypappa dwkpivovior ol Tpelg PacKES PAGES NG AEITOVPYIKAG
TPOGOUOIWOoNC:

1" Déon: Ltov ecmteptkd Bpdyo Tov Sypaupatog EVTNPETOVVIAL e GEIPE TPOTEPUIOTITAS O
01dY0L TOV €0€GE 0 XPNOTNG

2" @don: EEUmnpETon TOV GTOH{@V TOL TPOTOTOULEVOL YOPLKOD KAvOVe,

3" Déon: Metagopd 6yKwv Omd avAVTH TPOG KATAVIN TOMEVTHPEG HE OKOTO TNV amoQuYN
vrepyeldoemv ko Ty vrépPact Tov opiov TAnupLpKod dykov

‘Okeg o1 paocelg ekterodvToL Yo KG0e ypovikd Prapo (Avag) kot og dAeg TIS Xpovikég Teplddoug
(é11)) TOL TPOGOUOLDVOVTAL.

avg.ap. otdyov k=1
xp. PAne =1, xp. nepiodog y:==1

L

E&unnpétnon otéyov T,
670 ¥p. Phuae £ g yp. nepddov y

Zy. 2:  Baowé Sidypauua pong tov Yroovotiuotog Aertovpyixng Ilpocouoiwong



X10 Sdypappo pong dev cvpnepthapBdveror n duvatétnra vrodaipeang Tov ypovikod PAuaToC
TOL Pmopel va 0piceL 0 XPNOTNG Y TV akpBEcTepn mPocopoimen OmwG 6T akdAOLOEG
TEPIMTOCELG:

e Xe diktva pe aywyovg petafAntig mapoysTevTikdTnTog N HETAPBOA Tov Dyovg TThong Katd
M Sidpkew gvog xpovikoD Pripatog pmopel va eivar onpaviikn. Oswpdviag ctabeph v
TAPOYETEVLTIKOTNTA KATG TN OWGPKEWD EVOG XPOVIKOD PApHaTog €xel ¢ amoTélecuo TNV
EI0AY®Y] CQUAUGTOV OTOVG LTOAOYISHOVS TNG MOUPOYETEVTIKOTNTOG OTO TPEXOV YPOVIKS
prAue. H vrodwipeon Tov ypovikov Prpatog mepropilet to o@aiuo ovtd.

¢ H nopaywyh véponiextpikig evipyeiog egaptdtal dpeca and 10 VYog TTAOONG, M TR TOL
omoiov petaPdaiieroar otn ddpkewn evdg ypovikod Prapatog. H petaforn avty eivon
anpoPrentn otV apyn Tov Ypovikol Pripatog. Extiudvtag oty apyii Tov xpovikod BAuotog
Tov OYKO TOL TPEMEL va. UETAPEPOEL Yo TNV TapOywYN TNG ORATOVHEVNG EVEPYEWNS ME
otabepd Vyog Trdong amd v e&iowon (10), éxel cav amotéheopn TNV E6Qoiuivn ektipnon
TOL YKoV KoL avavTIoTOLYI0 OTOXOV KOl TPUYUATIKNG TapayOpevng evépyelag, ympis avtd va
opeileton oe kdmolov dAlov mapdyovia 6mwG M eEAVTANON NG MOPOYETELTIKOTHTOG TOVL
aywyov. To opdiua meplopiletar eniong pe v mpocopoinot vrodipeons Tov YPOVIKOD
prinatoc.

o Kolbtepn katavop] Tov VOOTIKOV TOPOV  EMTUYYAVETOL HE TNV TPOcopoinom
VIOSLUIPESEDY TOV YpovikoD Pripatog, Kabms avEdvetol i cuyvotnta pe tnv onoia yivetal
EMOVEKTIUNGN TNG KOTAVOUNG VEPOL 670 clotnpo kol kabopiletoar o tpdmog kdAvyng
eAAEpdTOV Kot eEumnpétnong Tav 6TO wV.

H npocopoimnon vrodipéoev Tov ¥povikolh PHHATOE €XEl TPOQOVAG TO UELOVEKTNHA TNG
ueloong g toxdTNTEG OMOKPIONG TOU GULOTNUATOS OVOAOYIKE Tpog Tov apldud Tov
VIOBIUIPECEMV GTO XPOVIKO Pripa.

1o axohovBa KEPAA TEPLYPAPETAL AVAAVTIKG 1} KGOE pio amd TIG PACEL TNG AEITOVPYIKNG
TPOCOUOTWONG.

2.4.1 E&vmmpétnon otéymv (pnotn Kol actoyia Tpocopoicnong

2.4.1.1 ZXtéyor mpocouoivwens

O ypiotrg éxel T duvatdmrta va Bécel 6To cuoTNuUa pio Gepd amd oTéYovs mPosouoiwonS M
Kdhoyn tov onolwv embidketonr and to Ymoovompo Asrwovpyikng Ipocopoiwong. Ot
Katnyopieg v 6TdY®V TOL uTopEl va BEGEL 0 (prioTng cuvoyilovial oTig axdAovdec:

e H xatavéioon vepod and évav kopPo tov vdpoovotiuatog. Me tov 6po katavdiwon
vEpoD ovaQePORUoTE HOVO OTIG YPHOES VEPOD TOL apUIPOvY YKo amd 1O VIPOCHETNHA
émog 1 Vdpevom, M Gpdevon K.4. AAheg ypfoElg vePOD mOvL dtnpodv TO VEPS OTO
vdpocHoTNHE, EVOEXOMEVMG HETUQEPOVTAS TO omd to éva onueio oto GAAo, Oev
yopaxtnpilovial mg oTdy ol KaTavaAmaong vepov. '

o H ghayotn porj og emheypévong aymyovs Yo Aitovpytcotg Adyoug

o H pon ngprorlovrikiig SaTRPNGTG OF PUOIKOVG AYWYOLG TOV OVITKOVV GTO VEPOCVGTNUA
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* H nopayoyq vdponhektpikng evépyeiag and otpoPitovg n omoio mpoPrénetar yia v
KéAoym g {inomg oe nhexTpiky evépysia.

* H dwmpnon tov arodépuatog 6Tov Tapeutipe nive ond éva, ehdyioto 6pio aspareiag. O
omoONKevTIKGG EVEPYOG OYKOG EVOG TAUIEVTNAPA KATA KAVOVO, YPNOILOTOEITOL 6T0 GHVOAS
TOL KUl UOVO O VEKPOG OYKOG mapapével oxpnowonointog. Mropel dpog va Kaboprotel
Kdmolog GAlog peyaAvTepog dykog acpareiog, o omolog kot péxpt Tov opiov TOL VEKPOD
Oyxov Bo. ypnorponoteital Yo dpeg avlykng cvykekpyévav tdvo 6Tdxwv 6mwg avTdg TG
Vdpevong.

¢ H dwripnon tov amobépatog oTov TauevTipo, K4Te and éva Oplo péyieTov Gykov
emdidkeTar yia Adyoug acpareiog amd eviexdueve TANUUDPIKGE yeyovoto Wiaitepa peyding
EvtaoTg

Ext6g and Tov mpdto 616)0, 1 KdAvyn tov onoiov onpaivel anapaitnta Kol S1u@uyn vepov amd
70 CUGTNHN, OAOL O1 VOAOITOL GTOYOL AvaPEPOVTAL TN SaTproN OpieV f| OTH LETOPOPE GYKOL
vepod amd évav kopPo oe évav GAko, yopig va ydvetat vepd amd to cdotnua. Qg ek TovTOL B
UTOPOVGE 0 1810G OYKOG va ETOVOYPNCIUOTOMOEL Yo TV KAAVYT KATOWOL GAAOL GTOYOV.

O1 otdyor Tpocopotdvoviar o celpbd avedptnta o évag and tov GAlo €161 Gote va givo
duvatn 1 amddoon aotoyiog oe kGbe Evav EexmploTd CUUPMVOE HE TOVG OPICHUOVS TOV KEQ.
2.4.1.3. ' avtdv Tov AOYO EVIACCOVTOL GE 0L CEPA TPOTEPUOTNTAG KAL [UE QVTAV TNV OEPd
e&ummpetodvran xatd v tpocopoinon. H cepd npotepatdmrag éxel peyalvtepn onuacio edv
0 yphotng dev emhé€erl v duvatdmta vrodwipeons Tov ypovikod PAMATOC. Ze avthv TNV
nepintot o1 6TOYOL pe THY VYNAdTEPN TpoTepadTNTL EEVLTNPETOVVTOL TPMTOL 5TO GUVOAD TOUC,
KOTOVAADVOVTOG TOPOVG KOl YPTCLHOTOLDVTOG TV VYICTAUEV] TOPOYETEVTIKOTNTA TOV SIKTVOV.
AvtiBeta, pe Ty emhoyn wog vrodaipeong Tov xpovikol PAuatog wg eAayicTov SlacTAMATOG
TPocouoiwomng, LEPOS ToV ekdotote oTdYoL eEummpeteitan KOs Popd mov exteleitar o Paoikdg
Bpdyog tng Aertovpykig mpocopoinong. Av efetdoet kavelg peydho ypovikd Swotipote Ba
Swmotooer Tg 600 Mo piKpd eivar 10 eAdyoto ypovikd Sdotnue mpocopoimong TG0
TEPIOCOTEPO TEIVEL TO CVUCTNHA Ve eEVTNPETEL TOVG GTOYOVG «TAPAAANAE», EAAYIOTOTOIDVTOG
™V ETdpaon TG GEPAG TPOTEPALOTNTAC.

Katd tov oxediaopd 566nke Wiaitepn npocoyn otov eviaio Tpémo pe Tov 0moio o ypnotng Héter
Kol vo yepiletar toug otdyovg mpocouoinong. O kdbe otdyog avapépetar o kdnow £pyo
a&lomoinong, mov pmopel va gival TAMIELTNPAS, VOPAYWYEID N HOVASO TAPUYWYNG EVEPYEWCS,
avéioya pe To £i6og Tov oTéYOL.

210 1810 £pyo a&romoinong pmopovv va 1e8ovv morlamhol otdyor axdun Kor Tov wWiov eidovg,
gdv avtd eEummpetel 1o oevaplo Tov axkolovbeital. Xto mapakdto mapdderypo tibevior oTov
TOMEVTAPO A e GEPA TPOTEPUOTNTAG TEGCEPLG CTOYOL:

1. EAdyotog dykog aceareiog V; tapevtipa 4

Kazavaioon y dyxov vepod yw dpdevom and tov tapevtnpo A

EAdyiotog 6ykog aopaieiog VAV tamevtipa 4

Sl

Kotavéiwon y dykov vepod v dpdevot and tov tapievtipa 4
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TOUPOVE PE TOV 20 OTOYO KOTAVOADVETOL HEYPL KO X 0yKog vepov oto Pabud mov dev
nopaPidletal to Opo acpareiag V; tov tapevtipa 4 mov amoteiel kor tov 1o oTéy0 Mg
npocopoinong. O 4og 016x0g TOL £xEL TN YOUNAOTEPN TPOTEPUOTNTA UROPE v eEacpaiioet
évav emmdéov dyko vepod y yia THv dpdevon oto Babud mov dev mapaPiiletar to dpio VAV
TOU TOMEVLTHPA TOV 30V GTOYOV.

‘Evag 61006 opiletan divovtag Tov e T v kKGOe xpovikd Prpo. H Ty tov otdyov pmopet

vo. dwgoporoteital emoyokd. H emhoyn avthy eivon ypriown extdég amd v mepintwon
KATAVOADTIKOV OTOY@V 7OV Topovoldfovy évfoveg gmoylokég SKVUAVOES Kot Of GARES
Katnyopieg otoéywV, dnmg oty mEpinTon STNPNoNG Tov ATOBEUATOG GTOV TAUEVTAPO KATM
and éva opro péyiotov dykov. Evd o mepiodo pe avénuévn Bpoydrrwon o 6pio tibetan oe
OYETKA YOUNAG emineda, TOUG KAAOKUIPVOUG HNVEG, OMOV £Ve KATUOTPOPIKS TANUULPIKO
yeyovog etval e€atpetikd ondvio, 0 avdtaTog 0YKog opiletan og vynidtepa enineda o' 6TL 670
VoAU £10¢, avédvovtag £Tot T dSLVATOTNTO ATOHNKEVGTS TOV CUGTHIATOG.

Te KaTavaAoTiKoug otdyovg divetan emmAéov 1 duvatdTnTa Ypappkig Kot eketikig adEnomng
™G TG Tov, €Tl MOTE Vo avIAmOKPiveTal 6Tovg TPoPAendpuevovg pubpovs adéEnong g
momg. Ot eéisdoeg (13) ko (14) Sivouv pe apyuch tpd D, v mpoPAendpevn Tium {Rmong
oTO YPOVO ¢ :

D)=D,' +(t-1) D, (12)
D/=D,! (1+d)"! (13)

émov D)/ etvon n Ty {RTnomg v kabe £tog Tpocopoinong kat D, 1 eTiow avénon Bempoduevn
otabepn| (e€. 13) ko d; n mocooTweia eTAc0 adENCT Bewpovpevr otabepn (€. 14).

ITépa a6 TV KATOYPAGT TNG AOTOXING Ol GTOYOL WTOPOVY VL AEITOVPYHGOLY KAl TEPLOPIGTIKG,
otV avalnTnon Heg amodekTig AVomg Tov TpofAnuatog duyeipiong véatkdy mdpwv. INa tov
Aoyo autd givar duvaty n ewooymyy evég avatatov anodextod opiov actoyiag ctdyov. Xe
nepintoon mov to Opo aVTé KUTh TNV TPocopoiwomn pe KAmowv kavovo Asttovpyiag
napaPactel, n mpooopoimon SWKOTTETAL KOt O GULYKEKPUEVOG Kovovag Asrovpyiag
amoppinteTal.

2.4.1.2 H npocéyyion cToYwv npocouoincys

Ov o160l mpocopoimong Stakpivoviar og ovtovg mov mpoimoBétovv pon vepod mov
uetopépovidr and To éva onpeio Tov dikTvo o kamolo GAlo 1| mov agoipovvTar amd To dikTvo,
Kt 6t ekeivoug ol omoiol otoxgbovv otnv dwthipnomn opiov Gykov otovg taplevtipes. H
KOTOGTPATAYNOT QUTAOV TOV 0pieV CUVETAYETHL EVOEXOUEVT LETOPOPE OYKOU.

H Loyikr| Tov oyedacpuod T0v AoyIopiKoD, cOUEmve pe TV onoia propel vo Tpocopowwdet éva
gupd @Gopa Suctowv avegapmro and v tomoloyia tovg, emPdairer tov evwio Tpdmo
TPocéyyiong oTOYOV e Kotd To Suvatdv eAdyicTOug TEPLOPICHOVG otV eQappoyh. Eivat
YAPUKTHPIGTIKG To. TTapadeiypata SikTvV e aymyovs au@idpoung pofig kon o1 eVOAMKTIKEG
Suvatdtnteg pofig vepod 6To diktvo Y TV KdAvym otdyov, Tov mEPmAEKOLY TNV avalhtnon
1OV 0modoTikOTEpOV emAoydv. Emmiéov n mapoyetevtikdtnta tov aywydv noilel onuaviiko
poho otnv Suvardtnra petoxiviong vepol kar ot TOAAG mBavé cevdplo dev umopel va
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napaPreedel. O Yopovousag cuvumoroyilel tovg kavoveg Aertovpyiag kat tnv TAPOYETEVTIKO~
™Mo avoTdv oAAG Kal KAEISTOV oywydv mov Asttovpyodv vmd mieom, akdpe Ko aAyOYQOV
OUPIOPOUNG PONG Yia TV KAALYT) TOV GTOYV.

2.4.1.2.1 Avalitnon vroksinovrog oykov v

T v eEVMMPETNON TMV TEPICCOTEPOV OTOYMV ATUTELTOL HETOPOPG amobnkevpévoy GyKov
omo avavTn TapEVTApeg TPog Tov K6uPo otov omoio dnuovpyeitan {Ron vepod. Kabdg oe
TOMEG MEPIMTAOGEG VAPXOLV EVOAAUKTIKEG SUVOTOTNTEG Y10, TV KEALYN TOL GTOYOV, TO
gpdINHa mov tifetonl eivar amd mOOLG GVAVTN TOMIELTAPEG KOl pHE oW KaTovou Ba
¥pnooromBouvy o1 avaykaiot Oykot.

Zrov Ydpovousa £xer vhorombei ahyépiBuog o onoiog avalnrei tov vroleimovia dyko og GAovg
TOVG YELTVIALOVTEG Tauevtipeg avdvtn tov k6pBov otov omoio dnwovpysitar n {hmon. H
katevbuvon avolrnong eivor omd xatdvin mpog avavtn €Tl (Gote o8 ALTAV T Edom va
TPAYUATONOLEITAL 1 UETOPOPE MOV TOV AmOpaiTNTOV TOCOTHTWV Yo THV Eumnpétnon g
Chong and Tovg Mo KovIoug Tapevtipes. Zto Babud mov 1 avalimon otovg Kovvovg
Tapevtipeg amofaivel dkapmn, n épeuve TPOYWPGEL KOl OF TEPLOGOTEPO  AMOUOKPOVE
TOMIEVTTPES.

2xomdG TNG TUKTIKNG ALTAG etval:

e 1 anopaitnn kdAvyn g {ftnong €9’ doov vdatikol Topot eivan Srabécipot

e 0 TEPOPICHOG TG OTATAANG TOADTILMY TOPMV KATH TNV TPOCOHOIMON KAl 0 TEPLOPISHAG
doxomwv podv, Tphype nov ba enéPepe SUGUEVESTEPA ATOTEAEGUATO AGTOYIOG

* 1 KaTOVOUN TNG avayKaig amdANYNg and ToVg avavTn TOMEVTAPES e TETOL0 TPOTO TOL VA,
avTamokpivetal Katé To SuVaToV GTOVG OTOYOVG TOL TUPAUETPIKOD Kavova Asttovpyiog (BA.
KeP. 2.4.2)

H avalhimon vepol npoympdet Kat o€ oy@yovg TOU GLVIEOVTOL PE AVTALOOTAOLN, OOV I Pony
npaypatonoteitor vd micomn, map’ 6Ao mov Oev Ppiokoviar avdvin tov k6ufov otov onoiov
dnpovpyeitar i {Atnom, oAkd pmopodv va ypnoonomBody y Ty kdAvyn me. Edv avtd dev
efvat TG TPoBETELS TOV (PNOTN, TO GUCTNHO EMOEYETAUL TOV EMAEKTIKG ATOKAEIOUO POPAC POTIC
aywydV omd T1 cuyKEKpLUéVN @don g Tpocopoinong (BA. ke@. 3.2.2.4).

Mo mv xdioyn g Cimong xatdvrn avelnteitar kotd 7wpdtov AdYo o mleovdlwv
uetapepouevos oykog. O dykog avtdg avtiotoryel otov dyko mov pnopei vo eowovoundel and
TOUG aVAVTN TOUEVTAPES, Ypnoonowdviag pdvo ta mieovalovia amobépata Tov €KAGTOTE
TOMIELTNPO. OF OYEOT HE TOV OYKO-0TOX0 mov £xel 1efel amd tov mapapeTpikd Kovova
Aertovpylag, cvvumoloyifovtag TV vrOAEiTovoa SVVATHTNTA TOPOYNG TOV AYWYDY HEYPL TOV
KopPo Gitnong katd to Tpéxov xpovikd Pripa.

E@’ 6c0v dev givan dvvaty m kédioyn g {itnomng and tov mheovdlovia petapepdpevo dyko
YPNOLLOTOIELTAL GTN GUVEXELD O WPEAUOS UETAPEPCLEVOS BYKOG, TIOL AVTIOTOLXEL 6T0 GUVOLO TOL
anoféuatog TV avavin touevtipov. O dykog avtdg umopel va petapepbel puéypt tov xduPo
{nmong oto Tpéxov xpovikd Prpa.
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O alyopduog mpomPei v avalitnon 6ykov amd TOUG OvEvTH TOMIEVTNPEG Me Tov id10
ovadpopIKS TPOTO OV TPAYHATONOEITAL [0, avalhTnon o ypagripate pe Sevdpoedn popen,
Eexvavtag and ™ pila Tov YpaPHUATOG KAl TPOXWPOVIAG ot KAMSL Tov, Ywpic va £yet
onpocio 1 zmpotepardtnta TV Swdpopdv. Emed katd v avelftnom axolovBeital
emavenupéve n 6w Sudpoun XPNCIHOTOIDVTNG KABE @Oopd HOVO HEPOG TOL GROANWIMOL
dyxov, emrvyydvetor TEMKE ektdg and v eEuanpétnon Tov otdyov mov £0ecE 0 YPAOTNG KoL 1
TPOGEYYIOT] TOL 5YKOL-OTOYOV TOL TOPUUETPIKOD  KAVOVAL. Emrvyydveton ermiong kot m
100KATAVOUN TUY DV UTOKMGE®Y 0N TOV OYKO-GTOYO GTOVG YELTVIALOVTES TAMEVTNPES.

[Mo ™ petaopd dyKmv cuVUTOAOYILETOL TAVTOTE 1 TPEYOVCH VIOALITOVGA TAUPOYETEVTIKOTNTA
TV ayeyodv. Onwng mpoava@épbnike 10 o@dipa okpifeng VIOAOYIOUDOV OTOUG Oy@youS
peTaPINTAG  TOpPOYETELTIKOTNTOG HmOpel vo  mepoplotel  oe  wcovomoumTiKG  emineda
TpocoHOLdVOVTAS  LIOOWMPESELS  ypovikoy  Pripotog  kon  avampoooppudloviog  TnVv
TOPOYETEVTIKOTITO HETA 0md KGOe vodaipeom.

Avéhoya pe 1o £i80g Tov 6T6X0V M avalATnon dyKou yia v kdAvym {Rtmong Swpoporoteitat
COLLOMVO LE TO TAPOKATE.

2.4.1.2.2 TIIpocéyyion 610300 KETAVAADGNG VEPOD

O o10%0¢ koatavéiwong vepod Onpovpyel Ciinom mov ocvvdéetar pe évav kéuPo tov
VEPOCVOTAUOTOG. XE Tepintwon mov o kouPog avtdg eivon TapevTApaAg KAl TOL HTOPEl vo
KoAvwyer ) Tnon, n avalitnon VEATIKDV TOPOV TEPRATILETON 8 QT TO onueio. AlapopeTikd
Eexwvaet duwdikaoio avalTnong Tov VTOAEITOVTOG OYKOL antd TOV amoBNKeEVHEVO OYKO GTOVG
avavIn ToELTHPES UE Tov Tpdmo mov avapépdnke mapandved. O 6ykog mov peta@épbnke
apaipeitatl oo To cVOTUA Kot cuVLToAoYileTan 610 VAT 16oLHYI0 g PEPOG TOL GYKOV OV
YPNOWOTOONKE Yot TNV KAALYT) GTOXOV.

2.4.1.2.3 Awtiipnon Tov opiov dykov Tapmevtipo

O éleyyog TV OVOTUTOV KOl KOTOTATOV Oplev TOV TRUIEVTPOV TPAYHATOTOEITAL KATE TN
Sipkeia g mpocopoinong. e nepintmon mov eivar aropaitnn 1 peTapopd dykov amd aviv
TOIEVTAPES, Yo TNV €&ao@AAion Tov amofnkevTikov Oykov acalreiog, 1 ovalfitnon kot
LETOQOPE VEPOD TporypoToTotEiTar pe tov {610 tpoémo dmwg kotd tnv CAtnom Katavaiwong
vepoD, UE TN S1QOpE TG 0 GYKOG MoV HETAPEPBNKE Oev YAvetul amd TO CVUGTNMA, OAAG
npoctifetol oto amdbepo Tov kotdvin tapevtipa. H amdinym vepod and évav tapievtipa
népa amd to 6plo acPaleing Yo TNV KEALYM Kamoov GALoV oTdXOL OV £xgL BécEL O XPTOTNG
Ty M Vdpsuomn, mpoypatomoteitar povo edv o tedevtaiog £xel kataywpndel pe avaortepn
npotepardnTa. AAAoL Adyor g ot amdleleg and vrdyeteg Swipuyég ko ) e€dTpon vepov and
TOVG TOIEVTIPEG HE KOTOTATO Oplo amoBéuatog Hmopovy vo, cupuPailovy oty actoyio Tov
TEPLOPIGLOV CVTOD.

TV nEpinTmo 1oL givon avaykaio 1 HETAPOPE GYKOV ard EVav TRUIEVTIPO TPOG TOVG KATAVTN
TOMIEVTHPEG HE OKOTO T STAPNOY TOV OVIMANUUVPIKOD OYKov, TOTE TO VEPS HETAPEPETAL
HéxpL ToV apEcmG EMOUEVO TAWELTAPO OTOV Ko amodnkedetar otov Pabud mov o KoTavTn
ToEVTAPOG  Exst  ovekpeTdAlevtny amobnkevtikh wavétnra. Kat' avtév tov  tpémo
eEacpolletar n amobikevon tov vepod pe 600 T0 Suvardv Aydtepn amdAsw SUVOLIKNG
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gvépyewg. O oykog vepod yia Tov omoio dev urdpyet og 6An T Stadpoph péypt tov tehikd kdpuPo
EMAPKNG ATOOMNKEVTIKOG YDPOG, YEveETAL 0TE TO CVHGTNHO.

2.4.1.2.4 IIpociyyion ctéymv eEAdoTng por]c kot Tepifailovrikig SruTipnong

Ot otdyor ehdyomng pofg aywyod kar mepiParloviuciis Swathpnong avdyovial coe oTdHX0
KatavdAwong vepod agod Snuovpyodv {immon vepod otov avévin kOépBo Tov QUGIKOD 1
TEYVNTOV 0y@wyol pe Tov omoiov cuvdéetatl o 6TdxX0G. AWPOPOTolovVTOL OU®G and Tov 6TdY0
KOTAVEA®OTIG 670 0Tl 0 GYKOG VEPOD TAPAUEVEL KAT OpYTV 6TO VEPOCUGTNLO KOl LETUPEPETOL
otov Katavin kOuBo Tov aywyod £’ OGOV 10 EMTPEMEL 1) MOPOYETELTIKOTTA Tov. [ TN
gEumnpétnon tav otdyev eMdyotg porg kar mepiPailoviikig dwthpnong cuvuroloyifovia
KOl Ol HETOPOPEG GYKOL TOov TpoypoTomomifnkay pécwm tov aymyod yw v eritevén GAwv
o1y 0V 610 1810 Ypovikd Pripa. '

2.4.1.2.5 IIpocéyyien 616100 TAPAYOYNG EVEPYELAG

H povada mapoywyng vdponiextpikng evépyetog oty onoia £xet 1ebel o otdyog, cvvdéetal pe
évav aywyd mpocaywyns. Ta v mopaywyn g {nrovpevng evépyeiog voloyiletor and tov
tomo (10)  mapPoxH MOV TPEMEL VO, TEPETEL 0O T0 GTPOPAO TG povadac. To VIoAoyIoTIKG
ovotua TpobmoBétel OTL M CUVOAIKY) TAPOYH TOL AY®YOD TPOCAYWYRS, MEXPL TOL Opiov
TANPOTTAG TV GTPOPiAwy, ¥PNCUOTOLEITAL Y10 TV TEPUYWYH EVEpYEWS, aveEdptnTa and Tov
Aoyo yw Tov omoio mpaypatoromBnke 1 pon. Eivar xatogavég mmg to mpoPAnua mapaymyng
V8pONAEKTPIKAG evépyerag avayetat TAéov o€ £va TPOPANUA EAAYIGTNG POTG OO TOV BLYWYO.

2.4.1.3 Acroyia cvenjuaros

Ma myv a&oldynon tov kavévev Asttovpylag eival arapaitnn n npocouoimon g pakpds
YPOVIKAG TEPLddov, 1 Sudpkewe g omoiag efouptdtar omd To €id0g TG EQApPHOYNG KoL T
Aemtopépelo. TV avapevopevav oamotedespdtmv. Katd v mpocopoimon efetdleton m
duvatdnto KGAvyng TV oTdX®OV M¢ TPOG TN YPOVIKY S1dpKeEW KAl TO VYOG TNG TuNg TOL
otdyov:

Aoctoyia o¢ Tpog T ypovikn mepiodo

Trig meplocotepe TV meputtdoemv  daxeipiong vdatwdv mopwv  avalnreitor 1
duvatdtnro kGAoyng g {Rtnong mov dnpovpyel o oTdog oTN ddpKewl Hag YPOVIKAG
neP1Odov mov cvvNBwg avTioToyEl oe éva £tog. H mBavdémto actoyiag tov cvotiuatog wg
npog TN xpovikh mepiodo (actoxio xpovumg meprddov o) opiletar amd 10 A6yo TV
YPOVIKGOV TTEPLOB@V pe aoToXie TPOG TO CVHVOLO TOV TPOGOUOIOUEVMV YPOVIKAOV TEPLOSWV.
H ypovikhy mepiodog duakpiveTon o€ xpovikd Ppato mov cuviBmg avTicTOLXOUV G WAVEG
tov étoug. Kabdg 1 Citnon mpémel vo kaAvmretal o8 OAN 1) S1GpKEWD UG YPOVIKNG
TEPLOSOV, AOTOYI TOV CLUCTANATOG WG TPOG TN} XPOVIKH TEPiodo SmMOTOVETOL KATE, TNV
actoyio Vg TOLAGIGTOV YpoviKoD Bripatog TG meptddov.

Agtoyla @¢ Tpoc 1o ypovikd Biua

Y& TepinTom mov KoTd T SiépKeln evog ypovicoh Ppotoc dev emttevyBei kdmotog 6TdY0g
Smothveror aoToyit CUCTAUATOS O TPOG TO &V AOY® ypovikd Prua kot otdyo. H
TOaVHTNTO. AGTOYING TOV CLUCTHLATOS MG TPOG TO YPOVIKS Prua (actoxio ypovikoy Pruatog
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az) dtveton amd 10 Adyo TV GACTOXMV XPOVIKAOV PNuETOV TPOg TOV GUVOAMKS apOud
xpovikav Prnudtov. H actoxia ypovikod PAuatog onpaivel amapaitnta ket actoyio g
e&eTalOpevng Povikhg TePLOdOV Ko 1oy VEL N OXECT Oz <a.

Otav 10 VTOAOYIOTIKO CUCTNUA TPOCOUOUDVEL VIOINIPESELS XPOVIKOD PAUATOG Y10 VO
emitevyOel peyakvtepn axpifein vroloyiopdv, N avaroyio g TiAg oTOYOL TPéMEL VoL
KaAOmTeTaL o OAeg TG LIOSINPECELS TOV YpovikoL PApatos. EEaipson amotelei o otdy0g
EAAYIOTOL Ko TANPHLPIKOD YKoV TOV TAMEVLTNP®Y, 0 ontoiog e£etaleTton HOVo oTo TENOG
oV ypoviko¥ Prpatog. Kot avtdév tov tpomo Sivetar m Suvatdtnta oto Aertovpykd
oboTnpa va Tpoceyyioet otadkd andtopes petaforés 61dOuns-ctdyovL.

Actoyia kélowne dykov

IMa kotovadotikods otdyovg dnmg n {itnom vepod yw tnv Vdpevon N v Gpdevon sivar
ypRown 1 mAnpoeopia g actoxiag kdivyng {itnong asz mov opiletoar wg o Adyog Tov
eAeippotog kGhoyng CAtnomg mpog TV GLUVOAIKT {TNOM OTNV TPOCOUOLOUEVT] XPOVIKA
nepiodo.

To vmoloywotikd cbotnuo pmopei xotd v Peltictonoinon va avalnticer v ehdyiom
mbavotnto aotoyiog evog amd tovg Tpeg mapandve opove. [lépav tovtov o ypRotng TOL
CLOTANOTOG HTopel va kabopicel avATaTEG TIHEG aoToyiag ypovikng Tepddov Yo kabe évav and
TOVG GTOYOVG, O OTolEg AEITOVPYOUV TEPLOPIOTIKG KaTd TN ddpkewn g mpocsopoinong: Otav
Swmothvetar vépPacn Tov opiov aoToyiag O Kavévag Xeuovpyiag aroppintetar. To
npOPANpa dev éxer Adom Otav dev VEAPYEL KATO0G KAvOvag AETovpylag oL v, IKAVOTolEl
Hhovg TOVG TEPLOPLOHOVG aoTOoYlag WO Exouv TeBEL. '

2.4.2 O napapeTpikdc Kavovag Aettovpyiog

To Asrtovpykd cbotnuo petokwel kard v mpocopoinon e pa mpdTH QAon HOVO TOVG
dykoug vepov Tov givar amapaitnTot yia TV KAALYN TOV 6TOX0V 1oL éxeL BEcel 0 ypriotng. Me
T0VG evamopsivavtes v8ATIKOVG TOPOVG KL TNV VIOAEITOVCA TAPOYETEVTIKOTNTA TMV AYWYQDV
UTOPOVY VO, TPOGOUOIOOUV EMMAEOV HETUPOPEG OYKWV HETAED T®V TAMIEVTAPOV 610 310
ypovikd PBAua, Pektidvoviag €01 TV CLVOAIKY TOL KovOTHTE Vo oviamokpdel ko o
peAovTikog 6ToY0vg. Amapaitntn npotndbeon sivar évag kovévag Asrovpyiog yio cvthy N
debtepn @don g AEtTovpyIKig TPOocopoinoNg.

210 vmohoyloTikd ocvotnuo Y8povopfag Exel viomowBel évag TAPAUETPIKOG  KOVOVAG
AEtTovpYiag YVOOTOG MG TPOTOTOINUEVOS XWPIKS Kavevag, N HempnTikh avarTuén Tov omoiov
diveton amd tovg Nalbantis and Koutsoyiannis [1995]. O kavévag avtdg eivar g popeng
S=a+b;V, 6mov S; 10 amdOepa TOL I TOUELTAPA KUl ¥ 0 CUVOMKOG W@EAHOG OYKOG TOV
cvotApatog. O kavévag kabBopilel 10 amdBepa-otdyog Yoo KEAOE TAUEVTAPO GLVOPTACEL TOL
CUVOMKOD OEEMUOL GYKOL TOv ovotipatog. Efoitiog tav mepopiopdv X@pNTIKOTNTOG
amouteitol S16pfmon TeV YpapkdV EEICOOEMY TOV TAPAUETPIKOV KAVOVO. Kot 1) TEAIKY) HOPPN
TV Kovovev Aertovpyiog sivor un ypappikh. Ze Siepedvnon mov £xet npoypatonomel yio anid
vdpocvotiuata, &xel anodeyBel 6TL N evarcBnoia Tov HOVTENOVL WG TPOG TIG MAPAUETPOVG a;
givar Tohv mepropiopévn. 'Erot cuvortikd o kavdvaeg meptypdgetal ond Tig akOhovbeg e510DCELS:
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0 1+4(1-T/K)<0
T' ={bV 0<l+¢(1-T /K)<KIT (14)
K, 1+¢(1-T/K)>K IT

omov
0 bV <0
T =¢bV 0<bV <K, ‘ (15)
K, bVr>Kk
Kat
V' 0 ovvolkog 07KOG 6TO GUOTNUO TRHIEVTHPAOV TOV CUUHETEXOVV GTOV TUPAUETPIKS KavOva,

Lo, OESOpEVN YPOVIKT] CTLYIA.

T 70 Swpbopévo an6hepa-cToY0G Yiot TOV TAUIEVTIPY. i

T,  mapywn extipnotn Tov anobEuaTog-cToYOV Y10 TOV TAUIEVTHPA |

K; M xabopn xopntikdTnTo Tov TaievTipa i

b,  OLTAPAUETPOL TOL KAVOVA ATOANYTS OV TNPOVV TOV TEPLOPIGUO :
N
Db =1 (16)
i=]

@ 0 ouvigdeotng 810pbwong Tov divetat and Tov THTO :

N
V->T,

=5 —" (17)
> TA-T/K) |
i=1

£101 hoTe VoL TNPELTAL O TEPLOPISUOG:
N
Z]: =V (18)

i=1

Ilepropiotikd oty enitevén Tov amobEpaTog-0TOXOV AEITOVPYEL 1 TAPOYETELTIKOTNTA TOV
ayaydv Tov diktdov. Eniong datnpodviar To avOTOTA Kot KATOTATO 0Pl TV TAUIELTAPOV OV
éyovv 1e0el 101 DOTE T EQUPUOYT) TOV TPOTOTOMUEVOL YOPIKOD KAvVOVE VO UV QVEAVEL TNV
mhavdTnTo 0oToYing 6TOVG OTOYOVG oL £XEL DEGEL O XPHOTNG.

ATOTENEGHO. TOV TOPATAVE TEPOPoHGY  eivar 1 avamépevkTn  dnuiovpyio.  TOTIKMV
TAEOVACUATMV KOl EMAEUPGTOV PETAED TOV TPOYHATIKOD GYKOL Kol TOV 0moBEpaTog-cToYov
tov  topevtipav. To Aeltovpyiké ovOTNHA  TPOCOMOIMONG YPNCIHOTOEL TNV  TAKTIKN
 100KOTAVOUNG TUYXOV TOTIKMOV TAeovaopaTOV | EAAEPGTOV £TOL GOTE Vo EAATTAOVOVIOL Ol
vrépuetpeg dapopés kot va Tpooeyyiloviat kotd To duvatdv o amodéuaTa-cToxoL.
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2.4.3 Amo@uyn vrepyethicemv

Katd 11 800 mphreg paoeig g Tpocopoinomg 10 Ae1tovpyikd GOGTHHA HETOKIVEL GYKOUG VEPOD
Y1 Ty eEumNPETNO TV 6TOYWV TOL £0£GE 0 XPNOTNG KoL YioL TNV eEVTNPETNON TV GTOYMY TOV
TAPAUETPIKOD Kavova Asrtovpyiag. O petakwiioelg avtég Se&ayovia eite & ohoxkAipov péoa
670 VOPOCVGTNUA, ANl TOV évav TAUIELTAPO. oToV GAAoV, eite peTapépovtag vepd extdg Suctvov
Y TV K@Avyn kanowag {Rtmong.

‘Evag 4Arog Adyog yia Tov omoio xavetat ToAVTIHO vepd and 1o cVOTNUO givat 1) TEPITT®OT OOV
ol €lopoéc oc €vav TAMELTAPR EEmMEPVAVE TN YOPNTWKOTNTA TOL Kol KATd ovvénew Oo
vrepyeiMiay Tov TapeLTApa. TNV TPt PACT TG AEITOVPYIKNAG TPOGOUOIWOTG TO VITOAOYIGTIKG
cOOTNHO EMOLOKEL TNV EAAYICTOTOINCT] TV VREPKEIMOEDV HE TN UETAQOPE TOV TAEOVALOVTOg
&YKoV GTOVG KATAVTN TAEVTNPEG pe SBéoipo amobnkevTikd xdpo. Arapaitntn npoinddeon
YU avtod givor va unv éxet e&avtAnbel n TapoyETELTIKOTNTA GTOVG AY@YOUS HETAQOPAS amd T
YPAOM TOVG 6TIG JVO TPATEG PAGEIS TNG AELTOLPYIKNG TPosopoimoTg. Xto Pabud mov dev yet
e€avtAndei n TAPOYETEVTIKOTITO TV OYDYDV KAl TOL VILAPYEL S1BEUOG amOONKELTIKOS YDPOG
OTOVG TAMIEVTIPEG KATAVTY], 0 TALOVAL®V 6YKOG LETAPEPETAL Kot SoThpeital 6To0 cVoTNMA Yo

peAlovtikn xpron.

2.4.4 Tepropiopdg 6tn Yp1NoN AYOYOV

H ypfion tov ayoydv Tov SIKTOov emTPERETOL 6TOV Ydpovopéa Kotd kavova xmpig Tepopioud
ot 6Aeg TIG PACELS TNG AEtTOLPYIKTG Tpocopoimong. Ze E101KEG MEPINTOGEL; OH®G sival oo
M XPNOT OPISUEVOV Oywy®dV NOVO o€ eMAeYHEVEG PAOELG Tposopoinomg. ‘Evag vdponiextpucdg
otafpdc pe dvvordtnra AviAnong yw mapdderypa, oviAel Oyko vepov amd tov KaTAvVTn
TOUULELTAPO TIG VOYTEPIVEG DPEG YO Ve TOPAYEL pe aVTOV evEPYEw o Mpeg aryung. H xprion tov
VOPONAEKTPIKOD GTAOUOD He TNV OVACTPOQN Popd PoT|g EELNPETEL LOVO EVEPYEWRKODG GTOYOVG
TOL TPOGOUOLBVOVTAL GTIV TPATY QAcn TG Aettovpytdig mpocopoimong. Ztig vroérowneg 300
odogig (sEumnpétnor Tov oTOXMY TOV TAPAUETPIKOV KavOVe KAl 1] AmOQUYT) VREPYEMOE®MV) N
Gvtinom vepov dev sivol okdmun. Avtifeta oe Ghheg meputdoseig n xpron g avtiiag evig
avTAMOoTPOPIAOL UmOpEl Vo GTOYEVEL OTNV NETAQOPE OYK@V vEPOD péoa 610 dikTvo Ywpis avto
vo. eEvmpetel Gueca kamolov oTdX0 Tpocopoinong kol Ba énpeme vo emitpomel povo otnv
devtepn pdom g Aertovpyikig Tpocopoinomg.

To 800 avtd ToPadelypHata KAVOUV KATavonTi TV avoykadtnta yi nepiacotepn eveléio ot
yphion tov aywydv. O Ydpovopéag diver t Suvatdtnto oTov xpfiotn va emhéGel aywyovs Tov
SukTdov oTovg omoiovg Ba amayopeveTal 1| PO CUYKEKPIUEVNG QOpdg Pofg Yo KEmow pho
NG AEITOVPYIKNG Tpocopoinong.

2.5 Bal‘rmronoiﬂcn

O Ydpovopéog mépo, amd TNV TPOCOUOIOT e €VaV CLYKEKPWEVO KOvOvo, Agttovpyiag
npayuotonoel Pektictonoinon g Swxeipiong tov VOATIKOV TOPOV ©G TPOG Evav and TOVG
TOUPAKATO GTOYOVG: ‘

¢ Elayotomoinen s mbavotnTog actoyiag evog 6Toy0v moL £xel Bécel 0 ypriotng




* Meyworomoinon g TG evig 6T6X0v TOVL ExEt BéEL 0 YpRoTNG pe TPokaBoPIoHEVY THY
avmToTn anodekt mbavoTTe acToyiog

* Meysromoinen g TaPAYOUEVIG TPOTEVOVGAS VIPONAEKTPLKNG EVEPYELUG

H BeAtictonoinom emrvyydvetar pe Sudoxikég mpocopoihoeis, SiapoponoidvTog kKGe popd Tic
TOPOUETPOVS TOV TPOTOTOMNUEVOD YOPWKOD KAVOVO KU TOUG GTOXOVS RPOCOHOIMONC,
obpeova pe tov 610%0 o onolog kabopilel v avuikesiueviky ovvdptnon Peitioromoinong. H
OVTIKEWEVIKY] oLVApTHoN xpnolponoteiton v v a&lohdynon tev amoTeEAEcUAT®mY VA
dwwtmpodvtar pévo ta amotedéopato Tov PéATioTov kavove Aertovpyiog. ‘Evog kovévag
herrovpyiog avtictoysl o8 £va cuykekpyévo dibvucua tapapétpev a ko b. H Bektictonoinon
amaitel T dakpironoinom tov mediov TdY TV Tapapitpev a kat b Kot TV Tpocopoino e
KGOe &vav cuvévaoud. 'Etor dnuovpyeitan évag kévvofog tipdv m mkvémtd 0V omoiov
eEapthral and to Pripo Swukprronoinong. e Peltiotomomoerlg dnov anarteitor pueydhn axpifeio
TILAVY TOV TAPAHETP®V efvarl duvath kol 1) xpnoiporoinen éwg kot Tpitov otadiov vrodwipeong
TOV Kavvéfov.

[ToAlot eivar o1 mapdyovieg mov enmpedlovv 10 ¥pdvo PBektictomoinong. O apBudg twv
TapEVTAPOV 1OV droepliopacte pe Paon tov tpomonmompévo yopwd kavéve kot 1o B
Swkprromoinong tov kavvéfov tev mapapétpov eivar d0o and Toug onuaviikétepovg. O
appds tov Swvucpdtwv, Yoo tovg omoiovg ekteleitar o Paocwdg Ppdxog Astrovpyiknig
npocopoinong, avEdvetar ekBETIKA TPOg TOV APBUS TOV TAMEVTHPOV TOV CLUUETEXOVY GTOV
TPOTOTOMUEVO YWPIKO KAVOVE KAl TPOG TN StekprrdTnTa Tov Kavvapov onwg eaivetat oto Zy. 3.

Apibudcg diavuopdrwy b

800-1000
[1600-800
[1400-600
200-400
@0-200

Ap186¢ Slavuopdrwy

4

3 .
Alakprrétnra
kavvdaBou

7 8 '
ApIOuOG TAMIEUTHPWV o 10

2y 3: Ap16udc twv kavévwv Aertovpyiag pe Tovg omoiovs extedeitar o kdpiog Ppdyog
AEITOVPYIKAG TPOTOUOTWONG € aYéon UE TOV OpIOUD TWV TOUIEDTHPWY Kai TNV
S1aKPITOTHTO TOV KAVVESoD '

Etvon avepd 611 évag and tovg Pacikdtepovg TPOTOVG TEPIOPISUOD TOV YPOVOL TPOCOUOIDCTS
armotehel 0 ATOKAEIOMOG OLYKEKPWEVOV TOMEVTHPOV €AAOCoOVOG  onpaciag amd Tov
TOPUUETPIKS Kavova Asttovpyiag. Ze avtiv v nepintwon tifeton omd Tov ypNotn otabepos




’ r * - z 7 z 14 z r
0yKkog-610%06 7. O amokheiopds TapELTpOV omd TOV ToPaueTPKd Kavovo meplopilel
avtictoya Kot Ty Tiun ¥ 1o cuvolkoD GyKov TwV TARIEVTPOV TOV COUUETEYOVY o8 autdv. H

emAoyh TV TogLTApaV Tov egatpovviat g PertioTonoinong kabhdg kat 0 otobepds dyKoc-
OTOY0G Y10, TOVG TALELTHPEG 0LTODG amoTedoly evBivn Tov Eumepov puehetntyy.

Zta endpevo keQaAnio, avalbovtorl ol 6Toyol PerTicTonoinong Tov Ydpovopda.

2.5.1.1 Eieypicromoinon tis mbavotyrag acroyiog

Katd v ehoyotonoinon g mbavotntag actoxieg evog mMOGOTIKG OPIGHEVOL GTéYXOL
Tpocopoinong (oTéY0G-epATNUE) VIAPYEL cagng Kul povadikdg otdxog Peltiotomoinomg:
Xapoakmnplotikd mapdderypo ovtod tov eidovg PeAtiotomoinong oto vdpocHoTnua NG
Avartoiumig Ztepedc EAAddag anotelel o vmoloyionds tov Bértiotov kavéva Asttovpyiag yo
mv kGhoyn g CRnomng mov Snuovpyel M VOpevomn NG TPWOTEVOLONG. ZOUPWMVA UE TO
Sdypappa ponig Tov Xy. 4 1o vmooVoTNUE eKTEAEL emavellnuuéva pe SQOopeTkd Kovova
Lertovpyiag ke @opd 10 Pacwkd Bpdyxo Aerrovpywng mpocouoinong. O PéATioTog Kavovag
Aertovpyiag mov o emeyel elvan exetvog mov Ba €xgl v puKkpdTePN aoTOYid.

bt %
Bekniotonoinon pe
AVTIK. CLVAPTHOT
™mv eAayotonoinot
™mg aotoyiag

Yndapyst
Mon xat
P<P,,

Zx. 4. Maypapuo pong BEATICTOTOINGNG UE GVTIKEWEVIKY GOVEPTNON THY ELAXIOTOMOINGY
¢ mbavétnrag actoyias P evog moootikd. opiouévov oTdyov
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O otdyog- epdmpa dev eivon amapaimro va e&uanpeteiton oe TPpdT TPOTEPUOTNTA KATE ™m
duapxewr g Aettovpyucyg mpocopoinong. Kdilota 6o wcopof)ds GT0 TOPAdEIYUL TOV
vdpocveTpatog mg A. Ttepeag va avalnmoel n mBavéTa actoxitg cuykekpubvng o
Y Ty apdeven omv Konaida, £xoviag névtote mg mpdtn npotepardtnro v Vdpevon g
peiCovog meproyng Abnvav. Ot 6t6x0L TG Tpocopoinong dev aAldlovv kat sEumnpeTotviat e
N CEPa oL £xEL 0piGEL O YPNOTNG.

2.5.1.2 Meyioromoinen tns TiuNg T0v 6TOX0V

Me v emihoyh auth EmGIOKETAL N HEYIOTONOINGT TG TiS EVOG GTOYOV TPOSOUOIMGTC, IOV
OVOQEPETUL KoL G OTOYOG-EpMTNMA, Y10, KaBopiopévo ovdtato Opw  actoyiag. H
Pertistonoinon pmopel va mpaypatonomBel yia 6ha ta £idn otdymV MOV ExEL BéEL O YPHOTNG
£KTOG 0O TOLG GTOYOVG TOL BETOVV Opta 6TO AMOBEHN TOV TAMEVTHPWY.

H npocéyyion tov otdyxov Peltictonoinong npaypatonoteitan oe §bo Egywpiotic pdoeig. v
TPMOTN GO YPNCIUOTOLEITOL i OPYIKT T TOL GTOYOV-EPOTAMATOS Yo Vo, avalntndel o
Béktiotog kavévag Aettovpyiag chupava pe  Suadikacio Tov drypdupoatog pofg oto Xy. 4. H
avéivon g TG To0v otdxov oe ypovikd Prpate (piveg) Bo mpémer va axohovBel TV
AVOUEVOUEVT] KATAVOUT].

AkoloOBwg o akydpiBuog Peltictomoinong ypnowonotel tovg cuvielestés tov PEATIoTOL
Kavévae Asitovpyiag mOL £YEl TPOKVWEL KAl TPOCOUOLDVEL EMAVEIAUHEVE TO VIPOCHLOTNMN
avampocappoloviag kabe @opd v T Tov CTOXOV-EPMTIHOTOS, EVA MG TPOG TA YPOVIKK
Prpata Swtnpel Ty apyikn Koatavoury oty Tun tov otéxov. H i tov otdyov avédvetan
Babaio ke opd mov KATd TNV Aettovpyikn npocopoinon vroroyiletor mbavotnta actoyiog
KGT® and 1o avdtaTo amodextd dpro. Edv avtifera m T tov otdyov amoderyBel mold vymin
LE OMOTEAEGUA 1) AELTOVPYIKY] TPocOopoimoT Vo UV ano@épel anodektr Aoon tote 1 TN ToV
otdyov pewdvetat. H Swdwocio eEaxorovbel uéypt va unv dapopomoteital onpavIkd 1 Tyl
0V oTdHYOV.

2.5.1.3 Meyicronoinen s TApayoUEVHS TPWTEVOVCOS DVOPONAEKTPIKNYS EVEPYELAS

Onwg ot dyxol TV TUMEVTHPV, ETCL KOl Ol TPWTEVOVCES EVEPYELEG E, TV DIPONAEKTPIKMV
oTafudV UTOPOLY VO EKQPUCTOOV TOPOUETPIKE, CUVOPTHCEL TNG CUVOAKNG EYKATECTNUEVNG
woyvog P

E(GWh)=e,-A-P"™ (19)

émov p o av€wv apBpds Tov 6Tabuoy, 4 0 CLVIEAESTNG AvaywYNG TV HOVAd®Y HETPTOTG KUl &,
N TAPGUETPOC TOL EVEPYEWKOD oTOYoL. Aoufdvoviag vrdym TG TPoyHatikés cuvenKeg, M
gvépyeilo, Tov propei va mapaydel kopaiveton yia kabe vdponhektpikd otadbud peta&d dvo opimv
OV OOTELOVV TOGOGTO THG EYKATESTNUEVNG 1G)00G:

emin < €p < €max (20)

Qg otdyog Pertiotomoinong tifetar M ovvoliky mopoywyn mpwredovoog evépyeios SE, H
QVTIKEWEVIKY cuvapTnon BelTioTonoinong cuvendg opiletat:




SE, = £ Y. E,] (21)

p=1
6mov N o apBuog twv vdponiextpikdv otadudy kot pe E[ ] copPoriletar n avapevdpevn tn.

O Ydpovopéag avalnrel tov PEATIOTO GUVILAGUS TOV €, TOV HEYICTOTOOVV TNV OVIIKEIMEVIKA
ovvaptnon e kanow amodektd eminedo actoying. H emilvon tov mpoPinupatog yivetar pe
doxiuéc, cOUPOVA Ue TO Srdrypappa pong Tov Zy. S.

Opwoudg
vEOL J1OVOGLLOTOG
oV otdymv VT .

Opioudeg
VEOU SLOVUGLLOTOG
cvviehestdv a,., b,

Zy. 5. Midypouua  porc  alyopiBuov  ueyioTomOinong NG GUVOMKNIG  OPOYOUEVHS
TPWTEDOVOUS VOPONAEKTPIKNG EVEPYELOS

Y10 TPOYPALUN EVEOUATHVETAL PG POVTIVE TUPAYWYTG CUVILACUADV TV €y, EEKIVOVTOG ATl TO

Gve 6plo 1o kGe otobpd. Me Tov Tpomo avtd opiovtal evepyewokol oToOL 4 Y OAeEg TIg

vdponhextpkéc povades. H oepd wavomoinong twv otéxwv eivar avdhoyn eite g

EYKATECTNUEVTG 10)V0G, YeYOvOg mov ocuvemdyetar otofeph] mpotepadTa GTOXWV Yok
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OTOLOBNTOTE GLVEVAGUO TaPAPETPOY, gite g CnTovuevng mapaywyhg evépyetag. Ot emuépoug
EVEPYEWNKOL GTOXOL KAVOTOWOHVTOL X0pig meplopiopd wg mpog v mlavoTTe actoyiog.
LUVENHOG TO CVOTNHA TAPEYEL EVEPYELEG CUUPMVA UE TN OEIPd TPOTEPUOTNTAG OV EXEl S0BEi,
xopls vo amoppinter Avogg Adyo vmépPactg Tov opiov aoctoylag otovg evepyslaxolg
TEPLOPLOUOVGE.

Ot vrohowmor 6TOYOL TOV CVLOTHHOTOG (KOTAVAAMTIKOL Kot TepiBulloviikol) tifevion oe
uikpotepn TpotepadtTa. 't Tovg 6TdYOUg avTovg pmopet va Tebel dplo acToyiag pHiKpOTEPO
g HovAadag.

Me dedopévn v ypovikn O1BecIUOTTO TPOTEVOVONG EVEPYEING, Yoo KGOe ouLVELOGUS
EVEPYEINKAOV oTOY ™V, extelsital 0 akydpiBuog mpocopoinons-Beltictonoinomng Kol TpokvRTEL
HEYIOTN T TG OULVOMKAG MOPayOpeEVNs mpmtevovoag svépyelag. Kat' avtév tov tpdmo
npokORTOVY {E0YM TIOV TaPAYOHEVNG EVEPYEWLG KOl AoTOYiG SIGKPLONG TPMTEVOVAS Umd ™m
devtepevovoa evépyeln a. H ypapucr Tovg aneikdvion gaivetar 610 Zy. 6.

Hporeiovcu svipyera
»

SE}

»

a Acroyia dudxprong

Zx. 6:  I'papiky axeixovion s oxéons SE,=f(a)




3 2ye0106LUOG TOV VITOAOYIOTIKOU GUGTHIOTOC

3.1 Baoikd cvetaTika ToV Yopovouéa

Mo anAOVGTEVHEVT] GAAL KATOTOMIOTIKY EIKOVA T®V PUCIKOV GLUOTATIKMOV TOV YSpovopéa Kot
TV aAAnAoemdpaoedv Tovg paivetal oto Zy. 7. Xto oyfpa avtd dev ovpmephapPdveral n
enidpaomn Tov xpNotn, o omoiog urwopel va emépferl o S T VITOGVOTNHATA TPAYUUTOTOLOVIAG
TIG AMALPOITNTEG EMAQYEG Kol SivOVTag EVIOAES GTA VTOGUSTAHATA HESH A Tig EdIKEC POPUES
TOV TEPLYPAPOVTOAL GTO TOPAPTNUA A.

Ta cvotoatikd tov Ydpovopéa mapovcidloviat oto eTOUEVE KEQAAULL.

3.1.1 Ynrocvetnpa Opydvoeng Atktoov

To YrooOotua Opydvmong Awtdov napéyet Tig anapaitnTeg Asttovpyieg v ) dnpovpyic Kot
TPOTOTOINON NG SOUAG KA TV TIHAV TOV 10TtV TV otoryeinv tov diktvov. H ewcaywyn
TV dedopévav yivetal and tov xpiotn kat' gvdeiav and To0 TANKIPOAGYIO TOV VTOAOYIOTH Kal
70 VTOCVOTNMO EVNUEPDOVEL Yo OmOlEcdNmoTE aAlayés dueco tn Bdom. Asdopévov tov
Y8povopéa. Ta otoyyeia mov propodv va tponomomnolv kat' avutdv tov TpOTo aVTIGTOL(O0VV GE
avtd tov KOpBov, TV ayoydv kKot Tov povadwov evepyewakng petoTpomig g Bdomng
Acgdopévav tov Ydpovopéo mov mepryphoetar oto xepdlowo 3.2. Emiong eivor dvvam n
eMAEKTIKY] gvepyoroinon kot amevepyonoinoy otorxeiomv tov dktvov. Opiouéva dedouéva
umopodv va giooyBodv and v gupvtepn Paon dedopévav g Ztepedg EAAGSaG pe tov tpémo
7oV meptypbpetar 610 Kedhoo 4. To popeomompévo diktvo mov amoteleitar and KépPoug,
Ayayotdg, Movadeg Evepyeiaxfic Metatpomnig kadg Kat ot XpovoseLpég 16000V amobnkevovTon
ot Bdon Agdopévav tov Ydpovopéa an' dmov pnopei vo. g1o00Bovv mdAL 6to 1810 1| o8 dAla
VIOGUGTALOTO, Y10 Tapanépa enesepyacio.

3.1.2 Ynoovotnpo Zroyactikiig Ilpocopoineng

To YmooVomua Ztoyaotikfg [Ipocopoinong yproiuonotei 10Topikég (povooelpés Bpoxng,
amopporg kar eEdTpiong Y va Snuovpynosl cuvOeTIKEG YPOVOCEIPEG HEYAANG YPOVIKAG
S1ipretag pe 1810 GTATIOTIKG YUPAKTNPIOTIKG 6T AVTE TOV IGTOPIKGV Ypovoselpdv. Toco ot
ypovooelpég eicaymyng 6co kar avtég edaymyng amobnkevoviar otn Bdom Asdouévav tov
Ydpovopéa xar &gouv gviaia popen mov avoyvopiletar amd to Ymoovompa Ewoywyng
Agbopévav.

Kabdg 1o Ymoovomua Zroyactig [Ipocopoinong dev ypnotponotei petafintés, Sopés 1
povTivee GAA®Y VTOCLOTNUATOV, OmOTEAE OVOINCTIKG évo OVTOVOUO TPGYPauue 7ov Ha
HmopovcE va Asttovpyhoet kat aveEaptnto and tov Yopovousa.

To Yroobotnua Zroyootikig [Ipocopoinong meptypleetat ovaivtikd 610 Topapnua B.




 Ynoloyiatiké

Anotekéopara
TPOCOUOIDONG

J Kavoveg

Baon Agdouévov Yopovopsa

Baon dedopéveov Yrocvotnua Yépovopsa » Metogopd dedoptévmv

2x. 7 Baoiké ovotatixd tov Yopovouéa
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3.1.3 Ymocivotnna Envoyng Ztoymv kar Ieplopiopdv Ipocopoimong

Me 1o Yroovotnuo Emthoyng Ztoxwv kat [epropiopdv o ypriotng dnpovpyei toug 61d30v6 TNg
TPOGOUOIMOTG KAl TOVG GUVOEEL HE pion cLVIGTOGH Tov SikTVoV. Olot Ot 6TEYOL EVIGGGOVTUL G
éva kotdhoyo mpotepatotitav. H ovvictdoa pmopel va eivar évag and tovg kdpPoug, toug
aywyovg 1 Tovg otpoPilovg tov diktdov aviroya pe To £i80¢ TOV OTOXOV OTWG TEPLYPAPETUL
avaAivTikd oto kepdiaio 2.4.1.1. Edv évag otody0g kabopiler éva avdrato amodektd Opio
actoying pucpodTeEPO NG HOVAdaG 0 GTOYOS aVTOG AEITOVPYEL MEPLOPICTIKG GTNV EVPECT] MIAG
amodEKTAG AVOTS. ‘

To YroolOompa emikowwvel pe ™ Bdon Agdopévav tov Ydpovouéa, dmov amobnkedetatl o
katédhoyog tov otoéxwv. To vrocvotnua dev evnuepdvel ovtdpato m Baon Sedopévav yia
VYOV TPOMOTOW|CELS GTOLG GTOYOVG mapd pHOVOV £Gv 1 evnuépwon eivor embopunt and to
¥pRoTY, €101 BoTE Vo amodniedoet Tig ahhayég oL Exet kdvel Yo peténerta yprion. O Adyog y
Tov omoio dev evnuepdvetar aueca 1 Baon dedopévov sivar 1 SevkdAVVEN TOL ¥PHOTY GTNV
TPAYHOTOTONOT  SOKIUACTIKOY YUPAKINPO UETATPOTMV OTOUG OTOYOVS HE TOPUAANAES
SOKIUACTIKEG TPOGOUOLDTELS, SOTNPDVTAG OUMG TIS apyikés TYES oTn Pdom dedopévav.

3.1.4 Ynocvotnno Ewayoyig Acdopévov

To YmootOommuo Ewaymyng Asdopévev Aertovpyel g Owemdvewr avdaueso otn Bdon
Agdopévav Kal 010 £0mTEPIKO cvotnue kobolikdv petafintdv kol doudv dedopévav tov
Y3povopéa. Ot appodidtneg Tov YRoouotipatog tepthappévouv:

o Eioayoyh tov dedopévav Tov SikTdov, TV oTOXMV, TV XPOVOSEPGOV KAT. and tr Bdon
Agdopévamv tov Ydpovouéia

e 'Eleyyo twv Sedopévov kot evnpépwon Tov ypnotn Yy toxév Aoyikd cedipato Kot
vrepPacelc opiey mov TapatnpRinKay ota Sedoptva 16050V XOPig va SlaK6TTETAL | OPOAT
Aeitovpyie tov mpoypappatog. Emiong mopéxer oto yxpnomn mpdcheteg mAnpogopiss,
yprowes Y Ty agloddynon tov dedopévov.

o Anuovpyio avTiKeéveoy TANPoPopiog Kot TPOSAPUOYT TV ECOTEPIKAOV GOUDV SE00UEVHVY
Ko peTaPAntdv tov Yépovouéa ooppmva pe Tig TATPOPopisg mov glofyonoav.

To mapév YmoolOotnua Eicoyoyfg Aedopévov pmopei edkoro va mpooappocbel 1 va
avicortaotodei peloviikd and kémow GAlo edv tpomomomBei o oyxedlacudg EGAYWYNG
Sedopdvav m.y. edv emheyei 1 anobfxevon dedopévav oe e katavepunuévy faon. Kat' avtdv
oV TpOMO omocLVSEETAL TO VIOAOYIOTIKG cVeTNHO ToL Ydpovouéa and v popen g Pdong
Sedopévav. Emmhéov n swoaymyn tov dedopévav otig ecwtepicég Sopsg tov Ydpovopéa, o
cuvdvaopd pe TG poutiveg Siayeipiong Sedopévov mOL  avamTOXONKAV, TAPEXOLY  OTO
Ae1Tovpyikd cOOTH évav TepLocdTepo evéMKTo Tpémo mpdoPacng ota dedopéva SikTvov,
xabiotdvrag t dwdicacio Tpocopoinong TaydTepn.

3.1.5 Ynoovotnua Astrovpyikiis Ilpocopoicnong

To YrooOotnue A€TovpyIKig [Ipocopoimong xpNOMONOLEl TG E0MTEPIKEG OOHEG KOl TG
kofoakég petaPAntéc tov Y8povouéa oTig omoleg eivarl Kataywpnupévo to opoimpa Tov




L3POCVOTHUATOG, Ot EMAOYEG TOV YPNOTN Kai Ol XPOVOsEEG £106d0v. o v ektéheon g
Tposopoimong eivar amapaitnrog kar £vag kavovag Asttovpyiag o omofog Sivetar katé TNV
EVEPYOTOINTT] TOV VTOGVCTARATOS HE EVOY Ao TOVG ak6AovBovg 00 Tpdmove:

* Amd tov xpnot o omoiog opilet and ) Pépua Emthextikng Ipocopoinong g Tuég tmv
CUVIEAEGTMOV TOV TOPAUETPIKOD kavdvo, Aswtovpying oe kdfe évav TOUIELTAPO TOL
ovupetéyel ot dwdikacia Swygipiong pe Paon Tov Tpomonompévo YopIKkd Kavova.

e Amé 10 YrmoclUotnuo Beltiotomoinomng to omoio ota mhaicw g Swdwosiog g
BeAtiotomoinomg tpogodotel To Yroovotua Agitovpyikhs [Ipocouoimong pe évav kavdvo,
Agitovpyiag

Meté v npocopoinon g cuvohikhg TpoPrendpevng neptddov pe Tov TPOTo mov TEPLYPAPETUL
oto KeQ. 2.4, 10 Yrocvomua Astrtovpyixng Ilpocouoimong emotpéoet ta e€ng amoteréopota:

e To chvoro TV ypovikdv Pnudtev Kol xpovikdv Teptddov ota onoia dev NTav duvath n
g&umnpétnon otdyov.

e To cuvolikd 6yKo vepoD TOV YPNGIUOTOMBNKE Yt TV KAALYN TV 6TdYOV, €4V 0 GTOHY0G
AVOQEEPETUL OTIV KATAVAAWOGT] VEPOD.

o To cvvolkd peyébn tov véatikod wolvyiov Yo kGbe évav amd Toug képPovg Tov Siktdov,
SAadh TV omoppot], TNV PPOYONTOOT OTNY EMPAEVEL TOV TAMEVTAPO, TV EEGTHION, TIG
gkpoéc and tov kopPo péow vopaywyeiav, Ty vepyeiiion, Kat 1§ Vdyeieg SrPuyEC.

o  Trnv KaTavaAmon Kol Tepay@y NAEKTPIKNS evEpyelag oe Kdbe ypovikd Prua kot yio KGOe
LOVAS0 EVEPYELIKNG HETATPOTNG TOV VPOCLOTHHATOG. O TIHES AVTES XPTCLULOTOOVVTAL OO
10 Yroovotua [Tapovoioong anoteAecpaTOV Y10 TNV EKTIUNGCT TOV HECHV ETNOLOV TIUOV
TOL gvepyelakov woluyiov.

Katd t dudpkein tng Tpocopoinong evipepdvoval 0t KaBoAKES HeTOPANTES TV AVTIKEEVQOV
TOV SIKTVOL TTOL YPNOLOTOOVVTIAL 6TO YTOCVOTIHA Avvapitkig ATEIKOVIONS, OGS O ENIKAUPOG
GYKOG TOV TAUELTAP®Y, O OYKOG TOV UETAPEPONKE amd TOVG aywyolg KaTd T JdpKew TOv
en{kapov ¥povikol PApatog k..

3.1.6 Ymocvotnua Bedtiotonoineng

To Yrootomuo Bektiotonoinong evepyomoteitan and to xpotn kot eKTeEAEL emavoAnmiikd To
Yroocvotnuo Asitovpyutis Ilpocopoimong. Avédioye pe 1o otoéxo Pehtiotomoinong N
Tpocopoimen extekeiton pe Sropopetticd KOs Popd SiAvcHe TAPAUETPOVY TOV TPOTOTOHEVOD
YOPIKOD Kavova H/Kol pe S1poponomuévo KatdAoyo otéywv npocopoinong. Ta anoteAécpata
™G Tpocopoimong cvykpivovial kot aglodoyobvial [E To TPOTYOULEVE EVED SUTHPOUVIOL Ta
anoteréopato Tov BEATIOTOV Kavove Asttovpylag COUPMVA UE TNV GVTIKELUEVIKY CLVAPTNON
BeAtiotomoinong. '

3.1.7 Ymrocvotnua Avvapikig Aneikoviong Ilpocopoineng

To Ymoocvotnue Avvapuknmg Ansﬁcévwng unopei v evepyomomBel and v apyn M xatd
Sudpkeia tng Tposopoinong. Xpnowonotel to cvotnua petafintdv kot dopdv tov Yopovousa
Y10, VO, TOPACTACEL TNV EXIKALPT KATAGTAGT TOL S1KTVOV.
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To vrocVompo ovtd dtav evepyomombsi exteAeiton TopdAANio pe 10 Ymoohotnua
Agrtovpyikng Ipocopoinong, evd pe eviolq Tov ypriom pumopei vo, d1axdyet TpocwpIvé Kat vo.
enavabéoel oe derrovpyia v mposopoimon. Ot Aertovpyieg Tov VOGVOTNUATOG TOPEYOLV TNV
ELYEPEL OTO YPToTN Vo, onTIKoTOWoEL 11 Sedikacia g npocopoinong og kabe g edon

TOPEYOVTAG TOV TIG TAPAKATM TANPOPOPIES:
Taevtpeg
Ovopaocio Tapevmipa
2140 vekpod dykov
2160un 6yxov-otdyov edv €xel Tebel amd o Ypo
Enixatpn 6140un dykov-616100 10U YWP1KoDH KOvova
Enikoipn o1abun
Ageiktng aotoyiag oTéX®V TOV CUVILOVIOL UE TOV TAUIEVTAPA.
Ayayol
Ovouacia aywyod
Enikaipn mapoyn
Agiktng aotoyiog otdymv mov cuVOEoVTaL LE TOV AYWYS

Movddec Evepyeiaxng Metatpomic

Entcaipn Evépyein mov napdyetavkotavaidverot

Agixtng aotoyiog 6ToOY®V TOL CLVOEOVTAL LIE TOV AYWYS

3.1.8 Ymnocvomnpa lHapovoiaong Anoteleopdtov

To Yrootvotnpo [Tapovsioong Anotelecpdtov enelepydletol To TpOTOYEVH AROTEAEGHATO. TNG

TPOCOUOIMOTNG Y10 VO T0, TAPOVGIAGEL GE KOTAAANAN LOpen oTO XpNoTN. ZvyKekpéva napéyet
115 akOAovOeg mANpoYopieg Yo Tov PEATIOTO Kavovae Agttovpyiag :

Trv mBavoétta actoyiag wg mPog T XPoviKn mepiodo Kl To ¥povikd Prua yo kdbe évav
o10)0 1oL €0eoe 0 ypNoNG Eexwprotd. Edv 0 616)0G avapépeTal oIV KaTavaAmon vEPoD,
to1€ divetar emmAéov kot 1 aotoyio KdAvyng dykov.

To avaivTikd vdatkd 1olhylo eTNowwv Hécmv dpav Y Kabe KOpPo Tov dikThoL

To avahvtikd evepyewaxd 10oliyo etowwv pécmv 6pav Yo kdbe povAdL eVeEPYELKNG
UETATPOTHG  cuvumoAoyiloviag v mocootwwiot XPovikh SbecIHOTHTO TPMOTEVOLOUS
EVEPYELOG TTOV £0ECE O YPNOTYG

Ta otkovopukd peyédn mov TPOKLATOVY AN TNV TAPAYOYN Ko KATAVAADOT) EVEPYERS
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3.2 H Baon dedopévev

3.2.1 Xyeowouog g paong dedopévev

H oxecoxn Bdon dedopévav tov vdpocvotiuatog Bacictnke oto j,LOV‘Cé)\.OV Sty papUATOV
oyéogwv-ovtotitwv (Entity-Relationship diagram, ER-diagram), 6nwg meprypdpetan and tov
Sommerville, L., (1996). Arotéhecpua tov oxedacpod givar o Sdypappo tov Zy. 8. 10 oyfue
avtd, Tépa omd TG KAAGELS OVIOTHTMV KoL TIG SUVHTEG GYECElS HETaED TOVG, aVAYPAOETOL KAl O
ninB&pduog e£66ov (output cardinality) g oyxéomg, evd o mAnBapOuog 16680v (input
cardinality) fewpeiton mévtote 1 povéda. I Adyovg Elhewyng ydpov mepihopPdveral pdvo e
pikpny emdoyn oamd Tig wWwmteg twv oviomntov. O mAfpng xotdhoyog TV 8lothTmv
nopatifeton 610 EOHEVE KEQAALL.

Zoupwva pe to dildypoupa tov Zy. 8 1o diktvo Tov VOOTIKOV CLOTAUNTOS amoTelsital and
KopPovg kot aywyods petapopds vepov. Kdbe aymyog opilerar amd &0o wdpufovg mov
kafopilovy kol TV KoTeHAVVON Pofig OTOLG oywyolg piag KATELOHVOE®DS, EVO LIAPYEL Kat 1)
duvatdtta apeidpopung pofg o aywyd mov cuvdéetal pe aviiootdow. O kébe kopufog pmopei
va cuvdéetan pe évav amepdploto apdpd aywydv avévin i katdvrn. H douny tov dikrdov
anmoteloVpuevn amd kOpPovg ko aywyolg Umopei-vo €xer BempnTiKd OmOwWdNmOTE HOPQY.
Emutpentéc €ivol axopa Kot oL KUKAIKEG poég oto Oiktvo oe cuvdvaoud pe 1 Asttovpyia
aviAMootaciov. Le nepintoon nov vag kopPog Swabéter anodrkevtiky Suvatdrnta, ovopdletol
TapIEVTHPOS Kot Swbitel emmpdobeteg 010TNTEG (YOPNTWKOTNTA, KAUTVUAEG OTAOUNG-OYKOL-
empavewg k.4.). ‘Evag kowdg képPog, xwpic amobnkevtikd ympo, ypriowonoteitan eite cov
ocOvdeopog Hetald 800 1) TEPLoCOTEPWV aymydV £ite cav apyikog N TeAds kduPog pe tov omoio
ocvvdéetan mapoyn N {tnon vepod.

Mo v mpocopoiwon TV oVIAOCTAGIOV Kol HOVAS®V Tapaywyfis NAEKTPIKNG EVEPYELRS
ypnoponoeital  KAGom peratpong evépyewug. H 3o ihdon yproiponoteiton kot yio povideg
OV AgiTovpyolv ap@idpopa, mOTE oav HOVASEG TapaymyNg evépyewg ko mdte oav
AVIMOOTAGCIL avAAOYo HE TG OVAYKEG TOVL Agltovpykod ovotfiuatos. Kdabe petatpoméog
gvépyslag cuvdéetal pe évav aywyd. Evag aywydg éxel t duvotdtnto va cuvoedel pe 1o oAl
o, povada petoTpomnig nhektpuchg evépyetag. Kapmodeg aviistoryiog vyovg nrdong - €1d1kng
EVEPYELNG - TTUPOYAS XPNOHOTOLOVVTAL TOGO KOTE TOV VIOAOYICHO TNG TapoywyNg, 0G0 Kol TG
Katavaimong evépyetng. [ Tov LTOAOYIGHO TOV VYOG TTOCTG YPNCHOTOL0UVTAL WOIOTHTEG KAl
HETAPANTEG TOV TOWEVTNPOV avivTny Kot KaTdvin tov aywyol (emikoipn otddun, onueio
eEayaync) pe Tov omoio ivar cuvdedepévn 1 Hovada EVEPYELRKTG HETOTPOTHG. ‘

O xGBe 616305 avaroyo pe To £idog Tov cuvdietar pe axpiBag pio ovtéTta omd TG KAAoELS
ay@yde, KOUBog, TameuTApag kot otpdPriog kat £xet pia amd t1g axdrovdeg eppnveieg:

o Z1HY0G MUPUYWYHS NAEKTPIKAG EVEPYELNG GO HOVASQA TOPOYWYNG TIAEKTPIKNG EVEPYELNG
e Y1606 EMIYLOTNG POTIS VEPOL GTOV AYWYO
o X16y0¢ KaTavaAnong vepol amd koupo

o Y1630 avOTATNG 7| KATATATNG OTAOUNG GE TAIELTHPN
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Ot o130t avapépovtal TavVTOTE O éva xpovikd Pripa Kot 1) T Tovg propel va petaBdiieton
emoytoKG. Atoypovikd umopei vo, avgdvetatl ypappikd 1 ekOeTikd oOpeve 1 Tig embupiec Tov

xphom™.

Mo v devkdlvvon tov YPNoT oV TPOocOouoinon dwedpwv cevapiov coumepiap-
Pavopévav kal Tapariaydv g idwg tng dourg Tov diktdov, Ta avtikeipeva koufog, aywyds,
HOVaSa TapaywmyRg evépysiag Kot otéyog Sabétovv e WidmTo M omoia evepyomolel M
angvepyomotel 1o exdotote avrtikeipevo. H anevepyonoinon evdg aviikeypévoo mpoxaiei to id1o
anoTélecpuo kot oto aviikelpeva mov egaprdviar ond oavtd. Kot avtév tov 1pdmo 1
angvepyomoinon &vog koufov m.y. TpokoAel TNV omevepyomoinon OV TOV Oy®YOV TOVL
copuBdirovy 1| Egxvovv amd avTdv KaBAg Kot AV TOV GTOX®V TOL CUVOEOVTAL e AVTIKEIlEVA
7ov dev glvat TAEOV gvepya.

Ov ypovoosepég Ppoyfc-amoppong-eEdtpiong toapevtipo mov Ofvovial eivar otopicés M
GUVOETIKEG, AMOTEAECUO TNG OTOXUOTIKNG TPocopoineng vipohoykdv uetafintov. Oleg ot
YPOVOGEIPEG YWPILovTaL og YPOVIKEG TEPLOSOVG Kat oTéG TAAL o€ Ypovikd Pripata. M ypovikn
nepiodog avticToryel cuvibmg oe éva £10g, EVD éva Xpovikd P avTicTorkel og Eva pmfva, Tov
éroug ywpic avtd va npokadopiletor and T0 VIOAOYICTIKO CUGTNHAL.




2x. 8:

Entity-Relationship Diagram

KXiaon
Emieypévec
10T TEG

20vOeGHOC

Zyéon
KANPOVOUIKOTITOG

Baoiké didypappo oyéoewv oviotitwv (Entity-Relationship-Diagram) tov Yopovouéa
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3.2.2 IowtnTEg OVTOTHTOV

3.2.2.1 Tporos napovciacns s faons dedouévewy kat coufoiicuoi

H oyeowxn Baon dedopévav mov dnpovpyndnke pmopel vo meptypagei cav éva GOVOAO amd
nivakeg. Ot mivakeg neplapBavouy Tig KAAOEL Ue TIS WO0TNTEG TOVG, Kal deikteg oe GAAOLG
nivakeg. O Tpémog mEPtypapng TV mvakmv g Phong dedopévav mov emthéydnke edd eivat o
ak6lovBog ko mepapBavel mépa amd v ovopacia TV WOTTOV ERTALOV TOV TUMO, TO
uéyebog, TRV povada pETprong Kabds Kat e GUVTOUN TEPLYPUQT TNG WIOTNTAG:

ISiotyra 1 TonogMey. | Movdda | Ileprypagt 6idtnrog 1

186t 1 10101, 1
Iaw6mra 2 Tomog/Mey. | Movéda | Ieprypaoet| i6tnrog 2
13101. 2 1167, 2

Xy 9:  Hapaderyua wivaxo Paons 6edouévav

To obpPoro (*) Simha oto Svopa pag 1WWOTHTAG vodnAGvel 6Tt 1 WBdTNTO. T
YPNGIUOTOLEITAL Y10, THY avayvdpion TG ovidmTog Kat Kotd cuvénew amnotehel kAewl g
KAQoMG.

Me évrovo Tpémo ot oTAkN NG TEPYpaic piag Widtnrog eivar ypappéveg or AéEeig mov
LTOPOVY VO YPTICIHOTOWBOVY BUTOVCIN MG TN THG WLOTNTOG.

O1 THTOL TNG 1BLOTTAG OV PTLOPOVY vaL xpriotponomBovy eivar ot akdiovbou:
A[x] : ZvpPorocelpd anotedovpevn and To TOAD X aAeopBunTiKd cuuBoAa
N . Hpaypatikdg aptbpog

I . Axéparog apBpog

Tro mapdptnpe I mapatiBevior ot nivaxeg Tov amaptiCovv Bdon dedopévav g Avatolkng
Yrepedg EXMGSOG.




3.2.2.2 Koupoc

IIiv. 1. Ilivakag koufov
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Ovouaoia xoufov

ACTIVE

All]

To nebdlo umopei va Adfet 11¢ e€ng 500 Tyés:
Y: O xouPog givor evepyog

N: O «xoéuPog eivon avevepyodg

TYPE

A[20]

O Yopovopéag dtaxpivet Tig &g katryopieg kOpupwv:
node: Koéupog diywg amobnkevtiki ikavotnra

reservoir: Tapievtipag

MAXSTORAGE

hm

XopnukomnTe. TOMELTPA TOL AVIICTOWEL oI oTadun
vrepyeihiong (avaeépetat uévo ae k6pPo Tov THMOL reservoir)

MINVOLUME

hm

Nexpog oOyxog (avogéperar puévo oe kopPo tov tHmoL
reservoir)

INITIALVOLUME

Apyikf) Tir) $yKov GTOV TAULELTAPA KOTA TNV eKKivnon g
npocopoinong (avopépetolr povo ot kOuPo Tov TOROV
reservoir)

SUBC_AREA

Enpbveta vnokekdvng amoppong atov koufo

MANAGE

All]

2Ze mepintwon oV 0 Kkéupog &xet (moem(svtucr’] wKavoTnTa

(TYPE=reservoir) To medio umopel va Adfet tig €&ng Vo

TIHEG: :

Y: O topevtipag CURPETEYEL GTOV TMOPUAUETPIKS KOvOva
Aerrovpyiag

N: O «xoppog ekapeitar and tov napapeTpikd Kovova Katd
Kot éxger otofepd otdyo amobépatog KoTd TNV
TPocopoimeon

TARGETVOLUME

hm

ATO0ENN-0TEX0G TOUUIEVTAPA TOL KOTIG TNV TPOGouoimon
gEoupeitan amd Tov mopaustpcd Kavova Agrtovpyiog
(MANAGE=N)

X_COORD

Tewypapwn teTunpévn oto EAnvicd Famﬁqnucé 200N
Avoagopag (EI'ZA '87)

Y .COORD

Cewypaown tetaypévn oto EXAnviké Tewdoitucd Tvotnua
Avagopds (ETZA '87)

IO

A[20]

[ivaxag Ppoyontdoewv, amoppotv kot e&otuicenv avd
ypoviké Pripa ko mepiodo mov mpdkeran v ypnoiponomBel
oV TPOGOOINsT). Ze mepintwon mov o KOpPog dev SExETOL
té1010 oTOYEIR 1) TYWN TNG TopapéTpoL Tpémet va efvat nil.

LVS

A[20]

Ovopacion mivaxa pe ovtiotoyyieg otabung - oyxov -
EMPAVELLG.

LEAKAGE

A[20]

Ovopaoio  Tivako - CUVTELEGTOV  UTOAOYIGHOD  LTOYEIWV

| dwpuydv
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Ztov mivoxa TimeSer kataympodviar o1 Suvatés EMAOYEG TIVAK®V IOTOPIKAOV Kol GUVOETIKOY
APOVOGELPDV BPOYONTAOCEDY, UTOPPOMYV Kal eEUTHICEMY Y1a Tov exdotote kKOpPBo. H kataydpion
oto nedio SUBC _AREA eivar mpooupetikn evd xataydpion ota medic MAXSTORAGE,
MINVOLUME, INITIALVOLUME, LVS xat LEAKAGE hapBévetar vadyn povo otnv
nepintwon mov o képPog eiven kar tapevtpag (TYPE=reservoir) omdte xar n xoataydpron
giva vToypewTIKY, KTOG amd avtn Tov mediov LEAKAGE.

3.2.2.2.1 AwpOoaen amoppors képpov
H e&icwon nov meprypdoet T didpboon g anoppong oe kénowov képBo diveral 6To KePaAuo
2.1.3

IIiv. 2. Iivaxac d16pBwons arxoppons koufov

- Ovopaoia képpov

NODE N

A N - Hapbuerpoc a

B N - ' Mapapetpog f

D1 N hm’/Step | H Swopopd peta&d g mpofrendusvng amdinyng and tov
UnGyel V3pogopéa Kat TG omdAnymg HE v omoia
UROAOYIGTNKE 1] XPOVOSELPE omoppotg 670 1o ypovikod Bhua

D2 N hm’/Step | H Swpopd petad g mpoPrendpevng andAnymng and tov
vdysio  v3popopéa Kot g omdAnyng pe TNV onoiw
UTOAOYIGTIKE 1) XPOVOCELPE AMoPPOTG 6T0 20 Ypovikd Priua

3.2.2.2.2 Avtierovyicg otadung - GYKOV - EMLPAVELAS TAMEVTY|PT,

H ovopacia tov nivaka divetar amd v didémta LVS tov nivaka Node kar nepidapfaver Evav
feopnTikd ameplopiota peydho apdud aviiotoyudv. O evbidpeceg tiiég vroroyiloviat pe
LoyapBrukn Topeufoin.

IIiv. 3. Iivaxag avrietoridyv oTauns - 6yKov - ETIPAVELONS TAUIEVTIPA

LEVEL N m Z1a0un vepol GTOV TANIEVTPX

VOLUME N hm’ ‘Oykog TaUENTHpa 6TV avtioToyn otddun

SURFACE N km? Eupodov emodveiag Tapevtipa oty aviictorn otéoun
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3.2.2.2.3 Xvvreheotig voysiov Sla@uydy TapievTipa
H ovopacia tov nivake divetoar and v wdmta LEAKAGE tov k6ufov.

H pabnpotr egicwon mov meprypdge tig vadyeieg Swupuyég Gij evog tamevthpa nopatiBeTon
oto kepdiaro 2.1.2. O dyvootot divoviar amd tov arxdriovbo wivaka:

Iliv. 4: Iivaxag ovvreAeotwv vmoyeiwy. d10pvydv

hm?®/ Step m® | ZuvTeReoThG A;

A N

B N hm*/ Step m? | Zvviedeotng B;

C N hm?’/ Step m | Zvvteheotig C;

E N hm?/Step Yvvteheotng E;
SIGMA N Tomn andéxkiion o

Kébe ocepd avapépetar og éva xpoviko Prpa. O apBpdg tov cepdv tov ntivake givar i6og pe
TOV apOpd TV XPoVIKAV Pripdtov Lag ¥povikng Teptddon

3.2.2.3 Aywyods
IIiv. 5: Iivaxag Aywyawv

()‘vapaaigx».\
owoTnTac £ ET() o
NAME (*) AJ20] - Ovopgacia ayayoo
ACTIVE All] - To nedio pnopet va Aafet Tig €7g dVo TES:

Y: O ayoyog sivat evepydg
N: O ayoydg sivar avevepyog

DIRECTION AJ20] - H nopauetpog diver Tic duvatég xatevbiveelg pong otov

oymy6 Ko pmopel va Thpet Tig eENAC TG

oneway: O oayoybés Aewovpyel udévo mpog pia
KatevBuvon, amd TOov avlvin TmPOg TOV
KoTavTn koppo.

bidirectional: O aywydg éxel dvvardnta aueidpoung pong

TYPE Af20] - Mo 1 avdykeg g Tpocopoimwong ot TOmoL TV AYRY®V

Swaxpivovtal oTovg e&ng:

constflow:  Aywydc otaBephg TAPOYETEVTIKOTTOG

varflow: Aywydg tov omoiov 1 mOPOYETELTIKOTNTA
e&aprarar and 1o HYoG TTMOTG

NODE_UP A[20] - Ovopaoio avavrn koupov

NODE_DOWN Al20] - Ovopaoio katévin kopupov
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Pipe (vaaxam)

Ovopacia meg- ‘ngtﬁrpa@}\ , .
1816mTag MiéysOoc - - - , ‘ -
INLET LEVEL N m Zta0un onueiov tpopodoocitg Tov aywyod. Xpnoonoito
Y10, TOV VIOAOYIS LS TOV VWOV TTHOTG,
OUTLET LEVEL | N m Z160un oto onueio eEoywyng Tov aywyocd. Xpnowonotsitat
Y10, TOV VROAOYIGUS TOV DYOVG TTDGTG
OUTLET TYPE Af20] - Qg npog 10 onpeio eéaymwyng o aywyde Sukpivetul oTig eEfg
Karnyopieg:
constout: o ToV VTOAOYIGUS TOV Vyoug nThong Bsmpeitar
otadepn n 6140uUN oTo onueio sfaywyng
varout: To onueio eEoywyng tov aywyod PBpiokeran kdtw
andé 1  ot6fun anoBéuatog TOL  KATAVTY
TOMLELTYPA
RIVER All]} - To nedio propei va Aafet T1g e€ig §Vo Tipéc:
Y: Ot unepyethioel o0 TOUIELTPA AVAVTN UETOPEPOVTUL
puécw TOPEAANAOL QUOIKOD dywyYod OTOV TAUIELTIPU
KaTévn
N: O vrepyehioeig Tov avavrn TapigvTipa yGvoviat omd 10
cbotnua
CONST _DISCHA | N m’/s MopoyetevticdéTTa oywyod (Avaeépetor névo o€ aywyols
RGECAPACITY TOnov constflow)
VAR _DISCHARGE| A[20] - Ovopocioc  mivake pe  avtiotoyieg Oyouvg  mTdOTNG
CAPACITY TopoyeTeVTIKOTNTaS (Avaeépetar UOvo ot aywyods TOTOV
varflow)
USAGE_COEFF N - ZOVTELEGTNG XPNONG QywYoD WG TOCOOTO ENL TNG GUVOAIKTG
napoyetevtikdtnrog. [aipver ynég amd 0 péypt 1
R USAGE COEFF| N - ZVVTEAESTNG (PTIOTG OVAGTPODTG PONS Cywyod GV TOGOCTO

ent TG GUVOAIKHG mapoyetevtikotitag. [Taipver Twég and 0
uéxpt 1. H petaPinmy oavti éxer ypnowdinra pévo oe
nepintoon émov DIRECTION=bidirectional

Aywydc pe apeidpopn pon Tpénel vo cuvdEeTal VITOXPERTIKE e Vo AVTAO0TAGI0, ONA. e pia
povéda svepystakng petatpomng tov tomov OPERATION=pump | OPERATION=multiple (fA.

KeQ. 3.2.2.7).

O xb6uBo¢ NODE_UP avuiotoyei otov avaven kor o NODE_DOWN otov kotdvin koufo
oOUEOVA 1E TV emBuUnT pot} oTov ay@yd Kol aveEdpTnta and To GV QUTH EMTUYYAVETUL UE
™ Bondewa avtAooTaciov. e TEPInTOOT) OV 0 KywYOs AsiTovpyEd au(plépo no, ot koppor avavin
KoL KotavTn opiloviol cOUPVE UE TN GLGIKT PoT).
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3.2.2.4 IHepropicuoi ot yprion aywyoy

O mivaxag mephapfaver 6lovg Tovg MEPIOPIoHOVS OTN XPioT EMALYHEVOV AYDYAV KaTtd mv
TPOGOOimoN pong.

ITiv. 6. [Tivaxog mepiopioudy oty ypron aywydy

Restrict

Ovopacioc

Jlemnroc \ . .
PIPE AJ20] - Ovopacia oynyod otov onoio avopEpetat o TEPIOPIGUEG
USER All] - | Hropaperpog kabopier tn yprion tov aywyod 6y Kavoviki

QOopd pong Yo TNV eEumNPETON TV GTOXWOV oV £0EGE O
XPNOING (TpdTN PhoT Aertovpykig Tpocouoinamg)
Y Hyption tov aywyod oe avtiyv ) 0aom omoyopedston

N Asev vopictatal meploplopds oe avtiv T @don

PAR RULE All] - H rapaperpog xabopifer T xprion Tov aywyoy 6Ty Kavoviky
Qop& pofig Yo TNV edumnpétnon TV oTéYWV TAPOUETPIKOD
Kavove - Acwovpyiog  (SedtEpn  @dom  AEITOLPYIKNAG
TPOGOUOinoTC)

Y Hyprion tov aywyod o qutiv 1 @dor anayopedeTal

N Asv vopictatat tepopiopoc oe quTHv TN Odom

OVERFLOW All] - H mapaperpog kabopilet tn xprion Tov ay@yod 6Ty Kovoviki
Qopa pofig yww TV amopuyn urepyeidicewv (Tpitn @don
AETOVPYIKNG TpOTopoimong)

Y H ypnomn tov aywyod o€ quTthv T 9Gon amoyopedeTin

N Aev vpiotaton neploptopdg o€ qutiv T 9dor

R USER All] - H mnapaperpog xabopiler ™ ypfon tov  oywyod otnv
avaoTpoen Qopd potig yia TV eEuaNPETNOT TOV GTOYWOV TOV
éBece o priotng (mpdTN Pdomn AstTovpyikig TPOGOpOinGTC)

Y H yprion tov aymyol og auTijv TN OG0T anayopeVETAL

N Aevvoictaton neplopiodg og auThvy TN QAo

R PAR RULE Afl] - H nopaperpog kobopiler ™ ypfion ToU aywyod oty
avaoTpoen @opd pofig yia v eévmnpétnon TeV ooV
TOPAUETPIKOL  Kavova  Aswtoupyiag  (0edtepny @don
AELTOVPYIKTG TPOCOUOIWOTG)

Y Hyprion tov aywyod g authy 11 @Aom anoyopeveTaL

N Aev voiotatar neplopiopds 6€ autnv 1 94on

R _OVERFLOW All] - H mapduerpog wabopifer t xprion tov aywyod oty
avaoTPoOn POopd povs Yo TNV amoQuyh VRepyErioswy (Tpity
@aon Aertovpyikig Tpocopoinong)

Y H yption tov aymyod og qutiv 1] 0ACT] AROyOPEVETAL

N Aegv volotatol nepopioiog g auThy T OAo

Ze aymyohg ToL CLOTNHHATOS oV dgv cvumeptiapuPdvovior otov mivakae dev TiBeTal AVAAOYOG
TEPLOPIOUOG OTN YPAOT TOVG.




50

3.2.2.5 Avruioroyics byovs TTAONS - TAPOYETEVTIKOTNTAS

H ovopaocia tov mivaka opiletat amd tnv 1010mTtat VAR_DISCHARGECAPACITY tov mivaka pipe.

IItv. 7:  ITivaxag avtiotoryldv DYovg TTWonS - TOPOYETEVTIKOTHTOS

Ovbpi‘tdﬁz;’f’ | Téne fovada | Mep ;

diorres .
HEAD N m Yyoc nthong
DISCHARGCA N hm’/Step | TTopoyeTELTIKOTNTAL AywyoD

O nivokoag GVTOG GUVIEEL TNV TAPOYETEVTIKOTNTO. EVOG Ay®YOL HE T1) Stapopd. 6Tdbung vepod oo
onueia vépornyiog kot e&aymyne. Me dedouévo 10 Hyog mrdoNg oMV apyf TOV YPOVIKOD
BAMATOG KOl HE TIG KAUTOAEG VYOLG TTAMOMG - TapoyTis mov divovan amd avtév Tov mivaka eivar
dvvatdg o vroloyouds Tov LEYeTov dyKov mov umopel vo, petagepBel amd tov aywyd oto
TPEYOV YPOVIKO Pripa.

O mivokeg pe Tig ToPamive AvVTITOYIES OvaQEPOVTAL AMOKAEIGTIKG € ay®yolg 10V omoiev 0
avévtn kdéuPog eivon TapELTHPAS.

3.2.2.6 ZXréyos

ITiv. 8 Iivaxag otdywv

All] - To nedio propei v AaPet 1ig e&ng dVo Twég:

Y: H mbavétnta aoctoxiag fi n tiun Tov otdyov avalnreital
Kot anotelel CVTIKELUEVIKT) oUVAPTION mg
BektioTonoinong

N: H péyiom mibavotna actoyiog Tov 6T6)ov avtod sivon
dedouévn (BA. PROBABILITY) kat 0 ot6y0¢ Aertoupyel
TEPIOPLOTIKG OTOV apliNd TV AVCEDMV

Epdtnue propei vo amotekel povo évag amd Ohovg TOLG
016 0VG Kot VIodekvieTaL PE TOV YapakTApa Y o€ autd T0
nedio.
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Target (cuvéyewr)

Ovopasio

1gtrac .

ACTIVE

To nedio umopei va AaPet T1g &g 500 Tipéc:
Y: O ot6y0g givon evepydg

N: O o16y0¢ civar avevepydg

TYPE Af20] - To nedio Siver Tov TOmo Tov GTOXOVL KoL umopEl va AdBet Tig
. e&Ng Twés:
cons: Z16)(0G KATAVAAWOGTG VEPOD

minflow, envflow: Zt6)0¢ eAGYI0TNG HETAQOPES VEPOD and
TOV QAVAVTN TTPOG TOV KATAVTT Ay®wYo

powergen: Z16Y0¢ TOPAYMYNG VOPONAEKTPIKNAG EVEPYEING
minvol: Z700G KATAOTATOL GYKOL TAUEVTHPO.

maxvol:  X16y0¢ avdTATOL GYKOV TAUIELTHPO.

REFERENCE Af20] - To medio diver v ovopacic Tov avtikeyévon oto omoio
avaQEPETOL 0 6TOX0G. AVOAOYQ UE TNV Tiwh Tov ntediov TYPE,
10 nebio REFERENCE 6ivel 10 6vopa

® gvlg xoufov, etv o OTOYOG Eival Tov TOWOL cons,
maxlevel, i minlevel

®  &vig aywyod, v o oToYog eival Tov Tomov minflow, f
envflow

® . gvOg otpofilov, el 0 0T6X0G eival Tov THTOV powergen

FAILURE N - Méyiwotn - Tip  aotoxiag  OTOXOV-TEPOPIGUOD  OTOL
PROBABILITY QUERY=N. To nedio naipvel Tipég and 0 péypt 1

PART N - Mépog Tov cUVOMKOD GTdYOVL TV TTPéNEL va ikavorowmdei. To
nedio maipvel Tuég omd 0 péypt |

CHANGEVALUE | A[l5] - To nedio opiCet €dv xat pe moto TpéTo petafdireton 0 6T6X0G
KATd T7) SIPKEL TNG TPOCOUOIMONG O GYEGT UE TNV UPYIKH
1. Or twég mov propel va Aafet o medio givar o1 &g

no: Kopio petaforny Tng TIUng ToL oTOYXO0V

linear: YPORLKT PETOBOAN

D,)=D, + 1) D,
exponential:  exfetikn petafodn

D, =D, (I+dy"’
omov Dy’ givar 1 TR Tnong Y k&be étog mpocopoinong
kot D, m etiolo ovénon Bewpodpevn otabeph| xou d.
nocootiaia eTno avénon Bewpoduevn otabepn

INCRCOEFF N - Zovteheotig ypoppikng 1 exbetikig upetaPorng D. (BA.
CHANGEVALUE)

H npotepardmra tov 6toYmv divetar ue ) oeipd katdtaéng otov nivaka
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3.2.2.6.1 Xpovooelpég otdymv
O nivaxag TepthapPavet Tig TIHES TV OTOXMV V1o, KABE ypovikd Prpa.

Iliv. 9:  Ilivakxag xpovooeipy oToywv

TargetData
o
TARGETKEY ‘(*)b A[50] . T E\'Jvesm‘ ovopocia xp&ocetbdg
STEP1 N hm’/Step | Ty o16)0L 610 1° Ypovikd Pruc. H povade pétpnong tng
GWh ypovooepds eEaptdtat and Tov THmo ToV 6TdHYoL:
m e T tovg tOmovg cons, minflow kor envflow givar hm’
OYKOV VEPOD
¢ [ Tov TUNTO powergen givar evépyewr ce GWh
¢ [0 tovg Tomovg minlevel ko maxlevel pérpa
STEP2 | ... .. oo e

3.2.2.7 Movdda Evepysiaxiic Merarponijs

O mopoxdre mivoxog mepthapfdver Oheg T1g WOVAOEG evepyslokfg petatpomis &ite avtég
Aertovpyolv cav avtiootdow, gite oav povadeg mapaywmyng véponiektpikng evépyeiag. Eniong
nepAapPavel Kot Tig povadeg mov Aettovpyoldv peToépoviag vepd apeidpops note Tapdyoviag
kot mote wkotovoldvoviag evépyewn (PA. medio OPERATION). Xe mepintwon mov o
LeTaQEPOpEVOg Oykog efaptdtar amd To Vyog mrdong ot aviiotoyies Tipdv divoviar omd
npdobeto mivaxa.




Iiv. 10: Iivaxag Movddwv Evepyeioknc Metatponnic

ETrans
0v6pddia o | Ton
wibrprag | 1 e e
NAME (*) Af20] - Ovopacio povadag eVEPYEINKNG HETATPOTNG
ACTIVE All] - To nedio pmopei va AaBer Tig e&ng 600 Tipéc:
Y: O o16y05 givor evepydg
N: O o16y06 sivon avevepydg
PIPE AJ20] - Aywydg pe Tov onoio GuvdEeToL 1) povada
OPERATION Af10] - To nedio pmopei va Adfer 11 eENG TIpéc:
turbine: H povado Aewwovpysi mopéyoviag evépyewa ko
LETUQEPOVTUG VEPO OO QVAVTY TPOG KUTAVTN
pump:  H povédo Aertovpyel wg avtrio. KoToveAbOVOVTOG
EVEPYELD KOL LETAPEPOVTAG VEPO QNG KUTAVTT TPOG
aAVavTN
multiple: H povéada propel va Aerrovpyei apeidpoua
Ot yopaxtpiotikég kopmdreg povadav petaBintis nopoyi
NG KOVOVIKTG Kal avaoTpoeng Asttovpyiag divovior and Tov
nivaxa tov nediov FILENAME
TYPE A[10] - To nedio pmopei va AdPet 11g e&fig 600 TipéG:
constant: H povéda Aertovpyei ue otobepés mués nopoyng
VEPOU KOl TOPAY®YNS N KATAVAAMONG EVEPYELNG
(BA. medio C_DISCH, C_ENERGY, R_C DISCH,
R_C_ENERGY)
variable: H povada Aetrovpyet pe petafanréc tpés napoyng
vePOD Ko TOPUYWYNG 1 KUTOVEAMONG EVEPYELNG
(Br. mebio FILENAME)
INSTCAPACI N MW Eykareotnuévn woydg
UNITS N - ApOpoc otpoPirtev 61N povada evepyeloKg LETUTPORNG
FILENAME A[20] - Ovopacia mivake pe avTioTotyleg 6TABUNG - EWIKNG EVEPYELNG
- TAPOYNg
C_DISCH N m®/s Ztabepn) mapoy] vepod povadag mov Asitovpyel mapdyoviag
gvépyew (BA. media TYPE kat OPERATION)
C_ENERGY N GWh/hm® | Tapaywyf evépyetog avd, povada petapepdusvon dykov (PA.
nedia TYPE kot OPERATION)
P C DISCH N m’/s Trafepn) mopoxn vepod povddog mov  Aetovpysl cav
avtAootdowo (PA. medic TYPE xat OPERATION)
P_C ENERGY N GWh/hm® | AméAutn T svEPYEING TOU  KOTOVOAGVETAL  omd
OVTALOGTAG10 avh povada petapepdusvov oykov (BA. media
_ TYPE xouw OPERATION)
PUMP_TARIFF A[S] - H Swripnon g evépyewag mov katavoidverar and 1o

avrhootdoto. H tiuég mov naipvel n napdpetpog ivor

DAY  Swriunon nuepfiolog Aertovpyiog
NIGHT pewopévn dwotipnon vuyxtepiig Aetroupyiag
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3.2.2.8 Avuoroyics byovg nTddens - e1dikig evépyetag - mapoyic

H ovopasia tov wivaka divetar and tmv di6tta FILENAME tov mivoka UOVESOG EVEPYELOKTG
LLETATPOTNG.

iv. 11: ivaxag avuotoridv Syoog Trdeng - e10IKAG EVEPYeIas - mapoync

Ovopa | Témog- | Moyt
1Ty \ | ‘

HEAD N m Yyog wtdong 1 dyog Gviinong, avdloya pe 1 Aertovpyia
¢ povadag. H ty) g napopétpov eivar névtote Betuch

PSI N -GWh/hm* | Ewdict] evépyeia (evépyeio avé poveda OYKOV Kot avd pHovada
VYOG TTOONG) KATA TNV Tapay®yn NAEKTPIKAG EVEPYELDS

FLOW N m’/s [Tapoyf vepod katé v mapaymyh nAekTpikhg evépyelag

PSI PUMP N GWh/hm* | Educn evépyeia (EvEpyela avd HOVESa 6YKO Kot avé Hovasa
BYOoUG TTOOTG) KOTA TNV Agtovpyia TG povadag o¢ avtiia

FLOW_PUMP N m’/s [Tapoyn vepob katd v Aertovpyia tng povadag wg aviiia

3.2.2.9 Xdptyg

O mivaxog napt?»auﬁdvst TOVG YAUPTEG LE TIG avayKoieg TANpogopieg yio T ¥PNOOTOINGY TOVG.

[Itv. 12: Hivaxag yoptav

wemTag

NAME (*) A[20] - Ovouasio apyeiov xGpn

X _TOPLEFT A[20] - Tewypapicn) teTpnpévy odpowva pe 10 EAAviko Tewdonticd
Thotnua Avagopég (ETZA '87) g Gve opiotepd yoviag Tov
xap ‘

Y TOPLEFT A[20] - Tewypa@ikh teTaypnévn copeove. pe 10 EAAnviké T'eodoitiké

: Zootnua Avagopés (EIZA '87) tng dve apiotepd yoviog Tov

xaptn

X BOTTOMLEFT | A[20] - Fewypagwh tetunuévn odpomva pe 10 EAAviké T'ewdaitixd
Zbomnua Avagopds (ETZA '87) g kéto 8efid yoviag tov
XGp™

Y BOTTOMLEFT | A[20] - Fewypapin tetaypévn odpgova pe o EAAviké Tewdattiko
Zootnpa Avagopdg (EI'ZA '87) g k1o dekid yoviag tov
xGpm™
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3.2.2.10 Katdloyos ypovoceipiy ﬁpoxtig - bmoppon’g - eéaTuions rautevTpwy

iv. 13: Mivaxag xatadéyov XPOVOGEPDY

TimeSer

Ovouooia

wiomeag s g kEme 4 -

NR (”“) ] | A[2ﬁ(’)j : | ”- - Kwéucog xb(;;/ocelpdg

NODE A[20] - Ovopasio k6pPov otov onoio avagéperat 1N XPOVOGEPA
TYPE ' All] O 1brog g xpovooepag propei va givon:

H: Xpovbcapd LLE IOTOPIKEG TIUEG

Vi ZuvBetuci/QavtaoTiki ypovocelpd

FILENAME Af20] Ovoposia nivaxa mov nepthapPéver Tig Tipég e XPOVOGELPAC

SET I ApBudg cuverduevav xpovikdv meptddwv mov aynuatilovy
pio evotnta. Ilpémer va omotedei oxépaio Supéty Tov
GUVOROV YPOVIKDY TEPLOS®V

TEXT A[255] Ene&nynuotiké keipsvo

3.2.2.11 Xpovooeipés fpoxijs - anopporic - eédtuiong tamevtipa

H ovopasia tov mivaka divetar amd v t81c’m1w IO tov wivaxo Node kobdg kar and v
wiotra FILENAME tov ivaxo TimeSer. O wivaxag nepthapféver ta vyn Ppoxfic, amoppofic
Kot e&atong yia 6o ta ypovikd Pripato Ghav Tov eEetalopévay Ypovikdy Teptddwy.

IItv. 14: IIivaxog ypovooeipv

Ovopasia

PERIOD - Xpovikfy mepiodog 1.y, £T0g

RAIN 1 mm "Yyog Bpoxiig otov Tapevtipa katd to 1° ypoviké Brpa

INFL 1 mm "Yyog anoppofig 6Tov TapievTipo kord to 1° XPOViKo Brpa.
Avayetat otV EMIQGVELR TNG VITOAEKAVNG TOV TatevThpa, (PA.
SUBC_AREA)

EVAP_1 N mm "Yyog eEatuiong and Tov TapisvTApa Kotd 1o 1° xpovikd Brua

RAIN 2 N mm "Yyog Bpoyiig otov tapievtiipa katd 1o 2° ypovikd Pripa

O tpémog kataypueng twv Tindv eivon xowvdg Y dAeg TG xpovooepéc. [TAnpogopieg mov
avapépoviatl oTo £idog, Tov Tpdmo Snuovpying TV YpovoseEpdV K.G. meplouBivoviar 6Tov
nivake TimeSer. H xatoxdpnon tudv oto nedio sivar mpoapetucy. H dheyn xataydpnong
oto edio PERIOD dev ennpedler tnv mpocopoino, evd oto vedrowto nedia  Tipn o avtiv
v nepintwon Bewpeitar undevikn.
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3.2.3 Ylomoinon tng Baong dedopévemv

Mo v viomoinom kpibnke enapiig 1 Snuovpyia pag Tomuchg Paong dedouévav. H HOpPN TOL
apyeiov mov emhéydnke 660 yia ) Pdon Sedopévav Tov Ydpovopéa 600 Kkat yia v evplTEPN
Pdon dedopévav mg Zrepedg EAMGSag eivar MS-Access. Kat’ avtdv tov 1pémo EMTUYYAVETAL
évag opoloyevig tpémog mpdoPacng oe Oho ta dsdopdva pe napdAANAa €0KOAN Ko amAn
duvaTéINTO. EMCKONNOMNG, OVIGANOYAG KOl TPOTORMOIGNG TwV dedopévav pe 10 svpvTATO
dwdedopévo Aoyopkd mepipdAlov MS-Access. H npéoBaon and to vroroyotikd cvoTNU
Tpaypatonoteital pécw Tav kavévav Open DataBase Connectivity (ODBC).

H tpomomoinon tov Sedopévav cuvvictdtar vo yivetar and tig mpoxadopiopéveg Doppec
Opydvoong Awtvov nov gpovtilovy yi Ty thpnom mg TAnpérag, g cuvénei g Péong,
Om®G KaL TV opinv ota nedin TUDOV Tov dedopévmv.
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4 Xhvoeon oxeclukdv Bacewv dedopbvav Trepedc
EALGOOC

o 11 avdykeg tov cvothuatog mpocopoimong Kat Pertictonoinong oyedibotnke n Péon
dedopévav mov meprypdgnke oTo KepdAao 3.1.6 kar vAomomnke XPNOLUOTOLDOVTAG TO
hoyopko6 makéto MS-Access. H mpooBacn ot Béon avtn pe dvvatdmro Tpomomoinong Kot
ENEKTOCTG NG Y1t AOYOUG TPOGAPUOYIG OTNV EKACTOTE EQUPUOYH Siveton péca amd 1o 1610 To
hoyiopd makéto «Ydpovoptagy. Eivan ebhoyo 611 o1 mhnpogopisg mov eivon KOTOXOPNHEVES OE
avtqv ) Pdom Sedopévav va eivor ko1 oL omopoitiies Y TV mpoypotomoinom ™mg
mpocopoinong kar pévo. Tlepiscdtepeg mAnpopopics, ypfioyieg pev e GAAES EQAPHOYEG,
aypnoteg 8 oMV cLYKEKpEV Tepintwcn, £xovy mopareipdet xépy sveMéiog kot g0KOANG
nposappoototirag. Ilépav todtov om Péon avtd mepapBdvoviar omhomorfosls Kt
CUURTOEEG AVTIKEWWEVOY TOV VIPOGLOTNHATOG TPOSAPUOLOVTOS KT auTéV TOV TPOTO 1O
HOVTELO GTIG OMOLTAOELG TOL VIOAOYICTIKOD GUGTHUATOG Ko Teptopiloviag TV molvmhokdTnta
TOV LOVTEAOV. '

Mia gvpitepn Phon dedopévav nov nephapPivel Tépa and T AERTOUEPELOKY AMEKGVION TOV
dikthov Kol 10TOPIKG oTOYEln, OMO WETPNOEIS TACG QUCEMS Om®G LIPOpETEDPONOYIKE
dedopéva, dedopéva dpdevong KA., xet avantuxdel ota mAaicw Tov 1Wiov epsuvnTIKOD £pyou
(tedyo6 38). Mia oe1pd am6 avtictoryo dedopéva eivar kataympnuéve Kot oTig SHo Paoelg kot Ha
HTTOPOVGAY Ve GLoYETICBOOV €161 MoTE va evnuepdveton 1 pia Bhon amd Ty AN, H otdvdeon
g Baong Asdopévav g Ztepedg EAMASag (BAZE) pe ) Bdon nposopoinong tov YSpovopéa
givar yio govéntovg AGyovg embupnti kor €yst yw. tovto mpoPrepbel ot cvpPaticéc
VIOYPEDGELS TOV EPEVVNTIKOV £PYOU.

H ocvvdeon tov &0 Phoewv pe t Podew tov Xvothuatog Emihextikhg Evmpépaocic
TapovoialeTal oynuatikd oto Xy. 10 kot To YopaKINPIoTIKE TG TEPLYPAOOVTAL AVAAVTIKE GTa
EMOUEVO KEQAAMIA.
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Hivaxag
SUGYETIONG

Khion { ArcView|Yapovop
ayeyog 45 12
xoppog 2 5
LOV.Lap 1 4
x0ppog 3 45

2y. 10: Zbdvdeon Boewv dedouévav tng BAXE kar tov Yopovouéa

4.1 Xyedwopdg ovvdeong facewv dedopsvev

['a v mpaypatonoinon mg chvdeong g BAZE ot tov Ydpovopsa anarteitar o kabopiopdg
70V TPOTOV e TOV OTOI0 TPAYHATOTOLEITAN 1] GUGXETION KAl 1) KOTUYPAQY G TOV XPoTN TV
cuvdedeptvav aviikeyévov. To npog cuoyETion avieineva Tpénel vo VEIcTAVTOL KoL 0TI 5100
Paoeig, dedopévov 6T 1o, oe1pd ETAOYOV GTO HOVIELD TPOGOUOINGTS, OTMG T.Y. O CYESOUOG
G TomoAoyiag xat ov katdAdnieg amhomoioelg, amartodv eWwég yYvdoelg Tov vd eEétaon
vdpoovoThpatog Kol Sev eivor duvatdg o an’ gubeing oxedacudg and v gvpdtepn Phon e
Ztepeds EALGSacg.

H olvdeon aviikelpévov cyedidotnKe SONQOVO HE TO JWBypapud GYECEDV-OVIOTHTOV OV
amewoviCetar oo Zy. 11. Zopeava pe tov opiopd avtd éva avtikeipevo g BAZE umopel va
ouvdelel 10 avadtato pe éva avtikelpevo g Pdomg tov Ydpovousa. Avtiotpdowg éva
ovtikeipevo avtg g Pdong umopei vo cuvdebel pe tepiocdtepa avikeipeve and t BAZE mov
glvar ko n Aentopepéotepn omd Tig 6Vo. H vhomoinom yivetar pe tov mivaxe ovvdeomg
AVTIKEWEVOV OV TEPtypdpetal oto kepdhalo 4.1.1. Ov Bidtnieg tov avilkeywévey nov
cvoyetilovion otig dvo Phoeg kabDg kal To €180¢ GLOYETIONG KATAYPAPOVTUL AVAAVTIKG 61O
KepdAawo 4.1.2.
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2x. 11: Aidypouua oxéoewv-oviotqtwv uetald avukeuéveov e BAZE ko g Phone
dedouévav tov Yopovouéa

4.1.1 TIlivaxag 6VUVOEGG AVTIKEINEVOV

2e évav mivaka eivar xataxwpnpéva te aviikeipeva tov 600 Bdoswv mov cuvdéovtar peTald
toug. Kdbe waraympnon mephapfdverl ma khdorn kot 0o avrikeipeva g idag khdong mov
avikovy 1o pev ot BAZE kot to 8¢ ot faon tov Yopovopuéa. O 1d16tnreg Tov mivaka sfvat ot

axoAovOeC:

ITiv. 15: [Tivaxag o0vOeons OVTIKEIUEVQY

CLASS KMion ovvdedepévov aviikeévov. Ov tuég mov pmopel va dexdsi n
18101t givan o1 akdrovdeg:
node: To avrikeipeva sivan kopfot
pipe:  To avtikeipeva sivar aywyol
etrans: To avrtikeipevo sivon povadeg evepyelnkng UETATPOTG
GIS ID N Kodudg-kredt aviikeiévou thg BAZE
YDRONOMEAS N KmSlKég-KkmS{ OVTIKEWEVOD TOV Ydpovopéa
1D

An6 mpaxTikig andyeng ot faoeg BAXE kar Yopovopéa Bpickoviar o dbo drupopetikd apysia

nov Bo Swnpovv amd poéva Touvg TN cuvoyn twv dedopdvev kon Ba pmopolv v
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xpnoponomboiy avegdptnta 1o fva amd 10 @hho. O wivakog oOveong aviikewévov
anodnkevetan ot Pdon dedopévav Tov Yopovouéa

4.1.2 AvticToryisg 1010THTOV

To avrikeipeva mov emiéyoviar mpog cvoyétion opiloviar pe évav mivako Y10 KGOe QopuUoYN
amd 10 xpnotn. Aviifeto ot 1810TNTEG MOV PMOPOVV VO GUGKETISTOUV KaBdg Kot O TPOMOg
cvoyétiong eivar yia kGBe kAdon avtikeyévov dedopéves. Ot WB16tTEg MOV ELodyovVTaL Omd TN

BAZE o1 Bdomn tov Ydpovopéo Teptypapoviatl 6ToV TapaKdTe KaTdAoyo.

Iowetra Hivakeg kau Hivakeg ko edia Hapatypnioseg
IIedia Tng BA g BAXE
T0v Yopovopéa

Koupoc (Tapuevtijpag)

‘Extoaon Aekavng Node tblWaterBasinData

amoppoiig (SUBC_AREA) (Basinarea)

Xopnrkotnta Node tblReservoirs

TAUIEVTIPU (MAXSTORAGE) | (VolumeTotal)

Nekpog 6yxog Node tbIReservoirs H tyuny vexpoo dyxov

TOULIEVTHPA (MINVOLUME) (VolumeTotal, vroloyileron and Tig TpéG oL

VolumeNet) CUVOMKOD Kot MQEAYLOV GYKOV

Aywyos

Yyouetpo Pipe tblAqueductSubsections Xpnowomnoieital To BYog TPoPo-

1p0Podocicg (INLET_LEVEL) (StartInvertAltitude) dociog Tov TPDOTOV ayWwyol Tov
nivaka tblAqueductSubsections
TOV GUVOEETAL LLE TOV AY®YO TOV
nivaxa Pipe

Ywouetpo Pipe tblAqueductSubsections Xpnowonoeital To Hyog eLoyw-

e€aywyng (OUTLET_LEVEL) | (EndinvertAltitude) YNS TOV TEAELTAIOV Ay®YOD TOV
nivaxo tbIAqueductSubsections
TOV GUVIEETUL HE TOV AY®WYO TOV
nivaxo Pipe

Mopoystevtikomro | Pipe tblAqueductSubsections H tuf tg mopoyetevtikétntog

vipaymysiov pe (CONST DISCHA | (DischargeCapacity) evog aywyol ot faon dedousvov

otabepn) Tiun RGECAPACITY) Tov Yodpovopéa kabopiletal and

TOPOYETEVTIKOTI MV EAGYIOTT TOPOYETEVTIKOTN T

Tag TOV aywy®v mov Tov anaptifovv
ot BAZE
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Movdda Evepysiakijc Metatponijc

Eyxateotnuévn ETrans tblWaterSupplyPumping- . .
1y0e (INSTCAPACITY) | Stations (Powe};) PI?8" | Zm BA ov Y8povouta o nivaxas
avTAooTOGion tov MEM nepiéyer ta
Eykareotnuévn ETrans tblHydropowerPlants QVTAOGTAGIO KAL TOVG

10%0¢ (INSTCAPACITY) | (Power) i )
AVTMOGTAGIOn VIPONAEKTPIKODG GTaBUOVG

4.2 Emdextuc Evnpépoon Bascov Asdopévov

Kabdg o1 Bdosig g BAZE ko1 tov Ydpovopéa pumopotv v veiotavrar kot aveldptnro n pia

ond TV GAAn, etvan Suvarh N petaBold] Twv TipdY Tav dedopdvav ot pla and avtég yopic Ty

evnuépoom avtictoywv Sedopévav g 6Mng. H emdoyd avth amodewvieta xprowy ot

TEPITOCELS OTOV emPBdiAeton N TPAYHATOTOINGT S10S0YIKAOV TPOCOUOIDCEMY pE SLUPOPETIKG

TPAYMATIKG 7| QavtacTikG oevapio. O xpiotng £xet ) duvatdmra va emépPet kat’ svbeiav ota

dedopéva g deng 70V Yopovouéo petatpénovidg ta katd fovinon ywpic avtd va xpeidletal

va alhaCet ta dedopéva g BAZE.

A)dote mad propei va eavel okémo 6To potn Tov Ydpovousa va exavagipel GAeg 1 Hépog

TV ap kv Tipev ord ™ BAZE. Avtq n Svvatdtmra divetor pe To GUGTNUO EMAEKTIKAG

eVNHEPMOTG OESOLEVMV KoL CUYKEKPLUEVD LE TIC EENG AetTovpyiec:

o Emiektiki evnpépoon avrikepévon: Evnuépwon dhav 1ov S10THTOV eVOG AVTIKELEVOD
70V VEpocVOTHUNTOG 0T Pdon dedopévav tov Ydpovouia and t BAZE.

o Emiextikyy evmuépoon wiotnrag: Evnuépoon g bwdtmrag evdg aviikelpuévov Tov
vopoovoTipatog 6T Paon dedopévav tov Ydpovouéa and t BAZE.
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> E@appoyf Tov Yopovopéa 6to vdpocvotnua
AvatolMing Ztepedg EALGOaC

2’ quTé TO KEPAANLO TOV TAPGVTOG TEVXOVG TEPLYPAPETOL 1| EQUPUOY Tov Ydpovouéa o0
vdpocvotnua tng Avatodkhg Ztepeds EALGSog ko mapovoidloviar o amoteléouata TG
Pektictonoinone. To vdpociotnua mg Avtucmg Ztepeds EAAGSag anotehel aviuceinevo dAkne
HeAENG ov apovctdletar 6t0 TEVxog 39 tov Wiov epsuvntikod £pyov. Ta mepiocdTEpN
OTOL(EIDL TOL YPNCMOTOWINKAY Vi TV TPOcuppoy g Paong dedopsvav tov Ydpovouéa
OVaQEPOVTOL OTHYV AVOALTIKH TEPLYPa@f Tov LAPocLGTHHATOS oto Tev)0g 36. Iopoukdtm
TEPLYPAPETAL TO HOVTELO TOL VOPOCVGTIHATOS, KUOMG KAl Ol TPOGUPHOYES TOV DIOAOYIOTIKOD
CUGTNHATOG TOV £YIVAV Y1t TIG VAYKES TNG TPOSOUOImOoNG.

H epappoyf] mov mepryploetor 610 xke@droio avtd éxet kobapd Siepevvniikd YapaKTHPL Kot
OmOCKOTEL GTOV EAEYXO TOV GUOTNHATOG OV avantuxdnke. Aev eivon katdAANAN Y eEaymyn
EMYEPNOOKDY cupnepacudtov dedopévov ot dev £xovv emaknbevtel Ta dedopéva mov éxovv
xpnowonombei. Emmiéov ompetdveron 6Tl Td OTATIOTIKE YOUPAKINPIOTIKG TOV 1GTOPKDOV
Se1yUAT®Y IOV YPNCIHOTOWONKAY OTNHY TOPOVCE SOKUACTIKT EQAPUOYT TOV TPOYPAUMTOC SEV
glvon ETIKAPOTOMUEVE, KL TPOEPYOVTAL TS TPOYEVEGTEPT PAOT TOV EPEVVITIKOD Epyov.

5.1 Ileprypagn Tov povrédov ToL VOPOGVGTIHNATOS

To vdpocvomua g Avatohikng Ztepedg EAAadag mepthapfdver éva clhotnuo teccdpav
TOUEVTAPAOV €K TOV Omolwv Ol TPelg amoTeEAODV TeXvnTovg Tapevtipeg. H Afpvn YAikn
xpnoponoteitol g puowkdg tapuevtipas. H cuvolua] oeéhipun xopntikdtmra tov GUoTAUATOG
etvor 1377 hm’ kot kotavépetol cOpewve, pe tov ITiv. 16.

IItv. 16: Zroryeia tauicvthpwy vopoovotiuatos Avatodikng Xtepeas EAddag

Ednvog Mboépvog Yiikn |[MapaBovag Xidvoro
Xwpnrudtnro, [hm?] 140 770 587 41 © 1538

Qoéhun yopnrucdtra [hm’] 113 643 587 34 1377

Inuetdvetar 411 TPOS TO TMAPOV Yl TEXVIKOVG AGYOUC BeV YPNGLLOTOLETAL 1) OmOBNKEVTUCH
wovotyTa Tov tapevtipa tov Ednvov. H ocvvolikiy amoppony and v vrorexdvn tov Ednvov
dloyeTevETAL AUECH OTOV TAMELTPA ToV MoOpvov Lécw g onpayyag Evnvov-Mopvov. Ev
T00T01G, KABOG M onuepvr Katdotaoy givol petafotiky, ota oevdpue g Tapovcas HEAETNG O
TapevTipag tov Evnvov npocopoubdvetor pall pe tov anodnkeutikd tov ydpo. Kar ot téocepig
TOULEVTAPEG TOV CUCTHUOTOG CUUUETEXOVY GTOV TAPAUETPIKO KOvOVE AELTOVPYING.

O taevtipag tov Mopvov kar xupicng i Auvn YAikn moapovoidlovv onpoavtikés vdyeleg
Swpuyés pe emoywakég Owxvpdvosic. o v mpocopoimorn Twv vmoyeiov dwguydv
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xpnowonomnkav ta otoyele omdé ™ perém tov Pom I, Avvedvin, X., (1992),
EMIKAPOTOMUEVA HE TPOTOATA OTOLYE Q.

Ot taevtipeg Tov Edmvov kot tov Mépvov Bpickoviar oe cetpd dmwg kat N Aduvn Yhikn ue
Tov TopevtApa Tov Mapabovae. Ta vdpoaywysia kataliyouv otov k6pBo tov AbnMvov evo
gvdidpeca evavoviar pe 10 vdpayoyeio tov Kibapdva. To poviého Sev nepliapfaverl
dwavopr] Tov vepoy petd Ta dwiotipo. H mepoyf tov Abnvay TPOCOUOIDVETAL AV EVAG
teAkC KOUPog.

Olot ot aywyoi 1ov vVEpocLGTHATOG AstToVpYOdV pe oTabeph TYU TapoyETELTIKOTHTAC, EKTOG
and tn ofpayya Evmvov-Mépvov ko givar povig katebBuvong porig ekTdC omd 10 EVOTIKS

vipaywyeio tov Kibapdva to omoio dwbéter  Suvordtnro apeidpopng poig. Katd v -

mpocopoinon dev tibetan kavévag neploptopds ot xprion v vVipaywyeiay, T660 6T YPOVIKH
duipkewn xpriong, 600 kar 6T ¥pion TV VIPAYOYEIOY OTIG TPEG PACEIS TG ASTOVPYIKAC
npocopoinong. E&aipeon anotelel 1o evatikd vdpaymyeio Tov Kibapdva, 1 xpiion tov omoiov
STV AVAGTPOPN Popd porig amokAeisTal amd TV TPGOTN PAECT| TG AELTOVPYIKHG nTpocopoinong.

AVTAMOOTAGL0L PNCLHOTO0UVTAL GE GAO TO KOG TOL Vpaywyeiov YAikng-Mapabhva, Kaddg 1
otabun g Aipvng Yiikng Ppioketar vyouetpikd yopmAdtepa amd tn otdBun Tov TapELTHpL
00 Mopabava. o my extipnon g evépyewg mov Kotavaidvetor amd To oAvTA0CTIoW
xpnoiponowjonkay to ctoteia g peAétng tov Kovtsoydvvn kot Eavbémoviov., (1989). Zto
vdpaywyeio Mopvov-Kibopova oto dyog g advag vrbpyst eykatsomuévr povado
TOPUYWYNG EVEPYELOG.

Zto oevlpur mov AapPdvouvv vOWN TNV TPAYMATIKY TOPOYETELTIKOTNTE TOL  SiKTOOV,
xpnoiponombnkay otorxeio and v EYAAIT xat and 11 pedéteg tav Kieptoyavvy, (1998) xau
Kovtooyidvvny k.¢. (1990). Zta vopoywyeion mov oamotelobvion omd TOAMG TUAMOTO e
S10pOPETIC TUPOYETELTIKOTNTA TO KABEVQ, T) EAGYIOTN TIHA HTAV KABOPIGTIKY Yia TV exTipmon
NG GUVOALKNG TOPOYETEVTIKOTITAG TOV VIPAYWYEIOL.

Ocov agopd ta vdporoyikd dedopéve YpPNOUOTOMENKAY Ol IGTOPIKEG YPOVOGELPEG TV TPIOV
Tapentpov Ednvov, Mépvov kar YAikng mov exmoviinkav oe mponyoduevn @don tov £pyov.
And avtég dnpovpynonkayv cuvBeTikés ypovooelpés didpkelag 5000 etdv pe To 810 6TATICTIKG
yxopakmpotikd. Ov  cuvletikég YpOvooelpég ypnowomombnkay TeEMkd o€ Oheg  TIG
TPOCOUOUDCELS. LTOL CEVAPIL TOV Tpocopowddnkav &ytve n mapadoyy 6t Swtnpeitar 1 Owe
TAKTIKY) OMOAMYEDY OO TOVG VTOYEWOVS VOPOPOPELS 0w ekeivr ™G MEPOdOV UETPHOE®MV.
Katd ovvérewr dev emhéybnie 1 Svvatdtnta Swpopomoinong Tng TG g anoppong Adym
avEnuévev M petopévev anodqyemnv. H amoppon otov tapievtipa tov Mapabdva dev
BepnOnke a&idhoyn kot dev ovumeplaufdveral oto HOVTEAD.

H Swyeipon vepod oto vdpoovotnue g Avatohkng Ztepeds EANGSag e&umnpetel évav
Bacicd oTdY0, IOV £ivar 1 Vdpevom g pellovog meproxig Abnvav. Metd v mepiodo Enpaciag
Kol TV SpapaTiky peimon oy katovéAmon vepod ota téA trg Sekaetiog *80 kot oTIC apyéc
g Sexaetiag *90 mov peinos katd ToAD T {RTom vepod, Tapatnpeital Ta TekevTain Ypovia ex
véov e avéntukn tdom (PA. tedyog 36). e OAo To OEVApWL TOL TPOCOUOLDBMKAV
ypnotponoridnke n i xatavoun {HTNong vepod GTOVG UNVEG pe EKEIVT] TOV PECOV OPOV TV
etwv 1989-1997. O cuvtereotig avicokaTavoungs v kabe pnva divetat omd tov Iiv. 17.
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Iiv. 17: Zovtedeotis avigokazavouis e {Htnons yio vy 0dpeven e ueilovog TEPIOYNG
AOnvav odppwva e v fitnon tov etdv 1989-1997 (Xroiyeia EYAAIL.

Iav. ®ef. | Map. | Amp. | Mdauwog| Iodv. | IoOh. | Ady. | Zenr. | Oxr. | Nogp. | Ack.

0 077 0.071 | 0.078 | 0.077 | 0.086 | 0.092 | 0.096 | 0.090 | 0.093 | 0.086 | 0.077 | 0.077

Am6 10 {810 VIpocvoTHA YprCIHONOLEiTAL VEPS KOl Yo TNV Gpdevon g Komaidag. Amd to
CUOTNHA TAIELTIPWV KOl CUYKEKPIEVE amd T Adpvny YAIKN apaipotvror péypt 50 hm? emoiog
Y apdevtiKolg okomolg, evd évag akabdpioTog dykog and ta vepd tov Biotikod Kngioot kut
0mo TOV VIOYELD VIPOPOPER YPNCWONOLOVVTUL Y10, TIG apdevTicés avaykeg. H andinym and
Mpvn YAixn mov mpocopowddnke ota cevipio, ta onoie cvpmephapfivovv myv apdevon tng
Komnaidag, frov otafepn oe etfiowo. Péon 50 hm’, katavepmpéva ocOpeava pe tov akdiovdo
nivoka:

Iiv. 18: Amolnwers amd t Aiuvn YAikn yia ty dpdevan e Koroidag (e hm’)

Iav. ®eB. | Map. | Anp. | Mawog| Iobv. | Tobh | A¥y. | Zemr. | Oxr. | Noéu. | Ack.

0 0 0 10 10 10 10 10 0 0 0 0

Aleg ypnoelg vepov oto vdpocotnua g Avatolkig Ztepeds EMGdag Sev kpibnxav
OTUAVTIKEG Y10, VO EXNPEACOVY TO, ATOTEAESHATA TG TPOGOOinoNg/BeATioTonoinong.

To ypoviké Prpa katd v mpocouoiwon Shwv tev cevapiov eival o pAvag tov étoug. O
TOPUUETPIKOG  KAVOVAG  EQPUPUOCTNKE  YPNOUOTOIOVTNG HOVO  TOvg ovvtekeotés b. H
daxprronoinon tov xovvdPov cuvviekestdv b éywve pe Prpe 1/10 yun xdBe didotaon. H
BeAtiotomoinom mpaypatoromnke v tov kupimg kavvafo kor v TpdTn vIodiaipeoT Tov,
éto1 mote va AMdPovpe wavorontikn akpifeta oTig TYéEG cuvieleoTdv b.

To povtéro tov vopocuotipatog divetar and 1o Xy. 12. Ze avtd avoypaeovToL Ol TPUYHATIKEG
TAPOYETEVTIKOTNTEG TV VOPAYWYEiV OTMG EKTIHAVTOL OO TIG HEALTES TTOV EMOKOTAHONKAY.

To mopapmpe T' meprapPdver v Phon Oedopévav tov YSpovouéo TPOCUPUOCHEVY] OTO
vépocvoTUa NG Avatoikng Xtepeds EAMGSag, €101 dnmg mepryplpetol 610 TPOTO GEVAPLO
Beltiotonoinong tov keparaiov 5.2.1. Ot dwupoponomoelg mov €ywav KaTd TV TPOcoUoinoy
TV cevapiov dievkpwvilovial oTa avTicToo KEQAAI.
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Tap/pog Ednvov
113 b

Tap/pag Mdpvov
643 hm’

Tap/pag Mapabdva
AvtAooTacto 34 hm’

Z1p6Pihog Tap. ev.
Karavaimon vepod
Topevtipag 1} Aipvn
Yoépoyawyeio

Képfog

2y. 12: Xynuatikn moplotach Tov voaTiKoD ovotHuatos Avatolikng Ltepeac EAAGdag
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5.2 Beknisromoinon g Srayeipiong véatikdv Té6pwV

5.2.1 Zevapio 1 - Extipnon tov véatkod dvvapikod tov vdpocveTiparog

Katd mv mpd cepd mpocopoidoenv avalnmibnke 10 Suvapkéd Tov VOPOCVOTNUATOS GE
L3ATIKOVG TOPOVG aveEApTNTO, 0l TNV TaPOYETEVTUCSTTE TMV VIpaywyeioy. Ma Tov AOY0 avtd
oplotnke wg Tiym TapOYETELTIKETNTOG Ge GAOVG TOVG ByY™YOVG TOL CLGTH HOTOG 1 EEWTPOYUOTIKT
A Tov 30 m¥/s. Amotéheopa ftav n napoxstsmmémta va unv amotelel TAEOV TEPIOPIGTIKS

mapdyovio oV kGAvym g Chmong. Emopévag 1 {itnon frav dusca efaptmuévy ond ta
V3poAOYIKG Sed0pEVa, TO CVOTNHA TAEVTAPMOV KAL TOV SIAYEPLOTIKG KOvOVeL Aertovpyiog.

Zto Aewovpykd ocbdomnuo  ténxav  oTéXOL mpoocopoimong pe MV okdAovdn oepa
TPOTEPAUOTNTAG:

1. Kdioyn mg Cinong vepod v mv 03pevon otov kdpo twv Anvav. H apyuc etfow
{htnon opictnke 700 hm® katavepnpévn oe prvec oougwva pe tov Iiv. 17. Agv opiotnke
avdtarn arodekth mbavémro actoyiog Tov oTdyov KabéTL N acToyio aLTH HTav ‘apxucd
npog avaininon.

2. O debrepog otdyog mov TébMKe Mrav 1 SWITAPNON TOL ATOOENNTOG OTOV TAUIEVTHPA TOV
Mopofdvo. Tdve and 1o 6po acadeiog twv 30 hm’. H amotvyia KGAvyng avtod Tov
o100V o€ éva. and Géxa Xpévia. opioTnre mg 1 avdTatn anodekt MBaAvOTITH AoTOYIAS TOV
GTOYOV.

3. Téhog tébnke otdyog emolag amdAnyng omd T Aluvn YAikn 50 hm® yw apdevticong
oKOmovG, cOUPmva pe Ty kotavoun Tov Iiv. 18. Onwg kot otov devtepo otéy0 €101 Ko o
avtév opiotnke wg avdtat amodext mbovoia aotoyiag N ur kGAoyn g (Rong os
uia oTig Héka ypoviés.

Znueidveran Ti 1 TPOTEPALOTHTO. IOV SOBMKE GTOVG GTOYOVG EMTPENEL TV AmOAYN dYKOL omd
TOV TOMELTNPA TOLV Mopafdve yi Thv kdAvym g CATnong oty ABfva akdpa Kot ov avtd
mopaPiler 10 KOTOTOTO Oplo GMOBEUOTOG TOV TOMEVLTAPE TOL devtepov otdyov. To
VOAOYLOTIKO GUCTNG EMOIDKEL KOTA TV AEITOVPYIKT TPOCOUOIMOT THV OVATANP®OOT TUYGV
eMelupaTog amd ToVg AVAVTN TAIEVTIPEG.

Metd tov opwoud tov ocevapiov mpaypeatomomibnke m PeAtictomoinom pe otdxo TV
ghayiotonoinon g mbavéTnrag aotoxiog g Sitmong Yo v ¥dpgvon g peilovog mepLoxng
ABnvav. To amoteréopata Y1 kGO Evav amd Tovg 6TdYoVG 7oL Té0NKay divovial and tov ITiv.
19. Ot ouvteheotés b Tov PéATioTOL Kavéve Asrovpyiag mov VIOAOYiSTNKE Sivoviar and Tov
[Tiv. 20, evd to Xy. 13 anewovifer tn ypagu tapdotact tov kavéva avtod. O eTfo10¢ Hécog
0pog Tov VaTIKOV teolvyiov TV KOpPwV Tov povtélov divetar and Tov ITiv. 21.
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Iiv. 19: Amo)(z’a OTOY WV KaTd TNV Epapuoyr Tov féATioTon Kavéva Asitovpylag

X1oy0g Actoyia 1p. AocToyia 1p. Actoyio k@hvyng
nePLodov Pipatog . &Tnong oyxov

1 | Etjow xatovéiwon 700 hm?
vepoh otov képBo Adnvév 0.2% 0.03 % 0.016 %

2 [Op1o eldyiotov amoBEUaTOg 6TOV]
TapevTpe 1oL Mapaddvo, 0.3 % 0.04 % —

3 | Etfow xatavéioon 50 hm?
vepob amd v Apvn YAl 42% 0.7% 1.2%

ITiv. 20: Zvvtedeotés b tov féltioton kavéva Aertovpyiag

Tamevmipog Twin ovvrehestii b
Ednvog 0.000
Mapdecbvag 0.016
Mépvog 0.938
YAixn 0.046

2. 13: I'pagiki mapdotaon tov féAtiarov kavova Aeitovpyiog
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Iiv. 21: Ydatiké 1w0ldyio féitiotov kavéva Aerrovpyiag (oe hm’)

KlOm-

A0iva | Billa | Ednvog pévac Kwipra| Kiewi I;g gl; ) I(\;I(g\g’) :g- Mépvog | Yrikn | Lidvoro
Amoppoi 0,00 0,00 321,02 0,00 0,00 0,00 0,00 0,00 310,24 | 346,63 | 977,89
Bpoyéntoon 0,00 0,00 3,21 0,00 0,00 0,00 0,00 0,00 29,56 7,36 40,13
E&arpion 0,00 0,00 -2,93 0,00 0,00 0,00 0,00 0,00 -25,89 | -23,86 | -52,68
Yndyereg Sraguyég 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -14,01 | -73,91 | -87,92
Ewspor} ané ayoyoig 756,81 | 448,13 - 550,44 | 447,92 | 379,34 | 206,58 | 111,21 | 306,98 - 3207,43
Amolyelg -699,89 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -49,41 | -749,31
Expon - -447,93 | -306,98 -550,44 | -447,92 | -379,34 | -206,58 | -111,21 | -550,44 | -206,58 |-3207,43
'E&odog and To sveTnpa -56,92 | 0,2 -14,33 0,00 0,00 0,00 0,00 0,00 -56,44 -0,24 | -128,13
Xpion apykod awoBéparog| 0,00 0,00 0,01 0,00 0,00 0,00 | 0,00 0,00 -0,01 0,02 0,02
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AkolovBag Tpaypatomombnke Pedtictonoinom pe otéyo v avalhmon g HEYIOTNG TWNG
Chtong oe vepd omyv ABMva pe avdton mBavémte aotoyiog KGloyng 1% ywpic vo
vroAoyiCeton n Ty actoxing Tov vedlowmav otdymv. H Beltiotonoinon £dwes T 742 hm?.
ITpaypotonowbvog Sadoykés PeAtiotomomoes v Siipopeg Tyég actoxiag Tov otoyov
bdpevong mpoxdmrovy Lebyn Twdv LAmomg-mbavétntag actoyiog  kGAvyme, N YPaPUdh
angwdvion tov onoimv divetor amd to Ly. 14.

KaAuwn {ritnong udpeuong Abrivag

850

800 pan

S
//

|

~
o
o

ZaTnon [hnérog]

650

600

0.001 0.01 0.1
AoToyxia

—e— BEATIOTOG KOVOWIG AgiTOupyiag

—ia— Kavéwag Aeiroupyiag B

2y 14: Avrzcrcozxz’ec {ntnong-mbavotnrog aoroyias xdlowng (itmone yia v Oopevon
ABnvadrv :

5.2.2 Xevapuwo 2 - Kavovikin Aertovpyia Tov diktoov vdpodoTneng

To devtepo oevipo dwpopomoleital e oyEom LE T0 TPMTO oTo OTL EANEONcAV vIdyn ot
TPAYHOTIKEG TAPOYETEVTIKOTNTEG TOV Ay®YOV TOL SLoTApaTog. Ot oTdyor mposopoinong, 1
tomoloyion Tov Siktdov kar o WotnTeg TV épyev ofomoinong mopéuevav ot idieg. Ot
TOPOYETEVTIKOTNTEG TV Aywydv, cOupmve MHe Tig vrdpyovoes pehéteg (PA. tevyog 36),
ovvoyilovtor otov [liv. 22.




70

ITiv. 22: [lapoxetenTikOTHTES QYYD

Ayoryog HoepoyerevTikéTnTo
m’/s
Evnvog-Mébpvog <27 (petaplr.)

Kiovpxa-Abfva 2,9
Kiwotpka-Mapaddvog 5,3
Kibarpdvag-Adniva 10,5
Kibapdvac-Khedi 4,2
KAedi-Bikla 4,2
Kpeppdda-KAeidi 28
Kpeppdda-Bila 5,5
MaoapaBdvac-Adniva 5,2
Mdbpvog-KiBapdvog 14,3
Bima-Kiovpka 5,3
YAixn-Kpsupdda 7,5

Kot v npocopoinon emPefaibénke 1 n napoyetevicdrnra Tov vipayaysiov Kibophvac-
AbBfva oe cuvdvacud pe TV TapoYETEVTIKOTNTO TOL Vipaywyeiov YAikng Bétouv éva avdrato
dpo mapoyng ywr v kdAvyn g {Rtmonmg oty Abfva. To amdbepa tov TaIELTAPO TOV
Mopabdva, o omoiog dev doBéter aidroyeg amoppoés, dev apkel yo vo koAdyel ™ (htnom
népo and €va cvviopo xpovikd ddompa. H {imon mov umopel va xodvedei xatd v
epappoyn tov BéAtioTov Kavéva Asrtovpyiag mapapével Tvtote K4T® and 10 6plo twv 15,8
m>/s 7ov B&TEL 1. CUVOAIKY TOPOXETEVLTIKOTNTO. TV ayaydv. To Zy. 15 Sivet to omoteléopara
OV 681’)18pob oevaplov CUYKPLTIKG PE EKEIVA TOV TPDOTOV.
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Z0ykpion oevapiwv
1000

900

800 loéo

7
00 f—r
600

500 73 = P *
400 X ol

——t

0.001 0.01 AoToxia 0.1
Tpéxov 6pio Trapoxeteunkémuag 15.8 m3/s

ZAtnon [hrﬁ/érog]

— — ME00g 0pog GUVOMKIG EMOIag aTTopporig
udPOCUTTANATOS

—&— BEANOTOG KAVOVOG AEITOUpYiag Xwpig TTEPIOpIoHOUC
TTAPOXETEUTKOMTAg

—&— BEATOTOG KAVOVOG AEToupyiag pE TEPIOPICHOUS
TTAPOXETEUTKOTTAG

—¥— Kavévag Asiroupyiag B

—e— Kavévag Aeioupyiag I’

2y 15: Avuoroyies {ritnong-mbavotntas aotoyiag xéAoyng {ritnong yio v ddpevon e
ueifovog meproyns AOnvav katd tm Aeirovpyia Tov SIKTHOV OHUPWVO UE TO TPOTO
K011 T0 Oe0TEPO TEVAPIO.

5.2.3 Xevapuo 3 - Aroxdelopog g Aipvng YAikng

H ypfion vepod and ™ Alpvn YAikn yw v kahoym mg {inong 98pevong oty Abfva
ouvdéetol pe OMUOVTIKG OIKOVOWKO KOGTOG AOY® TG UEYRANG VWOUETPIKAG Spopds Tng
AMpvng YAixng xat Tov tapevtipa tov Mapabdva. ['a ) petagopd tov vepod Aertovpyet pa
oelpd ond aviilootdoln mov eival eykatesTNpéVA KATd pRKog Tov Ldpaywyeiov YAikn-
Mapabdvag. H katavaioon evépyewg tov aviiootaciov divetar and tov ITiv. 23.

Amnd o mopamdve cvpnepaivetal 6T 0 amokAEopHOG TG Alpvng YAkng Ba peiove onpaviikd to
Aertovpyid k60Tog TOL CLOTHUATOG VOPOdITHONG TG peilovog Teproyig ABnvav. To epdTnua
nov tiBeton eivan o€ moto Pabud o amoxAeopds g Apvng YAikng Ba peicove kot T dvvatdtra
K@Avyng tng {ntnong vepov oty Abfva.
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(Zroyeia EYAAII tiuéc 1989)

Hiv. 23: Karavéiwon evépyeias avidiootasiov avd uovéde oykov mov HeTapépetal.

AvTtlooTdoto Ayoyég Koaravaloon

Evépyerag

KWh/m*
YAikng YAikn-Kpeppddo 0.42
Acomov Kpeppdada-Kiedi 0.43
BilCoag Kpeppdada-Bimio 0.27

Bilag No 3/4 BiMCa-Kiovpxa 0.27/0.04
Kiovpkav Kiotpxa Abnva 0.51

o v mpocopoimon ypnoonombnke 1o poviEAO VEPOCLOTAKATOS TOV TPMTOL GEVAPIOD
(xopis mepropiopods mapoyetevtiKéTnTog) and 10 omoio agoipéfnkav or kéuPor YAikm kot
Kpeppada, or ayoyol YAikn-Kpeupada, Kpeppada-Krewdi ko Kpepupdda-Bilia kabde kot to
aVTAMOOTAGL0, KOTE UNKOG TOV ayeydv avtdv. Ta cvykpiiikd aroteléopoto 6Gov agopd ™
oxéom kbAoyng {Nnong-mbavétnrog aotoying, Katd v Tposopoinon pe 1o BEATIOTO Kovove
Swyxeiprong, divovton amd T ypagum napdotaon tov Zy. 16.

KaAuyn gimong 08pevong ABrivag

850

/ 800
(v, / 750
e 700
)
by
= A o
=
p 600
b
= 550
[
- /
N 500
450
— 400
0.001 0.01 i 0.1
AcToyia
— MECOG 0p0G OUVOAIKIG EMOIAS ATTOPPOTiG

uSpPOCUCTUATOG
—o— BéAnoTog kKavévag Asitoupyiag

—A— BEATOTOG Kavovag Asioupyiag pe m Afuvn
YAiKn

2y 16: Avuoroyies (itnong-mbavdtntas aotoyias kdivyng {rnong yio tv ddpevon g
ueilovog mepioync ABnvav kotd T Asttovpyia o0 SIKTOOL YWPIC TN YpHON TOL
arobBéuarog g Aiuvng YAikng
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6 Xvumepdoporo,

ATO T0 TPDOTO oTASIL TPOGEYYIoNG TOV EPELVITIKOL OTOXOV emhéydnke o Suywptopds g
avantudng evog Aoyoukod epyodeiov mov Ba Empeme v givor evpeing EQPUPUOYAS KO THG
PertioTomoinong mg Stxeipiong Tov v3pocueTANTOG TG Avatolikhg Ztepsdc EAAGSac. [apd
10 6TL 0 SWXWPIOROG aVTOG TPOCEBETE GE TOAVTAOKOTNTO OTIG TPOSIYPAPEG TOV AOYIOHIKOD
Ko EnEKTEWVE TNV Sildpketa avdantvéig Tov, To omotéleopa sivar tétoto dote 1) emhoyy avTh va
xopaxpiCetar emroxnuévn. Ocov apopd To vIoloyioTiké choRa YSpovopéag Tpoékuyay to
axdrovba Pacikd copnepdopata:

"Hon and doxactikég epappoyés tov Ydpovopéa 1600 610 03pocicTnue, TG AVATOMKAC

Ztepeds EAGSag mov vrohoyiomke €30, 600 kat o8 GAka vEposLGTANNTA GTmG AVTH NG
Avtikig Xrepedg EAAGSag mposkuye 1 kataAANAGTHTA TOV VIOAOYLOTIKOD GUGTAKATOG 1o
v entlvon piog mouakiag Swyeprotikdv TpofAnudreov. Avtd smPeBordvetar kat and 0
YeYOVOG OTL 01 XPHCELG VEPOD GTA VIPOGLOTAUATA GTO OToi0. EPAPUOSTHKE 0 YSpovousag
Sépepav prlikd peta&d Tovg.

To vmoloyiotikd cvotua dev Bétel kavevdg eidovg eproplopd 1660 010 péyedog Kat oty
T0m0L0Yio. TOV SIKTOHOV MOV TPOCOUOIDVETAL GG KOl GTOV apBud Kal T0 GLVEVOGUS TaV
otdxwv npocopoinong. Avtd cuverélece oto va amodetyOel witepo gvéhixto ko gvkola
TPOCOUPUOCIHO GTO SAPOPa CEVEPLA TOL AKOAOLOHEMKOV.

AvtiBeta amd dAAa VIOAOYIOTIKG GLOTANATA KOWNG XPHONG TTOV TPOGOUOLBVOLV EMAEKTIE
opiopéveg povo 1oTopikég mEPIOdovg, 0 YOpovopéag kavel cuvexly mpocopoimon pe Bdaon
totopikég N ovvOeTikég ypovooeés. H Aertovpyio avth g Gwsxof)g TPOGOUOTOoTG Kol
16icg M (pNom cuvBeTIKdV YPOvooEPGOY amodeiybnke anapaitnt katd v ablohdynon tev
AMOTEAECUATOV TMV oTOYOV Ue Wwitepa pikpy mOAvOTNTA 00TOYlOC OMOE OVTOC TG
Vdpevong.

M oepd and Aertovpyieg tov Ydpovopuéa Borbnoav amoeaciotikd otnv avalitnorn tov
Béktiotov Kavéva Aertovpyiag Kol oTnv eE0yYN TV KATAAANA®Y CUUTEPACRATOVY. T AVTA
oLYKOTAAEYOVTOL 1) VAOTOINOY TTAPOUETPIKAY Kavovev Bhoerl Tov onoiwv Ttpayuatonoteital

N BeAtioTomoinon, N duvapky anekévion Tng Aettovpyiog TG TPOCOHOIMOoNS KAt 0 TPOTOS
TOPOLCINGNG TOV TEMKOV OTOTEAECHATOV.

MeovékTnua Tov CLGTAHATOG Etval TO YeYOVOG OTL 0 VITOAOYISTIKOG Xpdvog TTov amauteiton
vt PekticTonoinon eival apketd peydAog, ue anotéhecpo va kabiotator dvoyepig oty
TOPovON PAoT] TOV T ENLXEPNOWKT Asttovpyia tov. Autd opeiletanr katd kdpo Adyo ot
uébodo BeAtiotomoinomg mov akolovdeitar n onoio avtioToyel oe ekBeTiKd Ypovo emiivong.
I amo@uyn TOV HELOVEKTNNATOG CLTOV £XEL TPOYPAUUATIOTEL, o8 emdpevn €kboon Tov, N
adlayn ™G nebddov Pehniotomoinomg kabdg kar 1 depedvnon g SvvardTNTOg NG
TEYVOAOYiaG TapdAANA@V eneéepyacsTdv.
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O Ydpovoptag @odolei vo amotehéoer éva Wwitepo edypnoto Kow XPAoWo Aoyopkd
epyadeio ota yépla Tov éumepov pedetnth. Opopéva mpdta evaelkTikd CLUTEPACHATA EYOVV
eayfet and v epappoym tov 610 vVéposHoTHa TG Avatolikhg Zrepeds EAMGSag. Etdwdtepa,
pe TMpn alomoinon twv VRAPXOVIGV TECCEPMV TURIEVTAPOV KOl EGV AYVOTOEL KaVels Tov
TEPLOPICUS TNG MOPOXETELTIKOTNTAG TV VOPaywyEiny, 1 eThcw duvatdtnra VéPoddTHONG TG
Abfvag sivar Qo Egmepvodoe ta 700 hm’ pe avdtam mbavédrno actoyiag 1%. Znv
TpaypankotTnTa  Pacikdés maphyoviag TEPOPICHOL TNg  duvatdtntog vdpoddtnong g
TpwTEVOVCOG amOTEAEL T meplopiopévn  mapoyetevTkdTTa TV vopaywysiov  YAikng-
Mapabdva kar Kibapova-Abiva. Zvvurohoyiloviag v nopoyeTevtikdmmee TV oyeydv To
dikrdov kot pe mANpn aSlomoinomn TV TAPOVIMV TAUEVTAPMV EMTVYXAVETOL ETAGIO HEYIOTN
SuvatoéTnta v8podoTong YapunAdtepn Tov 500 hm® emoinc.

Hepartépo épevva

O Ydpovopéag otnv ékdoom 1.0 cuvdéer e€ehrypéveg Texvoloyieg otov Topéa TG TANPOYOPIKAG
pe pie oegpd amd mpotdtumeg Bewpnrikés epyocieg mov €xouvv yiver otov Topéd NG
npocopoinong K dtoyeipiong cvotnudtav tapevtnpav. To anotélecpuo Tov TAPOVCLACTIKE
og autd T0 TEVYOG avoiyet éva gvpvd nedio o€ Tapamépa £pevva Tov PTopEl va. cvpmephapuPavet
0 akdrovba:

1. Onwg avagépbnke kot o€ Tpornyodueva Kepdhaio o akydpibrog BeAtiocTomoinong emidéyetan
Behtidoelg, Tov Oo amEPePAV CNUAVTIKY] HEIOON TOL YPOVOL OTOKPIoTG TOV GUGTHHOTOC.
[ToAd amodotikf ®¢ TPog TOV XPOvo amdKpIong KPIVETOL KAt 1) TPOSUPUOYT TOL Ydpovousa
otV teXvohoyia TG TapdAAnAng kot katovepnpuévng ensEepyaciog.

2. H 80, tng mapapeTpomoinong mov £xel epappootel otov Yopovousa amodeiynke waitepa
emTLYAG omd mOAAEG amdyers. 26T000 1 EPAPHOYN TNG EXEL TEPLOPIOTEL GTOV YWPIKO KAvOVOL
A£rTovpyiog TOV TOMIEVTNPOVY, T KOl OTIV KATOVOUY] TMV EVEPYEWKGOV OTOYMV, EQOCOV
vngpyovv tétowor. Epdoov yiver Suvarhh m owcbnrh peimon tov ypdvov amékpiong, Ha
kataotei duvatd va  yeEViKeELTel 1M mopapeTpomoinom kar og GAAo  otoyeio Tov
V3POCVETANATOS, OTWG 6ToVG KOUPOVS GUUPBOANG UYWYADV, HE AVOUEVOUEVO OTOTELECHO, V.
BeATiwBovV Tepartép® Ta TEMKE OTOTEAEGUATA TOV VTOAOYICTIKOD GUGTALATOG.

3. Zto mhaicw Tng eméktachg Tov pabnuatikod povtélov Bo umopovoe va neptlaufhvetal v
EKMOVIOT €VOG TAAPOVG OIKOVOWIKOD 1G0A0YIGHOD, cuumEPAOUBOVONEVOV OA@V TMV
ToPOYOVIOV KOGTOUG Kot 0QEAOVG TTov B TpoékunTay amd TN AELTovPYie TOV GLGTAKNTOS
KoL TNV eKTéAET TNG PEATIOTONOINGTG e O1KOVOUIKODG OPOVG KL GTOYOVG.

4. Idwitepa yprioyn Bo. frav n Siepedvnon g Suvatdmrag emyepnookig Asrrovpylag tov
Y8povopéa. [Ipotinddeon yi' avty eivar extdg and doa avapépbnkav mo mave Kot ta 8Ng
gmmnpOceta (MeTa&D GAlmV):

e H tpononoinom tov 6TOY0OTIKOD HOVIEAOL GE TPOTO (oTe v Agitovpyel pe Paon ta
Tpéyovia vdpoloykd Sedopéva 10630, o€ GLUVELACHS Kol UE Eva GVTOHOTO CVOTNHO
HETPTONG TV LOATIKOV TOP®V.
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H ocvovdeon pe poviéha vmdyeiwv vepdv (yia mepoxés mov avtd TapoLGIAlovY
EVOLLPEPOV).

* H evooudtoon pérpov acealeiog 100 CUGTAKATOG EVAVTL EKTOKTOV TEPLOTATIKGOV (TT.y.

Prapec), xar n mpochikn vmoloyoTkdv Swidikooidv Yy Ty vmoPondnon g
AVTIUETOMIONG TOV TEPICTATIKADV AVTDV.

* H evoopdtwon poviéhov npdyveong g e&éMéng g (Rtnomg (my. vdevtiky,
0pdEVTIKA) UE AVTICTOLN HETATPOTT] TOV TPOTOV AEITOVPYING TOV GUGTAMNTOG GE TPOTO
aote vo petaBaider Toug kavoveg Astrovpyiog o€ Sipopoug xpovikovg opilovieg.

¢ H evomudtmon TooTiK@v YopaKImpIoTIKOY 1oV VOOTIKOV TOPpOV Kol TOV YPRCEDV.

Avayvopicelg

[ToAdTium vaipée 1 copPorny tav gortntdv Nikov ZepPol kar Avdpéa Evotpatiddn, ol omoiot
o1 TAAUG TNG SMAGUATIKYS ToVG epyaciag avéntuav pépn Tov Ydpovousa.
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Hopaptnuo A: Oonyieg ypfiong tov Ydpovouéa

O mapovoeg 0dnyieg xpfiong tov VIOAOYIGTIKOD GVLETARATOG YSpovopag TEptyplpovY TNV
éxdoon 1.0 (15/01/99). O1 odnyieg avtég Sev mephapPhvovy Ty meptypagn Tov poviéhov Tov
Ydpovopta 1 tov Bewpntikod tov vréBabpov. H ypriom tov Ydpovousda cuvietdtar pévo oe
xpfoTEg oV 1BEToVV YVAOM TOV AVTIKEWEVOD HEAETNG KABAS KAl TOV HOVTEAOV, £T01 (OTE VoL
YIVETAL COOTY EPUPUOYT) TOV DTOAOYIGTIKOD GUGTAMATOG,

Ltig mopokdto odnyies yxpfiong dev meptlopPhvetor to  Yrmoovotnua  EtoyaoTikig
IIpooopoinong mov tapovcidletar oto mapdpTnua B.

Ewayoyn tov dedopévov and ) faon

To mpdypappa Yopovopsag mapovsidletal oto xpiiotm pe v Kopuar ®éppa nov ansicovileton
otnv Ew. 9. Ze avtiv v pdom dev £xer yiver axdpa 1 e10aywoyn tov dedopévav Tov Siktoov Kot
ol meplocdTEpPeg emMAOYEG eivar anevepyomomuéves. H eoayoyn tov diktdov and t Bdon
Agdopévarv (BA) yiveton pe emdoyn omd to pevod Apyeio/Eicaywys dixtbov.

®oppo Emioyiig Baong Asdopévav

Ago? yivel n napandve emhoyn Ko pe ) eopua oty Ew. 1 epgaviCovrar o1 faoeig dedouévav
7oV £YOVV TPOEMIAEYEL Kot 0 Tig omoieg pmopet o yproTg va emhéger pe To movtikt Tr BA tov
VOPOCLOTANATOG OV TOV evilaPépel. Inuewdvetar 61t 1 BA mov avalnreiton npéner vo
Bpiokeron Tomkd otov voloyiotn, va £xel T popen MS-Access ki vo TepiEyel GAOVG TOVG
TIVOKEG TTOV glvan amopoitnTot Yo v opdn Asttovpyic TG TPOCOUOIMOTG KoL TEPLYPAPOVTAL
Aemtopepms oTo KePdAaio 3.1.6.

Ew. 1: Ipdry oelida s Dopuas Emloyns Baong dedouévav
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Hoatdvtag to kovunt Avoryua avoiyete m BA xat mpoywpdte oty emhoyn tov &Pt NG
mepoyns. Edv om @opupa tov mpoemideyuévov BA Sev Bpeite ovtv mov Oéhete va
XPNOHOTOMCETE, TOTE Umopeite va TNV avalnticete kat va v npocbéoete OTIG TPOEMALYUEVEG
BA ané tov katdroyo tev vrohoinwv BA mov sivar yvmotég oto chotnud cag, ond ™ oeMda
Ilpootikn g Bwg ebppag (BA. Ew. 2). Eav téhog n BA tov vdpoocvotipatdc cac Sev
cvunepapfaverar otov Kotdroyo, avtd pmopel va ogeileton 610 6T Sev £yt yvooTomomPsi
~ ot0v vroroyot oag. Mmopeite vo, yvwotonouioete ™ BA dnhdvoviag ™ poper tov (format),
TV ovopacia tov apxeiov kol ) Sedpopny avalitnong (path) pe 1o epyaieio 32 bit ODBC twv
MS-Windows.

T ———

Baoeiws bebopevay

Ew. 2:  Aegbdtepn aelida e Dopuag Emroyng Baong dedouévarv

D®oéppa Emdhoyng Xaptn

Me v pdppa g Ew. 3 emAéyetan vag omd tovg vadpyovieg otn BA xdpteg tng meployng mov
Ba ypnopomomOel cav POVIO KATd TNV ATEIKOVIOT) TOV HOVIEAOL TOL VOPOCUOTALATOS Kot KOTA
v omtikomoinon g Swdkaciag g npocopoinong. Ze nepintmon mov dev vrdpyel 1 dev
emheyel kKamowog xaptng 1o poviéro Tov Siktvov Ba mapovoudletor o keEVO EOVTO, YWPig avtd
va. ennpedlet katd Ta dAla o Timota 115 VrdAouteg Asttovpyieg Tov Ydpovouéa.
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[Kevd pdvro]

Sterea.bmp
StereaZ bmp

Eix. 3: Dépua Emloyng Xaptn

Me v enthoyn Kardloyog pmopeite va EMOKOTNCETE KO VO, TPOTOTOMICETE TV OVOUAGIN TOV
apyeiov kabog kot Tig ovvietaypéves oto EAAnvikd 'ewdartikd Tootpoa Avagopds (ETZA '87)
™G ENAVD aploTePd Kat TG kdtm de&id yoviag Tov mhatsiov mov opilel Tov xapTn.

Edv ent\éEete Efodos popraveton ta ototxeia tov diktdov amd tn Baon Aedopévav pe 1o xaptn
mov emhélarte.

Me v emhoyn Xdptys xaheite 10 Yroovomua Opydveong Atktoov pe to omoio pmopeite va
TPOTOTOINCETE TN SON} TOL SIKTVOVL KAt TIG TIHEG TV SESOUEVMV. TPV TIG POPTMCETE 0o TN BA.

Opyavoon duktvov

Me 10 Yroovomua Opydvoong Awktdov o xpriotng €xet Tn SuvatdmTa vo SpopPOcEeL £va
TPAYNOTIKO | QUVIOOTIKO CEVAPI0 TPOCOUOIMONG, TPOMOMOWDVTOG T1) doun Tov SKTOLOL,
EVEPYOTOIOVTOG KO AEVEPYOTOLDVTAG HéPN TOL Ko aAAdloviag Tig TIHEG TV WBIOTATMV TOV
épywv alonoinong vepob katd BodAnomn. Kabe akdayn mov yivetar kotayplpetal avTopoTo, Kot
o BA.

D@ oppa Opyaveong Atkrdov

Me 10 ménpo tov xovumod Xdprne amd Tt @oppa Emdoyhg Xdptn | pe v emhoyn
Inpoypopies dixtbov/Xépns kou ororyeio dikrvov omd v Kopua @épua, eppavietar otnv
006vn 1 ®éppo. Opydavoong Aktoov. Ze avtiv omewoviletar o Tomikdg xEpTNg mov emAyOnKe
poli pe to avrikeipevo mov amaptiCovv to Siktvo otg Béceig mov kabopifovtonr omd TIg
Guwewyuévsg mov éxovv opiotei (BA. Ew. 4). To diktvo eppaviletar o o pop@ kardAinin
Yo EMOKOTNoT Kot 1 eOpua napéxai»cto YPNOTN TIG SLUVOTOTNTES Y10, TNV TPOTOTOINGN TOL.
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X prn nEPOXAG pedétng
Ervioy : e

Ew. 4. ®dpua Opydvwons Aiktdov

Amd 1o pevod Emdoyéc g ®opuag Opydvaong Aiktoov o xpiotng propel va TpoympnostL oe
éva amd to akdAovba PrApato:

o Emidoy xéptn: Avvatdtra emhoyng evog vEOy XApTn TOV VOPOCVOTHHATOG

o Extomwon/Xdptne: Extinwon tov xaptn poli pe to 6iktvo oto fackd extunm
o Extorwon/Zroiyeio kéufwv M

o Extomwon/Zroiyeia aywydv N

o Extdmwon/Zroiyeia povidwv evépyelog: Extonmon tov aviikelpévev Tov S1KTOOV HE TIg
TIEG TV 1810TATOV TOVG, OTmg avtég eivon omobnkevpéveg ot BA. |

o Efodoc: Tepuatiler n Aewrovpyia tov Yroovotipatog Opydveoong Aktbov

And 10 pevod Zroryeia dikrvov tng Poppoag Opyhvaoong Aiktdov pmopeite vo TPOCAPHOGETE TIG
TIEG TOV 1B10TATOV TV OVIIKEWEVAOV KOl VO, EVEPYOTOU|CETE/QMEVEPYOTOMGETE UEPT TOV
dikroov. Tvykekpyéva divovtor 6To Ypiot ot axdrovbeg duvatotnres:

o IIpocBixn evog avTikeévou Tov dtkThov
o Awaypagh evog aVTIKEWEVOD TOV S1KTOOL

o Tpomomoinon TV WSOTHATOV KATOOL AVIIKEWEVO TOV SIKTVOV
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‘Evog dAlog Tpomog Y1 vo emhélete éva avtikeipevo Tov Siktvov, sivar va XPNCLOTOW|CETE TO
TOVTiKL, KAvOvTag aploTepd KK EREVO GTO AVTIKEINEVO T) TNV OVOMEGTD TOL OVTIKEWWEVOL TOL
omoiov T1g 1610TNTES BEAETE VL TPOTOTOCETE.

Doéppeg Tpomonoinong WOOTHTOV

Me 115 @oppeg mov anewoviCovron oy Ewc. 5 péypr kar Ew. 7 o ypfiotng éxer T Suvardmro va
TPOCAPUOCEL TO OTOLEID TOV OVTIKEWEVAV TOV SIKTUOV COUQMVO UE TIG OMUITHACE TOL
oevapiov mov Béker va Tpocsopodost. Kdmow and ta otoygia mov spoaviovior ot ¢épuo
OVTIKEWEVOD OTeG o1 Ypovooelpés Ppoxfig, amopporig kot eGTIIONG GTOVG TOMEVTAPES 1 Ot
avtiotoyieg OYoug  MTOONMG-MOPOYETEVTIKOTNTOG — OTOUG  ay@yovg petaPAnTg
TOPOYETEVTIKOTNTOG, APOPOVY ENTPGGHETOVG Tivakeg Le Sedopéva oV Hmopel o YpROTNG Vo Tol
ENQAVICEL KO VO TO. TPOTOTOCEL

Xg kGOe pio amd 11 QOPUEG OVTIKEWEVOV OTOITEITAL TO TATNHA TOV Kovpumod Tpomomoifosis yin
vo, gmitpanel 1 petatpony) Tev TiHav. Katémy tovtov o1 adlayés mov Ba yivouv pmopodv va
anobnkevtovv otn BA pe 10 mdmua tov kovumov Amobiikevon | va axvpwboltv 6to chHVord
TOVG [E TO TTATNHA TOV KOVUTIOU Akbpwor.

Ew. 5: ®épua Zroryeiwv Koupoo
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B —

| Srowxeia povdBas petatponis

e

YAikn-Kpeppdda

Ew. 7: Dépua Zroreiowv Movadag Evepyeraxng Metatpomig
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Déppa Evepyoroineng Zrorysiov

H ®dpuo Evepyonoinong Zroygiov diver m Svvatdmra oto ypiotn va mpocopoidost éva
Hépog Tov dikrvov mov Ppioketar otn Bdom Aedopévav anevepyomoudviog Tpocwpvé, KGmow
omo ta avriketueva g Paong. Ta avtikeipeva mov anevepyomowovvion Sev mpémer va eivan
amapaitnTa cvveydueva peToED TOVG KOL TO evepyd MEPOG TOL SkTOOL Tov Tehikd Oa
npocopotwbel Sev mpénel vo oynuotiler anapaitnta éva eviaio Siktvo. Anevepyomotdviag Gpme
KATOWL a7 Ta, OVTIKEIPEVE TOV SKTHOV Umopel va TPOKAALCEL TNV AVTOHTN OREVEPYOTOiNGY
GALOV OVTIKEWEVOV TOV GLVIEOVTOL GUECO HE TO MPMTO. XUYKEKPAVO OUTO GQOPE TIC
axdhovbeg tepittdoeig:

Me v anevepyomoinom &vlég aywyol amevepyomoohviol owtépoto Kat GAeg ot Movddec
Evepyewaxng Metatpomnrg mov cuvdéovtal pe tov aywyd autdv

Me v anevepyomoinon evég kéuPov, anevepyomorobvrar avtduata kor OOt o1 oywyoi mov
opilovrat and tov kOpuPo avTov.

Xe mepintwon mov eivor katoxwpnuévog ot BA xkdmolog otéyog mov cuvdéetan pe évo
OVTIKEIHEVO, 1) OTEVEPYOTIOINGT] TOL €XEL G CUVETEIN TNV ONEVEPYOTOINGT] KOl TOV GTHYOV.

Znv apotepn Thevpd g Poppag Evepyomoinong Ztoyeiov (BA. Ew. 8) avaypdgoviar 6Aa to
ovTikeipeva tov diktdov, evd otn 8efid mAevupd pdvo To evepyh. O ypRotng pmopei vo
LETOQEPEL, HEHOVOUEVE T CUVOMKA Ol Ta aviikeipeva amd Tov évav Katdloyo otov GAlo,
YPTOIHOTOLDVTAG T0, KATEAANAL KOUUTIE THG POPHAG.
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.~ T " T

L Dpwopoc evepyay oToixsiuy CUOTARATOG

Bifcr-Kiolpka
Ednvog-Mépvog
KiBapvac-Abhva
KiBaupivas-Kiesi
KioUpka-ABiva
KioUpka-MapaBovas
KazS{-BifiSer
KpeppdSa-Bie
KpeppdBo-Kielsl

Ew. 8: ®épua Evepyomoinons Lroiyeicwov

Kvopwa ®oppa

A@ob ohoxAnpabei N swaywyn Tov dedopévav and m Bdon, o Yopovoutag eppaviteton pe tnv
Kopo. ®épue g Ew. 9. Zro embve de&i pépog tng @opuog mapovcidloviar Opiopeva
oTaToTKd ool Tov Sikrdov, evd omd to pevod mov eugavifetar 610 EMAV® HEPOG TNG
POpuOg 0 XpHoTNng propel va emhéger pia amd Tig Tapakdtm Asitovpyieg:

Apyeio

O1 emAoyég 0TV EVOTITA AVTA APOPOTY TNV EmKOvavio Tov Ydpovopsa pe T Pdon dedopévav
KoL pe G0, TPOYPAppHoTe KaBMG KoL ToV TEPHOTIOHO Tov Ydpovopsa
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*  Ewaywyn dictiov. Kheiowo tov mapdvtog Siktdov kat eioaywym evég véov and t Péon

o Emloyi xbpty. Emdhoyf evog véov xdptn and ) Paom Sedopsvav ot avikaTdotasn tov
TapoOvVIoqg

* Zroyaotikn mpooopoiwer. Exxivnon tov Ymoovotipatog Zroyxaostikhg [Ipocopoimong yiuo

™ dnpovpyia cuvBeTkGv ypovooepdv. To vrocHotnua avtd puropel va Asitovpynoet kat

- avebapmto and tov Ydpovopfa. Ztnv mapovoo ékdoon M emhoyR vt £xst
anevepyomomBet kot anatteitol n avtévoun évapln Tov GXETIKOD TPOYPAUNATOS.

o  Elodog. Teppatiopog tov Ydpovopéa
Iliypogopieg diktvov

H svomta avth nepihapBaver emhoyég mov Bonbovv 1o ypriotn va katavonoet koddtepa 1o
povtého Tov StkTHoV, va avayvepicel Tuxév oedApote kat va to Stopbdoetl npv Egkivicst T
ddkacio TG TPOcopoinoNg.

e Xaptne xou otoryeio dikroov. Eppdavion g Péppog Opydvwong Awktov, 1ot Gote vo
Tpomomonbei To dikTvo COUP®VA LE TO GEVAPIO TOV aKOAOLOEiTOL

o Avvauxo oynua. Epedavion g @oppag Avvapikod Zynpatog tov ductvov

o ZyAuo Tov HOVIELOL TOL LVIPOCLOTHATOG @ Goov £xel kataywpnOel otn Pdon dedopévav
0V Ydpovopéa

o Koaumbdieg otdbung-6ykov-empdverag, 6mwg epeavitovial otny Ew. 10

o [evikéc mAnpopopics cVOTAUATOS TOV APOPOVV COAAUATO KoL GAAEG TOPATNPNCELS YiO THV
Sopn kot Tig 110THTEG TV AVTIKEEVOV 6TO VIpocHoTUA

Ipocouoiwan

O1 emihoyée Tng evotnTog QUTAG agpopodv Tov éleyxo g dwdikaciag mpocopoimong kot
BeAtictonoinong.

o Z1dyor-mepropiouoi. Epgdvion g @opuag Emloyng Zroywv Ilpocopoinong

e Emloyéc. Epgdvion g @oppag Emhoydv Zvotiuatog

e Beluotomoinon. Exxiviion g Bertiotonoinong

o Emlexuixs mpocouoiwon Epedvion mg ®éppog Emiextumg Ilpocopoinong

o Avvoukr oreixévion. Eppdvion tg @oppog Avvapuxhg Aneikéviong Ilpocsopoinong
Amnoteléouara

Ov emhoyég omv evomro  avthi - Sivouov  S1lQopeg  HOPPEG  AMOTEAEOHATOV NG
npocopoinong/Pertictonoinong

o ITAnpogopies acroyiog overhuatog. opanéunetar otn @oppa Actoyiog Zvothuatog.
o Xpovikn elédaén aotoyiag. (H emidoy) avti] eivar atnv mapodoa Exdoon avevepyn)

o Ydatiké wolbdyo. Epgévion mg ®opuag Isoluyinv/Owovopikdv MeyeBdv ot Zehido Tov
Ybartikov Iooluyiov
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Evepyeioxé 160{byto. Eppavion g ®éppoag Iooluyinv/ Ouovopikdv Meyeddv ot Zehida
tov Evepysuakov Iooluyiov

Owcovopura peyéln. Epedvion mg ®opuag Isolvyiov/ Owovoukdv Meyebdv ot Zehida
t0v OwkovopkoV Iooroyiopov

Karavourn aotoyiag kavovwv Asitovpyiag. Xe nepintmon mov dev €xet emheyei n Srakonn Tng
npocopoimong tav un Péltctwv kavovev Asrtovpyiag (PA. emhoyés cLoTAATOC),
ep@avileTon ) EOPUA KOTAVOUNG TG 0GTOYING TOV KAVOVMV TOV TPOCOUOLOONKAV

Twég ovviedeotv mapauetpikod kavova. Eppaviletor  ®oépuo Emhextikig [pocopoinong

Kavéveg Aerrovpyiac. Epgaviletor n @oppo I'pagumg IHopdotaong tov Pédtiotov kavéva
Aertovpyiog
IIpocouoiwuévor oykor touevtipawv. EpgaviCetar n ®oppa [Npocopoiopévav Oykov

Tapevtipov Yo Tov Béltioto kavova Aesttovpyiag

Ipooopoiwuéves poés. EpgaviCeton 1 @opua Ipocopowwpévav Podv tov ayoydv y tov
Béltioto kavova Aertovpyiag

Bonbeia

[Mapotifeviar xprioyleg TAnpopopies Yo Tov Ydpovopéo kat 0dnyieg ypioeds tov.

Yroloyotixé ovotnue. Evnpepatikég thnpopopieg yio trv ékdoon tov Ydpovopéa
Odnyies Y T yphom Tov Ydpovopsa

O1 Booikotepeg OO TIG MOPUTAVE AELTOVPYIEG PTOPOVV YioL EVKOMA Vo ETAEYOVV Kol and T
xovpmid mov speavifoviat 6To katm de&i pépog Tng Poppag M kévovtag 8e516 KAk pe o movriK

TOL VIOAOYIOTH ENAV® o€ oTolodNToTe onueio Tng empdveiag g Kopiag doppac.




Ewx. 10: Kaumdlec otdBunc-6ykov kai oTaOunG-empaveias TaUievTipmy
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Emloyn Z1éyov ko Hepropiopdv lpocopoinong

[Ipwv Eekwvroet n mpocopoiwon o ypriotng Umopel va BEcEL GTOYOVG KO TEPLOPICHOVG TNV
TPOCONOICT COUP®VE HE TO OEVAPLd Tov and T Popua Zrdoywv-Ilepopiopdv Ipocopoimong
¢ Ek. 11. O kabopiopdg evog Tovkdyiotov otdyov emParietor oty nepintwon emAoyig g
ghayiotonoinong g aotoxiog M NG MHEYISTONOINoM NG TNAG OTOXOV G AVTIKELHEVIKY
ouvaptnon Bekniotomoinong. Zny mepintmomn avt o 61dxo¢ PekTicTonoinong mov dwakpivetat
ue 10 cOuPoro x oto Tedio Epdtiua ovoQEPETOL 0OG OTOYOG-EPATNH Kol gival HOVAOIKOS GTO
ohoTNHA OTOYOV-TIEPLOPICUDV.

Ew. 11: ©épua Ztoxwv kot Iepropioudv Ilposopoiwong

Ot o16)01 EVIAGGOVIOL OTOV KATAAOYO NG @OpHOG ME TN - GEpd TPOTEPUIOTNTOG 7OV
sEummpetotviar Katd v mpocopoimon. Ou mpdieg TPelg CTAAEG avaPEPOLV TOoV apibiud
TPOTEPAOTITAG, TO AVTIKEIHEVO TOV GUVOEETOL [E TOV 0100 (ZvvicTdoa JikToov) Kot 1o £1dog
Tov otdyov. e va aALGEeL 1 oelpd TPoTEPISTNTAG EVOG d TOVG GTOYOVG TATNGTE TO KOV
AMoyh mpotepaidtnrag, KatOMV KGVTE HE TO TOVTiKL apiotepd KAk embve otov apidud
TPOTEPOIOTNTAG TOV Ko XWPig va onkdoete 10 SGKTVAG cag petagépeté tov otn Béon mov
embopsite, 6nwg Seixvel To mapaderypo g Euc. 12.

Ew. 12: AMay mpotepauidtnrag otéyov ond tm 5" otnv 3" Géon.

To nedio oo omoie pmopei o ypfotg va emépfPet ya va opioel kémow Tym draxpivovian
éyovtag Spopetikd ypdpua omd to veorowae. H adlayh tov oté)0v-epwThpatog yivetar and o
ypYiotn pe aplotepd KMK o1 othn Epdmiua kol 611 GEpd Tov VEOL OTOXOV-EPOTANATOS.
Avtopdrtog petagépetat To cpPolo X 6e avthy Ty HEom.

To medio Twuic 1OV OTOXOL-EPOTAMATOG TaPOpEVEL KEVO of mepintwmomn emhoyfig Tng -
[LEYIOTOTOMON TNG TWAG OTGXOV MG AVTIKEWEVIK) cuvapton Peltictonoinomng and m D@opua
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Emioydv Zvotipatog. Aviictoyo napapéver kevo to nedio Méyiotns astoyiag ot mepintoon
gmAOYNG TNG EAXYLOTOTOINGONG TG AoTOXi0G WG AVTIKEWEVIKY cuvaptnon BedticTonoinomg.

H omiAn Twn avapépetar oty cuvoMkh T otdyov kotavaimons, eddxiomg pong 1
TAPOYWYNG EVEPYEWS KATE TNV TPATN XPovikt| nepiodo mpocopoinone. Eg’ doov o otdyog sivar
7 dwthpnon Kamowwv opinv anoBENNTOG GTOVG TOMEVTIPES, 1) TIHA OVOQPEPETUL GTOV PEGO Gpo
™G XPOVIKNG TEPLOSOV.

Eav o ypnotng wéver pe 10 movtikt apiotepd KAk endve oTnv Ty KAmowov otéyov, Oa
eppoviotel apéows 1 PondnTiki EOpUA Yo TNV EICOYMYN THG EMOYWKNG Kol SiyPOVIKAG
HeTOBOANG TNG TING ToV, d1wg paivetal oto napdderypa g Ew. 13. '

Euc. 13: BonOntikh pdpua. y1o. tv €160:y0Y1H EXOXIOKNS KAl O10)POVIKNG UETOPOANS TNG TIUNG
aTéY0V

Me tov kabopiopd g avdratng aotoyieg yw k6be o10x0 ot omAn Méyisty aotoyia, o
yproTnG mEpLopiler TG anodektég AVOEI O 0VTEG MOV KavoTowby Tov meplopioud. To nedio
TPAV THG TOPAUETPOL avthg givan and 0 (kavévag kovévag Asttovpyiag dev yiverar anodextdg
v owtob pe actoyia 0%), péxpr 1 (dev tiBetan mepropiopds otnv actoyic avtod Tov 6TdXOL N
omoia amhdg katayphgetar). H actoxie ot ¢éppe avtq avagépetar néviote otnv actoyia
Ypovikdv mepddav, ektdg omd avTh TOL OTOYOV-ep@TNUATOG mov Kabopiletar om Pépua
Enthoydv.

H 1y tov nediov ITooooté mov hapPaver Tipuég and 0 puéypt 1 ypnoonoieital g cuvieheotng
OTNV TR TOL GTOYOV.

Y10 kéTo pépog TG POpuag T kovpmd Ilpootijxn, dyotdunoy, diaypaph ko Amobixevon ot
Baon Sivovv mApng Suvatdtnreg Sexeipiong Tov mapéviav kol Snpiovpyiag vémv oToymv.

Emoyéc Zuetipatog

Me ) @éppe oVt 0 XPAOTNG TPOYHUTOROIEL EMAOYEG TTOV APOPOVY TOV tpéno Asitovpyiag xat
elayayic amoteleopdtov Tov Tvotipatog IIpocopoinong kar BeAtiotonoinong. Ot emoyég
ovTég SEV AQOPOTY KEMO0 OVTIKEIHEVO TOV SucTvoV e1dtkd, arAd Ba xpnoponombovy Katd v
ektéheon g mpooopoinong/Peltictonoinong kot mpolmobétovy and tov xpHoTy va Exel
enfyvoon Tav emrtdceny Tov enthoydv tov. H gopua eivor Stuppubpiopévn oe popen oeAidav
1 eTkéTeg (tabbed pages) mov mepypaPOVTOL AERTOUEPELRKE OTA ERGUEVA KEPAAQLAL.
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Z1o KéTw pépog g Kabe oelidag eppaviletar n ovoposio Tov YOpoouoTHHATOG OV UIopEs va.
aAMGEeL amd To YpAoTN.

Xebida Emioyav Bedtiotomoinong

2 cehida avti) mov @aivetatr otnv Eik. 14 o ypriotng pmopel va kévet 115 emthoyég mov apopovv
mv Bektiotontoinon g Swyeipong vOATIKOV TOPMV KAl AVOQEPOVIAL CUYKEKPIUEVE OTHV
ETAOYT TNG OVTIKEIUEVIKNG GLVAPTNONG BEATIOTONOINGONG KUl OTNV EQAPLOYT| TOV TOPAUETPIKOD
Kavove Asttovpylag.

Edv ovtikelpueviki) ovvaptnon eivar n eloyotonoinomn g aoctoyiog 1| N peyotonoinong g
TWAG evOg oToYoL 0wtdg opileton wg otdyoc-epdnua amd ™ Poppo Emhoyng Zroyev kot
[epopropdv Ipocopoinong. Zmv MEPITOON 7OV AVTIKEWEVIKY) OULVAPTNOT omoteAel 1
avalimon g HEYoTng TG 6ToX0V, TOTE evepyornoteitan 1 dvvatdtnta Ymoloyiouod ceipdc
Tudv otéyov-aotoyiog. Edv emheyel n duvordémra avth, t6te avalnteitar n péyiot un
oTOYOV-EpMTNNATOS Yo TIG Tpokabopiopéveg Tipég aotoyiag 0.001, 0.005, 0.01, 0.05 xon 0.1.

Me v emhoyy Avalitnon uovo g PéAtiotns Abons 1o cvotnue PeAtiotonoinong dwokdmrel THV
Tpocopoinot Kot anoppintel kKabe kavove Aertovpyiag 6tav 1 actoyic Tov GTOXOV-EPWTAUATOG
Egneploet v péypt tote PéATio). H emhoyn avm eivar xatd kavéva og Aertovpyia.

Me tov apBud Tov Tpocopowpévav KdvvaBaev kot T Siokpitonoinon Tev GUVIEAESTOV a kutl b
TOV TOPOUETPIKOD Kavova Aertovpyiag o ypriotng xobopilel tn Aemrouépewn avalhmong g
Bédtiotng Abong o emnpedler mopddinia oe onuavtiké Bobud to ypdvo amdKploNg TOV
CULGTNHATOG.
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Ew. 14: Emloyés PeAnioromoinons

Xe)ida Emboyav Ilpocopoinong
O opiopdg g actoyiog otn Zehida Emdoydv Ilpocopoinong avapépetar ubvo ctov 610x0-
gpdmua g Poppag Emhoyig Zroymv ko Ilepopioudv Mpocopoinong.

Y& opiopéva oevapio Kot bdpocvoThpata kKatd Ta onoia n petafoln onuaviikdv peyeddv Tov
GUGTARATOS (VYOG TTAOOTG, TAPOYETEVTIKOTNTA AY®YDV) oTn SibpKela £vog xpovikob Bripatog
(ovviBog wiva) sivor peydin, emPaiietar n vrodwipeon Tov xpovikov fApaTog.

O cuvvurohoyiopdg g amndkiong T otny mpocopoinon tav vroysiov Sweuydv scayel va
Tuxodo oToEio oToV VTOAOYIGHO TToV 0 XPROTNG pmopel va BEkel va amokAsiceL.

Me tov id10 Tpémo pmopei va copnepthafer i va amokheioet omd Tov VROAOYIoUO TIG SlopBrTiKég
GUVOPTAGELS AIOPPOTG TOV TAUIEVTIPOV, OVTOTOKPIVOUEVOS CURPMVE HE TO GEVAPLO TOV OTIG
TpoPAendpeveg adAayég oTig amoppods Tov ogeilovial oty pedhovrikn adhayr TNG TOKTUNG
amOANYNG 0md TOVg VILOYELOVG VIPOPOPEIS.
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Ewc. 15: Emiloyés mpocouoicwons

Telida Emioydv Evepyswokadv Iapayoévrov

H oeMda avth 6nmg paivetan otny Eik. 16 nepapfiver emhoyég evepyElokdv TapayOvimy Tov
YPIGWOTOL0BVION KATd TNV TPOCOHOIMOT] Kal TOV VIOAOYLSHS TOV EVEPYELNKOD 100LvYiov.

Terida Emloydv Owovopkav Hapaydvrov

Ot Tiéc TMOV OIKOVOIKQOY Tapaydéviev mov mapovotalovtar oy Eik. 17 ypnowonowodvia
xatd v ovolfTnon TOL OIKOVOWIKE TEPICOOTEPO GUHPEPOVTOS SOYEPIOTIKOY Kavova
AerTovpYing Kot KOTE TNV TopOVGINsT) TV OIKOVOMIKAOVY arnotelespdtav tov BEATioTon Kavova
Agltovpyiag.




93

Ew. 16: Emiloyéc evepyelakdv TopayovIwy

Ilepropropoi porig

[pw Eekwvioer N dwdwcooio g mpooopoinong/Pedtiotonoinong o ypfiotng pmopei pe
®6ppa [epropiopdv Xphomg Aywydv g Ew. 18 va anayopedost  ypfion opiopévav aywyhv
oc K4mow. amd TG Phoelg TG mpocopoinong. Xt eépuo Swkpivoviar Tpelg GTHAEG TOL
OVTIGTOLOOV OTIG 3 QACEL, OTNV IKAVOTOiNoY 6TéYWV TOoL XPAOTN, GTNV KAvOmoinomn twv
OTOYOV TOV TOPUUETPIKOD KavOve Kat 6TV peTagopd tav theovaloviav dykav. Xe kG
omd TIC OTHAEG aTéG avaypdpovtar o aywyoi Tov cvotuatog. H aviotpoen gopd pong twv
oyoydv avaypheetor Tpocdétoviag To. cOpPora _R 610 T£h0g TOV 0vOpaTOG TOV ayw@yoD. [ va
omayopedoEL 0 YPYOTNG TN POT| OE KATOW, 0md Tig PACEL; TPENEL VoL KAVEL APIOTEPO KAIK HE TO
ToviKl endvem 610 kovuni (check box) Tov aywyo oe pio and TG TPELG GTAAES.
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Mepopropei xphio

I Eonvos-Mdpvos
[~ Kilmpovas-ABiva
[ KiBapovas-Kiedi
[ Kiodpka-ABfiva

- Kiledi-Bi{a
Kpeppdda-Bit{a
I~ Kpeppdda-Kaedi
[ Mapafdvas-Abfva
I.. Mopvos-KiBaipivas

[~ Kedi-Billa

I7 Kpeppdda-Bidga

"} Kpeppdda-Kaedi

[ MapaBavas-ABiiva
[ Mépvos-Kilapavas
[ Yiikn-Kpeppdda

[~ Kibap

[ Ednvos-Mdpvos
Kapdvas-Abiva

" KiBmpdvas-Kaedi

[ Kioopka-ABfiva

|l Kioipka-MapaBivas

[ Kitedi-BilQa

 Kpeppdda-BilGa

I Kpeppdda-Kiledi

[~ MapaBévas-Abiva
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Exkivnon Astrovpyikng Tpocopoimong

AoV TpocapUOCEL 0 YPNOTIG TO HOVTELD TOL VIPOCVGTARNTOG KAL TIG ETAOYEG TOV CUCTANATOG
€101 OOTE VO AVTOTOKPIVOVTOL GTO GEVAPLO TOV, UTOPEL VAL TPOYMPTOEL OTNV TPOCOUOIWOT EVOG
cvykekpiuévov xavova Aewwovpylag (Emdextixy Ipocouoiwon) My piag oepds and kavoveg
Aertovpyiag, apnvoviag tov Ydpovopéa va emdééet tov PBEATIOTO amd avtovg (Bedtiororoinon).
O ypriotng emhéyet ekteddvrog pio and Tig akdAovbeg evépyeies:

o [latdvrag éva and ta xovpmdb Emidektikn mpocouoiwon N BeAtioromoinon mov Ppickoviat
omnv Kdpu ®6ppa

o Emi\éyovtag and to pevov Iposouoiwon tg Kopuag ®épuog

o Kdavovtag 8e&16 Kk pe 1o movtikt mdve oe kdmowo onpeio g emedvens g Kopiag

doppag ko emAEyoviog and To Hevow Tov eppaviCetor.

‘Otav 0 Ydpovopéog Ppioketar og Swdikaoion mpocopoinong, ot teplocdTepes AELTovpPYieg TOV
VIOAOYLOTIKOD CLOTHHOTOG Tapapévouy evepyég kot otnv Kiopa Péppo kétm and v ovopasio
Yépovouéag eppoviletar ) mAinpogopia O Yopovouéas mpocouoidvel 1o obotua.

H Swbwacio g PelticTonoinong propet va eivan ypovoPopa kot mapakorovbeitar kvping amd
™ ®oppa [TAnpogopicg Ipocopoinong mov eppoviletar evBig petd v évapén . Katd m
Sudpked g PertioTomoinong EVIHEPOVOVTOL KOl OL POPUEG OMOTEAESUATOV £TOL ACTE Va. givat
SuvaTh 1 EMOKOTNON TOV AMOTEAESHATMV TNG TpéYovcag PEATIoTHG Avomg.

doppa ITAnpogopiag Ipoocopoineng

Ew. 19: ®épua Iinpogopiog [Ipocouoiwons

H ®6ppo Tinpogopiag IMposopoinong g Ew. 19 mopauéver mdvia 6to npdTo TAGVO NG
086vng ka1 divel enikoupeg TANPOPOPIES Yio

*  TOV TIPOGOMOIMMUEVO KEVVAPO CUVIEAEGTAOV TOV TUPAUETPIKOD KaAVOVa,

o TOV apONS TV PéXPL OTLYING TPOCOHOIMHEVRV KaVEVaVY Aertovpyiag kabdg kat Tov apBud
1OV VIONOITOV KavOvav Asttovpyiag péxpt to T€hog g PeAtiotonoinong

o Tic péXPL OTLYMAG TPOCOHOUDIEVEG YPOVIKEG TIEPLOG0VG TOV EMIKALPOV KAVOVO, Agrtovpyiog
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o Vv uéypt oTIYURG 0oTOYio TOV GTOYOV-EPMTNUATOG KATE T Tpooouoimaor tov BéAtioTov
Kovova Asttovpyiag

e 11 xpovikn ddpkewa amd TV apyn TG Tpocopoimong
O yphoTng propel vo kKAeioet T @oppa oty xwpig vo drokdyel v Tpocopoimon KAvoVTag He
10 movtikl aplotepd KMk oTo cLUPoAo X oty endve de&id yovia tov Tapabipov. Tn edpua

UTOPEL Vo TNV EMAVOQEPEL OTNV EMQAvEID motdviag ond v Kvpuo ®opue 1o wovpmi
IAnpogopies IIpooouoimorng.

Avé Tdoo oTiypR 0 XPHOTNG HTOPEL VoL SIUKOYEL TNV AELTOLPYIO THG TPOCOUOIMOTS, TATAOVING TO
kovuni diaxony) mpooouoiwong. To amoteAéopata tng uéypr exeivny ) otypn PEATIoTNG Adomg
SeTnpodvTol GTN PV TOV VTOAOYIOTY Yo EMOKOTNOM.

Emuextikn tpocopoicnen

E@ 6o0v 0 xpNiotng emBupel Vo TPOCOHOIDOEL KATOOV SUYKEKPIHEVO Kovova Asttovpyiag, avtd
uropei va 10 mpd&er and Ty eoOppo EMAEKTIKNG Tpocopoinong g Ew. 20, opilovrag o 6106 115
TIUEG GTOUG CUVIEAEOTEG TOV TAPAMUETPIKOL Kavove Y kGBe &vav amd TOvg TAMIEVTAPES KOl
natdvag to xovuni Ilpocouoiwen actoyios. H actoyio Tov otdyov-epmtiuatog 0o eppouvictel
HETE TO TENOG TV VIOAOYICHAV GTO KATM 0PITEPS HEPOG TNG POPHOG.

ZOUQPOVE HE TOV TPOTOTOMHEVO YMPIKS Kavéve 10 EBpotoua Twv cuviekeotdv b mpénet va
1000ToL pe Tn povada. O yxpNoTng MUmopel vo EMOVAQEPEL TG TIUEG TV CUVIEAECTMOV TOL
BékTicTon kavéva Asrrovpyiag Tng tehevtaing Bedtiotonoinong natdviag to kovunt Avaditnon
péiniorov.

Ewx. 20: ®épua Emidextikng Ilpocopoiwong
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Ze mepintoon mov avalnteitor 1 péylotn TR TOV CTOYOL-EPWTNHATOG Y1 GUYKEKPWEVT
actoyio mov éxer dobel and ™ Popua Emhoyng Zrdywv [1pocopoinong o ypHotng npénel va
ToTHGEL T0 Kovuni BéAtiotn tiur. Me to mtnpa Tov Kovumob dvvauixs areikdévion eppoviGetat
n Dépupo Avvopikig Amewoviong Ilpocopoimong pe v omoia o ypAotng pmopel va
nopakorovdnioel T Swdikacio TG TPOCOUOIMONG Y TOV CUYKEKPIHEVO KavOva Asttovpyiag
Brpa mpog Prua.

Me 1o xovpni Kavdveg Aeitovpyiog o xpfoTng UMOPEL var EPUPAVIOEL TN YPAEIKY TAPACTAOT TV
Kovovev Asttovpyiag Yo GAOVG TOUG TOUIEVTHPEG KAL YO TIG TUPAUETPOVG TTOV opiotnmv ot
ebppa, Omwg Oelyver m Ewc. 21. H ypagum mopdotaon diver tov dyko-ctéx0 10V KGO
TOUIEVTAPA KOTA TN AELTOVPYIKY] TPOCOUOIMOT GE GXEON HE TOV GUVOMKO QPEALO GYKO TOL
GUCTNHATOG TAUEVTIPAOV.

Eix. 21: Tpagixi mapdotacn kavovwy Agitovpyiog

Me 0. xovpmid Xpovooeipés podv xon Oykor touevtipomv o ypiotg pmopel vo ekTeréoe
TPOCOUOIDOEI Kol va epeavicel ta ovtiotoo Swypdupato yio emASYMEVEG XPOVIKEG
nep1ddovg, omawg Seiyvet To mapdderypa g Ew. 22.

TnUEIBVETOL TG O XPROTNG HMOPEL Vo EEUIPECEL GUYKEKPUEVOLG TRMIEVTIPEG eMAGGOVOG
ONUOGTNG GO TNV EPAPHOYR TOV TOPOUETPIKOD Kavdva Agrtovpyiag. O TapevTipeg avtol dev
gppavitoviar ot ®oppo Emhextuaig Ipocopoinong.
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Eiw. 22: ITapdderyua. podv aTovg aywyods Tov GVOTHUOTOS KATG TV mposouoinwon e 47
XPOVIKNG TEPLOAOD

MapokorotOnen Tng Swdikaciog TG TPOGOUOIMENG

And v Kopue ®oppa kot 6g omowdinote oTiypn g TPOSOpoinong o XpAotg umopet va
koAéoer to Yrmoovotnua Avvopkig Azmewéviong Ilpocopoinong enmléyoviag and 10 pevod
IIpocopoimen/dvvoykn anewovion. H @opua Avvopkic Ateucéviong g Euc. 23 katatomiel
TOV XPHGTN Y1 TNV KATAGTAOT TOV TAHEVTHPMV KoL Tig poég Tov AapBivovy xdpa oTo enikaipo
ypovikd Pripa katd v Tpocopoinom.

H Swpaduon tov prke XPpOMOTOG KOTE TG POEG OTOVG OyYWYoVg YPTOUMONOEiTaL Yo va
TAPOCTAGEL TOV GYKO VEPOD IOV HETAPEPBNKE Al TOVG aywYolg 6T0 XPOVIKG Priuo o& oYEom pe
NV TPEYOVCA TAPOYETEVTIKOTNTE TOVG.

To amOepo. OTOVG TOUIEVTAPES ToPOVSIaGEToL pe Yordlo ypdua. H otdbun mov avriotoyye
GTOV GYKO-GTOXO TOU MAPOUETPIKOD Kavdva Aertovpying amewoviletar pe po SUIKEKOUUEVN
op1oVTIRL Yoy, EVED TO GP1o TOL VeKpob SyKov pe o cuvexng pavpn ypapprd. To avétata, §
KATOTATA HPLO. GTOVG HYKOLG TOV TAMEVTAPMVY oy EXEL BécEL 0 XpioTNg omewKoviCovTa pe o
ouveXN KOKKIVN YPApUpT.

Te TEPINTMON MOV 0OTOXHOEL KATO10G b TOvg GT6X0VG mov £0£0E 0 YpHOTNG Eppavitetan ot
SUVIOTMOOE TOL SIKTVOV OV ACTOXNCE UE KOKKVO Ypappata o apiduds Tov 6TOX0L Kal oTY
ouvéxewa 1 &vdeiEn ATl (aotoyia mepddov) ) AB (actoyio fipatog).

Yto dek1d pépog tng 006vng eppavifoviar ot EexWPIoTH QOpHa OL EMAOYEG EAEYXOVL TNG
Sudwcasiog mpocopoinong. O xpRomg puropel va Suukdyet Kot vo, emavekkvioel T Sudacia
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Tpocopoinong Ue Ta Kovpmd Kivhon ypovikig nepiddovu (£1og) kat xpovikod BApatog (Liveg).
Eniong propel va dwakdyer Tnv mpocopoinon Katl vo Ty Tpoyopioel GTAdIOKE HE TO KOVUTIL
oV @épovv ta cLuPora >>, evd oty 086vn eppaviletoar to emikapo xpovikd Pripa kot M
gmikoupn ypovikn mepiodos.

Eav embopei o ypiotng peyaldtepn Aemtopépewn oty omtikomoinom tng dwdikaciog g
TPOcONOincTG KATd T didpkela gvog xpovikoy Pripatog, umopel vo drakdyet Trv Tpocopoinon
610 TEAOG KATOWG Omd TNG PACEW TOV YPOVIKOD PNHATOg YPNOWOTOIDdVTNG TO. aviioTor e
KOUUMIA oT0 emdve 8e&1d pépog g eoppag. Me avtdév tov Tpdmo pmopel va e€etdoel Tdg
eEumnpeteital o kaBe €vag oTdY0g Eexwplothd e £va OmodNTOTE XPovikd Brua A o kdnow
vrodaipeory tov. O Ydpovopéag evnuepdvel 10 xpNotn yw. T @don mov amekovileral
ypopotilovtag pe Bahaoci yphpe to kovumi g avrictoyng ¢dong. H ¢don ameikéviong
Swtnpeitoan péypig 6tov o xpRoTNg eMAEEEL KGO GAAT TATAOVTOG TO UVTICTOLO KOLUT.

270 KAT® MEPOC TNG POPHOG EMAOYDV O YPNOTNG UTOPEL v YPNOYLOTOMGEL TIG paBdovg KhAoNg
Y10, VoL ETNPEGGEL TNV TaxOTNTA Kiviiong Katd Tnv Tpocopoinom, t Siotact g ekdvag Kat
1doTacT] TOV TOUEVTAPOV Y1 KAADTEPT OTIKH anddoom Tov cuothipatog. ' tov 610 Adyo o
ypfiotng pmopel va petafdier Ty eAdiotn omdoTach TOV OpidV TV TOMEVTNPOV CTHV
OmEKOVIGT) TOL S1KTVOV, TPAyHa xpioo Wiaitepa dtav o dikTvo eivar Tukve.

O1 ayayoi mov emtpénovy augidpoun kotebBuvon pong avaypaPovtol GTov KoTdAoyo oTo KiTm
8e€16 pépog g eopuas. O xpnotng éxel T dvvatdmta va omekovicel kat’ emhoyfv pio amd
115 800 poés. Mo va gpoavicet v avtiBetn and v ewoviiopevn Koatevduvon porig og Kamolov
omd Tovg aywyolhs TPEMEL VoL KAVEL PE TO TOVTIKL aploTeEPd KAk TEve oTnVv ovopacio Tov
aywyov.

Edv o ypfiotg xatd ™ 81dp1<81d TG TPOCOUOINGTG TATHOEL TO Kovpmi IIpocouoiwuévol oykot,

161 00, ELPAVIOTEL TO SLEYPANPE HE TO OTMOBEUR TOV TAEVTNPOV Y1 TiG dKa MO TPOCPATES

ypovikég Tep1ddoug. To Sibypappa avtd enkorponolel cuveyds 660 Sapkei ) Tposopoinoy.

Téhog, amd 1o pevod g Doppag Avvapucis Aneikéviong pmopovy vo. yivouv ot ax6rovdeg

EMAOYEG:

Apyeio Ms v emdoyf auti 0 xpoTng umopel vo. TumAcEL 6Tov Bacwd ektvwTY 10
dixTvo 1 vo. eykataleiyel T opuo.

Emidoyéc  Me ontég Tig mhoysg OV VTIGTOLOUY GT0, KOG TG GOpHagG O XpoTng pumopei
vo. emnpedoer Tn Swdikacio Tpocopoinong

Eugévion O xpromg propei vo. epavicer oty 086w 1 va arokphyet opiopeveg TANpoopies
Y101 TO, AVTIKEIUEVA TOV S1KTOOV

IapéBvpa. Me t emhoyfy aut) propel o xpHoTG Vo ERPavicel POppeg mov BonBovv omv
karavénon mg Sadikaciag Tpocouoinong Kal Tov MEPLYPAPOVTAL AETTOUEPDG OF
A\a xepdiona
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Ew. 23: Hapaxolotbnon e dadikasios ¢ mpocouoiwons ue t Bonbeia e Popuag
Avvapixnc Amerévions, ¢ Popuas EmAoydv kar 100 S10ypGuuaTtos GyKwv twv
TOUIEVTHP WV

ATOTELEGUATA TPOGOPOIOGG

Ta amoTeEAOHOTE TG TPOCOpOimoNg utopodv va emckonnBody and to yprio pe T Borbew
g Déppog Actoyiag Tuothpatog kar g Pépuag loolvyiev mov neprypdpovior TOPAKAT.

®oppo Actoyiog TvoTipatog

Ta k69 &vav amd Tovg evepyots otdyovg | Doppa Actoying Zuotipatog tng Ewc. 24 diver tny
acTOYl0 TOV GTOYOV G TPOG TIG TPOSOMOIMUEVEG YPOVIKEG TEPIOIOVG KOL TaL TPOCOUOLOHEVA
xpoviké. Pripata Tov BEATioToL Kavove Asttovpyiag. e opiopéva £idn cToywv gpoavifeton Kol
aoToyio KdAvuyng 6yKov. '

H ®6éppa Actoxiag Zvothpatog pmopei vo kAnbel omotedfimote katd Sdpken g
npocopoinong/BeAtiotonoinong Kol EMKOPONOgiTal  6TAV  KATOL0G kovovag  Aertovpylag
amoderydei mepiocdTeEpo amodotucds amd Tov péxpt 16te BEltioTo.
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Ew. 24: @oépuoa Aoroyiag Zvotnuarog

Doppeg Ioolvyiov kol Owovoptk®dv Meye0amv

H ®6ppa avti anoteheitor and tpeig oehideg ko pmopel va epoaviotel oty 086vn notdviog
otmv Kopio ®dppa to kovpri loo{dyia/Oixov. ueyédn | and 1o pevod g Kuplog @dppog éva
and 1o Amoteléoparo/Yoariké  Iooldyio, AmoteAéouaro/Evepyeioxo  looldyio ko
Amoteléauara/Owcovouixd Meyéon.

Zmv Ei. 25 péypr ko v Ewc. 27 mopovoidloviar ov oekideg g Poppag Icoluvyinv kot
Owovopkhv Meyebdv nov apopodv péoovg dpoug ypovikdv neptddav tov Péltictov Kavova
Aertovpyiog. Tn oghida Evepyetokol Isoluyiov kon Owovopkdv Meyedav kaipio poho ot
Spdpemon tav aroteleoudtov moilel n rocooTiaia xpovicy Swbecipdtnto g TPWTEHOVCUG
gvépyelog mov pmopel va Tpomomombel and 1o xpriotn aArdfovtog Kat' avTévV TOV TPOTNO TO
HEYEDM GTOLG TIVAKES,

Kévoviag oprotepd kMK mve otnv ovopocic piag povddag mapaywyng VOPOMAEKTPIKNG
gvépyetag ot oeAiSa Evepyeiakol [ooAoyiopod €pyetal oty emPAvELD T0 avoAVTIKO Ypaonua
TAPUYRYNS VIPONAEKTPIKTG EVEPYEWLG OE NOPQTy COPEVREVNG OTAANG KOTG TO TApEderypa NG
Fw. 28.
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Anoteidtonara BednioTonoinons

sroTedé

Eix. 26: Selida Amoreleoudrawv Evepyeiaxod loolvyiov
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Anoteféopara BelaoTtonoinons
e s T

| & Availutd svepyerass 1ooliyio
)

Ew. 28: Iopdderyuo avalvtikod ypaghuoros mapaywyns NAEKTPIKNG EVEPYEIas
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Iapapnua B: Oonyieg xpriong v to X1oyaoTtiKo
Y oporoyiko Ilpocopoim

O Zroyxaotikdg YOporoykdg Ilpocopoiwtig (Stochastic Hydrologic Simulator — SHyS) eivai
évo, TOKETO AOYIOHIKOD 7OV £XEL OKOMG TNV KOTAOKEVY] GUVOETIKAOV YPOVOSEPGOV Yio
viporoywkég uetaPintéc. Amotelel eEEMEn, téc0 o BewpnTikd eminedo, 660 koL OF
TPOYPAUUOTIOTIKO, EVOG OVTIGTOL(OV TOKETOV IOV Eixe avantvuyfel otV TPoTyoLEV OAoT Tov
épyov. Booiletan otig Oewpnrikés epyacieg twv Koutsoyiannis and Manetas (1996) ko
Koutsoyiannis (1999) otig omoieg xon mapaméunetor o xpRomg yioo v Katavdnon Tav
pebodoroyudv kor Swdikoacudv mov axorovBovviar oto Aoywpkd (Tlapdptmua A). ‘Exer
avantuyfel Aertovpywd ovotnuo Windows 95 ypnoylomoidviag yADGOO TPOYPOULATIOHOD
Pascal ko a&omoldviag epyadeio fdong dedopévav kar ypapikdv (Ew. 29).

Aopi] TOV TAKETOL

Mo v enilvon Tov TpoPfAApatog, dNAadN TNV KATACKELN Kot TOV €AEYX0 T®V GUVOETIKOV

xpovooep®@v 1 Asttovpyio tov SHyS extedeitan otig ££1g Tpelg kpieg paoels:

o Tnv opyGvoot tev dedopévav ot £va yevikd TAaioto Tov T0 anoKaAOVE oEVApIo, EVTOS TOV
omoiov &yovpe kdbe duvatdtTnTo EAEYYOV TMV dEdOpEVEmV.

e Tnv ektéheon TOV LOOMUATIKOV VITOAOYICUAV YT T1 GUVOEST TAV (POVOCEPQV e Béomn To
padnpatikd poviéAo Kot Ty anobikevot Tav anotelecpdtov otn Bdon dedopévav

¢ Tnv emoKOnNON TOV OTOTEAECUATMV, TN CUYKPION TOV WO0THTOV TOVG UE ONTIKO TPOTO
(ypagrpata) aAld kot pe Tnv ansvbeiag obykpion o€ apBunticd miaicto.

TuyTedeoTAS QUTOTUOXETIONG

Ew. 29: Xapoxtnpiotikés eik6ves omo 1o mapabupixd mepifdiiov tov SHyS '
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v tpdn edom, divetar n Svvardtnia tng opadomoinong tav Sedopsvav ot éva ‘oevéplo’, to
omofo puhdcoerot oty Phomn Sedopévav. Ztig SuvatdTeg auThg TG PACTG EVIAGTOVTAL Ko Ot
Aerwovpyieg g emokdmnong Tov dedopivav kot pHBuiomg Tov poviéhov

H Bacwr Aerovpyio tng dedrepng pdong sivar n ektédeon tav VIOAoYIGUGY TOL pOVIELOL Y
o emheypévo npofinpa. Extdg Sumg and t Aertovpyia ovth éyovpe kar T Suvatdtnia
d16pBwong TV EVOLAUESHOY VTONOYIGUDY.

Téhog agov ot vroroyiopoi éxovv odokAnpwbei Epyeton vo ohokinpwdet 1 Sadikooio pe Tig

Aewrwovpyieg g tpitng @homg, SnAadn tov €Aeyxo TwV omOTEAEGHATOV HEC®H TMIVAK®OV Kot
YPAPIKDV OTEKOVICEWDV.

Xevaplo

Qg oevipio opilovpe o chHvoro Twv dedopévev Kot TV KATIAANA®Y eneEnyioeny Tov cuVIoTd
éva Thpeg TpdPANua chvBeong xpovooeipdv. Ta Sedopéva avtd apopodv ta e&fg:

* Ovopaocia tov oevapiov
e  TUVOTTIKY TEPLYPOPT} TOL oevapiov
e Iotopikég ypovoselpés Tov TPoPATpaTOog

e ApiBuds tav etdv mov mepthapPdvovv ot cvvBetikég ypovooewpés (mov (nTdue vo
Tapayfovv)

e ApBudg opddwv and SloopeTiKég GUVOETIKEG YPOVOGEIPES Tov TTpoPAfuatog (mov {nrdpue
va nopayfodv) '

e Pubuioeig tov poviélov Y To cuykekpipévo TpoPAn o

H dvvaroétnro emdoymg, ehéyyov kot Snuovpyiog ToOvV Topomive TOpApsTpevV Yivetar e
KATIAANAL YPOQIKE GVOTATIKG TOL AoyiopuoD Ttov divouv T duvatdtita mpodsPaong ot Paon
dedopévav, kar yio Ta onoio Ba avantvyBodv nopakdTm.

Baomn 0edopévav — 1Omog dedopivov

H Bdon dedopévmv nepiéyel miVaKeg yio TG 10TOPIKEG YPOVOCEIPES, TIVAKEG VIOl TiG CUVOETIKEG
YPOVOGELPEG, TIVOKEG YW KAToDpnom Tov oevapiov ket mivokeg yue T pubuiceig tov
povtéAov.

O1 7ivakeg TOV 10TOPIKAOY YPOVOCEPGHV Tepiéxouv otoriein yio éva nAnbog etdv T omoin
ovviotatar amd dhdeka PAVEG Ue TpdTO pAvag kaBe £tovg va Bempeitar o OxtdPprog. Kébe
nivakag kpatd dedopéva Yo o cvykekpipévn tonobecia To dedopéva pmopet va givor dyn
Bpoydmtwong, amoppors kor e&dtmong g avtiotoyng tonobeciag. H Aoyua| évmon g
tonobeoiog Kot Tov idoug TG HETABANTAG AVAPEPETOL GTO TPOYPUUUE MG «KOUBOGH.

O mivakeg TV CUVBETIKOV YPOVOCEPQOV akoAovBovV Tov id10 Tpdmo avaypaghg pe Tov TPOTO
AVOYPOQTG TV LOTOPIKAV (POVOGELPDV.
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O zivakag tov pubpiseav tov povréhov kpatder Tig puBpicelg Tov éxouv emtheyel ke popd.
TpoToy ekterecbel N Siadikacio amobfrevomg. Or puduicels avtés apopovv kprTipto chykAong
EMOVAANTTIKGOV  povTvdv, apBpd péyotev  emavodfiyemv, xofhg Kol TAPOUSTPOVC
Beitiotomoinong.

To kvpro TapaBvpo g eQappoyig

To xbpio mapaBupo g epappos eivar Kot 1o TopdOLPO oL EuPavileTar TPATO pE To TPEEIUO
Mg eQapuoyng, 6mwg eaivetar oty Ew. 30.

Eix. 30: To xdpio mapdBopo tns Qapuoyng

2y TpdTN OTNHAN TOL HEVOD pE TNV ovopacio «Xevdplo», mapovoidfoviar ot Asttovpyieg
duovpyiag Tov cevapiov kat Asttovpyieg mov oxetifovron pe ™ Paon dedopévav.

21 debtepn otiAn pe v ovopaoio «Awxeipion» mapovoiafovial ot Agitovpyieg Sayeipiong
Tov dedopévov Tov oevapiov, dnhadn n emhoyn tewv kOuPav (ewcaywyn tov dedopévav), 1
EMAOYT] TOV APLOHOD TOV OHASWV CUVOETIKDV YPOVOCELPAOV KoL TOL aptBNoD TV eTdV KobgpIdS,
Kol TEAOG Ol AEITOVPYieg EMOKONNOTG TAOV IGTOPIKAV KOl GUVOETIKDV YPOVOCELPQOV.

Znv 1pitn otqAn pe v ovopaoio «IIpocopoinon» ektedeiton kat 1 Pacwn Asitovpyin g
EKTEAEOTG TV VTOAOYIOHADV TOV POVTELOV, KaOAG Kat 1 duvatdtnta pHdcong Tov poviélov.

2y tétapTn oThAn pe v ovopaocia «I'pagnpata» topovcidloviol Ta YpaENUOTa CTOTIOTIKOV
YAPAKTNPIOTIKDV TOV IOTOPIKADV KUl GUVOETIKAOV YPOVOCEIPOV.

Kat téhog otv néuntn otikn pe v ovopacia «ITAnpoeopissy mapovoidloviar TAnpogopisg
OYETIKEG PE TO TPOYPAUMO KOL TNV avarTLén Tov.




107

Anpovpyia Zevapiov

I'a ™ dpovpyia evdg véov cevapiov avoiyovpe T oTHAN Tov pevod «Zevaplon kat emMALYOUpE
«N£o Zevapio» onwg eaivetol kat oty Tapakdto Ew. 31.

o y —

Napaywyh ZuvBetkoy Xpovooepdy - Aev éxel Emdeyei Zevdpo

Ewx. 31: Emloyn véov oevapiov

Me v emdoyfy avt) epgaviCetor véa @épua otnv omoie KaTaypGYOVUE THY ovopacic Tov
cevopiov kabdg kat éva pikpd ovvortikd keipevo. (Ew. 32)

Néo Zevdpmo

Ew. 32: Ovouaoio gevapiov

Me v emloyn TOV OVOMXTOG EXOVHE OLCICTIKA Opicel TO GEvAplo, KoL MEVEL VA
CUUTANPMOCOVUE TO VIOAOUTO. OTOLYEID OV TO GTOLEDETOVV, OGS AvaypAPNKE GTO CYETIKO
yopio.

Emoyn Zevapiov

Evoloxtikd pmopolpe vo emdé€ovpe oevdplo amd 1 Aloto tev NN KaTeXOPMUEVOV,
emAéyoviag oto pevod 1o «Emhoyni» kot kévovtog v kotdAAnAn emhoyn and 1t Aiota mov
eppavileton (Ew. 33).

"Exovpe eriong kot m Suvatdtyra tng oAlayig Tov ovOpaTtog evog EMALYUEVOL GEVOPIOV Kal TO
offioud tov (tawtdypove offivovtar 6ho Ta ototxeio To. omoie To amotehovv and ) Pdon
dedopévav)
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Emdoynry Z\rupiou »

OKILOTTIKG gevdpio

Ex. 33: Emidoyr oevapiov ané wia Aiota

Ewsayoyn Aedopévav yopis Iotopikd Asdopéva

To npdypappo diver Tn duvatdTNTA TOPAYDYNG CUVOETIKAV YPOVOGELPDV XMPIG AVAYKASTIKG VO
YPNOWONOL0VVTAL TA. 10TOPIKE dedopévo Kabeavtd, aAAL TO OTATIOTIKG XAPUKTNPLOTIKE TOVG.
Ynotibetan, PBéPora, 611 vmbpyovv iotopikd dedopéva omd to omoia Exouv  ekTundel
TPONYOLUEVEG TO CTATIOTIKG YopakTnpotikd tovs. e va giodyovpe dedopéva oto oevapio
em\éyovpe and n dedtepn otiiAn tov pevov v «Eicaywyn Asdopévavy 6nng @aivetor kot
oty Ew. 34. Me avti thv emhoyt oo pevod eppaviletal n @oppo g Ew. 35. X @bppo avth
TPEMEL VO, CUUTANPAOCOVHE Yt KEOe piva Tig THEG TOV HNTPOOV TOV HECHOV TIHAV TOV
1OTOPIKAV YPOVOCEIPOV KAt TOV PNTpdOV a, o, ¥, kot @. Ot SwcTdoelg TV UNTPOOY ovTOV
kabopiloviar amd tov apBud Supopetikdv Tonobecidv (kopPwv) mov €xovpe 6to oevépro. H
npokafopiouévry TiH oV apBpov kopPov eivor 2.y nepintmon Sumg mov Bélovue va
cvpneptrifovpe tepiocdtepovg kOuPovg oto TpdPAnua tpénel va kabopicovpe tov aplopd TV
KOuBav TaTOVTOG T0 TAAKTPO KAAAXY aptOpod kdpuPavy.

paywyr YurbBenikay Xpovooewpoy - Zevapo: kkk

Eix. 34: Eicaywyh dedouévav ato oevapio

H ol tov emdeypévou apbpod képuPov pmopel va éxel anotédeopo va xobodv opiouéveg
nAnpogopisg mov HdN Exovv sioaydel (tepintmon mov EMALYOUHE PIKPOTEPO aPLOUO).

O péyiotog aplOpds kOuPmV oL umopovv va entheyoiv etvar Séka.

H copmdfpoon Tav pnTphev autdv sivor oelplokn, nAadt dev pmopodue vo mpoympiioovue o€
counmAipwon véov prTphov av Sev éxovpe cvpmAnpaocet npdto to maAw. ‘Etor my., av




109

EMYELPNCOVUE Vo Sovpe Kdmow GAlo piva péoa 610 pNTpdo a Yopis va éxovue cupuminphoet
T0 TapovVTRL prva, TOTE epPavileTal PMvope mov avaypdeer 4t mpémer ot TG va eivan un
pndevikés. Av emygiprioovpie vo, TaThoovpe 0 TAKTpo OK (Sixmg va éxovpe SLUTANPDOCEL OAO,
7o, nedia) T0Te eppaviCeton pivopo Tov pag avaypdeer Tooo tedio akdun sivat acv UTARpOTA.

Otav éyovpe cvpmAnpdoer 6Aa ta media, 161 vmoloyiletar avtdpato to pnTpdo b Kou
UTOPOVUE TALOV VO TTPOYWPTCOVLE GTNV TPOCOHOIWGT.

Ex. 35: @opua erooywyng dedouévav

Ewaymyn otoryeiov pe woropikd dedopéva

Yy mepintoon mov €xovpe dedopéva 1GTOPIKAV (POVOCEPQV, ToTe dev yperdleton va
avaypdyovpue Tinote otovg mivakeg g eoppag g Ew. 35, adlld vo maTtHcovpE TO TARKTPO
«YToAoyiopog and TvVoKES IGTOPIKDY (POVOsEPOV». Me 10 mdtnpa Tov TANKTpov eppavileTar
N eoppo g Ew. 36. H bppo avth amotedeitoan and dvo Aioteg. H apioteph Mota mepiéyel Tig
ovopooiss v «tomobecudy Tov eivar dwbéoyieg otn Phomn dedopévav, evd ot de&id Aota Tig
ovopacisg TV kOpfov Tov &xovpe emAéler.

K &8¢ Tonobeoia, 6nmg avapépbrke mapandve UTopel va TEPEXEL TPIOV EWODV YPOVOGEIPES OV
avagépoviar o Vyog Ppoxdmtwong, amopporig ko e&drong. Ily, n tomobesio «mornos»
umopet vo mepiéyel ta nedia: Ppoydmrwon, amoppor kot e&dTpion, kou N emhoyq “mornos —
Bpoyomtwony Osmpeitar wg képPog.

Y10 mhve SeE1d onueio tng opuog PAémovpe ta media (sivar ovevepyd av dev éxel emiheyel
Kémolog k6puPoc) mov polig npoavapéptniav. Me Ty emAoyh toug kabopilovpue tov apBpo twv
6pPov. Etot y1o kG0e tomobesio mov £xovpe emhéEer pmopodpe vo. Exovpe and éva £0¢ TPELS
KOpuPBoug (m.y. mornos —PpoydnTOCY), MOrnos — awoppor}, mornos-eEdruomn).
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Emsdoyn myvdkwy

Ewx. 36: Ymoloyiouog twv dedouévav amd 10topikés xpovooeipés mov fpickovros oty fdaon
osdouévawv

O péyotog apibpds kopPfov oe éva mpodPAnua eivar 6éka, étor mpémer ov emhoyég pog va
Bacilovrat otov epropiopd avtd. O edxiotog apdpuds kopPav oe Eva TpdPAnua eivai 0o, kot
petd ™ ovpumdfpwon dvo koéuPwv o mkrpo OK yivetar Eavd evepyd.

‘Otav ohokAnpwbei n emthoyh Twv Kéuﬁ(ov (ko motnBet To Thjkzpo OK), yiverar n avdyvoon
TMOV 16TOPIKAOV XPOVOSELPGV, KaBdG Kot 1 avTtépatn Tomodétnon tov Tudy oty eopua g Ex.
35.

Emloyf tov {nTodpevev opadov kar tAj00vg eTOV Y1 TIg CVVOETIKES
APOVOOCELPEG

Aol &yovue ohokAnpdoel Ty 00ydYn dedopévav 610 TpoPAnua npénet vo kabopicovpue Kt
TIC Ouédeg TV ouVBETIKGV ypovooelpdv. Andadn va {nticovpe vo @uiotodv my. &00
Siapopetikég opadeg cuvoETIKdY YPovoseEpGY mov va amotehovvtar omd 50 xpdvie 1 kabepio.
"Etot emiAéyovps 10 «péyefogy amd 1o pevod g Ewc. 34 xat avoiyer n @bppa g Ewk. 37, and
mov Oa gicaydyovps Tov opBpd Tov opddev kot To TAB0g TV £TdV TNG KGOE ouddag yio Tig
GUVOETIKEG YPOVOCELPEG o BéAovue va dnpiovpyAcovpe. Ot mpokabopiopéves Tég sivar pio
opdda twv 50 etdv. Metd v emhoyn ovty eipoote mhéov e Béon vo ektEMECOVUE TOVG
VOAOYIGHOVG TOV HOVTELOL.
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: KaBopropdg Meyéfloue Zuvlietikady Xpovooeipiy

Ew. 37: Emloyn ueyéBoog oovletikdv ypovooeipdv

Emwokdénnon Tov vwoleyicpuévov untpdov b

\

210 o14010 aVT6 MG AvaEEPONKE Kal MO MV &ipocte ot Bom va eKTEACOVME TOUG
voloyiopolg Y Tig ouvletikég ypovooelpés. Ilpwv and avtd pmopodue va eéyEovps 0
HNTP@O b Kal To uNTPDOO TOV TAPUUETPEV TOV Katavoudv [dua (k, A kot ¢). Entléyovtag omd
70 pevod g Ew. 34 1o «Mnipdo b» epgaviCetor n @éppo g Ew. 38. Ttn @dppa avth
HTOPOVUE Vo EAEYEOVE TIG TIHEG TOV UNTPAMY b KoL TOV TAPAUETPOV TNG KOTAVOUAG, KaOdg
KOl va GAAGEOVUE TIG TIHEG TOVG.

Ew. 38: Muytpwo b

Ed&v kdvovpe alhayég oTig TIHEG TOV TOPATEVE UNTPO®V Kol OEAGOVUE VO ETAVAPEPOVUE TIG
opyikés Toug TG, Sev €Xovpe Taph Vo TATACOLME TO TANKTPO «Y7moAoyiopdg amd ta
OTATIOTIKG dedopévan.
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Eniong av aAldEovpe Tig THEG TOV UNTPMOL b, EMEON O1 TIHEG TOV TAPAPETPOV TNG KATAVOAG
Fapo eéaptdviar and avtd, TPEREL VO, EXAVOTPOCGOIOPIoTOVY ot Tipég Tovs. 'Etol, matdue to
TAKTPO «AVATPOCAPROYT TAPAUETPMV TG Y-KATAVOUAGY.

Emoxkonnon Iotopikov Xpovooeipmv

Mo va ehéyovpe Tig TIHEG TWV 1OTOPIKAV YPOVOCEIPAOV TOV éxoupe emAééel pmopodpue vo
emAé&ovpe v «Emorxdmmon lotopikdvy omd 1o pevod g Ew. 34. Etor 8o spgovictel n
eéppa g Ew. 39. Zmn @dppa avtn dev epeavitovior pdvo ta nedia mov sxovv emheyei yio kade
tomobsoia, aAAd kot OAa To dAAa Swbéoua media.

Emoxdnon nivdray

0
741
46,645
107.065
36.29
38
11.875
78185 | 2.565
988 . 26025
44.46 27
177.84 ) . 56.81
101.65 3.5
24.225 . 112575
A2 ) 47.785
114 72865

Ew. 39: Emioxonnon Twv 10T0pIK@Y GTOYELWY.

PvOpicerg

Av Behfcovpe va ehéyEovpe amdAVTO TOVG VTOAOYIoROVG, ToTE Ba Tpéner va emdigovpe and 1o
pevov g Ew. 40 To «PvBpiceig»

AR W AT D ET Y

Eix. 40: Mevod yia mpooouoiwon.

‘Etor Oa gupaviotei n @éppa g Ew. 41, and 6mov pmopovpe vo pubuicovps kpurfipu
obykMong Y. 10 povtého, péyloto aplbpd emavaAnyemv, Kabdg Kol TG TUPUUETPOLG
Beitiotonoinong.
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Onag napatnpodue o @opua tov pobuicemv, pag diveton n Suvatdtnia va enépBovue ctov
TPOTO VIOAOYISHOD TOL pPRTpOOL b, kEBdG ka1 oV mpocopoioon. BéBaw, o OYETIKES
puBpiceig mpénet va nponymBodv Tov VLOAoYIGHOD ToV pNTpdov b Yo va uropésouy va AaBovv

xOpa ot aAhayEg.

PuBpioeic . ‘

Ewx. 41: PvBuiceig 100 povrédoo

ZUVOMKG 01 TOPAUETPOL TOV PTOoPolY Vo pOHIETOUV TAPOLGIALOVTOL 6TOV TAPUKAT® TIVOKA:

IIiv. 24: PbH,uz’aazg TOD UOVTELOD

Napauerpog g eoppag g Euc. 41

H onpascia tov nediov

Kpitipro odyrhiong Tov alyépiopov
VOAOYIOHOU Tov b

H npooéyyion g Adong yia 1o untpho b Osmpeiton 611 eivon
avonomTikn 6tav 1 vopuo avtod g dtupopdg 6o dwdoykdv
Acewv sivor pkpoTepn ard v Ty g Tapapétpov (oto
nopaderypa i Tun eivan 0.1)

Méyiotog apOpdg Enavaiyewv ot
povtivae vEoAoYIGpOY TOV b

O vnoloyiopds Tov pntpdov b yiveron enavainaTikd Kot o
uéyiotog apdudg enavaliyeav kabopiletar amd avtn v
napluerpo. H eEaviinon Tov enaveAyeov ovsaotikd onpaivel
o011 dev £yer ikavoromBei To kpurmplo ohykhong (oto mapadetyud
n -t ivor 100)

Topaperpot Bertiotonoinong
(A,A2,23,p)

Ot napdpetpot ovtéc 41,12 kot A3 ovowotikd kabopilovv
oyeTiky) BapiTira TNg draThpnong TV cuvdeTop®V, S106TopdV
KOt TPiTAV POAOV MOV EMTUYXAVETAL HECM TOV HNTPAOOL b 1
napduerpog p kobopiler T onpuaviikéTNTa TOV PEYIGTOV
GUVTEAEOTT ACLUPETPIOG O OYECT pe TO uEGO. Agv GLOTIVETOL T
oALCYT] CUTOV TOV TAPOUETPOV.

Kpurfipro obykhiong Tov ahyopidpov
VIOAOYIGLOD TOV UNVIiV CUVBETIKOV
YPOVOGEPDY

O aiybpBpog mov exteleitat yio 11 GOVOEST TV VIOTEPLOSWOV
(uviciov TWOV) TV GUVEETIKAOV YPOVOGEPa@Y, eival
enavadnmicdg. Kpiripio teppatiopod tov enavaliyenv givot n
vopua TV Adyev Tov abpoiouorog Tmv pnviainv Twav tpog Tig
eTHOLEG TIHEG MkpdTEPT OMO TNV TN TOV Kpenpiov

(c70 mopddetypa n T eivor 2)

Méyiotog ap1Bpdg eravarijyewv Tov
alyopifuov vrokoyiopod unviaiov

O péyotog apdpog enavalyeav Tov-alyopibuov nov
avoQEPOINKE GTNV TPOYYOOLEVT) YPAUNT TOV TivaKO
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GUVBETIKQV ¥POVOGELPQOV (oo mopaderypa n Tipd eivan 50)
E\éyoto otoyeio Swaywviov Tov Katé m Sodikacia edpeong apyuciig Tipig Tov pntpdov b yu va
TPLy@VIKOD untpoov b npoywpnoet N dadwaoia exihvong, yiverar pwa Saduwocio

Tpty®vonoinog,, oné v onoin {nrodpe ot Tywég g Saywviov
va givar peyardtepeg n ioeg and v Tiun ovth g napouétpov.
Av Bpebolv pipbtepeg, T6tTe N TN Toug TieTAL f6M pE auTh TNG
ROpOUETPOY. (X170 mapddeypa avtd Exel v T 0.5)

Ov ahdoyés otig puOuicelg umopel vo éyovv ocoPopés ouvvémeieg ot Aswwovpyio Tov
TPOYPARUATOG T.Y. AV KATOW0G HEGEL OE KATMOW 0T TIG TUPOMAVED ERAVOINTTIKEG POLTIvEG oav
péyroto apipd eravaliyewnv o 10000 pe ndpa Told pikpd kprepro cvykhong, m.y. 1E-7, avtd
Ba éyel amotéhecua T0 povidho va Aswtovpysi 1060 0pyd mov vo pmyv sivar oe Béom va
ohoKANP®OOHV Ol LITOAOYIGHOL OVTE KA HETE TO TEPAG UPKETMV OPAOV.

IIpocopoimon

Aol Aowbv éyovpe puvBuicer To noviEAO, UTOPOVUE VA TPOXWPNGOVUE oTn dudikacia Tng
Tpocopoinong, dniadn g mopaywyns TV GuvbeTk@V ypovooeipdv. ‘Etor emAéyovpe 10
«ITpocopoiwony» tov pevol g Ewuc. 40. Tote Ba eppoaviortel pio oppo tng popenig t Ew. 42,
ntov B pag napovordlel Ty e£EMEN twv vroloyiopdv. Extdg and to mocootiaio (%) péyebog
™me e€EMENG TV VToAoYIoUMY, Topovcidlovial Kal 0 aplBpdg TV EraVEAYE®V Yo KGOE
KOKAO VIOAOYIGLAYV, O 0ptBIOG TOV TPEXOVTOG £T0VG TOL VIToAoyiletat, kKabmg kat 1y opudda oty
omoio aviKeL.

Ewc. 42: @bpua yia v ermideiln e eléliéng twv vwoloyiouwv

[papipata

Tt B%om tov pevod «Ipaghpatan €ovpe ™ oMAN Ohev Tav ypagnuitov mov eivat
amopoitto y1a Tov £Aeyyo Tov anotelecpdtav (Ek. 43).
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DUEPAY - Zevdplo: ACKIPAOTIKG Zevdpio

Ewx. 43: I'pagiuata oTaTIoTIKOV YOPAKTHPIOTIKDV TWV OTOTEAECUATWV

2e xafe ypaonuo and Tovg TOTOVS YpagnudTev mov avagépovtar oty Ew. 43 éyovpe o
@oppa g popeh tng Ew. 44:

f Tumkéc anokdioews

-~ TuvBETKE

Ew. 44: I'paonua tomikmv omoxkiicewv

Me KOKKIVN YPapR TopOLCIALETAL ) TUMIKY) ATOKAICT TV GUVOETIKAMV YPOVOCELPDOV KAL UE TV
TPAGIVY VPO T TUTIKY andKAoN TOV 16TOPIKAV. X10 KET0 PEPOG TNG GOPUAG EYOVUE TNV
emhoyn Zet 1. Avtd Seiyver 6L mapatnpodpe v TpdTY opddo ypovocelpdy. Lto napdderypd
pog éxovpe emhééer uohig pio opddo ypovooelpdv xar £tct Sev eppavileton dedtepn. Xy
TEPINTOON TOL EiYaNE SNUIOVPYOEL GEVAPIO HE MEPIOTOTEPEG OPAGEG CUVOETIKDV XPOVOCEPADY,
161e O Elyape TN SUVOTOHTNTO VO ETICKONTCOVUE KO TIG VIOAOWMEG OUASEG OMOTEAECUATMY.
Téhog av matnfei 10 mhfktpo «Emokdmnomy, 16te sppavileror emmmiéov éva mhéypo
apOunTIKdV OMOTEAEGUATOV TTOV VTISTOYEL 6T0 mapandve Swtypappa (Ew. 45).
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anokiiicels

—a- |GTopIKG
—— FTUvBeTIRE

Eiwx. 45: ITpaonue tomixdv anoxlicewv (Emioronnon twv apifuntikdv arnoteleoudrwv

Avo@opég
Koutsoyiannis, D., and A. Manetas, Simple disaggregation by accurate adjusting procedures,
Water Resources Research, 32(7) 2105-2117, 1996.

Koutsoyiannis, D., Optimal decomposition of covariance matrices for multivariate stochastic
models in hydrology, Water Resources Research (in press), 1999.
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Iapaptnuoe I': H Baon dedopévav g AvatoMking 2tepeds EAMGd0G

O1 mivakeg 7OV TaPOTIOEVTAL YPNCHOTOMBNKAV OTO TPATO CEVEPIO Katd To omoio dev cuvumoloyileton o meEPLOPIoUSG OV CUVERGYETOL ARG THV
TPULYHOTIKY] TOPOYETEVTIKOTIT TV y®YdV KoL YU 6LTOV TOV AGY0 1 TI) THG TAPOXETEVTIKOTNTAG SEV Eival TPAYUATIKT.

O nivakeg 610 mapdpTnpo avtd dev tepiiapfdavovv Adym Tov 6yKov Toug Tig XPOvooepEs Bpoxtis, anopponis kot e&dtiong mov mapatiBevion pali pe
TOVG VIOAOUTOVG TIVAKEG 6TO NAEKTPOVIKGS apyeio Tng Paomg dedopévamv.

Hivaxkag node

0 476913; 4205009

AbBrva Y  inode Y

Bihi{a Y inode Y 0 464000; 4238000

EGnvog Y ireservoir 140 27 140 68 349:Y 50 313784 4281690:I0Ev5000 LVS_Evin
KiBaipwvag 1Y  inode Y 0] 440000 4230000

KioUpka Y  inode Y 0 476000; 4230000

KA&idi Y inode Y 0 450000, - 4235000

Kpeppada Y inode Y 0 452000, 4245000

MapaBwvag Y ireservoir 41 7 4 30 120y 40 490820; 4224200 LVS_Mara

Mépvog Y  reservoir 770 127 770 747 5575 Y 700 339718, 4267462 I0Mo5000 LVS_Morn :L_Mornos
YAikn Y  reservoir 587 0 587 243 2090 200 430000, 4258000 I0YI5000 LVS_Ylik L_Viiki
Hivakag pipe

constflow [Bihi(a Kioupka constout : :
Elnvog-Moépvog oneway vartflow Eunvog Mobpvog 458iconstout 455 27 HD_EvMo A 1 1

KiBaipwvag-Adriva oneway constflow KiBaipwvag ABrRva 250 constout 50 30 nil 1 v
KiBaipwvag-KAe1i bidirectional iconstflow KiBaipwvag KAebi 250iconstout 245 30;nil 1 1
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Kioupka-Adiva Y oneway constflow KioUpka Abniva 227 constout 50 30 nil 1 1
KioUpka-MapaBwvag (Y oneway constflow KioOpka MapaBwvag 227 .constout 223 30!nil 1 1
KAe1di-Biki¢a Y oneway constflow  KAeibi BiMga 245 constout 241 30:nil 1 1
Kpeppdda-Bilida Y oneway constflow Kpeppdada Bihla 250 constout 241 30:nil 1 1
Kpeppada-KAeibi Y oneway constflow Kpeppdda KA€10i 250iconstout 245 30inil 1 1
MapaBwvag-ABiva 1Y oneway constflow MapaBwvag ABRva 186:constout 50 30inil 1 1
Mépvoc-KiBaipwvag 1Y oneway constflow iMépvog KiBaipwvag 384:constout 350 30inil 1 1
YAikn-Kpeppada Y oneway constflow :YAikn Kpepuada 40iconstout 250 30inil 1 1

Hivaxeg HD_EvMo

B

0 0
5 15
15 18.8
25 216
35 247
45 26.6

Aowrrég Y Kpeppada-KAebi pump constant 4.4 1 30 0.43.DAY
Acwmég_ ¢ Y KiBaipwvag-KAeibi pump constant 0.0001 1 30 0.0001.DAY
BiMZai Y Kpepuada-Bihila pump constant 5.42 1 30 0.27:DAY
Bidiga2 Y BihiZa-KioUpka pump constant 1.93 1 30 0.1.DAY
Fkidova Y Mépvog-KiBaipwvag turbine variable 8.67 1:Giona 30 30 DAY
Kioupka Y KioUpka-ABfiva pump constant 5.4 1 30 0.51.DAY
Moupixi Y YAikn-Kpeppdda pump constant 12.32 1 30 0.42.DAY




Hivaxkag L_Mornos

0 0 0.023348 .

0 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 o 0.023348 -8.97 0
o 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 ] 0.023348 -8.97 0
0 0 0.023348 -8.97 0
0 0 0.023348 -8.97 0

Mivaxkag L_Yliki

0 0.013 -1.16 28.3 3.53
0 0.013 -1.16 283 3.53
0 0.013 -1.16 283 3.53
0 0.013 -1.16 28.3 3.563
0 0.013 -1.16 .28.3 3.53
0 0.013 -1.16 28.3 3.53
0 0.013 -1.16 24.2 2.53
0 0.013 -1.16 242 253
0 0.013 -1.16 242 253
0 0.013 -1.16 242 2.53
0 0.013 -1.16 242 253
0 0.013 -1.16 242 253

119
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Hivakag LVS_Evin
; SHTE

412 0 0
420 0.6 0.197
440 111 0.854
460 344 1.576
480 741 2.419
500 131.4 3.446
612 178.2 4.221

ITivaxag LVS_Mara

195 3.385 .

196 3.91 1.57
197 4.49 1.62
198 5.1 1.68
199 5.79 1.73
200 6.51 1.77
201 7.28 1.81
202 8.1 1.85
203 8.98 1.89
204 9.91 1.92
205 10.9 1.96
206 11.95 1.99
207 13.07 2.02
208 14.25 2.05
209 15.5 2.08
210 16.82 21
21 18.19 213
212 19.64 2.165
213 21.15 2.18
214 2273 2.2




215 244 2.22
216 26.13 2.245
217 27.96 2.265
218 20.88 2.285
219 319 2.305
220 34.01 2.32
221 36.22 2.34
222 38.52 2.36
223 40.91 2.38
224 43.41 24

Iivaxkag LVS_Morn

320 0 0
330 0.65 0.13
340 419 0.58
350 14.71 1.53
360 34.13 2.36
370 64.6 3.74
380 112.02 5.75
390 178.92 7.63
400 265.88 9.76
410 375.62 12.19
420 509.84 14.66
430 672.57 17.89
440 872.89 22.18

[

ivaxag LVS_Ylik

)

40 0 0
41 1 1
42 5 36
43 10 5.8

121
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44 15 7.4
45 217 8.3
46 30 8.8
47 39.5 9.3
48 49 9.7
49 59 10.2
50 69 10.7
51 80 1.3
52 91 11.9
53 103.6 12.5
54 116.6 13.1
55 128.8 13.6
56 1421 14.1
57 156.2 14.5
58 171 15
59 186.5 154
60 202.5 15.8
61 218.8 16.2
62 235.2 16.6
63 252 16.9
64 269 17.3
65 286.3 17.7
66 304.5 18
67 322.9 184
68 341.5 18.8
69 360.3 19.2
70 3794 196
71 398.8 20
72 418.7 20.4
73 439.2 20.8
74 460.4 212
75 482.3 217
76 504.8 225
77 527.5 228
78 550.3 23.3




79 573.8 24.1
80 597.6 24.9
Mivaxag Map

Blanc 299280 4337374 496836 4189187
ESterea.bmp 299280 4337374 496836 4189187
ESterea2.bmp 299280 4337374 496836 4189187

IMivakag Restriction

| KiBaipiovag-KAe1di

Iivakag StatCorrection

123

YAikn 03 087 5 5| 5 5 5 5 5 5

Hivakag TargetData

A8rva(cons)_1 60.4699999 | 54.239999 53.6799999 | 53.9099999 149.5100000 54.6900000 |53.669999 160.469999 [64.130000 ;67.099999 63.159999 64.9699999
Eunvog(maxvol)_6 100 100 100 100 100 100 100 100 100 100 100 100
MapaBuivag(minvol)_2 30 30 30 30 30 30 30 30 30 30 30 30
YAixn(cons)_3 0 0 (0] 0 0 0 10 10 10 10 10 0
YAikn(minvol)_4 100 100 100 100 100 100 100 100 100 100 100 100
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Iivakag target

Ava .010000000000 1no 0 0
N Y minvol Mapabwvag 0.100000000000 1ino 0 0
N Y cons YAikn 0.100000000000 1:no 0 0
N N minvol YAikn 1 1ino 0 0
N N maxvol Ednvog 1 1:no 0 0
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Hapaptuoa A: Oswpnrikés epyaoisg
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Simple disaggregation by accurate adjusting procedures

Demetris Koutsoyiannis and Alexandros Manetas

Department of Water Resources, Faculty of Civil Engineering, National Technical University, Athens, Greece

Abstract. A multivariate disaggregation method is developed for stochastic simulation of
hydrologic series. The method is based on three simple ideas that have been proven
effective. First, it starts using directly a typical PAR(1) model and keeps its formalism and
parameter set, which is the most parsimonious among linear stochastic models. This model
is run for the lower-level variables without any reference to the known higher-level
variables. Second, it uses accurate adjusting procedures to allocate the error in the
additive property, i.c., the departure of the sum of lower-level variables within a period
from the corresponding higher-level variable. They are accurate in the sense that they
preserve explicitly certain statistics or even the complete distribution of lower-level
variables. Three such procedures have been developed and studied in this paper, both
theoretically and empirically. Third, it uses repetitive sampling in order to improve the
approximations of statistics that are not explicitly preserved by the adjusting procedures.
The model, owing to the wide range of probability distributions it can handle (from bell-
shaped to J-shaped) and to its multivariate framework, is useful for a plethora of
hydrologic applications such as disaggregation of annual rainfall or runoff into monthly or
weekly amounts, and disaggregation of event rainfall depths into partial amounts of hourly

or even less duration. Such real-world hydrologic applications have been explored in this
study to test the model performance, which has proven very satisfactory.

1. Introduction

The use of disaggregation techniques in hydrologic applica-
tions has become more and more widespread due to the ability
of these techniques to increase the time or space resolution of
certain hydrologic processes, such as rainfall and runoff. Sev-
eral disaggregation models have been developed, which can
divide known higher-level amounts (e.g., annual) into lower-
level ones (e.g., monthly, daily, etc.). The higher-level amounts
are usually derived by typical sequential linear models such as
autoregressive (AR) or autoregressive moving average
(ARMA) or by other types of models. The coupling of sequen-
tial models for the higher-level variables with disaggregation
models results in a multiple-scale preservation of the stochastic
structure of hydrologic processes.

The first developed disaggregation models were multivari-
ate, i.e., performed a simultaneous disaggregation at several
sites. Typical examples of such models are those by Valencia
and Schaake [1972, 1973}, Mejia and Rousselle [1976), Hoshi
and Burges [1979], Stedinger and Vogel [1984], Tao and Delleur
[1976] and Todini [1980]. These models express the vector
containing all unknown lower-level variables as a linear func-
tion of the higher-level variables of all sites and some innova-
tion variates. Thus they attempt to reproduce all covariance
properties between lower-level variables as well as those be-
tween lower-level and higher-level variables among all sites
and time steps. This results in a huge number of parameters
because of the large number of cross correlations that they
attempt to reproduce.

Different procedures reducing the required number of pa-
rameters have been developed. The staged disaggregation
models {Lane, 1979, 1982; Salas et al., 1980; Stedinger and
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Vogel, 1984; Grygier and Stedinger, 1988; Lane and Frevert,
1990] disaggregate higher-level variables at one or more sites
to lower-level variables at those and other sites in two or more
steps. The condensed disaggregation models [Lane, 1979,
1982; Pereira et al., 1984; Oliveira et al., 1988; Stedinger and
Vogel, 1984; Stedinger et al., 1985; Grygier and Stedinger, 1988]
reduce the number of required parameters by explicitly mod-
eling fewer of the correlations among the lower-level variables.
Stepwise disaggregation schemes [Santos and Salas, 1992,
Salas, 1993, p. 19.34] perform the disaggregation always in two
parts or two seasons. For example an annual value is disaggre-
gated into 12 monthly values by first disaggregating the annual
value into the first monthly and the sum of the remaining 11
months. Then the latter sum is disaggregated into the second
monthly value and the sum of the remaining 10 values, and so
on until all monthly values are obtained. Salas [1993, p. 19.36}
notes that the Santos and Salas step model is very similar to the
condensed algorithm of Stedinger et al. [1985].

Another stepwise disaggregation approach was proposed by
Koutsoyiannis [1988] (see also Koutsoyiannis and Xanthopoulos
[1990]) and further developed by Koutsoyiannis [1992]. This
approach, called the dynamic disaggregation model (DDM), at
cach step disaggregates a given amount into two parts, the
variable of the next period and the amount to be allocated (in
subsequent steps) across the remaining periods. In this respect,
DDM is very similar to the Santes and Salas stepwise disag-
gregation scheme. However, there are some differences be-
tween the two schemes. At each step, DDM uses a nonlinear
generation module that disaggregates the given amount into
two parts. This module adds notable mathematical complexity,
but it is capable of preserving the third moments of the vari-
ables, if they are not normally distributed. Apart from that
generation module, DDM has another module, which at each
step determines the parameters required for the generation.
This module is linear and is closely related to a seasonal AR(1)
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(also known as PAR(1)) model. Thus the overall model uses
exactly the same parameter set as the PAR(1) model, which
involves the minimum number of parameters, significantly
lower than direct (all-at-once) disaggregation schemes.

In this paper we present a new method that keeps some
ideas of the DDM approach but is simpler. This method ini-
tially retains the formalism, the parameter set, and the gener-
ation routine of the PAR(1) model. Then it uses an adjusting
procedure to achieve the consistency of lower-level and higher-
level variables. The adjusting procedure modifies the values
generated by the PAR(1) model to preserve the additive prop-
erty. The idea of adjusting procedures is not new in the liter-
ature [see, e.g., Grygier and Stedinger, 1988, 1990; Lane and
Frevert, 1990, p. V-22]. However, here we introduce some dif-
ferent procedures that have been proved, both theoretically
and empirically, to be accurate in the sense that they preserve
certain statistics (and in special cases the complete distribution
function) of lower-level variables. Another idea that is used in
the present method is repetition: Instead of running the gen-
eration routine of the PAR(1) model once for each period, we
run it several times and choose that combination of generated
values, which is in closer agreement with the known value of
the higher-level variable. With this technique we can obtain
good approximations of the statistics that are not explicitly
preserved by the adjusting procedure. Overall, the three simple
ideas of the developed approach, i.e., the PAR(1) formalism,

the accurate adjusting procedures, and repetition, have proved |

very efficient, as will be shown throughout this paper.

The PAR(1) formalism was selected for the sake of parsi-
mony of parameters. Apparently, the technique may also be
coupled with other sequential linear modeis such as PAR-
MA(p, ¢). In addition, the developed adjusting techniques
and the repetition may be useful in other disaggregation mod-
els in case they do not explicitly preserve the additive property.

This paper is structured as follows. Section 2 introduces the
notation and the general methodology. In section 3, which is
the theoretical core of our model, we present three different
adjusting procedures. In section 4 we discuss several compu-
tational issues for the application of the method. In section 5
we give some results of the method for real-word situations
and in section 6 we draw some conclusions. In addition, there
are two appendices where we give details of mathematical
developments and proofs.

2. Notation and Methodology

We consider a specific higher-level time step or period (e.g.,
1 year), denoted with an indext = 1,2, --+,and a subdivision
of the period in k lower-level time steps or subperiods (e.g., 12
months), each denoted with an indexs = 1,---, k. Let a
specific hydrologic process (rainfall, runoff, etc.) be defined at
n locations specified by an index! = 1, -+, n. We denote this
process with the symbols X and Z for the lower- and higher-
level time step, respectively. Generally, we use uppercase let-
ters for random variables, and lowercase letters for values,
parameters, or constants. Furthermore, we use bold letters for
arrays or vectors, and normal letters for their elements. In
particular,

X! lower-level variable at period ¢, sub-period s and
location /;

higher-level variable at period ¢ and location /;
vector of lower-level variables of sub-period s at all

locations (size n);

ZI
X
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X' vector of lower-level variables of all sub-periods at
location / (size k);
.Z vector of higher-level variables at all locations (size n).

The vectors ,Z and X, are related by the additive property, i.e.,

k
> X, =Z (1)
s=1

To simplify the notation, we can omit the subscript prefix of
the higher- and lower-level variables that corresponds to the
period ¢, as generally there is no ambiguity because we refer to
a specific period. However, in some cases it is necessary to
refer to lower-level variables of other periods that are close to
the start or the end of the examined period ¢, i.e., the periods
t — 1and¢ + 1. In such a case we use the subperiod index 0
for the last subperiod in the previous period and alternatively
denote the corresponding lower-level variable as X}, :=
.~ 1 X%. Similarly, we denote the first subperiod of the next
period as X%, ; := ,, . X%. Extending this notation, the lower-
level variables of the previous period are denoted as
X pe1ro*c, XU, X5 and those of the next period are de-
noted as X%, , Xt o0, Xhr

The location index may be viewed in a wide manner; e.g.,
different values of / may describe different hydrologic pro-
cesses (such as contemporary rainfall and runoff) at the same
location. Also, / may be omitted if we refer to a single-site
problem or, more generally, if there is no ambiguity. In that
case there is only a scalar higher-level variable Z and a vector
of lower level variables X = [X,, -+, X, **+, X,]?, which
contains the lower-level variables of a specific period at a single
location. Overall, the notation is oriented toward multivariate
temporal disaggregation, but it can be easily modified for spa-
tial disaggregation.

We will study in detail in this paper the case where the
lower-level variables are related by a contemporaneous sea-
sonal AR(1) (or PAR(1)) model, i.e.,

Xs = asxs—l + bsvs (2)

where a, is a (n X n) diagonal matrix, i.e., a, = diag(a}, **- .
a™); b, = [bY] is a (n X n) matrix of coefficients; and V, =
[V}, -+, ¥7]7 is a vector of independent (both in time and
location) random variates, not necessarily Gaussian. Equation
(2) is not a structural constraint of the proposed method but
rather is a simplification for mathematical convenience and
parsimony of parameters. Higher-order PAR or PARMA can
be used instead of (2) if necessary, and a more complex dis-
aggregation model can be formed. However, as was explained
above our objective in this study is to build a model as simple
and parameter parsimonious as possible, and this objective is
better attained by the PAR(1) model. The parameters that
this specific model explicitly preserves are (1) the mean values
of lower-level variables, i.e., the k vectors & = E[X] of size
n each; (2) the variances and lag-zero cross-covariances of
lower-level variables, i.e., the k matrices o, = Cov X, X;] =
E[(X, — £)(X, — &)7] of size (n X n) each; (3) the lag-1
autocovariances of lower-level variabies, i.e., the k vectors (i.e.,
one for each subperiod) [Cov [X%, X!_,], [ =1,+-,n] =
[E[(X! - €)X._, - &_)], L =1, n] of size n each;
and (4) the third moments of lower-level variables, i.e., the &
vectors ¥, = [E[(X! — €)?],1 =1, -+, n] of size n each.

In a similar situation Koutsoyiannis [1992] showed that the
total number of second-order parameters of this model con-
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figuration (i.e., parameter groups of points 2 and 3 above) for
all subperiods and locations is kn(n + 3)/2. Also, he made a
comparison with the total number of parameters in other dis-
aggregation schemes, resulting that, for instance, when k = 12
and n = 3 the direct (all-at-once), condensed, and. staged
disaggregation schemes involve a number of parameters twice
{for the staged scheme) to 20 times (for the Mejia-Rousselle
scheme) more than that of the PAR(1) scheme. We note how-
ever, that the parsimony of parameters of the PAR(1) scheme
involves some risk of leaving out important parameters of the
long-term stochastic structure of the process.

The parameters a, and b, of (2) are related with parameter
groups 2 and 3 above by

a; = Cov [X|, X|_,]/Var [X!_,]

= COV [Xsla Xi—l]/ox”—l,:—l (3)

(4)

These equations are extensions for the seasonal model of those
for the stationary Markov model given by Matalas and Wallis
[1976, p. 63]. They can also be obtained by simplifying the
equations of the standard PAR(1) model {Salas et al., 1980, p.
381; Salas, 1993, p. 19.31] for diagonal a,. The matrix b, is
obtained from b,b? by decomposition, either triangular or
singular value.

Furthermore, the statistics of the variates V% that are needed
for the complete determination of (2) are given by

T _
bsbx =0y~ A0, 18

E[V.] =bYE[X,] - a,E[X,_,]} (5
Var[V] =1 (6)
malV] = (b)) " (vs — aly,-y) (7

where u,[V,] is the vector of third central moments of V, and
the superscript (3) in a matrix indicates that this matrix has to
be cubed element by element. Equation (5) indicates that the
variables X are not translated to have zero mean, and this
happens also with V,. Other models assume variables with zero
mean and avoid equation (5). However, in our model it is
desirable to use the real quantities for X;, as certain adjusting
procedures require the variables to be in this form (see sec-
tions 3.1 and 3.3). Equation (7) is a direct extension of that of
the stationary Markov model given by Matalas and Wallis
(1976, p. 64]. It is appropriate for the seasonal model and does
not require the matrix b, to be lower triangular.

A case alternative to (2) which has also been examined in
this study is the PAR(1) model for some nonlinear transfor-
mations of the lower-level variables, such as

X*:=1n(X, - ¢, (®

where ¢, is a vector of parameters to be estimated in a manner
that the elements of X% are Gaussian. Standard methods of the
three-parameter lognormal distribution such as those de-
scribed by Kite [1988, p. 72] and Stedinger et al. [1993, p. 18.15]
(among others) can be utilized to estimate ¢’ for each location.
In this case the PAR(1) model is

th asx):—l + b.\‘vs (9)

The statistics of interest are similar to parameter groups 1-3
above, but now they are concerned with the transformed low-
er-level variables X§. The third moments (group 4) are now
replaced with parameters c,. Equations (3)-(6) are still valid if
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we replace X, with X}. Equation (7) is replaced by the assump-
tion that V, is Gaussian (zero third moments).

The models defined by (2) and (8)—~(9) are proper for se-
quential generation of X but they do not take account of the
known higher-level variables Z and apparently are not disag-
gregation models. What disaggregation models typically do is
to incorporate Z into the model equations and perform a sort
of conditional generation using the given values of the higher-
level variables. The method presented here is different and
much simpler. It consists of the following steps:

L. Use (2) or (8)~(9) to generate directly some X, within a
period (s = 1, -+, k) without reference to the given higher-
level variables Z of that period.

2. Calculate Z = 3%_, X, and the distance AZ = |Z — Z|]
considering all sites (see section 4 for details about this dis-
tance). :

3. Repeat steps 1 and 2 until the distance AZ is less than
an accepted limit, and choose the final set of X, and Z, which
has the minimum distance (this step is optional; see section 4).

4. Apply an adjusting procedure to correct the chosen X,
and obtain X; such that 2*_, X, = Z.

5. Repeat steps 1-4 for all periods that have given Z.

An adjusting procedure may be viewed as a transformation
or function

X, = f(X,, Z, Z, statistics) (10)

which given its arguments returns the correct lower-level vari-
ables that satisfy (1). The easiest way to express it is to use n
single-site equations, one for each location, which means that
in each location the adjustment is done separately. Specific
forms of that equation that preserve accurately certain statis-
tics are studied in the next section.

3. Accurate Adjusting Procedures

In this section we will present three adjusting procedures
along with their theoretical background. First is the propor-
tional procedure that is appropriate for lower-level variables
with gamma distributions that satisfy certain constraints. Sec-
ond is the linear procedure, which is more general, as it can
apply to any distribution and it can preserve the first and
second moments regardless of the type of the distribution.
Third is the power procedure, which is a modification of the
linear one for positive lower-level variables and also incorpo-
rates, as a special case, the proportional procedure. Since all
the examined procedures apply to each location separately, in
this section we will use the single-site notation, omitting the
location index for the sake of simplicity. It is emphasized that
all the adjusting procedures studied can be used with any
disaggregation model that needs adjustment for the variables it
generates.

3.1. Preservation of Gamma Marginal Distributions
(Proportional Adjusting Procedure)

In a recent paper [Koutsoyiannis, 1994] the following prop-
osition was studied: _

Proposition 1. Let X, be independent variabies with
gamma distribution functions and parameters , and A (s =
1, -++, k). Let also Z be a variable independent of X, with
gamma distribution and parameters

K= 2 K, (11)
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and A. Then the variables

X,
X, := Z

k
2 X
j=1

(12)

are independent and have gamma distributions with parame-
ters x, and A.

The proof of this proposition is given by Koutsoyiannis {1994,
Appendix B]. Note that the variables X, have the same joint
distribution function as their corresponding X, and they add
up to Z. Also, note that the attained result cannot be extended
theoretically for gamma variables with different scale parame-
ters or for normal variables even if they obey quite similar
restrictions. This proposition gives rise to the adjusting proce-
dure defined by

X, (13)

Ny N

X, =

where Z denotes the sum of all X,. This is the well-known
proportional adjusting procedure, which has been used in
many other disaggregation models [e.g., Grygier and Stedinger,
1988; Lane and Frevert, 1990, p. V-22] because it provides the
most natural way of transforming X, into X,. The contribution
of proposition 1 is that it reveals a set of conditions that make
the procedure exact in a strict mathematical sense. Apparently,
this set of conditions introduces severe limitations, i.e., (1) the
variables X, should be two-parameter gamma distributed, (2)
they also should have common scale parameter, which requires
that E[X,]/Var [X,] be constant for all subperiods, and (3) all
X, should be mutually independent.

However, the proportional adjustment has been used in a
wide range of cases not obeying the above severe limitations,
with satisfactory results. Grygier and Stedinger [1988] provide
an empirical investigation of its performance, also comparing it
with other adjustment schemes. We note that their results may
not be directly applicable in our model, which unlike other
models does not assume an explicit dependence of lower- to
higher-level variables. Koutsoyiannis [1994] after an empirical
investigation proposed the following relaxed restrictions in order
for the proportional adjusting procedure to give satisfactory
results, when applied without explicit dependence of lower- to
higher-level variables: (1) the variables X, have a distribution
approaching the two-parameter gamma (e.g., a three-parameter
gamma distribution), (2) the statistics E[X,]/Var [X|] are
close to each other for different subperiods s, and (3) the
variables X, are correlated with Corr[X;_,, X,] not too large
(a value as high as 0.60-0.70 is preserved by the procedure
without problems). All these relaxed restrictions are satisfied
in the case of short-scale (e.g., hourly) rainfail series, and thus
the procedure was used for the disaggregation of total amounts
of rainfall events into hourly depths by coupling this procedure
with a stationary AR(1) model.

3.2. Preservation of Second-Order Statistics in the General
Case (Linear Adjusting Procedure)

The second adjusting procedure is based on the following
proposition:

Proposition 2. Let X, (s = 1,---, k) be any random
variables with mean values & = E[X,] and variance-
covariance matrix o with elements o,; = Cov [X,, X;] =
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E[(j(s - 55)(5(} — §;)]. Let also Z be a variable independent
of X, with mean

£:=E(Z]=2 & (14)
s=1
and variance
k k
o.:=Var[Z] = 2 2 oy (15)
s=1 j=1
Then the variables
k
X=X, +r|Z- EX,-) s=1,--,k (16)
j=1

have identical mean values and variance-covariance matrix
with those of X, if A, is defined properly, that is,

A i= o]0

(17)

where

(18)

k
o= o,
j=1

The proof of this proposition is given in Appendix A. This
gives rise to the adjusting procedure defined by

X, =X, +MZ-2) (19)

where Z denotes the sum of all X,. This procedure will be
referred to as the linear adjusting procedure.

It is obvious from (17), (18), and (15) that A, (s = 1, -,
k) always add up to unity, which assures the preservation of the
additive property by the procedure. Furthermore, as a direct
consequence of the preservation of both the additive property
and the variance-covariance matrix, o,. equals the covariance
of the lower-level variable X, with the higher level variable Z.
Indeed, by multiplying both sides of

k
Z-t=2 (X, §

j=1

(20)

by (X, — £,) and then taking expected values, we obtain that
the right-hand part of (18) equals Cov [X, Z]. Thus equation
(17) may be alternatively written as A, = Cov [X,, Z]/Var [Z].

The linear adjusting procedure appears also in other disag-
gregation models [e.g., Grygier and Stedinger, 1988; Lane and
Frevert, 1990, p. V-22], but with coefficients A, defined in terms
of the standard deviations of the lower-level variables rather
than covariances with the higher-level variables, as in (17).
Using our notation with o, denoting the variance of the lower-
level variable X, and V&, denoting its standard deviation, the
adjusting coefficients used by those models, which are in pro-
portion to the standard deviation, are

k
A= VE/E Vo (21)
j=1

The difference between (21) and (17) is more obvious when X
are independent, in which case (17) yields
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k

A= ass/ 2 o (22)

j=1
That means that the adjusting coefficients A, for independent
variables are proportional to the variances, not to the standard
deviations. Interestingly, a result similar to (22) is obtained in
another situation by the approach of Pereira et al. [1984]. This
situation is concerned with the correction of negative flows,
which are possibly generated by disaggregation models. Pereira
et al. [1984] proposed an adjusting scheme based on the min-
imization of 3f_, (X; - X;)*/o;; (equation (21) of their
paper). It can be shown that the solution of this problem
results in adjustments proportional to the variances for those
variables that are greater than zero.

We emphasize, though, that our linear adjustment scheme
uses the coefficients A, as defined by (17) and not those given
by (22). The latter are correct only in the special (and unusual)
case that the lower-level variables are independent. Further-
more, we prove in Appendix A that the coefficients A given by
(17) are the only ones that preserve the variance-covariance
matrix o.

The linear procedure with adjusting coefficients defined by
(17) is very general and can be applied regardless of the dis-
tribution function or the covariance structure of X,. It pre-
serves both the mean values and the variance-covariance ma-
trix of the lower-level variables. Notably, the procedure
involves only linear transformations of the variables, as (19) is
linear. This leads to the preservation of the complete multi-
variate distribution function of the lower-level variables in
single-site problems, if they are Gaussian. Indeed, if the high-
er-level variable Z and the initial lower-level variables X, have
been generated with Gaussian distribution, then the adjusted
variables will also have Gaussian distribution. Since the mul-
tivariate Gaussian distribution is completely determined by its
mean values and the variance-covariance matrix, which are
both preserved by the procedure, the complete multivariate
distribution function will be preserved.

We clarify that the procedure must be applied for the real
higher- and lower-level variables in order for (14) and (15) to
be valid. If transformations (such as logarithmic) are applied to
the variables, then the inverse transformation must be applied
before the procedure is used.

In the above presentation of the procedure, we have not
made any assumption about the covariance structure of the
lower-level variables, which can be any kind. In the general
case the procedure, as a stand-alone one, needs the covari-
ances of the lower-level variables, with the higher-level vari-
able to be specified. The historical covariances may be used for
that purpose. However, if we assume a particular covariance
structure of the lower-level variables, the covariances can be
calculated using this structure, and there is no need to consider
them as extra parameters estimated from the historical data.
This is our case, since for the entire disaggregation scheme we
have assumed that the covariance structure is described by a
PAR(1) model. The independent parameters in the PAR(1)
model are the lag-1 covariances only (o, ;). Any other co-
variance o; forj > s + 1 can be computed by combining lag-1
covariances, i.e., using

Oss+1Ts+15+2 °° " o-j-l,j

05 =

(23)

Tsats+ly ~ "5 Tj-p,j-1
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which is consequence of the PAR(1) model. Similar (but more
complex) relations can be written for other sequential models.
After determining all o,;, we use (18) to determine the covari-
ances o.. If the PAR(1) model is a good choice, i.e., repre-
sents well the covariance structure, then the covariances a,.
will add up to the historical variance of the higher-level vari-
able. Nevertheless, the procedure utilizes not the covariances
o,. but their ratios to ¢., which are not anticipated to be
seriously affected by a possible poor representation of the
process by the PAR(1) model. Furthermore, once A, are de-
termined by (17) with o. determined as the sum given in (15),
they will add up to unity even if there is some departure
between o. and the historical variance of the higher-level vari-
able.

3.3. Modification for Positive Lower Level Variables
(Power Adjusting Procedure)

A weakness of the linear procedure is that it may result in
negative values of lower-level variables as we can observe in
(19), while most hydrological values must be positive. The
proportional procedure always results in positive variables, but
as we have discussed above, it is strictly exact only in some
special cases. Here we will combine both procedures to form a
third one, which must (1) result in positive values only, (2) be
identical to the proportional procedure if the related con-
straints are satisfied, and (3) be identical to the linear proce-
dure in some area and preferably in the neighborhood of mean
values, i.e., near (X,, Z, Z) = (&, &, £).

We observe that both procedures 1 and 2 can be written in
a common form

X, z Z
=iz %) @9
where
fi(u, w) =uj/w (25)
for the first procedure, and
flu, w) =1+ Au —w) (26)
for the second procedure.
By analogy we set for the new procedure
fu, w) = uriw* 27N

where u, and v, are parameters to be estimated. This equation
always results in positive lower-level values and it is more
general than (25). If the lower-level values are independent

and
&lo, =&l (28)

then consistency with (25) demands u, = v, = 1. To examine
the consistency with (26), we linearize (27) in the neighbor-
hood of the means, taking the first three terms of its Taylor
series about the point (u, w) = (1/7m,, 1/m,), where n, =
£/6.:
filu, wy = 1nt™" + (/" u — 1/7,)

= (v/n H(w — 1n,)

= (/""" = gy + v, + et = VW) (29)

By comparison of (29) with (26) we directly obtain
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Figure 1. Suitability of adjusting procedures for the most
common types of marginal distribution of the lower-level vari-
ables.

“’S = VS = As/ns (30)

For independent lower-level variables satisfying (28), (30) be-
comes

Ay 0.6 056
Ms—vs—;]—s—;g-;;g~1 (31)
as was required. Hence
fi(u, w) = @/w)¥™ = (u/w)'="ee (32)

Finally, the adjusting procedure, which will be referred to as
power adjusting procedure, is

X, = X;(Z/Z)M"’ = X:(Z/Z)(w/m)(e,’&) (33)

This adjusting procedure does not preserve the additive prop-
erty at once. Thus its application must be iterative, until the
calculated sum of the lower-level variables are equal to the
given Z. Due to the iterative application and the approxima-
tions made for its development, the procedure is not exact in
strict sense, except for special cases. However, the power ad-
justing procedure may be a useful approximate generalization
of the proportional procedure retaining the advantage of re-
turning positive values.

In case that X, and Z have lower bounds ¢, and ¢ (# 0),
respectively, (33) can be directly modified to

_ A As/ s
—c. = - _ 4
X,-c= (X c,>(z - C) (34)
with 7, now defined as n, = (&, — ¢,)/(£. — c). Interestingly,
if we take logarithms in (34) and denote X = In (X, — ¢,),
Z* = In (Z - c¢), etc., we obtain

X*=X "+ \"2Z*-2Z%) (35)
with
. A . E—¢C
AS _;7—5—;§S CS (36)

Equation (35) will be referred to as linearized form of the-

power adjusting procedure. We must emphasize that A% de-
pends on the moments (first and second order) of the untrans-
formed variables and not those of the transformed variables. In
case that the lower-level variables are assumed lognormal, the
following equations of the literature {e.g., Bras and Rodriguez-
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lturbe, 1985, p. 121] can be used to determine the moments of
the untransformed values given those of the transformed ones:

& —c,=exp (£§5+ 03/2) (37)
o5 =exp [£7+ &+ (o5 + )/ 2][exp (07) — 1] (38)

(where (38) is valid also for j = s). Then to evaluate A%, we
calculate oy, .., and £ from (18), (15), and (14), respectively.

4. Practical Issues
4.1.

Selection of the appropriate adjusting procedure depends on
the type of the distribution function of the lower-level variables
(see Figure 1). For normal variables the best choice is the
linear procedure, which preserves the entire multivariate nor-
mal distribution. If negative values are meaningless, any gen-
erated negative value is either rejected (and the generation
repeated) or set equal to zero. In the latter case the produced
error is corrected by reapplying any of the adjusting proce-
dures. Particularly, if the linear procedure is chosen for that
correction, it will require some iterations because each time it
is executed it resuits again in a negative value. The iterations
stop when the resulting negative value is very close to zero and
can be neglected. The power adjusting procedure is also iter-
ative, as was explained in the previous section. On the other
hand, the proportional adjusting procedure performs the cor-
rection without iterations.

For two-parameter or three-parameter gamma distributed
variables, all three procedures can be used. For such variables
we have avoided approximate transformations, such as the
Wilson-Hilferty, once our model can handle explicitly the
skewness coefficients of the variables without transformations.
If the constraints of the proportional adjusting procedure are
satisfied (even in the relaxed version), then this procedure is
the best and simplest choice. Otherwise, we can use one of the
other procedures. The linear adjustment is a good choice if the
probability of generating negative values is adequately small,
which happens if the coefficients of variation of all variables are
relatively low. The power adjusting procedure has no limita-
tions and will work in any case. Its weaknesses are that it is not
exact in a strict sense and that it requires iterations to fulfill the
additive property and thus is slower than the other procedures.

For lognormal variables one could follow the same method
as in the case of gamma variables and use either the linear or
the power procedure. However, it is more reasonable to use
the logarithmic transformation of variables and perform the
generation of transformed variables. In that case we use the
power procedure in its linear form (35).

Finally, for any other type of distribution, we can proceed as
in the closest of the above three cases, entrusting the PAR(1)
model the task to generate random variables from that specific
distribution.

Selection of Adjusting Procedure

4.2. Repetition and Relevant Criteria

Until now we have not examined the preservation of the
skewness of the variables, nor the cross-correlation coefficients
among variables of different locations. The reason is that they
are not preserved in a strict sense by the studied adjusting
procedures, apart from very special cases. For example, the
proportional procedure preserves the skewnesses for two-
parameter gamma variables (as well as the entire distribution
functions) if the relevant constraints are satisfied. Also, the

.
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linear procedure preserves zero skewnesses. It can be shown
that the cross correlations are preserved only in two extreme
cases: (1) if the variables of different locations are independent
(zero cross correlations) and (2) if the variables of different
locations are fully dependent (all cross correlations equal to
unity). In the general case the adjusting procedures give some
approximations of these statistics, which tend to be lower than
the correct values and may not be adequate. Specifically, if we
consider the linear adjusting procedure given by (19), we ob-
serve that the initial variable Xr will have the correct skewness
for the subperiod s. The term A (Z — Z ) will have much lower
skewness as implied by the central limit theorem (in fact, this
term is a linear combination 2k variables X, and X,). Thus the
sum of the terms X, and A,(Z ~ Z) will have skewness
coefficient smaller than that of X, (consider again the central
limit theorem).

However, we can improve the approximation of these sta-
tistics by repetition. The idea behind repetition is that of con-
ditional sampling. The disaggregation problem may be viewed
as the problem of generating vectors of lower-level variables X,
conditional on a given vector of higher-level variables Z such
that ¥_, X, = Z. An analytical solution to that problem
would be the determination of the conditional distribution
function

}k‘,xs=z)

s=1

F(xb...’xk

and the sampling of X, from that distribution. Such a solution
is possible in limited simple cases only. Another solution is the
repetitive generation of X, from their unconditional joint dis-
tribution function until their sum is equal to the given Z. This
apparently would require an infinite number of repetitions.
The proposed alternative is to combine conditional sampling
with adjusting, that is to generate X, from their unconditional
joint distribution function until the error in the additive con-
dition is small and to apply an adjusting procedure to allocate
this error among the different subperiods. We anticipate that
the smaller this error is, the lower is the bias in the statistics
that are not explicitly preserved by the adjusting procedure.
For the hypothetical case that the error is zero for all locations,
no bias would be introduced to either the skewness coefficients
or the cross-correlation coefficients among different locations.

Here we have adopted a very simple repetition scheme as
described in section 2. This method has been proven efficient,
as will be shown in section 5, where we give some indication of
its performance. For each period we perform an unspecified
number of generations through the PAR(1) model until the
distance AZ := |Z — Z| drops below a specified tolerance
level. The tolerance level depends on the desired accuracy of
the results. The lower the tolerance level is the greater is the
accuracy of the results and, also, the number of repetitions. To
avoid a huge number of repetitions for some periods, it is
advisable to set also a maximum allowed number of repeti-
tions.

The distance AZ can be defined as the Euclidean norm

AZ =D (Z'-Z)?

=1

(39)

However, it is preferable to determine the distance in a man-
ner dimensionless and independent of the number of locations,
such as
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n [Z' _ Z{’

\Var [Z1] (40)

(=1
which was finally used in our model.

Another problem that is met in almost all disaggregation
models concerns the preservation of the correlation coefficient
of the first variable of a period with the last variable of the
previous period. This problem was first reported by Lane
(1980, 1982] and discussed by Stedinger and Vogel [1984], while
contributions to overcome it have been made by Lin {1990] and
Koutsoyiannis [1992]. In our disaggregation method we do not
use statistics such as lagged covariances between higher-level
and lower-level variables, which are generally responsible for
this problem (Stedinger and Vogel, 1984]. However, we still
expect to have this problem. The situation with our method is
the following: When we start the generation at the period ¢, we
know the lower-level variables of all subperiods of the period
t — 1. Then we use the lower-level variables of the last sub-
period k of period ¢ ~ 1 to generate with the PAR(1) model
the lower-levet variables of the first subperiod of period ¢. At
this phase the correlation between these lower-level variables
is preserved. However, application of the adjusting procedure

_affects only the lower-level variable of period ¢, thus introduc-

ing bias to its correlation with the variable of period t — 1.
This bias may be transferred to the neighboring subperiods as
well, but with a smaller magnitude. Repetition and minimiza-
tion of the distance AZ is a simple solution to this problem
also, although more sophisticated procedures could be formu-
lated. In section 5 we will see that this problem is the most
difficult to fix among the other problems discussed above.

4.3. Problems Associated With the PAR Model

There are two well-known potential problems associated
with the PAR(1) model (as well as any other linear model): the
difficulties in decomposition of the matrix d, = b,b7, and the
potentially high coefficients of skewness of the auxiliary vari-
ables V. Here both problems have been fixed by weakening
the off-diagonal elements of the variance-covariance matrix.
Such a method is appropriate for the decomposition problem
and can also fix the skewness problem because skewness coef-
ficients are proportional to the inverse of matrix b{>’ (see
equation (7)). Our method adapts an idea by Mejia and Milldn
[1974] quoted by Bras and Rodriguez-Iturbe [1985, p. 98]. Their
idea is to strengthen the diagonal of the matrix by repeatedly
adding a positive number (equal to the absolute value of the
most negative eigenvalue) to each diagonal element of b,b],
until the modified matrix is positive definite.

Before describing our method to remedy these problems, we
must quantify the requirements. For the first problem it is well
known that d, must be positive semidefinite. For the second
problem we must set an accepted upper bound to the coeffi-
cient of skewness of the auxiliary variables V. To this aim, we
recall that in a finite sample of size N the coefficient of skew-
ness C, is upper bounded [Wallis et al., 1974; Kirby, 1974;
Todini, 1980} by

N=-2
C. =

—= |N
Smar N
N1

(41)

Thus an appropriate acceptable upper bound for the model
would be

C,. =¢eC (42)

Sace Smax
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where 0 < & < 1 (e.g., ¢ = 0.5-0.75). A weakness of this bound
is its dependence on the size, N of the sample that will be
generated. However, it is sufficiently justified while any other
bound would be arbitrary.

Now we can proceed to the algorithm of the method, which
has the following steps:

1. Select a constant £ and calculate the accepted upper
bound of the skewness coefficients of the auxiliary. variables
using (41) and (42) for N equal to the size of the synthetic
sample that will be generated.

2. Select a constant ¢ close to (and less than) 1, e.g,, ¢ =
0.99.

3. Compute the eigenvalues of d,. If any eigenvalue is
negative (which means that d, is not positive semidefinite),
proceed to step 4; otherwise go to step 5.

4. Multiply ail the off-diagonal items of d, by the constant
¢ and return to step 3.

5. Calculate b, using the singular value decomposition.

6. Calculate the skewness coefficients of V using (7). If any
coefficient is greater (in absolute vaiue) than the accepted
bound, then return to step 4; otherwise go to step 7.

7. Done.

The singular value decomposition (step 5) has been pre-
ferred because it generally results in lower coefficients of skew-
ness than triangular decomposition. We emphasize that the
method does not modify the variances nor the coefficients of
skewness of the lower-level variables. However, if step 4 is
executed even once, the method results in a reduction of the
lag-zero cross correlations between variables of different loca-
tions, but this is unavoidable. In our applications this happened
very rarely, and when it happened, the problem was usually
resolved in two to four iterations, which means an insignificant
2-4% reduction in cross correlations.

4.4. Random Number Generation

The model incorporates numerous exact random number
generators, avoiding the use of approximate generators (such
as the one based on the Wilson-Hilferty transformation). Thus
for normal (and’ log-normal) variables the polar coordinates
exact algorithm is used [Papoulis, 1990, p. 266]. For gamma
variables we have used the Whittaker [1973] exact algorithm.
We have also developed (see Appendix B) a new exact algo-
rithm for the gamma distribution, which is very efficient, espe-
cially for very high coefficients of skewness. We note that both
algorithms for gamma distribution are exact only for the vari-
ables that are directly generated, in our case the auxiliary
variables V,. This means that the strict exactness is lost when
we add several variables to determine X;. For the latter the
model manages to preserve the first three moments and gives
adequate approximations of the distribution function (see Fig-
ure 3). An alternative to preserve exactly the distribution of X,
is to use another class of models such as gamma autoregressive
(GAR) or periodic gamma autoregressive (PAGAR, PM-
GAR) models. Such models have theoretically studied for sin-
gle-site stationary processes [Lawrance and Lewis, 1981] and
single-site periodic processes [Fernandez and Salas, 1986] with
gamma marginal distributions and have been applied for mod-
eling of streamflows [e.g., Fernandez and Salas, 1990]. To the
authors’ knowledge, similar models have not been constructed
for multivariate processes (for example, Salas [1993, pp. 19.22,
19.27] includes these models only in the sections about mod-
eling of single time series), and thus they were not imple-
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mented in our model that is oriented toward multivariate ap-
plications.

3. Applications

In this section we present three applications of the model
indicating its performance in preserving the statistics of inter-
est. Application 1 is involved with the simulation of monthly
rainfall at three rain gauges, Aliartos, Mouriki, and Kallithea,
located in the Lake Iliki basin near Athens, Greece. The mean
annual rainfall depth for the three rain gauges ranges from
about 420 mm to 610 mm, and the mean monthly distribution
has a peak at December ranging from 70 to 100 mm and a
minimum at July or August around 5 mm. The hydrologic year
for this region is considered to start on October 1 (thus month
1 in Figure 2 is October). In the summer months the marginal
distribution of rainfall is quite skewed (Figure 2b). The
monthly cross-correlation coefficients reach a value of 0.8 for
autumn and spring months (Figure 2d) while the lag-1 auto-
correlation coefficients are low as usual for monthly rainfall
(Figure 2c).

For this application we have adopted the gamma distribu-
tion function for both annual and monthly rainfall depths, an
assumption consistent with the data (as verified by statistical
tests and empirically; see example in Figure 3). We generated
8000 years of synthetic annual rainfall for the three rain gauges
using a multivariate AR(1) model and then we disaggregated it
into monthly amounts. The specific assumptions for the disag-
gregation are summarized in Table 1. To explore the two
different model modes we performed two runs of the model,
one without repetition (case 1.1) and one with repetition (case
1.2). In addition, we performed a run of the PAR(1) model
without disaggregation for the sake of comparison (case 1.3).
Some resulting statistics of the synthetic data for all three cases
are depicted in Figure 2 in comparison with those of historical
data. We observe that the model, even without repetition,
approaches acceptably the statistics of interest. The model
performance in preserving the coefficients of skewness and the
cross-correlation coefficients is improved when we use repeti-
tion. Generally, the performance of the model with repetition
is very close to that of the typical PAR(1) model (without
disaggregation), which is a standard valid modei for such pur-
poses. Furthermore, in Figure 3 we compare graphically the
empirical distribution of synthetic data for one location and
one subperiod (March) with the corresponding empirical dis-
tribution of historical data and the assumed theoretical gamma
distribution function. The results of the comparison are satis-
factory. Notable is the reasonable behavior of the synthetic
series at the tails, e.g., at probabilities of exceedance or non-
exceedance less than 5% (or normalized values higher than
1.65 and less than —1.65, respectively). A departure appearing
at the very end of the upper tail, i.., at normalized value 3.66
(corresponding to empirical exceedance probability 1/8000), is
caused by one point only, whose value is about 500 mm (the
maximum generated value). The second in order point (corre-
sponding to empirical exceedance probability 2/8000 and nor-
malized value 3.48) is in well agreement with the theoreticai
distribution. The probability that one out of 8000 March rain-
fall depths exceeds or equals 500 mm was theoretically esti-
mated to about 0.25, which means that it is not so unlikely to
have one generated value of 500 mm.

Application 2 is involved with the simulation of monthly
discharge of the river Nile at Aswan (one location). In a similar
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situation, Todini [1980] studied this case thoroughly, using 105
years of naturalized discharges. His main objective was to
preserve the skewness of monthly synthetic data generated by
disaggregation models. From the tables and figures of that
study we extracted the statistics of interest for our model. The
mean monthly distribution of discharge has a peak of about
23,000 m*/s at September and a minimum of about 1,600 m/s
at May. The hydrologic year is considered to start on July 1
(thus month 1 in Figures 4 and 5 is July). During the months of
low flows the coefficients of skewness are high, exceeding 2.0
for April and May (Figure 4b). The monthly lag-1 autocorre-
lation coefficients are very high, reaching a value of 0.939 for
February and March (Figure 4c). As in the previous applica-
tion, we have adopted the gamma distribution function and the
linear adjusting procedure (see Table 1). We generated 10,000
years of synthetic annual and then monthly discharges for three
cases, one by disaggregation without repetition (case 2.1), one
by disaggregation with repetition (case 2.2), and one without
disaggregation (for comparison; case 2.3). As depicted in Fig-
ure 4, the model performance is as satisfactory as in applica-
tion 1. Repetition improves the model performance in preserv-
ing skewness (Figure 4b). Also, it reduces the departure of the
synthetic value of the first lag-1 autocorrelation coefficient
from the historical value (Figure 4c, at month 1), while increas-
ing the departure from the historical value in month 2. How-
ever, this departure is still apparent in Figure 4c, while beyond
the third subperiod the lines that represent the historical and
synthetic values are indistinguishable. In a similar situation,
Koutsoyiannis {1992, Figure 4] found after a numerical inves-
tigation that a value of this autocorrelation coefficient close to
0.5 is the most difficult to preserve, whereas values closer to
zero or 1 are approximated better. Note that in application 2
the first lag-1 autocorrelation coefficient is about 0.5.

To explore the model performance under the logarithmic
transformation of variables and the power adjusting proce-
dure, we made another application (application 3; see Table
1), again for the Nile River at Aswan. This is similar to appli-
cation 2 except that it assumes lognormal distribution of lower-
level variables, uses the transformation (8), and applies the
power adjusting procedure. This application must be viewed
not as a real-world application but rather as an exercise of our
method under some special conditions. As we did not have the
historical record of discharges available, we used the method
of moments to obtain the necessary statistics of the logarithms
of discharges. For subperiods 2 and 3, whose skewnesses were
almost zero or slightly negative, we set skewness equal to a
small positive value (0.01). In Figure 5 we present the statistics
of the logarithms of the generated data (8000 years) versus
those of historical data. We observe that the disaggregation
model without repetition does not perform as well as in the
previous two applications. The reason for this lower achieve-
ment is the feature of the power adjusting procedure, which is
not strictly exact, as was explained above. However, this situ-
ation is greatly improved when we use repetition, in which case
we achieve performance similar to the previous application.

In conclusion, the above applications indicate a reasonable
performance of the model in reproducing summary statistics
and marginal distribution functions of the processes examined.
We note, though, that only model verification was done; not
validation. For example, the behavior of synthetic series in
reproducing long-term droughts was not examined.

Finally, we refer to Koutsoyiannis [1994] for an application of
a special case of the model using the proportional adjusting
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Figure 2. Comparison of various statistics of historic and
generated monthly rainfail data at the Iliki basin (application
1; simulation period is 8000 years): (a) standard deviation for
location 3, (b) coefficient of skewness for location 3, (c) lag-1
autocorrelation coefficient for location 3, and (d) lag-zero
cross-correlation coefficient for locations 2 and 3.

procedure. This application is concerned with short-scale
(hourly), one-dimensional temporal disaggregation of rainfall
with J-shaped gamma distribution of lower-level variables.

6. Concluding Remarks

The developed disaggregation method is based on three
simple ideas that have been proven effective. First, it starts
using directly a sequential PAR(1) model and keeps its for-
malism and parameter set, which is the most parsimonious.
This model is run for the lower-level variables without any
reference to the known higher-level variables. Second, it uses
accurate adjusting procedures to allocate the error in the ad-
ditive property, i.e., the departure of the sum of lower-level
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Table 1. Summary of Characteristics of the Model Applications
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Simulation

Assumed Procedure for Maximum Maximum
Period. Marginal Transformation Adjusting Correction of Allowed Allowed
Case years Distribution Type Procedure Negative Values Distance AZ* Repetitions
Application 1
1.1 8000 gamma none linear linear cee 1
1.2 8000 gamma none linear linear 0.4 1000
1.3 8 000 gamma none e not applied e X
Application 2
2.1 10 000 gamma none linear linear e 1
2.2 10 600 gamma none linear - linear 0.01 3000
23 10 000 gamma none e not applied e e
Application 3
31 8 000 lognormal logarithmic power not necessary e 1
32 8 000 lognormal logarithmic power not necessary 0.0007 3000

Application 1 is a simulation of rainfall data from three rain gauges in the Iliki basin, Greece (historic record length, 38 years). Applications
2 and 3 simulate Nile River discharge at Aswan (historic data adapted from 105-year record of Todini [1980]).

*Following a previous version of the program, AZ was calculated in these applications by the expression AZ = Sf_, |2’ ~ Z'|/Z instead
of the more appropriate expression (40). The different order of magnitude of AZ in these three applications is due to the different magnitudes

of standard deviations of the higher-level variables.

variables within a period from the corresponding higher-level
variable. They are accurate in the sense that they preserve
explicitly certain statistics of lower level variables (and in spe-
cial cases the complete distribution). Three such procedures
have been developed and studied in this paper both theoreti-
cally and empirically. Third, it uses repetition in order to im-
.prove the approximations of statistics that are not explicitly
preserved by the adjusting procedures.

The model, owing to the wide range of probability distribu-
tions it can handle (from bell-shaped to J-shaped) and to its
multivariate framework, is useful for a plethora of hydrologic
applications such as disaggregation of annual rainfall or runoff
into monthly or weekly amounts, or disaggregation of event
rainfall depths into partial amounts of hourly or even less
duration. Such real-world hydrologic applications have been
explored in this study to test the model performance, which has
been proven satisfactory.

The main advantages of the model are the simplicity, parsi-
mony of parameters, and mathematical and computational
convenience (due to the simplicity of equations and the reduc-
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Figure 3. Theoretical gamma distribution function (thick
solid line) and empirical distribution functions of historic data
(triangles) and synthetic data obtained by disaggregation with
repetition (thin line) for application 1 (case 1.2; simulation
period is 8000 years), location 3, and subperiod 6.
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Figure 4. Comparison of various statistics of historic and
generated monthly discharges for the Nile River (application
2; simulation period is 10,000 years): (a) standard deviation,
(b) coefficient of skewness, and (c) lag-1 autocorrelation coef-
ficient.
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Figure 5. Comparison of various statistics of historic and
generated monthly discharges for the Nile River using loga-
rithmic transformation (application 3; simulation period is
8000 years): (a) standard deviation of logarithms, (b) coeffi-
cient of skewness of logarithms, and (c) lag-1 autocorrelation
coefficient of logarithms.

tion in the size of matrices). Most of all, the model combines
simple individual modules in a general framework. Certain
items of the model can be easily modified or replaced to cover
specific needs, without changing the framework. For example,
the studied PAR(1) scheme can be directly replaced by a more
complicated linear scheme (e.g., PARMA(p, ¢)) that main-
tains a greater set of statistics. In addition; certain modules of
the method, such as the accurate adjusting procedures, can be
incorporated in any other disaggregation model that makes use
of adjustment.

As incidental contributions of the paper we mention here
the algorithm for fixing the problems associated with the
PAR(1) model (correction of nonpositive semidefinite matri-
ces and of very high coefficients of skewness for the auxiliary
variables) and a new algorithm for generation of random num-
bers with gamma distribution.

Finally, we wish to comment on two issues that may give rise
to criticism. The first is the speed of the model. Indeed, repe-
tition reduces the model speed. However, due to the overall
simplicity of the model and the exponentially increasing speeds
of computers, a typical 10,000-year run with repetition, such as
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those we studied in section 5, takes only a few minutes to an
hour on a modern (486) PC.

The second issue is the adequacy of the PAR(1) scheme in
hydrologic problems. The adoption of the PAR(1) scheme has
some advantages and some disadvantages. The advantages are
the structural simplicity and the parsimony of parameters.
which often lead to a more accurate estimation of parameters.
The disadvantages are related with the risk of leaving out
important explanatory variables and the misspecification of the
long-term stochastic structure of the process. However, the
incorporation of the PAR(1) module into a disaggregation
scheme, whose higher-level variables are generated indepen-
dently (possibly using a more complex model), reduces the
effects of these disadvantages. The lower-level variables gen-
erated by the PAR(1) model are adjusted within the disaggre-
gation scheme to agree with the higher-level variables. Thus we
do not have accumulation of the possible errors due to model
misspecification. Surely, there are situations where the PAR(1)

- model may not work well, such as snowmelt-dominated

streamflows with a large time delay of the snowmelt. For such
situations the adoption of another model, such as PARMA( p,
q), for the lower-level variables will be more appropriate. As
was discussed above, the PAR(1) module is not a structural
constraint of the presented disaggregation framework dnd can
be replaced.

Appendix A: Proof of Proposition 2

Taking expected values in (16) and using (14), we directly
obtain

E[X,] = E[X/] (A1)

which proves the first part of the proposition that concerns the
equality of the mean values. Thus using (14) and (Al), we can
write (16) as ‘

X, - E[X,) = (X, - E[X.])

+ A3 (Z - E[Z)) - 3 (X, - E[X)])

j=1i

Denoting X’ = X, - E[X,], X, = X, - E[X,], Z' =
Z — E[Z], and introducing the vectors X' = [X1, -+, X}]7,
R = [X0, o, XL, A= [Ay, e A and @ = [1,+++, 1]
(a row vector with k& elements) we can write (A2) in matrix
notation as

(A2)

X' =X'-AeX' +Z'A (A3)

Then transposing both parts of (A3) and postmultiplying with
(A3), we get

X'X'T=(X" - a@X' + Z'N(X'T=X'Te"\T+ Z'\T)
(A4)
After algebraic manipulations, (A4) becomes
X/X'T= X'KT - KK T + Z' KA = heX'RT
+ AeX' X' TN — A@(Z'X")NT + MZ'X'T)
= NMZ'X' D"\ + Z' AN

Taking expected values in (AS5) and observing that
E[X'X'T] = o, E[Z'X'] = 0 (a vector with zero elements,

(AS)
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owing to the independence of X, and Z) and E[Z'?] = ¢, we
find
E[X'X'T]=0 - g\~ A¢o + Aea@\T + ¢ ANT
(A6)

The matrix ¢o that appears in third term of the right-hand part
of (A6) is

T O Tk
oo =[11 1] 012 022 O %
0:1k &u O:kk

=[o. o3 - 0] = AT (A7)

For this derivation we have used equations (18) and (17),
which define o,. and A,, respectively. Because both & and Ao
are symmetrical, the second term of the right-hand part of
(A6) equals the third term. Furthermore, the matrix oo’ that
appears in the fourth term of the right-hand part of (A6) is

1

k
1
‘PO“PT= oA Ay - Add N 2 As= 0. (A8)
i s=1

Consequently, (A6) becomes
E[X’X =0~ AN = cANT+ AN+ c AN =0
(A9)

which proves that the variance-covariance matrix of the vari-
ables X, equals that of X, i.e., the adjusting procedure does not
affect the second-order statistics of the lower-level variables.

To prove that A, as defined by (17), is unique (i.e., that no
other X can preserve simultaneously the additive property, the
means, and the variance-covariance matrix), we square (AZ2)
and take expected values. With the explanations given below
(AS), we obtain

Var [X,] = Var [X,] + 2A2 Var [Z] - 24, Cov [X,, Z]
(A10)

Because we demand Var [X,] = Var {X|], (A10) becomes
(A1l)

Mo, — Ao,.=0

Equation (All) has two Toots for A,. The trivial A, = 0 is
rejected because it does not preserve the additive property.
The other, A\, = o,./c.., is the one defined by (17).

Appendix B: A New Random Number Generator
for Gamma Distribution

Let X be a random variable having gamma density function
with parameters « > 0, A > 0 and c, ie.,

X

A
= - k=1, —Alx—c)
f (X) F( K) (.X,' c ) (4
The objective is to establish a procedure to generate random
numbers with this density. We will use the rejection method
[Papoulis, 1990, pp. 261-263], which utilizes an auxiliary prob-
ability function g(x). Without loss of generality we assume

(B1)

KOUTSOYIANNIS AND MANETAS: SIMPLE DISAGGREGATION

that « < 1. (If « = 1, then we can split it in its integer and
fractional part; the generation with integer « is trivial).
We introduce the auxilidry density function

) {B(X—C)"‘
g *)= B.ye—/\(x—cl

where 8 and vy are constants and 4 is some number > ¢. The
continuity of g(x) demands that

cs=x=<h
)

x>h (B2)

R (B3)
which. yields
y=(h = c)leM (B4)
Because g( ) is a probability density function,
Jr glx)ydx =1 (BS)
which after algebraic manipulation results in
K
B=th =" h—c+am) (BS)
Consequently, {B2) becomes
K x—c\ !
h—c+.</A<h—c> cse=h
=) (B7)
Py x>h

and the corresponding cumulative distribution function is

h—c x = c) « —r=h
Gx) h—c+«k/lA\h—-c c=xr= (B8)
x =
1 — _f./_A__ —A(x—h) x> h
h~c+ k/A
G(x) can be directly inverted, that is,
h—c+k/A b
x(G) = —-h—:“‘“G (h—c¢)+c
—-c
0=G=j—vin ®

1 h—c+k/A
x(G)=—7\-ln{(1-—G)———'-<—M—- +h

h—c

G>h—C+K/)t

and this facilitates the generation of random numbers from
this distribution.
Now we form the function
fx)

r(x) =a —/—=

700 (B10)

where a is a constant that must be chosen such that max {r(x)] =
1. In our case,

kI'{k)
AR — ¢ + kI (A =)t

a= (B11)
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and consequently

e—/\(x—cl c=sx< h

r(x) = g hR=0) x e\ x> h
h—c

(B12)

We observe that r(x) is a decreasing function with r(0) = 1
and r(x) = 0.

Following the standard rejection method [Papoulis, 1990, pp.
261-263], we can now form the following generation procedure:

1. Generate two independent random numbers u, and u,
from the uniform distribution in the interval [0, 1].

2. Using (B9), calculate a random numberx = x(u,) from
the distribution function G(x) (i.e., set G = u, in (B9) and
calculate x).

3. Calculate r(x).

4. If u, = r(x), accept x as a random number of the
gamma distribution function with density (B1). Otherwise, re-
ject x and repeat the procedure.

For mathematical convenience we can choose # equal to the
mean of x, i.e.,

h=E[X]=c+k/A (B13)

which simplifies all the above equations. We note that in this
case the median of g(x) equals /.
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Abstract.

A parametric rule for multireservoir system operation is formulated and tested.

It is a generalization of the well-known space rule of simultaneously accounting for
various system operating goals, in addition to the standard goal of avoiding unnecessary
spills, including avoiding leakage losses, avoiding conveyance problems, taking into
account the impacts of the reservoir system topology, and assuring satisfaction of
secondary uses. Theoretical values of the rule’s parameters for each one of these isolated
goals are derived. In practice, parameters are evaluated to optimize one or more objective
functions selected by the user. The rule is embedded in a simulation model so that
optimization requires repeated simulations of the system operation with specific values of
the parameters each time. The rule is tested on the case of the muitireservoir water supply
system of the city of Athens, Greece, which is driven by all of the operating goals listed
above. Two problems at the system design level are tackled. First, the total release from
the system is maximized for a selected level of failure probability. Second, the annual
operating cost is minimized for given levels of water demand and failure probability. A
detailed simulation model is used in the case study. Sensitivity analysis of the rule’s
parameters revealed a subset of insensitive parameters that allowed for rule simplification.
Finally, the rule is validated through comparison with a number of heuristic rules also

applied to the test case.

1. Introduction

Planning and management of multiple reservoir systems
have been and continue to be the subject of numerous research
works. This attention is due to the essential benefits arising
from reservoir system operation (e.g., hydropower) in combi-
nation with the reduction of natural risks (e.g., flood control).
The problem of reservoir planning and/or management is most
often stated as an optimal control problem. Its solution is not
an easy task because of the large number of variables involved,
the nonlinearity of the system dynamics, the stochastic nature
of future inflows, and other uncertainties of the system (e.g.,
leakage from reservoirs).

Stochastic dynamic programming (SDP) has been repeat-
edly used by many researchers to study the problem [e.g., Su
and Deininger, 1972, 1974; Askew, 1974a, b; Sniedovich, 1979;
1980a, b; Bras et al., 1983; Stedinger et al., 1984]. SDP could be
satisfactory if it did not require excessive amounts of computer
time and storage. To increase the efficiency of the solution
algorithm, some researchers have treated the inflows’ stochas-
ticity in an analytic way without state-space discretization and
then applied efficient deterministic optimization methods [Wa-
simi and Kitanidis, 1983; Loaiciga and Marifio, 1985; Georgaka-
kos and Marks, 1987). For example, Georgakakos and Marks
[1987] represented the reservoir system dynamics in a state-
space form and proposed an extension of stochastic control
theory, which they termed extended linear quadratic Gaussian
(ELQG). In this way these authors obtained a very efficient
algorithm at the expense of an accurate representation of the
stochastic structure of inflows (i.e., only Gaussian independent
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inflows were considered). In later studies [Georgakakos, 1989]
the problem of the representation of the stochastic structure of
inflows was effectively tackled. Other researchers continued
their studies in the direction of stochastic dynamic program-
ming with the purpose of remedying its deficiencies. Efficient
interpolation schemes for dynamic programming (DP) algo-
rithms are discussed by Johnson et al. [1993]. The problem of
errors resulting from the state-space discretization in discrete
dynamic programming was tackled [Kitanidis and Foufoula-
Georgiou, 1987; Foufoula-Georgiou and Kitanidis, 1988; Fou-
foula-Georgiou, 1991}. These authors proposed gradient dy-
namic programming, which is based on an interpolation
scheme of the cost-to-go function at each stage and reduces
significantly the error due to discretization.

In spite of the large number of optimization techniques
available in the literature, simulation models still remain the
primary tool for reservoir planning and management studies in
practice. The reason is that simulation models allow a more
detailed and faithful representation of the system studied than
optimization techniques do [Loucks and Sigvaldason, 1982}.
Moreover, they can be easily combined with synthetically gen-
erated streamflow sequences [Young, 1967; Loucks et al., 1981,
p. 277). The main drawback of simulation is that unlike opti-
mization, it requires prior specification of the system operating
policy. To remedy this problem, Young {1967] combined the
use of synthetically generated annual inflows into a single res-
ervoir with deterministic dynamic programming and inferred

- simple parametric rules for the operating policy using regres-

sion techniques. Other researches have employed optimization
methods within simulation models [Evenson and Moseley, 1970;
Sigvaldason, 1976; Ginn and Houck, 1989; Johnson et al., 1991;
Tejada-Guibert et al., 1993). Tejada-Guibert et al. [1993} com-
pared two alternative approaches for defining the operation
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policy of a multireservoir system: (1) interpolation in policy
tables derived through SDP and (2) the use of SDP-derived
value functions within simulation to optimize the operating
policy each time a decision is sought; they found this second
approach clearly superior. Johnson et al. [1991] used a simula-
tion model, which includes heuristic operating rules that are
optimized within the simulation for each period of operation.
The optimization tries to drive the real storages as close to the
target storages as possible. ‘

Operators of reservoir systems have long used heuristic rules
that define desired storage and release targets. The well-known
space rule [Bower et al., 1962] defines storage targets so that
the empty space in each reservoir is proportional to the ex-
pected inflow; this rule is applicable to parallel reservoirs for
water supply purposes. The NYC rule, used for the water
supply of New York City, defines storage targets so that the
probability of spill from each reservoir will be equal for all
reservoirs [Clark, 1950, 1956]. Johnson et al. [1991] showed how
heuristic operating policies, including the space rule, can be
effectively used in optimization models.

The aim of this work is to propose and test a parametric
operating rule for a system of reservoirs. The parameters of the
rule are estimated by optimization, using simulation to evalu-
ate the objective function value for each trial set of parameter
values. The rule is a generalization of, and is motivated by, the
space rule to simultaneously account for various goals: (1)
avoiding unnecessary spills, (2) avoiding leakage losses, (3)
avoiding conveyance problems, (4) taking into account the
impacts associated with the reservoir system topology, and (5)
assuring satisfaction of secondary uses. These goals are
achieved through parameterizing the rule and then optimizing
its parameters. For each parameter set a series of simulations
of the system operation allows system objectives to be evalu-
ated and constraints to be satisfied. Parameters are optimized
outside the simulation, or else, for each set of parameter values
in the optimization a simulation is performed. The three-
reservoir system used for the water supply of the greater Ath-
ens area, Greece, is selected as a test case. For validation
purposes the operating rule is compared with a number of
heuristic rules. -

The paper is organized in four sections. In section 2 we
present the proposed parametric operating rule; we derive
theoretical values for its parameters in five special cases; we
discuss other theoretical issues raised; and then we describe
the optimization and the simulation model used. In section 3
we analyze an application of this rule for a real-world reservoir
system, and we assess the capabilities of the proposed rule in
comparison witht heuristic operating rules. Section 4 summa-
rizes the proposals and tests made and presents the final con-
clusions. :

2. Parametric Rule
2.1. Description of the Rule
A system of N reservoirs is assumed for which an operating

policy is sought. The policy is focused on consumptive water
uses such as water supply for domestic and industrial use and

irrigation. Other uses such as hydropower generation, recre- -

ation, or navigation are assumed absent or of secondary im-
portance in this study. Our approach, however, can easily ac-
commodate such nonconsumptive uses. The reservoirs are
connected in series or in parallel to form a network with any
topology. Water is withdrawn from all of them to meet a
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common downstream target release D (equal to the water
demand). The continuity equation for each reservoir i is given
for a certain time period by

$;=BS;+0;—R,—L,-SP, (1)
where BS; is the beginning-of-period storage for reservoir i
(known); S is the end-of-period storage, which is unknown; Q,
is the inflow; R, is the total release from the reservoir; L ; is the
total loss due to evaporation and leakages, and SP,; is the
reservoir spill. Reference to time interval is omitted for con-
venience.

Let V denote the total storage in the system at the end of the
time period of interest. In the simple case of one reservoir, V
is completely determined by (1), in which case we omit the
subscript i and replace S with V. The operation of a system of
N reservoirs is much more complicated as, this time, the state
of the system is described by N variables S,, satisfying

> S8 =V (2)

i=1

Assuming that the target release is fulfilled and the inflows,
losses, and spills from all reservoirs are estimated in some
manner, the total end-of-period storage of the system is given
by

N
V=23 (BS;+Q,—L;-SP)-D 3)

Thereafter the problem is to determine the releases from all
reservoirs such that their sum equals D. Equivalently, the
problem is to distribute the total volume V into the N reser-
voirs such that (3) is satisfied. This can be done in numerous
ways, as the problem has several degrees of freedom. We call
a specific way to perform this distribution an operating rule. To
avoid ambiguity, we express the operating rules by means of
some quantities S}, which stand for the target storage for the
reservoir i at the end of the period. The real storage S, is
generally different from the target storage S} because of the
physical constraints that were not considered in the determi-
nation of S§T. Wé propose to distribute ¥ according to the
following rule:

St=a,+ bV 4)

where a; and b;, { € {1, ---, N}, are unknown parameters.

There exist 2NV parameters for a system of N reservoirs. We
note that because of (2) we have two constraints on the pa-
rameters, i.e.,

M=
M=

by=1 (5)

a,»=0

1 i=1

[
[]

and thus the number of unknown parameters is finally 2(N — 1).
It will be shown in the next subsection that the rule specified by
(4) is a generalization of the well-known space rule.

Having defined the operating rule in the linear form of (4)
with parameters @, and b, obeying (5), we have introduced a
convenient parameterization of the problem. This raises im-
portant issues regarding the validity of the rule proposed.
These are related to (1) the ability of equation (4) to take into
account. various policies that result from different concerns
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about the system, (2) the need for further mathematical devel-
opment of the rule to take into account physical constraints of
the system. and (3) parameter issues such as whether the lin-
earity of (4) is appropriate and whether the number of param-
eters is sufficient. These issues are discussed in the following
subsections.

2.2. Justification of the Rule’s Form

In this subsection we study five particular operating policies,
which result from different concerns about the system proper-
ties and objectives. In each case we deal with one isolated
objective of the system such as the minimization of spills or
losses. To be able to obtain the operating rule for each case as
an analytical solution, based on a theoretical objective func-
tion, we do not consider all physical constraints of the system
at this stage. At a later stage we will incorporate the physical
constraints in the rule. The five cases examined do not exhaust
all possible concerns about the reservoir system operation, but
they are indicative of the form such policies can take. As we
will see, in all cases the result is the linear rule (4) with the
particular values of coefficients a, and b; dependent on the
main concern chosen. This justifies the linear form of (4) as a
generalization of various operating rules.

2.2.1. Restricting spills. Assume that the primary con-
cern is to avoid unnecessary spills from one reservoir while
others still have empty space. This rule is appropriate for the
refill cycle of the reservoirs or, equivalently, for the wet season.
Spills are more likely to be avoided when more empty space is
left for the reservoirs with larger expected cumulated inflows
up to the end of their refill cycle. It has been shown [Sand,
1984; Johnson et al., 1991} that the minimum expected value of
the total spills of the system corresponds to the case in which
the probability of spill is the same for each reservoir, i.e.,

prob(CQ; = K; — §;) = const Vi (6)

where CQ, is the cumulative inflow to reservoir i from the end
of the current period to the end of the refill cycle, K; is the
storage capacity of reservoir i, and prob( ) denotes probabil-
ity. Johnson et al. {1991} showed that under the assumption that
the distribution of CQ,/E[CQ,] (with E[ ] denoting expec-
tation) is the same for each reservoir i, (6) results in

pray

K,--Sf_ j=1

E[CQ] [ ~
(ZE[CQJ)

This is the well-known space rule, which consists in keeping
equal for all reservoirs the ratio of the empty space to the
expected cumulative inflow for the rest of the refill cycle. Equa-
tion (7) can be rewritten in the form of (4) for each i with
values of parameters

(M

N EC,
bizK/’ b',:__[._ﬂ_

j=t

a;=kK; - 3

N

> E[CQ]

j=1

If the reservoirs are all located in a region with the same
climatic regime, the ratios b; of (8) do not vary significantly
from one month to another as demonstrated in Figure 5 for the
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case study. Thus quantities a; and b, of (8) can be considered
as time invariant.

Furthermore, the assumption that the distribution of CQ,/
E[CQ;] is the same for all reservoirs is not obligatory to get the
linear rule (4), as different assumptions can result in the same
equation. For exampie, if all CQ; have Gaussian distributions,
one can easily obtain that (6) results again in (4) with a; and b,
given by equations slightly different from (8).

2.2.2. Restricting losses, Very often the leakages from
reservoirs are not negligible, especially if the reservoirs are
natural lakes on a karstic background. It is also likely that
evaporation losses are of main concern, especially if we con-
sider natural shallow lakes. Thus let us assume that the losses
due to leakage and evaporation are of much more importance
when compared with spills. The losses due to leakage are
commonly a function of water surface elevation, and those due
to evaporation are a function of the surface area of the reser-
voir. Given the reservoir storage-elevation and area-elevation
relationships, we can express the totai losses of this kind as a
function of storage, i.e.,

L;=1(5) 9
If our concern is to minimize losses, using algebra and some
rather general assumptions (functions /,(S;) increasing and
concave, which holds for almost any reservoir; see Appendix
AlY), we find that the most efficient rule is the one that stores
all water V' at the reservoir m whose value /,,(V) is the min-
imum among those of other reservoirs /;(V). Mathematically,
this is expressed again by the linear equation (4) but with
coefficients a; = 0 for all i, b,, = 1 for the specific reservoir
m whose value /,,(V) is the minimum among all other /,(V),
and b, = 0 for all other i (except fori = m).

2.23. Ensuring conveyance. A third rule will be consid-
ered for periods with low system storage. In such periods the
main concern is not avoiding reservoir spill but making with-
drawals so as not to drive one or more reservoirs empty while
demand cannot be satisfied from the remaining reservoirs be-
cause of limited conveyance capacity. In such a case it is
straightforward that the optimal distribution is such that the
storage in each reservoir is proportional to the conveyance
capacity of the relative aqueduct. This rule is expressed by the
same linear rule (4) but with coefficients

a;,=0, (10)

for all i, where C, is the conveyance capacity of the aqueduct
through which the release from reservoir i is made.

2.2.4. Taking into account the impacts of topology. In the
above cases all reservoirs were assumed implicitly to be topo-
logically equivalent; that is, each of them is located at a dif-
ferent river or branch of river, and they are all connected by
separate aqueducts with the consumption location. However,
in many cases there appear to be differences in the topology of
the reservoir system that may affect greatly the operating rule.
Let us consider, for example, the case where the reservoirs

! Appendices are available on microfiche. Order from American
Geophysical Union, 2000 Florida Avenue, N.W., Washington, DC
20009. Document 97WR01034M; $2.50. Payment must accompany
order.
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form a cascade along the same river. In such a case the spills of
all reservoirs but the most downstream one are not a loss for
the system. Moreover, for energy-saving reasons (e.g., minimi-
zation of pumping) it may be a gain for the system to store the
water as far upstream as possible. In addition it is always
possible to move the water from upstream to downstream if
necessary, while the opposite needs pumping. Thus a good
operating rule for such a case would be to keep the water at the
most upstream reservoir (if feasible), leaving the downstream
reservoirs empty. Mathematically, this is expressed by the same
linear rule (4) with coefficients a; = 0 for all i, b,, = 1 for the
most upstream reservoir m, and b, = 0 for all other i (except
fori = m). ,

2.2.5. Assuring satisfaction of secondary water uses. In
many cases, apart from the main water use, there are some
secondary water uses in the neighborhood of each reservoir
(e.g., irrigation, satisfaction of environmental demands, etc.).
In such cases we want to avoid situations where some reser-
voirs are almost empty, while others are almost fuil. Thus we
can set a rule that stores the water proportionally to cumula-
tive local water demand for consumptive use CLD; in order to
balance the satisfaction of all local uses. This leads again to the
linear rule (4) with

E[CLD/]

Vi (11)

a;=0, b;=

> E[CLD}]

j=t

We have seen that in each of the above simple situations the
operation rule has always the linear form (4) with parameters
a, and b, given by different simple equations for each case. In
real-world situations we have to deal with more than one such
concern (or goal) simultaneously. In these situations we can
keep the formalism and parameterization of the linear rule,
but the parameters a; and b; are no longer determined by
simple equations such as the above because the objective func-
tion is not simple enough to be treated analytically. The pa-
rameterization of the rule allows for estimation of parameters
using simulation via sampling and search procedures [Loucks
et al., 1981, p. 65]. Before we proceed to the description of the
models for simulation and optimization it is necessary to in-
corporate physical constraints into the linear rule in order for
it to be operational for real-world situations.

2.3. Further Development of the Rule and Parameter
Issues

In introducing (4) we have ignored the physical constraints,
which demand that the storage cannot be negative nor can it
exceed the reservoir capacity. To correct this inconsistency, we
modify (4) so that

0 a;+blV<o0
S*=4a,+bV O0=aq,+bV =K, (12)
K,- a,~+b,-V> K,'

However, this creates another inconsistency as the quantities

Si* defined by (12) may no longer add up to V. Several ad-

justment procedures can be used, the most refined being the
transformation of straight lines of (4) into broken lines. Here
we adopt another procedure that is computationally simpler.
We distribute the departure ¥V — 2., §/* proportionally to
the quantity S$;* (1 — S;*/K;) so that (S;* = 0) maps to
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(§7* = 0)and (§;* = K;) maps to ($/* = K;). In this way
the adjustment procedure does not affect the cases where the
reservoir { was found by (12) to be either empty or full. Thus
we get the final target storage S7* by

I S*(1 - S*/K) N
Sr=8r+— V-2 s
2 S*(1 - S;*IK) "
j=t
=S*[1 + &(1 - §*/K)] (13)
with
N
V-2 S
¢:= - (14)

N
2 S = S;*/K)

J=1

We note that under certain circumstances (e.g., for ¢ lying
outside of the interval {1, 1}), (13) may lead to values of S7*
that still violate the physical constraints. These circumstances
are described in detail in the Appendix A2 along with an
iterative algorithm to obtain § }* such that 0 < §7* < K, in all
cases. We emphasize that the final operating rule, expressed by
means of §7*, is completely determined from the initial pa-
rameters 4, and b,. An example of an initial rule expressed in
terms of S along with its corresponding final rule expressed in
terms of §/* are given in Figure 6 for the case study described
in section 3.

Having introduced the full mathematical description of the
rule proposed, several issues concerning the rule’s parameters
are raised: (1) Is the linear form (4) of the rule adequate, or do
we need a more complicated nonlinear form? (2) Is the num-
ber of parameters in the rule (two parameters per reservoir)
adequate, or do we need more or fewer parameters? (3) Do we
need to introduce a seasonal variation of the parameters?

It is difficult to answer these questions in a strict mathemat-
ical sense. However, we will attempt to give some detailed but
rather intuitive answers. The answer to question 1 is threefold.
First, as we have shown in section 2.2, the linear form is
justified for several simple cases. Second, the operational form
of the rule is not strictly linear since the corrections (12) and
(13) introduce strong nonlinearity as demonstrated in the ex-
ample of Figure 6, where the final target storages and their
initial values are compared. The initial linear form is, in fact,
used as an efficient way to parameterize the problem using two
parameters for each reservoir. Third, the physical constraints
of a reservoir system strongly modify the form of any initial
rule no matter which this specific form is. Different initial rules
thus have very similar final operational forms. To demonstrate
that numerically, we can experiment using a quadratic rule
instead of the linear, i.e.,

Si=al+blV+cV? (15)
where a), b}, and ¢ are parameters for each reservoir i.
Experimenting with different sets of parameters @, and b, of
(4), we can find a parameter set of this linear rule such that the
final rules (after introducing corrections for constraints) of
both the linear and quadratic form are very close to each other.
A comparison of the two rules (linear and quadratic) is illus-
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trated in Appendix A3 for the quadratic rule with the highest
possible curvature, where the final forms' are almost indistin-

guishable (the overall root-mean-square error, normalized by

the respective reservoir capacity, is less than 0.1%).

The above discussion already gives some indicationr of the
adequacy of the number of parameters (question 2): the use of
three parameters per reservoir instead of two essentially makes
no difference. We could also consider reducing the number of
parameters to one parameter per reservoir, thus formulating

the rule as a homogeneous line of the form ST = b, V. To test.

this, we approximated a quadratic and a linear nonhomoge-
neous rule with a linear homogeneous rule (see Appendix A3).
In both cases we obtained approximations of the final opera-
tional rules with overall root-mean-square error less than 10%,
although the initial rules differed by as much as 100%. This
suggests that the rule may be satisfactory for practical appli-
cations even in its reduced homogeneous form. However, to
develop a clearer idea of the adequacy of the number of pa-
rameters, we must assess the sensitivity of the objective func-
tion to some parameters. As it will be shown in the section 3,
in our test case we started by using two parameters per reser-
voir (a, and b;) and found that the optimum of the objective
function was practically insensitive to a;, which indicates that
one parameter per reservoit suffices. This, however, cannot be
transferred to any reservoir system without prior investigation.

Question 3 concerns another form of nonlinearity that can
be introduced through seasonal variation of the parameters.
First, we note that in systems consisting of reservoirs with very
high capacities that perform overyear regulation, there is no
reason to consider target storages dependent on the season, as
the overyear variation of storage is more important than the
within-the-year variation. In systems with smailer capacities it
seems reasonable to have the target storages dependent on the
season. However, the parametric rule implicitly contains such a
dependence of the target storages on V. This is particularly
true for reservoirs with considerable drawdown in the dry sea-
son. In such cases V' takes large values only in the wet season.
We note, though, that intermediate values of V' are normally
attained twice a year: once during the refill period and once
during the drawdown period. It may be beneficial to distribute
among the reservoirs the same total volume V in a different
way in each of the two periods. This means that the use of two
parameter sets for the rule, one for the refill and one for the
drawdown period, may be advantageous. For simplicity the
parameters a; and b; are considered in this study as time
invariant and constant for each reservoir. However, the ap-
proach proposed can be directly modified to include two pa-
rameter sets, but this will require more computations because
of the doubling of the number of parameters.

2.4. Optimization Modek:

As described above our proposal in this paper is to consider
the coefficients a, and b; of the operating rule as unknown
parameters and to determine them by optimization. Their val-
ues are optimized in the following way:

1. A simulation model of the reservoir system operation is
built together with a multivariate stochastic model of the sys-

tem’s inflows. A long series of synthetic inflows is generated:

and is passed into the simulation model to evaluate the objec-
tive function of the optimization model described in point (2),
below.

2. An optimization method is used to determine @, and b,.
At each evaluation of the objective function one or more
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simulations of the system operation (depending on the con-
straints of the optimization) for the whole operation period are
performed. Thus, in our case, simulation is embedded in the
optimization aigorithm..

To formulate the objective furiction of the optimization
model, we consider two typical problems. In the first problem
the objective is to maximize the target release of the system for
a given reliability level. For example, this is the objective in the
first three simple cases examined in section 2.2, which can be

represented by a common objective function. Mathematically,
this is expressed by

max D = f,(a, b) (16)

where a = (a;,*++, ay)T and b = (b, -+, by)7. The
constraint for this optimization is related to a total reliability
‘measure that the system should have, i.e.,

N
prob ZR,-=D =q

i=1

mn

where «a is the reliability level. For example, if & = 0.95, the
above equation means that in a simulated period of 2000 years
the total release equals the target release D during 1900 years
(95%), whereas we allow 100 years (5%) where the target
release is not completely satisfied. The failure probability o’
corresponds to the case of partial satisfaction of the demand
and a’ = 1 — a. Apparently, failure occurs in cases where
release targets are not physically achievable.

In the second problem our concern is the cost of conveyance
(or the profit, in cases of energy production). This is, for
example, our concern for the fourth case examined in section
2.2. In this problem we can formulate the objective function as

N
min E|{ 2, c(R)

i=1

=fda, b) (18)

where c;(R;) is the cost paid for conveying the quantity R, to
the consumption location (negative in cases of energy produc-
tion) and expectation is taken over the releases. Equation (17)
still remains a constraint for (18).

Other concerns of the system may lead to different objective
functions (single or multivariate) or to different constraints. In
this paper we consider only the above two problems with sin-
gle-objective optimizations having the form of equations (16)
and (18).

2.5. Simulation of the System Operation

As we have seen préviously, the optimization process in-
volves a certain number of simulations of the system operation.
In each simulation, trial values of the parameters a, and b, are
used. At each time period of simulation the followmg compu-
tations are performed:

1. The end-of-period storage in the system ¥ is estimated
from (3).

2. The target storages S are obtained from (4). Then,
these are corrected according to (12) and (13) to give the final
values of the target storages S;*.

3. The releases from each reservoir are determined so as to
meet the target storages S;* while also satisfying

0=R,=C, (19)
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In case the releases R; are outside the limits set by (19) they

are set equal to these limits, and the remainder from the total

target release is redistributed among the remaining reservoirs.
4. The spill from each reservoir i is given by

SP,=max {0, (BS;+ Q;— R, — L, - K»} (209)

In some cases this procedure may require an iteration. Ini-
tially, to estimate V in step (1), spills are assumed zero. If
nonzero spills are derived from (20), V is reevaluated on the
basis of those spills, and the whole procedure is repeated again.
Finally, the simulation model may include other equations that
determine leakages and safety storages. Examples are dis-
cussed in the next section in the presentation of the case study.

3. Case Study

3.1. The Reservoir System for Water Supply of the Greater
Athens Area and Its Simulation

The reservoir system of greater Athens is used to supply
water mainly for domestic and industrial use to the metropol-
itan area of Athens. It comprises two main reservoirs (Figure
1): (1) the Mornos Reservoir with an active storage capacity of
643 hm? and (2) the natural Lake Iliki with a storage capacity
of 587 hm>. A small reservoir near Athens, the Marathon
Reservoir, with a storage capacity of 41 hm?, is also part of the
system. This reservoir is considered full all the time for emer-
gency situations. Major water transfer works are (1) the Mor-
nos Aqueduct, some 200 km long, which carries water from the
Mornos Reservoir to Athens and comprises a number of dif-
ferent hydraulic works, for example, 70 km of tunnels, and (2)
the Iliki Aqueduct from Iliki to the Marathon Reservoir, which
is some 60 km long. The growing water demand and the sys-
tem’s vulnerability to drought during the severe drought of

19891990, which was followed by 6 years with low flows ex--

cept for 1990-1991 [Nalbantis et al., 1994], led public author-
ities to decide to construct a new reservoir (Evinos) with a dam
at the site of Aghios Dimitrios on the Evinos River just west of
the Mornos River Basin. Water from the new reservoir will be
diverted to the neighboring Mormos Reservoir and from there

Layout of the Athens water supply system.

to Athens via the Mormnos Aqueduct. The storage capacity of
the reservoir is small (104 hm®) as compared to that of the
Mornos Reservoir. On the other hand, inflows to the new
reservoir are of a magnitude comparable to that of the inflows
to the Mornos Reservoir. As a result, the Mornos Reservoir
will be the main storage work for the Evinos River flows as
well. A map with the reservoir system is given in Figure 1, while
a schematic layout is sketched in Figure 2, where, also, the
technical characteristics of the system are annotated. Mean
values, standard deviations, and lag-one autocorrelation coef-
ficients for monthly inflows to the three main reservoirs (Evi-
nos, Mornos, and Iliki) of the system are given in Table 1.
Water from the western part of the system (Evinos and
Mornos reservoirs) flows to Athens via gravity. Contrary to
this, water from Lake Iliki has to be pumped. Another impor-
tant feature of the system is that Lake Iliki lies on a karstic
geologic formation that causes significant leakages. These de-
pend strongly on the water surface elevation of the lake and
may equal half of the annual inflow for high elevations. Anal-
ysis of historical data established two distinct leakage-elevation
relationships: a first one for the dry period (April through
September) and a second one for the wet period (October
through March). The relationship for the dry period is given by

L, =0.01242Z%*~ 0.999Z + 17.46 + ¢ (21)

where L, is the monthly leakage in cubic hectometers and Z is
the water elevation of the lake in meters. For the wet period
the following relationship was found

L, =0.01242Z% - 0.999Z + 22.16 + ¢

In both (21) and (22) a random term e is added to account for
discrepancies from the deterministic L, — Z relationship. For
thxs term, E[e] = 0, while its standard deviation is o, = 2.64
hm? for the dry period and o, = 5.96 hm? for the wet period.
These two statistics are used to produce simulated values of
leakages through random generation of e that are added to the
deterministic part in (21) and (22) during simulation.

The Mornos Reservoir leakages are concentrated in a lim-
ited area of the reservoir and are rather small compared to

(22
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Figure 2. Schematic representation of the Athens water supply system. Characteristic data of the system are
annotated: for rivers, the watershed area and the mean annual reservoir inflow; for reservoirs, the minimum
and maximum water level and the active storage capacity; for aqueducts, the length and conveyance capacity;
and for other components, the characteristic water levels.
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those of Lake Iliki. They are effectively modeled via the fol-
lowing linear relationship:

L, =122.865X107%(Z - 384.2) Z=3842m (23)

Apart from water supply to the greater Athens area, the
system provides water for irrigation of the Kopais Plain in the

Treatment Plant
+155m

Treatment Plant
To distribution

Boeotia district. This secondary water use is fixed by decree at
50 hm>/yr but may be reduced in case of water shortages in the
water supply of Athens.

In the simulation model of the system operation an arrange-
ment has been made for keeping safety storages in case of
possible damages to the system aqueducts. For the case of

Table 1. Mean Values, Standard Deviations, and Lag-One Autocorrelation Coefficients of
Monthly Inflows to the Reservoirs of the Athens Water Supply System
Evinos Mornos Iliki§

m* st ri m s r m s r
October 7.2 6.5 032 12.2 139 0.16 20.1 10.1 0.59
November 304 235 0.17 31.0 229 0.32 253 9.4 0.65
December 60.0 471 0.49 48.8 28.1 0.01 443 375 0.46
January - 48.3 34.6 0.19 519 323 0.25 52.5 285 0.60
February 56.4 320 0.75 48.1 25.8 0.31 53.1 20.7 0.59
March 47.8 27.1 0.0 399 14.3 0.23 63.3 18.3 0.26
April 34.0 122 0.29 334 9.7 0.73 40.4 215 0.78
May 18.5 71 0.60 24.1 10.5 0.78 18.9 14.5 0.80
June 8.2 31 0.73 13.5 59 048 38 54 0.45
July 4.7 1.5 0.81 6.4 3.8 0.0 0.4 1.0 0.54
August 3.1 0.8 0.68 53 31 0.20 1.3 2.6 0.47
September 2.9 0.9 0.11 4.8 2.9 0.75 9.9 6.8 0.56
Year 3215 111.2 0.17 3191 719 0.03 3334 115.8 0.0

Where the record periods are defined as follows: Evinos, 1961-1963 and 1970-1988; Mornos, 1951
1956, 1963-1968, and 1979-1988; and Illiki, 1960-1964, 1968-1976, and 1977-1988.
*Mean value, in cubic hectometers.

+Standard deviation, in cubic hectometers.

tLag-one autocorrelation coefficient.

§Inflow from B. Kifissos River (not including inflow from Iiki’s own basin)
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Table 2. Monthly Water Demand Distribution Coefficients

d; (j =1,2,-+, 12) for the Athens Water Supply System
Water Supply of Irrigation of
Athens, % Kopais Plain, %
October 8.75 0.00
November 7.75 0.00
December 1.75 0.00
January 717 0.00
February 6.58 0.00
March 7.42 0.00
April 7.58 258
May 8.67 7.17
June 9.33 17.58
July 10.08 39.84
August 9.75 3283
September 9.17 0.00
Annual sum 100.00 100.00

damage to the Mornos Aqueduct a sufficient volume of water
is always kept in Lake Iliki to satisfy water demand of Athens
and irrigation of the Kopais Plain for six months to come.
Minimum inflow to Lake Iliki as well as the storage in the
Marathon Reservoir are considered to contribute to safety
storage. Owing to the large dead volume of the Momos Res-
ervoir (119 hm?), which can be pumped in emergency situa-
tions, and to the absence of local water uses from that reser-
voir, no such safety concern was necessary for the case of
damage to the Iliki aqueduct.

The annual target release D is expressed in cubic hectome-
ters per year. In the calculations this is first transformed into a
monthly mean value D,,(= D/12), which, in turn, is distrib-
uted throughout the months of the year via the water demand
distribution coefficients

(24

where d; and D; are the water demand distribution coefficient
and the target release for monthj (j = 1, 2, 3, -+, 12),
respectively. Water demand distribution coefficients for both
the water supply of the greater Athens area and the irrigation

of Kopais Plain are given in Table 2.

3.2.  Brief Review of the Model Used
for Synthetic Inflow Generation

A multivariate stochastic model was used for generation of
inflows. The model generates the runoff of the three basins and
the concurrent rainfail depths at the three reservoirs simulta-
neously. In addition, it generates the evaporation depths from
the three reservoirs simultaneously but with no reference to
the concurrent rainfail and runoff. These generations result in
equivalent water depths, while the corresponding volume
quantities are determined during the system simulation, given
the variation of the reservoir areas. For each of the two cases
(concurrent rainfall and runoff, and evaporation) we start with
the generation of annual quantities, which is performed by a
multivariate AR(1) model. Then these quantities are disaggre-
gated into monthly depths as the monthly step was proven
sufficient for the system simulation. The disaggregation is per-
formed using the Dynamic Disaggregation Model (DDM)
[Koutsoyiannis, 1992]. This model preserves the first three mar-
ginal moments of the lower level (monthly) variables, the lag-
one autocorrelation coefficients, and the lag-zero cross-
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correlation coefficients. We note that the test hydrologic
system for the development of DDM was the same system as
the present application, and thus the interested reader is re-
ferred to Koutsoyiannis {1992} for a detailed description of the
model and its performance..

33. Results

The proposed method was applied in two real-world prob-
lems related to the water supply system of greater Athens. In
the first problem (problem 1) the ultimate development of the
system is studied. Specifically, the maximum possible system
release is sought by taking no account of the operating cost
(i.e., for pumping). In the second problem (problem 2) the
system operation is studied for a level of development lower
than the ultimate, considering this time the related economic
aspects. Specifically, a target release level is assumed to be less
than the maximum that is estimated in problem 1, and the
minimization of the operating cost is sought.

In problem 1 the total target release from the system, D, is
maximized for a selected level of failure probability. The ob-
jective function to be maximized is given by (16), while con-
straint (17) must also be satisfied. The adopted level of the
probability of failure for the water supply system of greater
Athens is o' = 1% [Koutsoyiannis and Xanthopoulos, 1990}, a
value that provides a high level of security. So during the
optimization process, the point (a, b) in the parameter space,
which yields the maximum target release for a' = 1% is sought.
However, the simulation of the system operation for a specific
set of parameter values yields o’ for a given water demand D.
To avoid an excessive number of simulations with large com-
puting times, we followed a procedure with two steps. In step
1 a level of target release D is selected and parameters are
estimated that minimize the probability of failure or, other-
wise, maximize the system reliability

N
max prob ( > R = D) =fi(a, b) (25)

i=1
with the constraint

D = const (26)

Step 2 simply involves finding a target release that gives the
desired level of reliability with the parameter values already
estimated in step 1. The basic hypothesis behind this two-step
optimization lies in the fact that (16) and (17) can be inter-
changed as far as their role as objective function and constraint
is concerned. This is reasonable when the assumed level of
target release in step 1 does not differ significantly from the

target release estimated in step 2, a condition that must be

checked a posteriori.

All simulations are based on a synthetic data set for a period
of 2000 hydrological years. Nine hydrological variables are
simulated, i.e., three reservoirs (Evinos, Mornos, and Iliki) X
three variables (runoff, precipitation, and evaporation).

The main focus of this work is to explore the features of the
approach associated with the parameterization of the proposed
reservoir system operating rule and not to establish an efficient
optimization algorithm. Our purpose is served better by using
the uniform grid method of parameter optimization already
described in classical texts [Loucks et al., 1981, pp. 65-68). In
this study the method is applied in the form of successive steps
or iterations with grids that are nested to each other and
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become progressively finer. In this method the objective func-
tion is evaluated via simulation at all the grid points of the
parameter space that satisfy constraints (5). The algorithm
starts by dividing the interval of variation P,(p) of each pa-
rameter p with an interval divider 8, to obtain the initial
(coarsest) grid. Then, we construct a second grid with finer
resolution by taking a smaller interval P,(p) of each parame-
ter p only in the vicinity of the optimum and dividing it by a
divider 8,. This is considered as the first iteration. The algo-
rithm proceeds in this way for a number of iterations M until
convergence to one or more optima. Note that simulation runs
are performed for M + 1 grids. The convergence criterion
depends on the objective function to be optimized. For (25), of
step 1, iterations are stopped when maximum difference be-
tween failure probability values within a grid drops below the
critical value &, = 0.002. This is chosen as a small multiple of
0.0005, which is the minimum probability level that can be
calculated for a period of simulation of 2000 years.

In our study the parameter set is six-dimensional, i.e., (a,,
a,, a3, by, b,, b;y), where indexes 1, 2, and 3 correspond to
Evinos, Mornos, and Iliki, respectively, but owing to (5), this is
reduced to a four-dimensional problem. Preliminary tests
showed little sensitivity to parameters a; (i = 1, 2, 3). One
example is given in Table 3 for a particular set of parameters
b = (0.20, 0.80, 0.00) and D = 700 hm?. This table shows that
results are insensitive to parameters a, and the rule proposed
was initially overparameterized, at least for our case study.

Given the results of the sensitivity analysis and the discus-
sion of the number of parameters presented in section 2.3, we
opted to proceed to the optimization of parameters b, (i = 1,
2, 3) by selecting constant values fora,, i.e,a, =0 (i =1,
2, 3), or equivalently, to use the homogeneous instead of the
complete linear rule. In this case the parameter space is ini-
tially three-dimensional with 0 < b, <1 (i = 1, 2, 3) and is
restricted to a two-dimensional parameter space given that (5)
holds. The results are presented in Table 4. In Figure 3 we
depict the results of the initial (coarsest) grid in contours with
equal probability of failure for the space of parameters b, that
is mapped to an equilateral triangle. We observe that (1) the
probability of failure follows a rather smooth and continuously
curved surface; (2) this surface is not symmetrical with respect
to the sides of the triangie, which is explained by the different

Table 3. Sensitivity Analysis of the Failure Probability
o' of the Athens Water Supply System to Parameters
a; (i =1, 2, 3) for Step 1 of the Optimization Process

Parameters «;

[

o,

Test Evinos Mornos Niki %
1 0 -500 500 1.40
2 0 —400 400 1.40
3 0 -300 300 1.40
4 0 -200 200 1.40
5 0 -100 100 1.40
6 0 0 0 1.40
7 100 —400 300 1.40
8 100 -300 200 1.40
9 100 -200 100 1.40
10 100 —-100 0 1.40

In the case of maximization of the expected annual total release
from the system (Problem 1). The annual target release is 700 hm?,
Parameters b; are held constant: b, = 0.20 for Evinos, b, = 0.80 for
Mornos and b, = 0.00 for Iliki.

2173

Table 4. Summary of Results of the Optimization Process
for Problem 1 (Step 1) and Problem 2.

Problem 1
(Step 1) Problem 2
Mean annual target release, hm? 700 600
Number of iterations, M 3 6
Initial interval for b, [0, 1] [0, 1]
Interval divider 3, (j = 1, ---, M) 2* 2
Critical value for stopping 0.002 0.005
Final failure probability, % 1.40 1.00
Mean annual abstraction from Lake 182 104

lliki E[R,], hm®

*For all iterations except the first, where §, = 5.

conditions of the three reservoirs; (3) the lowest values of the
surface correspond to by = 0, which is explained by the high
leakages of Lake Iliki (the zero value means that we withdraw
water from Iliki as much as possible); (4) there is a flat area
with minimum probability (equal to 1.4%) rather than a single
point; and (5) further investigation of this area is needed for
the selection of the final parameter set.

After three iterations we obtained the final grid. The flat
area already detected in the initial grid was proved larger, and
no probability less than 1.4% appears. The flat area is advan-
tageous as it provides flexibility: any point with o’ = 1.4%
could be chosen. The selection of the final parameter set was
based on engineering criteria. We have chosen the point with
the lowest value of b,, which corresponds to conveying as
much water as possible from the Evinos to the Mornos Res-
ervoir. The idea behind this is to store water as close to Athens
as possible for safety reasons. Thus the final parameters set is
(a, b) = [(0, 0, 0)7, (0.08, 0.88, 0.04)7]. In Table 4 we
depict the main characteristics of the optimization process.

The optimization process for problem 1 is completed with

04 06 08 1.0
b,

Figure 3. Contours of equal probability of failure ’ (%) of
the Athens water supply system for the first (coarsest) grid of
step 1 of the optimization process of problem 1. The annual
target release is 700 hm>. Parameters a; are zero for all reser-
Voirs.

0.0 0.2
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Figure 4. Contours of equal probability of failure o’ (%) of
the Athens water supply system (solid lines) and of equal mean
annual abstraction from Lake Iliki E{R;] in cubic hectometers
(dashed lines) for the first (coarsest) grid of the optimization
process in problem 2. The annual target release is 600 hm?,
Parameters a; are zero for all reservoirs.

step 2 of the overall procedure. The final maximum target
release for a' = 1.0% is estimated at 690 hm>/yr, a value very
close to that of step 1 (700 hm?).

Problem 2 involves minimizing operating costs for a given
level of target release and a level of system reliability. The
problem is formulated so as to optimize the objective function
(18) with the constraints (17) and (26). Water from the western
part of the system (the Evinos-Mornos subsystem) flows to
Athens via gravity, while water from Iliki is pumped. Conse-
quently, the operating cost of the Evinos and Mornos works
can be neglected if compared to the cost from Iliki. Further-
more, the cost of pumping is a linear function of withdrawals
R, from Iliki. So the objective function (18) becomes

min E[R;] = fi(a, b) @7

As in problem 1, the uniform grid method is applied with
parametersa; = 0 (i = 1, 2, 3) and parameters b, satisfying
(5). The procedure here tries, for a given target release D, to
get a solution that is closer to satisfying constraint (17) while at
the same time optimizing f, in (27).

The results are presented in Table 4. The values of the
objective function for the initial (coarsest) grid are also shown
in Figure 4, where we have drawn contours of equal probability
of failure and of equal mean annual abstraction from Lake
Iliki. We observe that the general shape of the surface of
probability is quite similar to that of Figure 3 and has its
minimum values in the same region (although the absolute
values of probability are different in the two figures). Figure 4
allows us to localize the area where the contour with' proba-
bility of failure 1% passes, i.e., where the constraint (17) is
valid. Guided by this we constructed a finer grid and so on. The
criterion to stop the iteration was to obtain improvements of
the objective function that are less than a certain critical value
&, in relative terms. In our case &, = 0.005. Table 4 summarizes

the results. The final set of optimal parameters is (a, b) = [(0,
0, 0)7, (0.106, 0.291, 0.603)7]. The value of the objective
function is E[R,] = 104 hm>. Note that this value is 78 hm?
lower than the corresponding value for problem 1 (182 hm?).
We can also easily notice that the optimal parameter set of
problem 2 is clearly different from that of problem 1.

To validate the rule proposed, we compared the above re-
sults with those obtained by heuristic rules with no parameters
to be optimized. These are (1) the well-known space rule
expressed by (8), (2) the leakage rule as described in section
2.2, and (3) the conveyance rule given by (10). We have tested
all three rules applied throughout the year as well as combi-
nations of them applied separately for the dry and wet season,
as shown in Table 6 (except for three combinations that had no
meaning).

The comparison is performed only for Problem 1 since in
this problem we can find the maximum target release from the
system that corresponds to a failure probability equal to 1%.
The application of the above heuristic rules to Problem 2 is not
possible because, in that case, there is no degree of freedom:
once the target release is fixed the failure probability is also
fixed and cannot be made equal to its desired level (1% in our
case).

For each one of the three basic heuristic rules we estimated
the values of the parameters in equation (4). First, the param-
eter values for the space rule are estimated. From Figure 5 we
conclude that ratios E[CQ,}/Z/., E[CQ;] are nearly constant
for all months with mean values 0.313, 0.297, and 0.390 for
Evinos, Momos, and liki, respectively. With these values we
obtain from (8) the values of (a, b) shown in Table 5. The
graphical representation of the space rule is given in Figure 6,
in comparison with the optimized rules of problems 1 and 2.
The parameter sets for all other heuristic rules, determined
from the corresponding equations of section 2.2, as well as
those obtained by optimizing the parametric rule for problems

1 and 2, are shown also in Table 5. We observe that (1) in all -

rules the parameters a; are zero except for the space rule, (2)
the parameter b for Lake Lliki optimized for problem 1 (para-
metric rule) takes a value similar to that of the leakage rule,
and (3) the parameters b; for the Evinos and Mornos reser-
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Figure 5. Ratios of cumulative monthly inflows into each
one of the three reservoirs to the system cumulative monthly
inflows (b, in (8)). Cumulative inflows are considered up to the
end of the refill cycle. Displayed values for the months of the
refill cycle (October to April) are averages for the common
period (for all reservoirs) of data availability (1979-1980 to
1987-1988). Continuous, dashed, and dotted lines correspond
to the Evinos, Mornos, and Iliki reservoirs, respectively.
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Table 5. .Parameter Values for Various Heuristic
Operating Rules and the Optimized Proposed Rule

Evinos Mornos Hiki
Qy, az, a3,
Rule hm® b, hm® b, hm® b,
Space —-315 0313 247 0297 68 0.390
Leakage 0 1 o 0 0 0
Conveyance 0 0.377 0 0377 0 0.246
Parametric, problem 1 0 0.080 0 0.880 0 0.040
Parametric, problem 2 0 0.106 0 0291 0 0.603

voirs optimized for problem 1 are not well approximated by
any one of the heuristic constant-parameter rules.

In Table 6 we depict the annual target release corresponding
to the 1% failure probability for each one of the rules tested.
These results allow us to make the following observations and
interpretations. First, the space rule, applied throughout the
year (case 1), gives a total annual release of 620 hm?, which is
70 hm® less than that obtained by our method. This is expected
since the avoidance of spills results in storing water mainly in
the Mornos and Iliki reservoirs, thus leading to high leakage
losses especially from Iliki. Second, the introduction of the

Target reservoir storage (hn?)
- 288888 88

K, =643

Target reservoir storage (hni’)
o 8 8 8888 8

0 100 200

300 400 500 .600 700 800 900

t +

1000 1100 1200 1300 1400
Total system storage (hm’)

Target reservoir storage (hnf)

t

300 1400

Total system storage (hm’)

Figure 6. Graphical representation of operating rules for (a) the final parameter set of problem 1, (b) the
final parameter set of problem 2, and (c) the parameter set of the space rqlq. Solid lmgs with thombi, squares,
and circles correspond to reservoirs 1, 2, and 3 (Evinos, Mo'r.nos,- and Hiki), respef:txvely, and represent the
adjusted rule (equation (13)). Dashed lines represent the initial linear rule (equation (4)).
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Table 6. Annual Target Release Satisfied With 1% Failure
Probability for Various Heuristic Operating Rules and the
Optimized Proposed Rule (problem 1)

Rule

Throughout Annual Target

Case the Year Wet Season  Dry Season  Release, hm®
1 S 620
2 S L 620
3 S C 628
4 L 633
5 L C 635
6 C 652
7 P 690

The rules are applied throughout the year or by season.
S is the space rule; L is the leakage rule; C is the conveyance rule;
and P is the parametric rule proposed.

leakage rule in the dry season while the space rule is still used
in the wet season (case 2) does not improve the results. In this
case the leakage rule tries to store all water of the dry season
in the Evinos Reservoir, while in the previous wet period this
was almost emptied by the space rule to keep empty space for
the significant inflows from the Evinos basin. Because of the
very low inflows in the dry season, no sensitivity to the intro-
duction of the leakage rule is revealed. Third, the introduction
of the conveyance rule in the dry season while the space rule is
still used in the wet season (case 3) gives a small improvement
of 8 hm?® with regard to the previous case. We note that the
conveyance rule tries to store more water in the Evinos-
Mornos subsystem, thus producing a beneficial result. Fourth,
the leakage rule used throughout the year (case 4) performs
better than the space rule and the combination of the latter
with the leakage rule. In this case the leakage rule tries keep
the Evinos Reservoir full for both seasons. In the wet season
this is perfectly possible because of high inflows but is done at
the expense of a significant risk of spillage. However, the Mor-
nos reservoir is left relatively empty, although it does not leak
significantly (as compared to Iliki). Fifth, the leakage rule used
throughout the year (case 4) has a slightly better performance
in comparison with the space rule combined with the convey-
ance rule (case 3). Again, here the introduction of the leakage
rule in the wet season proved beneficial. Sixth, the perfor-
mance of the leakage rule when combined with the conveyance
rule in the dry season (case 5) improved very slightly in com-
parison with the leakage rule throughout the whole year (case
4), We notice the same beneficial resuit of the use of the
conveyance rule in the dry season, although the improvement
is minor. Seventh, the use of the conveyance rule throughout
the year (case 6) has the maximum performance of all the
other rules tested (cases 1-5). As said before, this rule tries to
store more water in the Evinos-Mornos subsystem, which hap-
pens to have large conveyance capacity. Coincidentally, the
same subsystem has also lower leakage losses. As a result, the
two effects are combined to improve the performance, but this
is undoubtedly a fortuitous situation. ‘
Comparing the results from all six rules or combinations
thereof (cases 1-6) with those of the parametric rule proposed
(case 7), we observe that in all cases the parametric rule gives
significantly better results. We note that our parametric rule
tries to store water mainly in the Mornos Reservoir, leaving
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small quantities to the other two reservoirs; this behavior is not
encountered by any of the heuristic rules tested.

As mentioned above, the heuristic rules without parameters
subject to optimization are not suitable for problems such as
problem 2 examined here. However, for illustrative purposes
we give results only for the space rule in this case. Simulations
with this rule and a level of annual target release of 600 hm?
gave a probability of failure equal to 0.6% and a mean annual
release from Iliki of 127 hm?,

4. Summary and Conclusions

A parametric rule for muitireservoir system operation is
formulated and tested. It can be considered a generalization of
the well-known space rule, which aims at avoiding unnecessary
spills in one reservoir while others still have empty space. The
proposed rule is much more general in the sense that in addi-
tion to the spill-avoidance objective, it simultaneously accounts
for various other system operating goals: avoiding leakage
losses, avoiding conveyance problems, taking into account the
impacts of the reservoir system topology, and assuring satis-
faction of downstream secondary uses. The rule is parameter-
ized so that it contains two parameters for each reservoir.
Theoretical values of the parameters are derived for each one
of the above isolated goals. Since many real-world problems
involve more than one of these goals, parameters are evaluated
numerically to optimize one or more objective functions that
are selected by the user. The rule drives a simulation model of
the reservoir system, which is embedded in a scheme that
optimizes the rule’s parameters.

The parametric rule proposed is tested on the case of the
water supply system of the city of Athens, Greece, comprising
three main reservoirs on three separate water basins. Its com-
plexity and idiosyncrasies make the system ideal as a test sys-
tem, since many of the operating goals examined theoretically
appear in this case study. Two problems are tackled in this case
study. First, the ultimate development of the system is consid-
ered, and the total release from the system is maximized for a
selected level of system reliability. Second, an intermediate
development of the system is sought, and the pumping cost is
minimized for a given reliability and a given level of target
release less than that obtained in the first problem. A detailed
simulation model on a monthly timescale has been used in the
analyses. This included a generation model of synthetic annual
hydrological data and a model for disaggregation of annual
values into monthly values. Also, it included models describing
system losses such as leakages and evaporation. The system’s
operating details such as the maintenance of safety storages
were also taken into consideration. It appears that the para-
metric rule proposed has proven satisfactory in tackling the
problem of finding the capabilities of a reservoir system on a
long-term basis. Through its parameterization it effectively

‘accommodates various system operating goals into a single-

objective function. Insensitivity to a subset of the parameters
was revealed in the case study, which allowed further simpli-
fication of the rule and restriction of the dimension of the
parameter space to half the initial value.

Finally, the rule proposed is validated through comparison
with other heuristic rules that satisfy specific goals (avoidance
of spills, leakage losses, and conveyance problems). In all cases
the proposed parametric rule was superior in its performance.
Of course, storage and release trajectories obtained are not
“optimal” in the absolute mathematical sense as the trajecto-
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ries must comply with a simple parametric relation. Neverthe-
less, once optimized, the proposed rule is very simple, mathe-
matically, to apply even for a nonexpert user and is therefore
recommended for situations with long-term studies of reservoir
systems.
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Abstract. A new method is proposed for decomposing covariance matrices that appear m
the parameter estimation phase of all multivariate stochastic models in hydrology. This
method applies not only to positive definite covariance matrices (as do the typical
methods of the literature) but to indefinite matrices, too, that often appear in stochastic
hydrology. It is also appropriate for preserving the skewness coefficients of the model
variables as it accounts for the resulting coefficients of skewness of the auxiliary (noise)
variables used by the stochastic model, given that the latter coefficients are controlled by
the decomposed matrix. The method is formulated in an optimization framework with the
objective function being composed of three components aiming at (1) complete
preservation of the variances of variables, (2) optimal approximation of the covariances of
variables, in the case that complete preservation is not feasible due to inconsistent (i.e.,
not positive definite) structure of the covariance matrix, and (3) preservation of the
skewness coefficients of the model variables by keeping the skewness of the auxiliary
variables as low as possible. Analytical expressions of the derivatives of this objective
function are derived, which allow the development of an effective nonlinear optimization
algorithm using the steepest descent or the conjugate gradient methods. The method is
illustrated and explored through a real world application, which indicates a very

satisfactory performance of the method.

1. Introduction

In the parameter estimation phase of all multivariate models
of stochastic hydrology, we confront the problem of decom-
posing a covariance matrix ¢ into another matrix b suchas ¢ =
bb” (also known as “taking the square root” of c). It is well
known that this problem has an infinite number of solutions
when ¢ is positive definite and no (real) solution otherwise. In
the era of the first development of the multivariate stochastic
models in hydrology, Matalas and Wallis [1971] (see also Ma-
talas and Wallis [1976)) first pointed out that multivariate sto-

chastic models in hydrology may be inconsistent in the sense

that their covariance matrix ¢, estimated by the historical hy-
drological data, may not be positive definite; in that case the
“square root matrix” b, which is necessary to express the model
itself, does not exist. As will be explained in section 2, such
inconsistent matrices are encountered either when only a sub-
set of the covariances among related variables are explicitly
modeled or when missing data affect the parameter estimation.
In real world applications, such situations are not infrequent
(see Grygier and Stedinger {1990, p. 31] and section 5 below).
Interestingly, Slack [1973] in his article with the emphatic title
“I would if I could” showed that multivariate synthetic hydro-
logical series may lead to.»n.inconsistent (i.e., indefinite) co-
variance matrix.c, even if those series were the output of a
consistent and simple stochastic model (such as the bivariate
Markovian model).

Hydrologists have not hesitated to provide approximate so-
lutions in cases of inconsistent matrices. Various approximate
techniques were presented in several works which could be

Copyright 1999 by the American Geophysical Union.
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titled “I could if I should.” Among them are those proposed by
Mejta and Milldn [1974] (also quoted by Bras and Rodriguez-
Iturbe [198S, p. 98]), Grygier and Stedinger [1990, pp. 31-33],
Kouwssoyiannis [1992], and Koutsoyiannis and Manetas [1996].
These techniques are rather empirical a:id result in more or
less significant alteration of the covariance matrix ¢. A more
theoretical approach was devised by Rasmussen et al. [1996],
who suggested determination of b by numerical constrained
optimization, where the objective function is the squared dif-
ference between the observed covariance of the data and that
produced by the estimated model, and the constraint is the
requirement for a positive definite matrix c. This method was
formulated for a two-site case (i.e., for a matrix ¢ with size 2 X
2); in this case it is convenient to express the positive definite-
ness constraint analytically, but it may be difficult to expand to
higher-dimensional problems.

Seeking for a more generalized theoretical basis for reme-
dying inconsistent covariance matrices, we will assume that
whatever the dimensionality of the problem is, there exists an
optimal matrix b that results in the least significant alteration
of ¢, or the best approximation of the original ¢. Then, the
questions arise of (1) how we can objectively quantify the
degree of approximation and (2) how we can search systemat-
ically to find the optimal solution.

In the case of a consistent (i.e., positive definite) covariance
matrix ¢ there exist two well-known algorithms for deriving two
different solutions b (see, for example, Bras and Rodriguez-
Tturbe [1985, p. 96]). The first and simpler algorithm, known as
triangular or Cholesky decomposition, resuits in a lower trian-
gular b. The second, known as singular value decomposition,
results in a full b using the eigenvalues and eigenvectors of c.
However, since it is known that there exists an infinite number
of solutions b, the question arises whether there exists an
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optimal solution, possibly different from these two. The answer
to this question would be negative if we had no other concern
apart from the determination of b. In that case the computa-
tionally simpler lower triangular b is the most preferable. How-
ever, as we will see, there are cases where other concerns must
be considered and the answer to this question becomes posi-
tive. Then, the subsequent questions are (1) how we can quan-
tify this optimality and (2) how we can search systematically to
find the optimal solution. Again, we have about the same
questions for consistent matrices as in the case of inconsistent
matrices. This enables a unique treatment of the decomposi-
tion problem for consisteit or inconsistent matrices.

Another frequent problem in multivariate stochastic models
is encountered when we attempt to preserve the coefficients of
skewness of the model variables. The auxiliary variables asso-
ciated with the stochastic model, also known as noise variables
or innovation variables, may potentially have very high coeffi-
cients of skewness that are practically unachievable. This was
first reported by Todini [1980], who encountered a coefficient
of skewness greater than 30 and was not in a position to
preserve it. Koutsoyiannis and Manetas [1996] related the prob-
lem of high skewness to that of the determination of the matrix
b, since the skewness coefficients are proportional to the in-
verse of matrix b®®), that is, the matrix whose elements are the
cubes of b. The close relation of these two problems can con-
tribute to the quantification of the optimality of matrix b in the
case of either consistent or inconsistent ¢. That is, we can set
the requirement that the matrix b must result in as small a
coefficient of skewness of the auxiliary variables as possible.

The purpose of this study is the development of a systematic
method to remedy all the above described parameter estima-
tion problems for both consistent and inconsistent covariance
matrices, also answering the questions set above. All problems
are resolved in a unique manner at the grounds of an optimi-
zation framework. A single objective function incorporating all
concerns about the matrix b is proposed, and a procedure is
developed for finding the optimal b. This procedure is based
on the nonlinear optimization theory and utilizes both the
objective function and its partial derivatives with respect to b,
which are analytically derived in this paper.

- The paper is organized in six sections. Section 2 is devoted to
the clarification of notation and some introductory aspects of a
generalized stochastic model that constitutes the basis for fur-
ther analysis. In section 3 we formulate the conditions that
determine an optimal matrix b and develop the objective func-
tion. In section 4 we develop the numerical procedure for
determining the optimal b. In section 5 we present a case study
to illustrate the method and investigate some practical issues.
Section 6 is devoted to conclusions and discussion. In addition,
there is an appendix where we have placed an essential part of
the paper, that is, the analytical derivation of the derivatives of
the objective function.

2. Stochastic Model
In the following analysis we will consider a general type of
linear model which is typical in stochastic hydrology, that is,

Y=aZ +bvV ‘ 1)
where Y is a vector of n stochastic variables to be generated, Z

is a vector of m stochastic variables with known values (n and
m may be equal or not), V is a vector of n random variates with

unit variance, mutually independent, and also independent of
Z (often called noise, innovation, or auxiliary variables), and a
and b are matrices of coefficients with sizesn X m and m X
m, respectively. (In this paper we use uppercase letters for
random variables and lowercase letters for values of variables
or coefficients; also we use bold letters for matrices or vectors
and regular letters for scalars.) Generally, the elements of Y
represent specific hydrologic processes (rainfall, runoff, etc.) at
some locations specified by an index! = 1, - -+, n, at a specific
time period, whereas the elements of Z represent the same or
other related hydrologic processes at the same or other loca-
tions, generally at a previous time period. The variables Y, Z,
and V are not necessarily standardized to have zero mean and
unit variance, although this is the case in most common mod-
els; however, V has by definition unit variance. Also, the vari-
ables Y, Z, and V are not necessarily Gaussian.

For example, in the case of the stationary AR(1) model we
set Y = X and Z = X'~1, where X' represents hydrologic
variables at n sites at the time period (typically year) ¢ and (1)
is written

X'=aX'"! + bV (2)

Similarly, in the case of the seasonal AR(1) (or PAR(1))
model, (1) is written

X =X + bV ©)

where now the matrices of coefficients depend on the season
(typically month) s. In both these examples the vectors Y and
Z have the same dimension # = m. In case of the AR(2) we
have Y = X’ and Z = [(X'~1)7, (X*~%)7]7 (where the expo-
nent T denotes the transpose of a matrix or vector), so that
m = 2n. Similar is the situation for the PAR(2) model. In
another example, Valencia and Schaake’s [1972, 1973] disag-
gregation model, Y represents the 7 = 12m monthly hydro-
logic variables at m sites, whereas Z represents the m annual
values at the same locations. Some other disaggregation mod-
els can be also reduced in the form (1) after appropriate
assignments of the variables Y and Z.

The model parameters a and b are typically determined by
the moment estimators ‘

a = Cov [Y, Z){Cov [Z, 2]} 4
bb” = Cov [Y, Y] — a Cov[Z, Z]a” )

where Cov [Z, W] denotes the covariance matrix of any
two random vectors £ and ¥, that is, Cov [E, ¥] :=
E{(E - E[E)(¥" - E[¥]")} with E[ ] denoting ex-
pected value (the symbol := stands for equality by definition).
These equations are direct generalizations for the model (1) of
the equations of the AR and PAR models given by Matalas and
Wallis [1976, p. 63), Salas et al. [1988, p. 381], Salas [1993, p.
19.31), and Koutsoyiannis and Manetas [1996], among others.
Another group of model parameters are the moments of the
auxiliary variables V. The first moments (means) are directly
obtained from (1) by taking expected values, that is,

E[V] =b{E[Y] - aE[Z]} (6)
The variances are by definition 1, that is,
Var[V]=[1,--, 1] )]

The third moments are obtained by cubing both sides of (1),
where previously we have subtracted the means, and then
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taking expected values. Observing that because of the indepen-
dence of Z and V, joint third-order terms of (Z, — E[Z,]) and
(V, — E[V;]) have zero expected values, and similarly, be-
cause of the mutual independence of V, joint third-order terms
of (V, — E[V,]) and (V, — E[V}]) also have zero expected
values, we get

wolVl = (b®) " {us[Y] ~ ps[aZ]} ®

where p;[E] denotes the third central moments of any random '

vector E, that is, p,[S] := E{(E — E[E])’} and b denotes
the matrix whose elements are the cubes of b. (Throughout this
paper we will extend this notation, that is, u*) for any matrix
or vector u and any power k.) Equation (8) is a generalization
of those given by Matalas and Wallis [1976, p. 64}, Todini
[1980), and Kowssoyiannis and Manetas [1996]. Moments of
order greater than 3 are not used, nor can they be estimated in
a similar manner.

The set of equations (4)~(8) completely determine the
model parameters, with the exception of (5), which does not
estimate the parameter matrix b but the product bb”. This has
to be decomposed, as will be discussed in the next section.
Generally, all parameter estimation equations involve only mo-
ments of the original variables Y and Z, either marginal of
order 1 to 3, or joint of order 2. There is an exception in (8),
which involves third moments of a linear combination of Z,
(i.e., aZ) which cannot be estimated in terms of the marginal
third moments of Z, (in fact, third-order joint moments of Z,
are involved, which are impractical to use). Thus the solution
is to estimate p,[aZ] from the available data for Z after esti-
mating a and performing the linear transformation aZ. How-
ever, this is an inconvenient situation that can be avoided only
if each row of a contains only one nonzero element (for m =
n), in which case (8) reduces to

poV] = (%) Hp Y] — a®ulZ]} )]

Apparently, (4) is not appropriate to construct such an a (i.e.,
with one nonzero element in each row), and therefore it must
be replaced by a simplified form so that if a;; is the only
nonzero element for row i, then

A = Cov [x, Z,]/V&l' [Z,]

a,-,,=0

k=j

k#j (10)
As a consequence, covariances among Y and Z apart from Cov
{Y;, Z,] are not preserved in this case. All other parameter
estimation equations are still valid in their form written above
with (8) replaced by its simplified form (9). This special case is
met, for example, in the so-called contemporaneous AR(1)
and contemporaneous PAR(1) model [Matalas and Wallis,
1976, p. 63; Salas, 1993, p. 19.31). In both these models, a is
diagonal; for example, in the latter model

a = diag (Cov [X3, X7 '}/ Var xi", -,

Cov [X3, X3 '}/ Var [X;7')) an

Having expressed all basic equations for parameter estima-
tion, we can return to the discussion of the introduction (sec-
tion 1) for the situations leading to inconsistent matrices ¢ =
bb7. We must emphasize that the model (1) with parameter
estimators (4) and (5) and complete data sets for estimation
always results in positive definite, that is, consistent, ¢. The only
cases in which inconsistencies may appear are (1) the trivial

case with one series of equal values (resuiting in a covariance
matrix column with all zeroes); (2) when different items of the
covariance matrices are estimated using records of different
lengths due to missing data; and (3) when a simplified form of
the matrix a is adopted, such as in (10) (instead of the complete
form (4)). To case 2 we must incorporate a rather usual prac-
tice followed in AR models (e.g,whenY =X'andZ=X'""),
which may cause inconsistencies even in the case of using the
complete form of a and having no missing data: This occurs
when the contemporaneous covariance matrices (e.g., Cov [X',
X']) are estimated using the complete series of length k
whereas lagged covariance matrices (e.g., Cov [X', X'~ 1) are
estimated using (unavoidably) smaller lengths (e.8., k — 1).

Given all the above equations for the model parameters we
will focus on the estimation of b, which also affects both E[V]
and u,[V), as follows from (6)—(9)

3. Formulation of the Conditions Determining
an Optimal Matrix b

As stated in the introduction, the purpose of this paper is the
quantification of the performance of the parameter matrix b .
through an appropriate objective function that incorporates all
concerns about that matrix. Given that objective function, we
can then develop an algorithm to find an optimal b.

As an initial step for a more convenient formulation of the
method for determining an optimal matrix b, we perform a
standardization of b and the other matrices and vectors asso-
ciated with it. We call ¢ the known right-hand term of (5), that
18,

¢:=Cov[Y, Y] -aCoviZ, Z]a” 12)

The matrix ¢ is, in fact, the variance-covariance matrix of the
vector Y — aZ, and thus all its diagonal elements are positive
(they represent the variances of the vector components). Thus
we can standardize ¢ using the diagonal matrix

:= diag (1/ e * * » 1/ yCun) (13)
so that
» ¢' := hch (14)

has all its diagonal elements equal to 1 and the off-diagonal
elements between —1 and 1. (The off-diagonal elements may
slightly violate this rule if a is constructed by (10) or (11)
instead of (4).) If we define

b’ :=hb 15)
then it is easily shown that (5) becomes
b'b'T=¢ (16)
and if we also define the vectors
@ := DO [Y] - pfaZ]} an
£:= piV] (18)
then (8) becomes
£= )7 (19)

The matrices h and ¢’ and the vector ¢ are known, whereas
b’ and £ have to be determined; specifically, § depends on b'.
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Equations (16) and (19) constitute the basis for the proposed
method. Since (16) does not always have a real solution, we set

d:=bb7-¢ (20)

and demand that all elements of d be as close to zero as
possible. This requirement can be expressed mathematically as

minimize ||d|* := 2 2 d;

im] j=1

(21

Here we have used the notation ||d|| for the norm, as if d were
a vector rather than a matrix. (If it were a vector, then |id|
would be its Euclidean or standard norm; sce, for example,
Marlow [1993, p. 59].) We have used the square of this norm
Ildif?, instead of idl, for two reasons: first, because the compu-
tations are simpler, as we will see in the next section, and
second, because it was found that the convergence of the op-
timization procedure is faster for ||dj® than for |d.

In addition, we must set a restriction that all diagonal ele-
ments of d should be exactly zero. To justify this requirement,
we observe that if the diagonal elements of d are zero, then all
diagonal elements of bb7 will equal those of c. In turn, this will
result in preservation of the diagonal elements of Cov [Y, Y]
(as implied from (5) and (12)), that is, in preservation of the
variances of all elements of Y. The preservation of the vari-
ances must have priority over that of covariances because the
former is related to the preservation of the marginal distribu-
tion functions of the components of Y. To express this require-
ment mathematically, we introduce the diagonal matrix

" dm) (22)

d*:= dlag (du, .

and demand that

la*}*=0 (23)

Another restriction arises when we consider the preservation
of the coefficients of skewness of Y. The coefficients of skew-
ness of V (i.e., £) that preserve the coefficients of skewness of
Y are those obtained by (19). However, (19) may result in
arbitrarilv-high elements of & if no relevant provision for b is
sought. Névertheless, in the model application phase (i.e., the
* generation of synthetic data), an arbitrarilv high coefficient of
skewness is hardly achievable. Specificatly, it is well known that
in a finite sample of size k the coefficient of skewness is
bounded [Wallis et al., 1974; Kirby, 1974; Todini, 1980] between
—§&,p, and &, where

k-2

b= 7,=(==_=T ~ Jk
In particular, a series of generated values v, (r = 1, ***, k)
will have skewness *£,, only if all but one value of the series
are equal. Apparently, this is not an accepted arrangement of
the generated series, and thus an acceptable coefficient of
skewness £, must be much less than £, (6.8 &uc = 0-56u5
for k = 1000, £,.. = 0.5 X 1000°* ~ 16). Consequently, we
must set the restriction that all n auxiliary variables V; (i =
1, +++, n) have coefficients of skewness less than £, that is,

) 1} = b (%)

24

max {'gu" i=1,-"

The handling of (25) in an optimization problem is not
mathematically convenient, especially when we wish to calcu-

late derivatives, as is the case in the procedure that we will
develop. However, we recall that if

gl := ( ) m-:v)

is the pth norm of £, then [g], — max {|§], i = 1, -+, n}
when p —  (see, for example, Marlow [1993, p. 59]). There-

fore (25) can be replaced by
1€l = e

where we have squared the norm as we already did in (21) and
(23). To avoid the absolute values within the right-hand side of
(26), it suffices to use an even p. Specifically, we have adopted
the value p = 8, which it was numerically proven to be ade-
quately high for |[§, to approach max {|§[, i = 1,++, n}.
In this formulation the problem of determining b’ becomes
a constrained optimization problem with three elements: (1)
the objective function (21) to be minimized, (2) the equality
constraint (23), and (3) the inequality constraint (27). Note
that (27) is related to b’ through (19). In terms of the Lagrang-
ian method, the objective function and the constraints can be
combined into the unconstrained minimization problem

minimize 8%(b’, Az A3)
= a0 + Afd* (") + A€M - £

where A, and A; are Lagrangian multipliers for the equality
constraint (23) and the inequality constraint (27), respectively.
A general theoretical framework for solving this problem
might consist of two steps: In the first step we assume that
A; = 0 (i.e., ignore the inequality constraint) and determine b
by minimizing 6°(b’, Ay, 0). (This step may be avoided if ¢’ is
positive definite, in which case b’ can be determined by the
typical decomposition methods.) If the solution b’ of this step
satisfies (27), then this solution is the optimal one. Otherwise,
we proceed to the second step, where we perform the optimi-
zation of the complete function (28) (i.e., with A; # 0) to
simultaneously determine b’, A,, and A;. For this optimization
the Kuhn-Tucker optimality conditions (see, for example, Mar-
low [1993, p. 271]) must be satisfied.

Apparently, due to the complexity of the problem equations,
an analytical solution of equations is not attainable, and a
numerical optimization scheme must be established. An initial
attempt to establish a numerical procedure for (28) (using
typical available solvers for multivariate constrained optimiza-
tion) indicated that it is not easy to optimize it simultaneously
for the parameters b’ and the Lagrange multipliers. Particu-
larly, it was observed that the initially assumed values of the
Lagrange multipliers do not advance toward an optimal solu-
tion but remain almost constant through the consecutive steps
of numerical optimization. At the same time, the objective
function itself has a decreasing trajectory through the consec-
utive steps, owing to the appropriate modification of parame-
ters b’. This indicates that the formulation of the problem in
terms of (28) is not effective in practice.

A direct alternative is the introduction of penalties for the
constraints [e.g., Pierre, 1986, pp. 21, 333-340]. This alternative
is similar to the Lagrangian formulation as it combines the
objective function and the constraints into a simple uncon-
strained objective function; as we will see, this function can be
very similar to (28). The essential difference between the two

(26)

@n

(28)
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formulations is the fact that in the second method the coeffi-
cients A, and A, are preset weighting factors of the penalizing
terms, no longer determined by the optimization procedure.
However, given the preliminary numerical results discussed in
the previous paragraph (i.e., the constancy of coefficients A
through consecutive steps), this difference does not have any
practical meaning for the problem examined.

To formulate the problem in terms of penalty functions, we
observe that the equality constraint (23) is easily incorporated
into the objective function (21) by the addition of the penalty
term A,j|d*|%, where A, is assigned a large value so that even a
slight departure of ||d*|[* from zero results in a significant “pen-
alty.” The inequality constraint (27) can be treated in several
ways, of which the simplest is the addition of the penalty term
A4ll€]}2 into the objective function (21), where A, is a weighting
factor appropriately chosen so that the penalty term is small
enough when |i§]l, < §,.. The resulting objective function in
this case is

A A
minimize 6*(b’) := ;é 4 + ‘,"3 la=(d")IP + Al &M
‘ (29)

Here, we have divided ||| by n2, the number of elements of d,
to convert the total “square error” ||dj into an average square
error for each element of d; similarly, we have divided ||d*|* by
n because d* is diagonal, so that the number of nonzero ele-
ments is n. The coefficient A, in the first term of the right-hand
side of (29) may be considered equal to 1 unless specified
otherwise (see the case study in section 5). We observe that
(29) is similar to (28) from a practical point of view: As dis-
cussed before, the theoretical difference that the parameters A
are preset constants in (29) has no practical implication; also
the omission in (29) of £, which is a constant, apparently
does not affect the minimization process.

A reasonable choice for A, to ensure that [|d*|? will be very
close to zero (so that constraint (23) will hold) is A, = 10% this
value assigns a weight of the average square error of the diag-
onal elements 3 orders of magnitude higher than that of the
off-diagonal ones. For the choice of an appropriate value of A3
let us assume that an acceptable value of ||d|[>/n? (the first term
of the right-hand side of (29)) will be of the order of 1073
(recall that ¢ is standardized so that its off-diagonal elements
are less than 1), whereas an acceptable value of A;|g|7, as
results from (24) and the subsequent discussion, will be (A3k/
4), where k is the size of the synthetic record to be generated.
Assuming that the acceptable values of the first and the third
term are of the same order of magnitude, so that both terms
have about the same significance in the objective function (29),
we conclude that Ask/4 ~ 1073 or A3 ~ 4 X 107%/k. We
may assume that in typical generation problems of stochastic
hydrology k does exceed 40, so that a maximum value of A3
must be about 10”4, We may use a smaller value of A; (e.g.,
1075-1079) either if the sample size is of a higher order of
magnitude or if we wish to give a greater importance to the
preservation of covariances rather than to that of the coeffi-
cients of skewness.

The establishment of a numerical procedure for minimizing
the objective function (29) is given in the next section.

4. Optimization Procedure
To establish an effective optimization algorithm for (29), we
need first to determine the partial derivatives of all compo-

nents of 6 with respect to the unknown parameters bj;. This
may seem a difficult task to accomplish analytically. However,
it is not at all intractable. For the convenience of the reader we
have placed all calculations of the derivatives in the appendix,
and we present here only the final results of the calculations,
which are very simple. In these results, given any scalar a, we
use the notation

[ da da . da 1
aby, by, abi,
da da da
da = —
s ab:zx 9b b (30)
da  da  da
| db,; db. ab,.J

for the matrix of its partial derivatives with respect to all bj;; -
this is an extension of the notation used for vectors [e.g.,
Marlow, 1993, p. 208).

As shown in the appendix, the derivatives of all components
of ¢ are

2 *.
djld| 31

= 4db’
dlja*|? ,
= - 4d*b 32
d|§l; .
where w is a matrix with elements
wy = biPEw (34
and ¥ is a vector defined by
¥ = () )Ee (35)

Thus the required matrix of derivatives of 6* with respect to
the unknown parameters bj; is
de* 4x, 4x,

e == ' 4 2
‘;z‘db+n

an’ d*p’ - 6'\3"g";’p'

(36)

It is apparent from the objective function (29) and its deriv-
atives (36) that we have a typical nonlinear optimization prob-
lem, whose solution can be achieved by iterations, starting with
an initial matrix b’[%). In the /th iteration we start with a known
b'() and we find an “improved” matrix b'(*+'}; we repeat this
procedure until the solution converges. Several algorithms are
known in the literature for advancing from b'() to b’*! (see
Mays and Tung [1996, p. 6.12], among others, who summarize
the most common ones). Among them, the most suitable for
our case are the steepest descent and Fletcher-Reeves conju-
gate gradient methods. These are chosen for their mathemat-
ical simplicity and convenience and their low memory require-
ments. Specifically, the mathematical formulation of both
methods, which typically assume a vector arrangement of the
unknown parameters, can be directly adapted for our case,
which uses a matrix arrangement of the unknown parameters.
Furthermore, the memory requirements are of great impor-
tance because in the problem examined the number of un-
known parameters is large, that is, n%; the amount of memory
locations for both chosen methods is of the order of n?,
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Table 1. Sample Statistics of the Monthly Rainfall and.Ru'nOﬁ‘ Data Used for the Case
Study for Subperiods s = 8 (May) ands — 1 = 7 (April) '

i=1 i=2 i=3 i=4 i=5 i=6
(Evinos  (Evinos  (Momos (Mornos (Yliki (Yliki
Location Runoff) Rainfall) Runoff)  Rainfall) Runoff)  Rainfall)
Means
E[x:~ 97.3 111.2 59.8 100.4 201 315
E[X7] 53.1 69.5 43.2 65.3 94 193
Standard deviations
StDev[X3™'] 35.0 576 174 53.6 10.7 271
StDev[X7] 20.2 308 188 26.5 72 144
Coefficients of skewness
csixi-Y 0.72 1.04 0.58 1.07 1.06 1.72
Cs[x7] 0.76 0.89 0.87 0.81 1.53 149
Cross-correlation cocfficients
Con{X; ™, X3~1)
j=1 1.00 0.76 0.85 0.56 0.22 0.16
j=2 0.76 1.00 0.67 0.90 0.30 0.43
=3 0.85 0.67 1.00 0.58 0.69 0.14
j=4 0.56 0.90 0.58 1.00 037 0.50
ji=35 0.22 0.30 0.69 037 1.00 0.83
ji=6 0.16 0.43 0.14 0.50 0.83 1.00
Corrlx}, X7
j=1 1.00 0.54 0.76 0.53 0.57 0.49
j=2 0.54 1.00 0.29 0.81 0.15 0.67
j=3 0.76 0.29 1.00 020 0.75 0.23
j=4 0.53 0.81 0.20 1.00 0.27 045
j=5 0.57 0.15 0.75 0.27 1.00 0.22
j=6 0.49 0.67 0.23 045 . 0.22 1.00
Autocorrelation coefficients
Cor{X3, X3~] 0.60 0 0.78 0 0.80 0

whereas for other methods such as quasi-Newton methods it
would be n°.

Both these methods are described by the following common
expression, adapted from the typical expression given in the
literature for vector-arranged variables {e.g., Mays and Tung,
1996, p. 6.12; Press et al., 1992, p. 422],

462\ @ g2\ -1
br[h-l] = bl[l] — ﬁ[’*ll[ (;ﬁ’_'_) + ‘YU](%)T) ] (37)
where y!!! = 0 for the steepest descent method,
de\ Wy sy [ de*\ 2
»=|(@) /1) ©8)

for the Fletcher-Reeves method, and gI**1! is a scalar whose
value is obtained by a line search algorithm for each iteration
1. Forl = 0 (first step) the Fletcher-Reeves method cannot be
used because (d6%/db’)\""} is not defined and thus we must
use the steepest descent method (i.e., ¥'® = 0). For the other
steps, the numerical applications have indicated that the
Fletcher-Reeves method is faster and thus preferable. How-
ever, it was observed that in some instances during the itera-
tion procedure the Fletcher-Reeves method may become too
slow; in such instances the procedure is accelerated if we per-
form one iteration with the steepest descent method and then
continue again with the Fletcher-Reeves method.
- What remains is a procedure to construct an initial matrix
. b’l°, This is not so important because, as demonstrated in the
case study below (section 5), the method is very fast in the first
phase of the iteration procedure. Even if we start with a b'©!
leading to an unrealistically high value of the objective func-
tion, this value is dramatically reduced in the first few itera-
tions. The general idea for the construction of the initial matrix

b’'1% is to start decomposing the matrix ¢’ by triangular decom-
position, which is the simplest of all procedures [Press et al.,
1992, p. 97], and occasionally performing some corrections
when this procedure fails. This will be demonstrated more
clearly in the case study below (section 5).

5. Case Study

To illustrate the developed method, we present a part of a
real world case study. This case study aims at the generation of
simultaneous monthly rainfall and runoff at three basins,
namely, Evinos, Mornos, and Yliki, supplying water to Athens,
Greece [Nalbantis and Kouisoyiannis, 1997]. This constitutes a
multivariate generation problem with six locations (two vari-
ables X three basins). As a general framework for the gener-
ation, the simple disaggregation model [Koutsoyiannis and
Manetas, 1996} was adopted. Specifically, as a first step the
annual variables for all locations are generated using a multi-
variate AR(1) model. Then the annual quantities are disaggre-
gated into monthly ones, using a combination of a multivariate
contemporaneous seasonal AR(1) (or PAR(1)) model and an
accurate adjusting procedure, as described by Koutsoyiannis
and Manetas [1996]. Here we focus on the PAR(1) model,
described by (3), which generates the vector of random vari-
ables X® at the six locations for each month s, given those of
the previous month X*~*. The model parameters are given by
(11), (5), (6), (7), and (9), in which Y and Z must be replaced
with X%.agd X" ™1, respectively.

In Table 1 we display the sample statistics of the monthly
rainfall and runoff data that are necessary for estimating the
contemporaneous PAR(1) model parameters for subperiod
(month) s = 8 (May; note that the hydrologic year starts in
October). These are the first three marginal moments at all
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locations (represented by the means, standard deviations, and
coefficients of skewness) and the matrices of cross correlations
for all locations for both subperiodss = 8 ands — 1 = 7; the
autocorrelations among subperiods s = 8 ands — 1 = 7 for
each location are also needed and given in Table 1. Note that
the autocorrelation of rainfall was found statistically insignifi-
. rant and thus the autocorrelation coefficignts were set to zero;
on the contrary, the autocorrelation of rundrf is significant for
all three basins. To increase readability and understandability
of the data, the form of the statistics given in Table 1 differs
from that displayed in the equations (e.g., coefficients of skew-
ness instead of third moments; matrices of correlation coeffi-
cients instead of covariance matrices); the transformation be-
tween the two forms is direct and given in textbooks.

There seems to be nothing strange about the statistics given
in Table 1 as the cross correlations and autocorrelations are
not too high; the skewnesses are not zero and also are not too
high (they do not exceed 1.75). However, the matrix ¢ of (12)
(and ¢’ of (14)) is not positive definite, and thus there does not
exist an exact solution for b (or b’). Notably, the absence of
positive definiteness occurs in 10 out of 12 cases (months) for
the monthly PAR(1) model as well as in the annual AR(1)
model, in the case study examined. This indicates that the
problem studied in this paper might be quite frequent in mul-
tivariate stochastic simulation problems.

To start remedying the problem for s = 8, we need an initial
solution b9, To this end we apply Lane’s [1979] procedure,
which is appropriate for positive semidefinite matrices (see
also Salas et al. [1988, p. 87] and Lane and Frevert [1990, p.
V-15]). This procedure derives a lower triangular b’ given the
matrix ¢/, first calculating the first matrix column, then the
second, third, etc. When the matrix ¢ is not positive definite
(as in our case), at some column (in our case at column 5) the
procedure assigns all matrix elements equal to zero and, be-
sides, the estimated matrix b’ no longer obeys b7 = ¢'.
Furthermore, a zero column within b’ is also transferred in
b'® so that (b'®)"1, which appears in (19), does not exist.
Thus the vector of the skewness coefficients of the auxiliary
variables, £, becomes infinite. To avoid this, it suffices to set the
diagonal element of the column with zero elements equal to
some arbitrary value b, (so that 0 < biy, < 1). There is no
reason to investigate thoroughly what would be the most ap-
propriate value of by, because this is used to establish an
initial solution only; this initial solution is then modified by the
optimization procedure. Here we have used blyn = 0.05, and
the derived solution is thereafter referred to as initial solution
0. The elements of b’ for that solution are shown graphically in

“Figure 1n. The resulting values of ;hg.gl{jective function and its
thrée components are shown i Table 2y where for the sake of
readability we display the square roots of the components). We
observe that for the initial solution 0 the maximum coefficient
of skewness of the auxiliary variables is extremely high, that is,
max; (§) ~ ||&| = 29,089.50. Apparently, such skewness can-
not be reached in any generated sample. Also, we observe that
[|d]l is not zero and it could not be so because ¢’ is not positive
definite; also [|d*| is not zero.

For comparison we have also determined another initial
solution referred to as initial solution 0a, and also shown
graphically in Figure 1b. For this solution we have used a more
complicated procedure outlined by Koutsoyiannis [1992]. This
procedure imposes a lower limit in each diagonal element of b’
to avoid extremely high skewness coefficients, assures the pres-
ervation of the diagonal elements of ¢’ (so that 4] ~ 0), and

also attempts to preserve the highest cross-correlation coeffi-
cient in each matrix row, simultaneously reducing the other..
cross-correlation coeffictents. As shown in Table 2, the maxi-
mum coefficient of skewness of the initial solution Oa has been
reduced to 18.31, a value much less than the 29,089.50 of the
initial solution 0; ||d*|l is almost zero in the initial solution Oa,
whereas ||d|| unavoidably remains positive.

Given the initial solutions 0 and Oa, we can directly proceed
to the optimization procedure described in section 4. To this
end we use the objective function (29) and its derivatives (36)
with weights A; = 1, A, = 10%, and A, = 107° as explained in
section 3. The evolution of the objective function and it< three
components for the first 40 iterations are shown inigigure 7 for
both initial solutions 0 and 0a. We observe in Figure 2 that the
unreasonable value of ] = 29,089.50 of the initial solution 0
decreases rapidly in the first 5-10 iterations toward more rea-
sonable values. Also the positive value of [[d*] of the initial
solution 0 decreases rapidly in the first four iterations to a
value close to zero. As expected, the performance of the evo-
fution of the initial solution Oa seems better than that of the
initial solution O at the same iteration number. However, the
finally obtained values of the objective function and its com-
ponents are the same for both initial solutions. This indicates |
that there is no need to use a complicated procedure to obtain
an initial solution b’1°!. It suffices to use the simple Lane [1979]
procedure with the modification that the diagonal elements of
b’ are not allowed to take values smaller than by, In the
initial solution 0 of this example we assumed that by, = 0.05;
however, we suggest a much higher value, e.g., bln = 05, t0
avoid unreasonably high initial skewness cocfficients and ac-
celerate convergence. '

The final solutions b’, referred to as final solutions 1 and la,
which were obtained by the optimization procedure starting
with the initial solutions 0 and Oa, respectively, are shown
graphically in Figures 1c and 1d. They are almost indistinguish-
able, but they are not exactly the same. The resulting values of
the objective function and its components, shown in Table 2,
are the same for both final solutions 1 and 1a (for normal
computer precision). This may mean that there are (at least)
two close local minima of the objective function. It may also be
interpreted differently, that is, both obtained solutions are
approximations of a single global minimum that cannot be
located exactly due to computer precision limitations. Never-
theless, the exact theoretical meaning of the nature of the two
solutions is not important; what is important is that we have
one or more reasonable matrices b’ and other related param-
eters that can be used directly for stochastic simulation. This
simulation will preserve the variances of the variables because
ld*}] = 0, as well as their coefficients of skewness, because the
obtained max, (&) = 5.37 is low enough to be achieved for
the auxiliary variables (assuming that the synthetic sample size
will have length greater than about 50). However, the simula-
tion will not preserve exactly the cross-correlation coefficients
(since ||dj| = 0.1404 > 0), but this is an unavoidable conse-
quence of the absence of positive definiteness of ¢’. To have an
indication of how large the errors in preserving these cross-
correlation coefficients are, we have performed the inverse
calculations, that is, given b’ we solved (12) for Cov Y, Y]
(where Y = X°), also replacing ¢ with (h~'p'b’Th™ ). The
resulting cross-correlation coefficients are shown in dble 3>
among with their differences from the “correct” values of Ta-
ble 1, as the latter were estimated from the historical data. We
observe that errors are almost negligible (i.e., within +0.03).
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Figure 1.

Plots of the elements of matrices b’ for the various solutions examined in the case study: (a) initial

solution 0; (b) initial solution Oa; (c) final solution 1; (d) final solution 1a; (e) final solution 2; (f) final solution

3 (see text).

To acquire an indication of how low the error in preserving
the cross correlations could ultimately be if we ignore com-
pletely the preservation of skewness, we performed another
optimization, setting A; = 0 in the objective function. The
resulting final solution 2 is shown graphically in Figure le, and
the relevant values of the objective function and its compo-
nents are shown in Table 2. We observe that the further re-
duction in |dj| is not impressive (|d}j = 0.1386 against |dj] =
0.1404 of final solution 1).

As a further investigation, we also assessed the ultimate
lowest value of the coefficient of skewness max; (§;) by ignor-
ing the error in preserving cross covariances. Thus we per-
formed another minimization of the objective function, setting
A, =0, A, = 10°, and A; = 107°. The resulting final solution 3
is shown graphically in Figure 1f, and the relevant values of the
objective function and its components are shown in Table 2.
Again, the further reduction in max, (§;) is not impressive
(max; (§) = 4.57 against max; (§) = 5.37 of final solution 1).

Table 2. Values of the Square Root of the Objective Function 6 and Its Three Components |id, [id*], and [i&]
(Also, in Comparison With max; (£;)) for the Initial and Final Solutions of the Case Study Examined

Initial Solution 0 Initial Solution 0a Final Solutions 1 and 1a* - Final Solution 2+ Final Solution 3%
fasi 03238 0.0012 0.0000 0.0000 0.0000
] 0.3297 0.6394 0.1404 0.1386 0.8136
jigl 29,089.50 18.31 5.50 7.94 4.58
max; (&) 29,089.50 1831 537 7.19 4.57
8 4.1806 0.1076 0.0292 0.0231 0.0145

*Optimum for the combination of
+Optimum for dff (A, = 1, A, = 10°, A; = 0).
$Optimum for g, (A, = 0, A, = 10°, A; = 107%).

ﬂand "d'p (Al =1, Ay = 1039 Ag = 10-5).
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2. Evolution of the value of the square root of the objective function ¢ and its three oombonents lall,
|d*]l, and ||| for the first 40 iterations of the optimization procedure starting with initial solutions 0 and Oa (see

text).

The results of the above investigations indicate that there is
no strong conflict between the objectives of preserving the
coefficient of skewness and the cross-correlation coefficients.
The same indication is also acquired from Figure 1, where we
observe that all final solutions 1, 1a, 2, and 3 are similar to each
other, although they differ significantly from the initial solu-
tions 0 and Oa.

6. Summary, Conclusions, and Discussion

A new method is proposed for decomposing covariance ma-
trices that appear in the parameter estimation phase of all
multivariate stochastic models in hydrology. This method ap-
plies not only to positive definite covariance matrices (as do
the typical methods of the literature) but to indefinite matrices,
too, that often appear in stochastic hydrology. It is also appro-
priate for preserving the skewness coefficients of the model
variables as it accounts for the resulting coefficients of skew-
ness of the auxiliary (noise) variables used by the stochastic
model. The method is formulated in an optimization frame-
work with the objective function being composed of three
components aiming at (1) complete preservation of the vari-
ances of variables, (2) optimal approximation of the covari-
ances of variables, in the case that complete preservation is not
feasible due to inconsistent (i.¢., not positive definite) structure
of the covariance matrix, and (3) preservation of the skewness

coefficients of the model variables by keeping the skewness of
the auxiliary variables as low as possible. Analytical expressions
for the derivatives of this objective function are derived, which
allow the development of an effective nonlinear optimization
algorithm using the steepest descent or the conjugate gradient
methods.

An advantage of the method is its unique formulation, ap-
plicable for both positive definite or indefinite matrices, and
symmetric or skewed distributions of variables. Besides, the
weighting factors incorporated in the objective function allow
for giving more or less emphasis to each one of its three
components. In the case of a consistent (positive definite)
covariance matrix of variables having symmetric (e.g., Gauss-
ian) distributions, the method will result in the triangular de-
composition of the matrix, which is the simplest among all
solutions. If the covariance matrix is indefinite while the vari-
ables still have symmetric distributions, the method will result
in a- decomposed (square root) matrix, which corresponds to
the least significant alteration, or the best approximation, of
the original covariance matrix. If the distributions of variables
are skewed, then the method solution (either for consistent or
inconsistent covariance matrices) will be appropriately modi-
fied to simultaneously account for avoiding too high coeffi-
cients of skewness of the auxiliary variables.

The real world application examined for the sake of illus-

Table 3. Cross-Correlation Coefficients Corr[X3, X;] Resulting from b’ of the Final

Solution la

i=1 i=12 i=3

i=4 i=35 i=6

j=1 1000000)  051(=003) 077(001)  054(001)  054(=003) 049(0.00)
j=2 051(-003) 1.00(000)  028(-001) 080(-001) 0.17(0.02)  067(0.00)
j=3 077(001)  028(-001) 100(000)  020(000)  0.74(-001) 023(0.00)
j=4 054(001) - 080(-001) 020(000) 100(0.00)  026(-001)  0.45(0.00)
i=S 054(-003) 017(0.02)  074(-001) 026(-001) 1.00(0.00)  0.22(0.00)
j=6 049(000)  067(000) 023(000) 045(0.00)  022(0.00)  1.00(0.00)

The values in parentheses are the differences from

the corresponding values of Table 1.
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tration and numerical exploration of the method indicates its
very satisfactory performance both in approaching the covari-
ances of an inconsistent matrix and in yielding low coefficients
of skewness of the auxiliary variables, although the initial co-
efficients of skewness were extremely and unreasonably high.
Moreover, it reveals that there is no strong conflict between
the objectives of preserving the covariances and the coeffi-
cients of skewness. Finally, it indicates a stable behavior of the
optimizing algorithm.

The stochastic model that was used as a grounds for the
development of the method (section 2) is generalized so as to
represent many of the typical models of the literature. How-
ever, it does not cover explicitly all possible multivariate mod-
els, for example, the ARMA and PARMA models {e.g., Ste-
dinger et al., 1985; Salas, 1993]. In these types of models the
problem of decomposing covariance matrices still appears
[Salas, 1993, pp. 19.29-19.30}, and the proposed method may
also be used. Some adaptations of the equations are needed,
mainly those regarding the coefficients of skewness. Generally,
the method allows for adaptations not only in cases of different
types of models but also in situations where different condi-
tions arise for the solution matrix. As a simplified example for
a conditional rearrangement of the method, let us consider the
_case where the model variable of one location has a known
value (e.g., given as an output of another model). Obviously,
this implies a linear constraint for the elements of a singie row
of the decomposed matrix. This constraint can be easily incor-
porated in the optimization framework, the simplest way being
the appending of a penalty term into the objective function.

Appendix: Proof of (31)-(33)
From (20) we have

duy= 2 bibh—ci (A1)
r=1
so that
dy <« ,, 9% & bk
m—ibbm’fzg‘ggbv (A2)
r=1 r=1
Clearly,
ab}
Py 88, (A3)
where
8;:=0 i#]j ad)
§;:=1 i=j
Therefore,
6d n L]
%0 _ S by,88, + 2 bibub, (AS)
abii re=1 r=i
which results in
od '
57 = bidu+ bidu (A6)
y

The partial derivative of |d with respect to b}, will be
f

P & < ad S S
lal =222du3,-,7'f'i=222 dilbiydu + bjd) (AT

ab;) k=1 =1 k=t I=1
or
A _ S aS
—a-b—;,—=22d,,b,‘,+22d,-b;,~ (A8)
=1

k=1

and, because d is symmetric,

Al _, <,
5, =4 E‘ dubl; (A9)

We observe that the sum on the right-hand side of (A9) is the
(i, j)th element of the matrix db, and thus this proves (31).
In a similar manner (and also considering (22)), the partial
derivative of ||d*|[> with respect to b;; is
dla*l < ad
o8 $ , 2

n
b, = 2 2u = ngu,(b;q-s,,-+b,,8,,~)

=4 Y, dubldy = 4dibj (A10)
k=1
which proves (32).
To determine the partial derivatives of [&]3, we must first
find the partial derivatives of & We denote

g:= ! (Al11)
so that (19) becomes
E=g¢ (A12)
Since ¢ is a vector of constants we have
of o8
3= 5773 © (A13)
§ _

Equation (A11) can be written as
gh'®=1" (Al14)

where I is the identity matrix. Therefore
' G)

g B
aby

—Z p'®
ab;,-b +g (A15)

where 0 is the zero matrix (i.e., with all its elements zero), and
thus

og ab'(-") YON-1 b'(3)
b_b—'-,,— -8 ab; (b ) =8 ab;j g (A16)
Combining (A13), (A16), and (A12), we get
k13 ab’® ab'?
m——g—a—b—%—w—‘gﬁ—%f (A1T)
Consequently,
At - ab.}
57,‘%="229hm§r (A18)
¥ rmi s=1 d
and since
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ab!} s
m =3b,"8,8, (A19)
we get

ag L] n
=33 T oubi8.8,
i

r=] s=}

(A20)

or

a L]
%‘F -3 2 gubi’8s6, (A21)
L)

re=t

and finally,

9&

3, = ~307% (A22)

Now we can proceed to the calculation of the derivatives of
l€]2. Assuming that p is even, (26) can be written

.\
&l = ( 2 5)

k=1

(A23)
so that

2p-1
auguz 2 " a L] 2 n a
-5;;:=_(§&) m2&=;||§|1:"p§g-15§%

k=1

(A24)
Combining (A22) and (A24) we get
alll? opi2e B o
= SEEYE S a0 (A29)
k=1
whereas combining (A11) and (35) we have
2 8lu=w (A26)
k=1
Also considering (34) we get
b6 2 &'9u=bifGwi=w; (A27)
k=1
so that, finally,
3l -
ab;,p = —6[l&lp "wy (A28)
which proves (33).
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