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Tepiknym

H epyaocia aut sivar pia npoonibeia eEaywyhic TOLOTIK®Y KOL TOGOTIKOY OLUNEPACUG-
Tov and te Swbioa otowgia peTpricEwV otepeonapoyng oty EAArada xon

neptlapfaver: o) ZuvonTIKY) avepopd 010 KafeoTHE TOV PETPTICEQY KaL T1G aKOAOLOOD-
ueveg pefododoyieg enelepyaciag kot akomoinong toug. B) EEgtaom tng smidpacng tov
viporoykdv, KAMUOTIKGY, TOTIOY POPIKAOV. KU YEQAOYIKGDV TRPRUETPOV STV ROGOTNTO
Peptidv vMkdV (oTepeoartoppot)), e Pacn To BrabEoua dedopiva petpricswv oc
notapovg g Boperodutikng EAdadag, pe TopAAANATE epunveia tov sppaviopevov
oAiniemidpaoenv. v) Mapaywyn pe oratioTikg pebodoroyisg piag aning epmelpiktic
OYEONG, KAtdAANANG ya exTiuficelg péong ETHOUWIG OTEPEOATOPPOIG, N0 CTOLLEIN
vdpoloyiag kal yswhoving Tng AekGvng amopponc.

Sediment Yield Estimations in Greece

'D. KOUTSOYANNIS, K. TARLA

Abstract

This study is an attempt to draw conclusions from the ‘available sediment measurements
data in Greece, and it includes: a) A brief report on the regime of sediment measuremeénts

- in Greece, as well as the consequental methods. of data processing and utilization. b}

Investigation of the effects of hydrological, climatic, topographical and geological factors
on the sediment yield. This has been based on the data of gauging stations in northwestern
Greece; there is also an attempt to interprete the interference of the above factors. )
Derivation by statistical methods of an empirical formula for sediment yield estimation
from hydrologlcal and geological data of watersheds. ‘
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1. EIZATQTH .

H uvdpobuvapLkh ovdAvon Tov QoaLvOUEVOL TNG HETOK LVNONG TWV QEP-
Thv VAGY amd to vepd, £xet dwoet pla mAndhpa and €ELOGOELG OTEPEOTA-
poxfic, Bactouévec elte oe BewpnTikn avEAUON TV uUNXovLouev kivnong,
elte o epyootnpLaxd dedouéva, elte oe ouvdvaoud Tov nopanéve. Autég
oL gELohoeLe vdpoduvapLkol (N vEpaVALKOD) TUMOU, OuwG, ondvia divouv
LKOVOTOLNTLKES EKTLUACELS OTAV £0OPROTOVTIAL O QUOLKG vdaTOPEDULNTA,
koL autd amobidetar ae 800 Baocikéc aduvaniec tove: (o) oto vevovdg
6TL n xatdption § n enaAnBeven tovg otnpixOnke o€ Sedoutva EPYACTN-
olov kaL (B) otnv aduvauia touvg va cvumepitAdBouy BaoLkéC TOPAMELPOUS
Tne AEKAVNHC OmMOPPONAC, TOU eMNPeagouv gaphec tnv dradixacla Tpowodooi-
ac tou vBaToPEVRaTOC Of "mphTn VAR, SnAddN of tpoidvte edapikng dL-
aBpwonc.

Mioa &AAN Beopnon Tou TPOBANHATOG, TOU B0 UTMOPOLOE VA XOPOKTN-
pLOTEL UBpPOAOYLKNA.ElvaL TLO QMOTEAEOUOTLKR, MOPOAO :TOL CUXVE TapG-
AeineL TNV €EETOON TOV ENXAVLOMGOV HETO@OPAC. Me Tn Bempnon QUTH TO
TPOBANUE TRC TEOMOSOTLAG TOU vBaTOPEVUATOC O TPOTN OAn, elte avti-
UETOTMLEETOL pEe Guegco TpdTO. elte EeMePVLETOL, KOTOAQEVYOVTIOE OF ME-
TPAGELC OTN CUYKEKPLUEVN AEKAVR QTOPPONG, N GAAN He mapbpoLeg vBpPoAO-

VIKEC KOL QUOLKEG OUVONXEeQ.

Ttnv mehtn neplutwon éxovue uia xatnyoplo VTOAOYLOTLKOV HEBO-
Swv pe Baon To uéyvebog SuLdBpwonc, mouv ornplfovrat otnv MMoyxkdoura E-
£lowon Edapikng AnwAseag - NEEA (Universal Soil Loss Equation - US-
LE), fh oe «xdmoia napdaAAayih Tng (yLd tnv oxpLBh €vvoia TOU Opov 'E=
gaguLkn onOAeLa' BAéme moapdveago 2). H MEEA elvar pla e€Elowon koTdA-
ANAN VL& TOV TPOOBLOPLOUO MECWV E€TAOLOV TLHOV TNG eBQPLKNG ATOAE LOG
Ge EBUMLKEC EXKTOOELS HE gvLALO TOTOYPAMLKE Xat e5A@OAOYLKE XAPAKTN=
pLoTLké (m.x. avpole eviatac kAlong ko evialov tOmMou £8GpoLg)
(BAéme Wischmeier and Smith, 197%, Kirkby and Morgan, 1980 xaL Va-
noni, 1977). Etvan-éuwc suvatd n LEOOBOC va EQUPULOCTEL KaL TE QUOL-
kéc Agkdvee omoppofic Me moilkiLAla YOPOKTNOLOTLKOV, apol yivel xaTaA-
ANAOC BLAXWPLONOG TNG £KTAONG O ETLREPOUC Tufpote eviolov xopoaxktn-=
OPLOTLKOV. OL TOCOTNTEC QEPTOV VALKOV TOU TpofpxovVTOL Ond JSraBpwon
xolTne Tou udpoypoeLkol SLkTOov UmoAoyifoviat x0pLoTd, £VO AopBdvo-
vToL LTOUN KoL oL TOCOTNTEC QEpTOV TMou anoTlOevTaL COF evbLbusoeg O€~
ceLe tne Aekdvnc, e TRV gappovhi evog TOMACTAQOLOOTLKOD OUVTEAETTH,
nikpdtTepov omd 1,Tou CUVIEAESTN otepeoanoppoiic (BA. mapave. 2). Ila-
VIOC n eQopuooLudTNTO TG uebddov NEPLOPLTETAL OF BLKPEGC AEKAVES G-
noppofic (Kirkby and Morgan, 1980 xoaL Williams and Berndt, 1973).

stn Sehrepn meplmtwon éxoupe 0o KaTnyopiec Hedddov skTiUNONg
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TOCOTATWV QPEPTOV LALKGV, Tov ovvioraviar elte oe extiunon and dusoec
petpNosLg otepeonapoxhc, e@Pdoov £xovv ekTeAeoBel TETOLEC OTN CUYKE-
kpLuévn Siatourn, mov evdiagépeL, elte oe extiunon amd epmeLpikéc ora-
TLOTikEG oxXéoeLg, Baoilopéveg oe RETPHOELS OTEPeOTapOxXNg oe GAAec O&-
oeLg, otnv L8La Aexdvn amoppong, N oe &AANn xovtivh Askdvn pe Tnopo-
TANOLEC QuoLkéc ocuvOfikec (Kirkby and Morgan, 1980, xou Flaxman,1972).

H epyacla avth apopd Tnv mapayoyn plac epmeLplkie oxéonc, Ko-
TAAANANG VLG moooTLKA exTiunon eeptdv vALkGV, mov BoaoloTnke O WE-
TPACELC OTEPEOTAPOXAC OF TOTAULY ™e Boperodutikne EAAGSac. NapdAAn-
Aa yivetaL avagopd 6T0 KOBEOTOC Twv BETPHOEWV OTEPEOANAPOXNG OTNV

EAAGBO kat otiLg pnefodoroyleg enefepyacioc kKoL agromoinong twv ustpﬁ-
OEQV,

ZYMBOAIZIMOI

a=G/ﬁ = andkALon EKTLunoné OTEPEOTOPOXNG
v = YEWAOYLKOC CLUVTEAETTNC

€ = gudLkN xLVNTLKA evépyveLa Bpoxng

E . = KLvnTLkn evépyera Bpoxhg

(3 = HéETPo dLABPWOLBATNTAGC TETPOHATOC
a = aptOuntiLxh otabepd

b = gpLBuntixn otoabepa

c,c",cl,c2 = apLountixkéc otabepeg

F = £kTOON AEKAVNC

G = gtepeoanoppon(aoe aLdhpnon)

(e = gkTlUNon oTepeoanoppons (o aiLwpnon)
G1=G/v = €L§LKﬁ OTEPEOUTOPPON

I = ¢vtaon Bpoxfic

130 = uévtbrn gvtaon PBpoxfic 30AémtTou

L = phkoe xVpLov KA&SOV TmoTAMOV

Lg = XevipoBapiLkd unkog motauov

n,n’ = apLOuntLkeg otabepég

P = OYog BPoxNg

Q = mapoxn
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Qg = GTEPEOTUPOXN
R = guvTeAsoThc dLaBputikdTnTag Bpoxng (map. 6.1)
R =Lg0b0uavo Uyoc amoppofic {vméiormo kelmnevo)
Sy = @aLvopevn xAlon Agxdvng
S, = péon xAion motopol
T = Pegppokpacia (map. 6.1 xat oxﬁua 5)
= xpovikn meplodog (moap. 5.2)
t,At = ypovikn BLdpxeLa

2. BAZIKEZ ENNOIET - OPOAQTIA - KATATAZH ¢OPTIOY YAATOPEYMATQN

THUOWVO KE TRV LOPOAOYLKNA OTMTLKA, oL @WePTEC DAEC TMOU UETOKL -
vouvTal ot £va vdatopevMa £EeTAovVTIaL ooav mpoidévra tng Sradikaciacg
e B8LéBpwonc mou mpokaAel n klvnon Touv vepol. Ymdpxouv xair GAAEc
noppéc BLABpwonc Tmov mpofpxoviaL amnd Spdon AAlov otoixelwv, (m.x.
QLOALKR) , GAAY Bev evdiowépouv dpeoa tnv vdpoAoyia. H dLdBpwon £xeL
500 BOoCLKEC CUVLOTOOEC: Tnv edagLkn dLdBpwon koL tnv dLaBpwon Twv

UBUTOPEVHATOV. STNV MPMTH OLYKATGAEYOVIQL N £TLQaveLakn §iafpwon

(sheet erosion), mou elvalL TO QMOTEAEOUR TANG ouvBuaouévne Spdong Tng
EVEQVELGC TNC BPOXAC KAL TNC SLOBPWTILKNG kaL HETOPOPLKNAG LKAVOTNTAC
Tnc emieoaveLakne pong, n dLaBpwon puvakiov (rill erosion) mou mpoka-

AelToL OQmO TOMLKEC OUYKEVIPOOELC QOTOOOUC HOPOHG TNEC EMLOAVELOKNG
amoppofic kaL n dL&Bpwon xavtaki@v (gully erosion) mov owelAetoL oto

vEPS TOUL  TPEXEL OE COQOE OXnuatLouevn koltn (xavidxi).

Tid TRV TOCOTLKN TEQLYPOEN TOU QULVOUEVOU TNnG dtdBpwong xpnot-
pomoLoVVIAL oL TLO KATw OpoL:

- eBapLkn amnbieie (soil loss) eilvar n mogdInta edagikod VALKOD TOUL

TeALkd amopokplveTaL amd uia edaglLky éxtoon oe Hedouévo xpovo.lie-
oLYPAOEL TN Sragopd Tne moodInTag £da@Lkold LALkOU Tou SLaBpoBnke
puelov Tnv moodINTO Wou omnotédnke Favéd oTtnv (Lo edapikn £xTacn
KoL €KQPAZeTOL o€ povddec pdlac avd emigpdveLa.

- otTeEpeoamoppon f TovdTnTa @eptTdv(sediment yield)eivatr n nocodtnta

TOV QEPTOV VALKOV mov SLépxoviaL amd uid dratoph avegopdg (m.X.
SLatoufl motauod) oe pia xaBopLopévn xpovikn Sidpkeia. Exepdletat
oe wovadec ndloc kaL ouxvl avdyeTaL OTNV EMLYAVELA TNG AEKAVNG
anoppofic, ovdvtn tng dratoung avawvopdc (néfo/emipdveLa).
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- guvieAeoTng otepeoanopponic (sediment delivery ratio) eivai o Advog
NG OTEPEOANOPPONG MPAC THV MOOOTHTA 1MoL £€Xet Siafpwdel otnv avé-

vIn NG dratoung avoagopdc Asxdvn amnoppofnic. TlepLypdest tnv anopei-
@oN  TOV QEPTOV TOU MHETaKLvoLvTaL, efartioc evbiLdpeowv anobiccwv
gtn Agxdvn amoppong Kat ex@PAfetul He éva adidotato apLbud f no-
goothd. '

‘ 0 4po¢ "otepeoanoppon” dev elvaL tavtdonuoc pe tov O6po "ote-
peomapoxh" (sediment discharge), agol o deltepoc mepLypdpeL TO OTLY-
pralo pvOUd HETAPOPAC TWV QEPTOV TOUL TAPATNPELTAL OTNn dLaTOun avo-
wopbic (Hovédeg: n&Za/xpdvoc fi B&pog/xpdvog).

To oUVOAC TWV QEPTOV UALKGV TOU KATOLA KOBOPLOUEVR GTLYMN pe-
takitveltar ané tn pon, amobibetar ue tov 6po "goptio" (load), mov
exppagetar oe povadec paZog n Bdpovg. To wopilo evdg vdatopeduatog
taELvoueitar UE Tovug £ENg Tpdmoug:

o) Me Bdon 1o unxavicud petagopdc, dLaxkplveToL ot

- @optio oc glpon (bed load) mov xiveltar otnv xolTn f| WOAU kov-

Td o’ovTh, Omov emikpatel o pnxaviopdc oVEORC, KAl

- goptlo ot atwpnon (suspended load ), mov xiveltoir néveo and thv
koltn, 6mov emikpatel O UNXAVLOUOG TNG ALOPENONG. ‘

B) Me Bdon tnv mpoéAsgvaon Tou UALKoL, SLokplveTatL O

- 9optio vALkol xoltng (bed sediment load), mov mpoépxetar xipLa

and tnv SidBpwon Tng xoirng touv ulatopedipatoc kxaL peraxivelTal
KoL WE oUpon KOL PE aLOENON, Kot
- goptio xwudtwv A goptlo amdnAvonc (wash load) Tov TPOEPXETOL

kbpLa and Tnv SLaBpwon Tne Aekdvne amopponc. To LVALkS autd el-
vaL YEVLKA ToAD TLd Aemtoxkokko amd To UALkS tng koltng (LAlg-
dpyLAog) koL uetakiveltar oxeddv amoKAELOTLKE HE TO nxavioud
aLOPNONG. |

Avaioyn talivounon yiveToL koL 0T RHeVEDN TNC OTEPEONAPOXAC
KOL OTEPECOTOPPONG.

TéAog, OXeTLkol HE TNV MOCOTLKA MepLYPAON tou @optlov elvat kot
oL dpoL "ouykévipwon" (concentration), Tov £x@PAleL Thv  phia  tev
PEPTOV VALKGV 0T povéda dVKou Tou vepol, KaL "CUYKEVTPWON COTEPEOTO-
poxfic" (sediment discharge concentration), mov eilvoaL to mnAiko 1tng
OTEPEOTOPOXNG TMPOG TNV napoxnh oe pla dedoupévn dratoun evdg vdatopeld-
HaToC.
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3. METPHZEIX XTEPEOINAPOXHE XTHN EAAAAA

Av koL £xouvv avantuxfel teAsvtalo puéBodoL yid tnv outdpatn ko-
Taypaen Tnce otepeonapoxne o& ouvexXh xpdvo, To mLd Sradoutvo xabeoTwg
petphoewy elvaL oL . onopadLkég HETPNOELC OTEPEOTMOAPOXNS ME
TAUTOXPOVES UETPNOELE TAPOXNS TOU Uﬁatopsﬁuatoq.'To KOBEOTHS QUTO o-
koAouBelTalL XAT  OROKAELOTLKOTNTO KAL OTOV EAANVLKO XOPO.

Ttnv EAAGBa exTeAolvtaL i £xouvv exTeAeoBfel 0TO mapeABOV cvoTn-
HOTLKEC UETPNOELG OTEPEOTAPOXNG xup{mq ano 1n AEH oe nepLopLouévsé
féocLe oV KupLOTEpOV Totaudv (AALdxkuovag, AxeAwoc, Apaxbog, Kaia-
pudc, Adoc), kat HOVO Of MPLATOOELE TOU TO ENEROAAV OVAYKEG TPOYPOL-
HOTLOWOL KaL UEAETNS coBapdv £pywv, koL kuvplweg opavudtwv. Mepovopté-
vee HETPNOELG TOU KAAUTMTOUV MLKPEC Xxpovikég meptddoug £xouv viver
koL omd to Ynmoupyeto Anudoiwv Epyvov, fi and HEAETNTEC OCUYKEKPLUEVOV
Epovov, ONWOC oL PETPAGELS Tou asilupvAcTou N. AAtnyol oto Ztpuudva,vid
TLC avAVKEC TNnG MeAétng Srevlétnong tou motauou, to 1956 (BA. AArn-
yoc, 1970). Ze GAsc TLC MEPLNTOOELE OL HETPNOELS QvoQ@EpovIOL OTO
poptio OE€ aLéonoﬁ, evd yLd to woptio o olpon ovTe HETPNOELS E£XOLV

3 T

viver (0L YEVLKE MOpouoLAZouv BUoKOALec), OAAG olTe €xouv AngBel

O'TOLXSLCX TOU VO EMLTPETOULY dic ODBO}\O\/L‘KT‘] EKTl’,ul’]Oﬁ TOVL.

Ov petphoerc tng AEH, otig omoleg otnpilxbnke n egpvacla avtn,
vivovtar ue ouxvornta and 2 gopéc to ufiva mExpet 1 @opd oto dlunvo,
dv kot gpoaviZovral kat oAdkAnpo £tn xwpl¢ xapplo puétpnon. Tevikda
XPNOLUOTOLODVTAL DeLYUATOANNTES OAOKARPWTLKOL WG mpog TOo VYo, KoL
¢tor Sev pumopel va amnodoBel n £rkdva TNG KATAVOUAG TNG OUYKEVTPWONG
oC mpoc To OVPoc. Metd amd peTPNOELE TV OELYUATWV OTO EPYACTAOLO
APOKOMTEL N CUVKEVIPWON CTEPEONMOPOXNEC UE OLOPNON, KAL OTN CUVEXELX

N OTEPEOMAPOXN MKE ALOPNON.

OL HETPROELS aUTEC OmMwC TepLypdenkav pmopoldv vo XAPAKTINPLOTODV
enapkelc wc éva BoOpd YL EKTLUNCELG TNG OTEPEOANOPPONG ME OLOENOT,
aAAG Bev Bivouv oAokANpwpEVN £LkdvVe TOU @aitvouivou, agov Bev OUAAE-
yovioL mAnpogoplec vid dAAa Booikd otoiLxela, OTM®E n KoKKOUETPLKN
dLaBdfuLon Tov @opTlov ALMENONG KAL TOu VALKOU kolTng, n Katavoun
NG CLYKEVTIPWONG WG TPog To VYog, n Beppoxpacia Tov vepod KoL N Ka-
TG uAKoc KALON Tng eAelO0epne €mLOAVELOG TOU veEpPOD.

4. BAXTKA AEAOMENA THZ EPTAXIAX

4,1, MetpnoeLe atepeonapoxne

H epvaolia aﬁrﬁ oTnElxONKe o€ OTOLXELO METPNOEWV 7 OTABUOV OF
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4

LXHMA 1: Bf€oetg ortofudv udtonong OTeEpeONApOXTg

3 motauolc Tng BopaodutixfAg EAAGBac. Zuvkexpiuéva npdkeitar yid tolg
wotapolc Apaxfo {06écesiLg Tkdyko, ToluoBo, IAdxa, ‘Apta), Koloaud (0&-
ceLg Krotéxi, ZouAdmovAo) kaL AAldxuova (Oéon Zudtiota). Ou BéoeLg
TV oTabuav ealvovtoL oto x&ptn tou oxfhuatogc 1. OL eXTACELC TV Ag-
KavOv anoppong xuvpalvovtar and 204Kn? HEXPL 2725Km2. Ag onuesLwbel
dtL ot mopandve otabBuol amoteAoVv TO HEVAADTEPO NOOOOTH otabuov ue
CUOTNRATLKEG peETPNOELC oTtnv EAAGSa. H oaEfiomoinon tov ustpﬁosdv_ore-
PEOTOPOXNG YLE TNV TMAPAYWYN TNC COTEPEOQNOPPONC OE eTNOLa BAon mepL-

ypGoetatr otnv nopdypaoo 5.
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4.2. MeTphoELS TMAPOXNC.

Te dAovc Touc mapoamdve otabuolc vndpxouv otoLXelo nuepioLag
napoxnc, Baoctouiva og xKataypaen Tng qrdeunc koL vdpopetpnosig. Ta
otoLxela autd xaAbmTOUV # LTEPxAADTTOVY TNV TEPLOBO HETPACEDY OTE-
peonapoxnc. To péoo €thoLo Loodlvauo OYog amopponc, ONMWS NMPOEKULYE
yLé tnv kd6e Aekdvn amoppong, kat vid tnv 7eplod0 OMOL UTAPXOUV HE-
TPNOELG OTEPEOATOPPONS, QALVETOL OTOov Tivaka 1,

4.3.Méoec BpoxonmtaoeLe AEXKAVNC

OAEC oL Aekdvec amoppofic Tou £EETAOTNKAV KOAURTOVTIOL and enap-
keg 0ixTvo BpoxouetrpLkdv N Bpoxovpa@Lkdv oTabudv, mov aviikovv oInv
nistoynola toug otn AEH. Tnv epvacia avth Sev esviLapépovv oL ONpEL-
akéc BPOXOTMTOOELS, GAAG OL €mMLQOVELAKE BECEC TLUEG TOUG Of €THCLA
Bhon, mpoxeLpévou QUTEC va COUOXETLOBOUV RE To avilotoixo pMéyvebBog
otepeoanoppong. OL TLuéEC avtég dev vroAovioTnkov  AuUEca  oTNV
epyaocla avth, aAAd eAfednoov and maAidtepeg peAéteg tng AEH vid tig
vmohekdvec ApdxBou KoL ond £PELVNTLKA Tpoypdupate tou EMI vid teg
vnoAekdveg tov KoAopd xoat AALdxpova., T OpLOHEVEG TEPLATWOELG £YL-
VOV CUUTANPOCELG A E€NEKTACELS TOV TLHOV UE TLG YvwoTic peBdédovg.Ta
HECH  ETAOLO ENMLQOVELOKG VYN Bpoxnc Twv SLa@dpov UTOAEKQVGV @alvov-

TOAL OTOoV mivoka 1,

4.4. Karpotikd dedoutva

H poévn kKALPOTLKA TOPAUETPOE MOV £E€TAOTNKE, OE CUOXETLON UE TNV
otepeoanoppon elvot n Aepuokpacia. OL puéoeg etnoieg Beppokpacleg Tav
Aekavoyv extiunBnxov pe Bdon tLg ueTphoele Beppokpaciag TV OTAOUOV
Iwavvivov, Aptac xou KoZdvng, mouv poag mapax®enoe n EMY, pe avayoyn
oto ptco LYORETPO TNG KABE AeKAVNC amopponc KaL QaivoviaL otov mi-
voka 1.

4.5. TomovypaoLkd dedopéva

To TOMOVPOQLKY XOPOKTNPLOTLKE Tou evdLagépouvv Tnv gpyacia au-
T, ATOoL £KTACELC AEXKQVOV, HNKN MOTAMGV, XOPOKTNPLOTLKG VWOUETPO KL
uéoec kAloelg, eAn@dnoav and xdpteg xAluoakag 1:200.000 tng E.Z.Y.E.,
XoL QotvoviaL otov Tlvoka 1,
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4.6. Tl'ewhoyixd dedoutva

To YEWAOYLKE OTOLXELO TOU xpnoipomoLnBnkov sAnobnoav and vew-
AoyLkoUc xéptec tou ITME, tng AEH koL Tou gpeuvnTikol APOYPAUUOTOG
AAtdxpova tng FTET (Ka®nyning €. EavBoémovAoc). Ta mocrotd sudeLgng
Tov BLaodpwv KaTnyopLdv TETpoUdTov oTtnv kGOe Aekdvn anopponc, oatl-
vovtatr otov mivako 1. ' ' ’

5. EXTIMHEH THY ZTEPEOAIIOPPOHX AI'O METPHXEIY ITEPEONAPOXHZ

5.1, H xaundAn UETOQOPAC QEPTOV

7 H xaundAn petogopdc geptov (sediment transport curve)} eivat 1

YOO@LKN N OVOAUTLKN EK@POON TNG OXEONEG OTEPEOTMUPOXAC-TAPOXAC o0& Uia

opLopévn dratoun e£voc vdatopsvpatoc. H kabBLépwon Tng oQelA£TOL OTNV

OPKETA KOAN OUOXETLON TOU URAPXEL OvAuccooa ato 80o pevédn, -ov dixaL-
oAoveltatr and To vevyovdg OTL n MOPOXA £VOS LBOTOPEVUNTOC OVILTPOCH-

neVetl xaL TLg udpavAikég mapauétpovg Tng pofic, aAAd xaL TLg UdpoAo-

YLKEG TOPAMETPOUE TNG AEkdvne amoppohc. -

H ev Abdvw oxéon xoatoptlifetoL pe Baon TLC TOUTOXPOVEG UHETPNOELG
OTEPEOTOPOXNGS (QS) koL mapoxfic (Q). Mévrteg to onuela (Q-QS) TQPOVCL -
GCouv peyaAn Sraomopd. OL TLUEG TNG OTEPEOMOPOXNE £XOLV AMOKALOELG
mov ouvnOwc Eemepvolv Tn ULA TAEN uevéBoug vid tnv (Sra TLpA TG
napoxfic. OL pevdAec avtéc amokALoeLe owelAovtaL O GAAOUC mopdyov-
TeC, vBpoAoyvikole (kuplwc) N vEpavAikodc mov Sev AauBavovrar vmoyn
OTNV KATAPTLON TNE OXEONG Q. -Q. KaAOtepa amoteAéopara divet n xatdp-
TLON E€TMOXLOKOV KOUTUVAOV PHETAPOPAC, £pdoov uUTMApPXeL EMAPKAC aptBudc
debouévev vLa kdBe emoxn. Me Tov TPOmO ouTO AcuBavovrtaL £mimAfov v-
TOYN GPKETEC TMAPAUETOOL, ME £uNECO Tpomo. TétoiLec napdpetTpol slval
n Bepuokpacia Tov vEPOD, TO EMOXLAKA XOPAKTINPLOTLKE TV UVOPOAOYLKGV
napapétpov (m.X. pofl Bdong, Tumog kataLyidwv), emoxLoaxkéc droakvpav-
OELG TNG QUTOKAALYNG OTN AEKAVN GNOPPONG K.O.

OL xounOAEec peTamopdc QEPTOV UTOPEL VO QVAQEPOVTIAL OTNV OALXH
oTEpEONOPOXA N £va THNUG TNGC, M.X. COTEPEOTOPOXN UE QLOPENON. Zuviibwg
HTOPOUYV VO TEPLYPOPOUV aNd OVAAUTLKEC eXKOPACELS TNC HOPONG

Q, =aQ’ (5.1.)
omov

Q = otepeonapox (oALkf A tunmatikn) (kg/sec)

Q@ = moapoxn (ms/sec)

a,b= otabepéc
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NINAKAL 1

MELEL ETHLIEL ITEPEOANOPPOEL KAI ®YLIEA XAPAKTHRITILIKA AEXANSN ARUFFOHE

AEK., ANOFPPOHI * A F A X B 0 I
YnoAexkdvn Mkoyko Toipopo NAaxe "Apta
(Beon perpncewyv!

"Extaon (km2) 204 640 Q7¢ 185%
Nepiodos petp., 19466-72 19465-78 19465-76 19465-76
Meen et. otepeo-

gnoppan {t/km2} 1176 891 1570 1546

LR RS I R R E A P R P S B - S NN

YOPOAOMIKA ~ KAIMATIKA XAPAKTHRIETIKA (oe etfoic pdon)

Mécn ppoxontwsy

Agxdvns (mm) 1811 1377 1594 1614
Méon wond,.anoppofh

Aegxkdvns (mm) 1743 960 1163 988
Mésn Seppoxpacia .
Aekdvas (o C} 9,79 10.65 11.04 12.07
XAPAKTHPILTIKA YWOMETPA (m)
Méoo Agkdvns 1300 1070 1060 8BY
Béons ctadpov 377 Jb4 248 2
Méyioto Askdv., 24469 2295 2449 2449
Méy.kup.xRadov 1800 1200 1200 1200
XAPAKTHPILTIKA MHKH NOTAMOY {(km)
CALkd kup.kAd. 18.4 43.8 60,0 107.8
Kevipopapiko 7.6 26.8 30.0 51.4
XAPAKTHPILTIKEE KAILEIL (m/km) .
Mesn notauav 74,5 19.% 15.9 16.7
®a.v. Aexdvns 121.4 26.3 27.1 16.5
FERADIIKA XAPAKTHPILTIKA AEKANHL
(NOZOETA EMOANILHL NETPAMATON - %)
AdAcupLa 7.8 4.1 3.0 5.7
dAucxns 23.4 75.8 7.8 37.9
Voppites~pdpyes

-oxLotoAtdol 0.0 0,0 1.6 36.6
AcpeogtoAL 8ot~

-3odopites 48.8 17.0 23.5 18.7

Metapopgupeveo-

-expniLyevh 0.0 3.1 2.1 1.1

e ey om e e e e e e e - Py yy—
Rt e s it - EE E 2 E 1

FEOAAAMAL + AMIAKN, #
foudo- Kiotekt fig-
novAQ Tiota

661 1481 2725
1969-78 1966-78 1965-79
203 384 g4
1275 1310 799
1383 10560 2564
13,40 13,43 10.24
621 S47 1640
180 34 302
20590 2198 25240
800 800 1800
51 98.4 110G.6
31, 45.0 50.0
12.14 7.6 11.7
14, 11.4 i
20.9 17.0 16.9
8.6 .9 1.8
1.3 15.0 47.8
68,0 50,5 7.3
0.0 0.0 24,2
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LXHMA 2: Kopndin uetagopds geptdv motauod ApdySou
ctn 9€on T€gupa ApTog

TétToLeg KQUAVAEG. LETAQPOPEG QEPTOV OE aLOPENON katoaptioTnkav vid
6Aec TLG Otcelg mou eEetdfovrtaL otnv gpyacia avtn. Zto oxnua 2 Silve-
TOL £VO QVTLUPOOOREVTLKS JLAypauud TAPOXAC-CTEPEONAPOXAS TOU OTAOUOD
'‘Aptac. Mapatnpotine 61L elvar suopave(¢dho SrLopopeTikéc xaunvAeg,uia
vLéd tnv vypn neplodo (AexépBprog-M&log) xaL uia vid tnv Enph (Iodve-
o¢-NoéuBprog). H dedtepn pdArota aviLotoilxel oe WOAD HEYAADTEPEG TL-
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uég tng otepeomapoxnic, vid tnv L8ia mapoxh. Akdun eilvar eupavig n
uevdAn Siaocmopd tev onpelov, TOU TPOKTLKA, KUMOLVOVIOL UECH OTQ O-
pra plac tdEnc pevéBoug, ovpuetpLkd (oto AovapiBuikd Sidypauua) g
npo¢ TNV avriorotxn kaumvAn. Télog mpoxiMTer OTL elvat kATdGAANAn n
oxton (5.1) yié Tnv avaAuTikh €xopacn kKoL tov 500 kaumuAdv, koL ou-
16 ouvEBN og OAEC TLC MEPLATOOELGC TOU EEETATTNKAV.

Te plo ovoTRUOTLK UEAETNH TOV OTaBepOv a koL b tng oxéong (5.1)
otn Bopgrodutikn EAAGSa (Mimikou,1982) €xeL amodeixBel O6TL oL ovabE-
péc autéc efaptOviat amd tn Bpoxdmtwon tng Aexdvng xai and opLoué-
VEC TOMOYPOPLKES TMOPCUETPOULE TNG. -

5.2. YnNoAOVLOUOC OTEPEOONOPPONG

Me to oUVOUOOMO TNG KAUTMUANG LETAPOPGESC QEPTOV KOL TOV NUEPH-
GLOV T} KOAVDTEPN TOV CTLYLLAl@V TLMOV TNC MOPOXNS, MIOpoLV va mpo-
xOYouv GUECH OL MUEPACLEC f OTLYHLALEC TLUEC TNG OTEPEOTOPOXNG KL
oTN CUVEXELWL N OTEPEOANOpPPOn HLdc xpovikfic mepitddouv T. H otepeoanop-
pof umopel va MPokGYeL kaL Gueda, xwplc LECOAEBNON TOU ULNOAOYLOMOD
TNC XPOVOOELPAC TWV CTEPEONAPOXWV, amd fnv-xaunﬁkn didpxerLag twv
napoxdv Tnc meptddou T, pe apLOuUnTLKA oAokAfpwon Tne oxtong

oo -4
¢ - g@@aq = 7 {gar@ 5.2)
r l;l o
omov
T = xpovikh meplodog
G = otepeoanoppon TNG XPOVLKNG mepLddov T

g(Q)= n oxfon mapoxfig-otepeonapoxiic: Q .=g(Q)
f(Q)= eumetpLkfiy ouvéptnon mukvéTnTac mLBovoTnTAC TNG NAPOXNG
F(Q)= xaumdAn dLbpxeLac RAPOXNC

H napandve oxéon umopel va e@appootel elte vLd OUVKEKPLUEVN
xpovLkf) Teplob0,n.X.YLE £va oUYKEKPLMEVO £toc, £{TE VLA YEVLKELHE-
VI, T.X.T0 péco £toc¢, apkel va xpnoipomoinfel n katTdAAnAn KoUmTOAN

§rLapxeLac,

Ztnv epyvavla avth o UmoAOYLONOC TNC CTEPEOATOPPONG évas o€
ethora Pdon, ué Béon tn oxéon (5.2) xar oi pEoeC €TAOLEG TLUEG umo-
rovioTnkov cav péooL 6poL tov etnolwv Tipdv. OL péoeg TLpEG VLG K-

0g vmoAexdvn @alvovtat otov Tivaka 1.
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6. ENTAPASH TON YAPOAOTIKON KAT KATMATIKON MAPAMETPON
$TH EITEPEOAIIOPPOH

6.1. Mnxoaviopol emidpaonc TV VEHPOAOYLKOV TOPAYOVIWOV

ElvaL yvootd and tnv avdivon tov unxoaviopov tne £dapixic Sid-
Bpwong, 6tL N ouvvdbvacufvn Spdon NS BPOoXOMTGONS KAL TNG GmOppong ei-
vaL n kiLvnTnpia dvvoaun tng didBpwong. H xivntikh evépyveia tng Bpo-
xfc elval vnedBuvn vid thv andonaon Tev edoPLkOV KOKKOV, €VO n anop-
pofi, LE TNV £€vvoLo TNG emL@oveLaknc pofAg, elval vmedBuvn vid n pe-
takivnon tov kékkov. OTav evBiLagépelL n TWOOOTLKA TMepLypaen tne Sié-
Bpwong, SnAadn n edagLkn andAeia, TOTE ouvibwe apxkel pdvo n Bpoxd-
TTeon yLd Tnv ev Advw moootTikn mepiypapn. [Mud ovvkexpipéva otnv Ma-
ykoopLa EE{cwon ESopixnc ATOAELOG XPROLUONOLELTAL OOV NAPAUETPOG O
OUVTEAEOTAC draBpetikdTnTag Tng Bpoxfg, mMov yLdk £va eneLoédio Bpo-
XxA¢ opiTetaL amd TLC OXEOELC:

. E-1 '
R = 30 (6.1)
1700
E = Z¢. I At
73 (6.2)
sj= 3,79 1n(231j) (6.3)
Omov
R = ocuvteAeotiic BraBpoTLxdintagc Bpoxig (uovdideg dnwg mpo-
kOmtouv and touvg eml pépouvg Spoug TOV)
E = ovvoArkf KLvanKn gevEpVELO TNG Bpoxne ava uovado snL?
PAvVELOC (Joule/m )
130= HEYLOTN TLHN TNG €vIaong BPOXAC TOU NMEPOTNPELTOL OTO
eNELo6dLo YLA Xpoviko didotnua 30 AenTOV TOVAGXLOTOV
At.= n j umodialpeon tov xpdvou Bpoxfc (hr)
Ij = évtaon Bpoxng o010 XPOVOo Atj (mm/hr)

€5 = eLdixA KLvnTLKA evEpveLa Bpoxng, NTOL EVEPYELR avd
povada emipaveLac kol ovd povada vyoug BpoxNc
(Joule/mzfmm)

Omwc koL To OYog Bpoxnc, o ovvieAsotnc draBporikdintoag £-
xeL tnv LdLdtnTo tng mpooBerixkdTntag, SnAoadn o cvvreAeotng diaBpu-
TLKOTNTAC ML axohovdiag emeiLcodiwv Bpoxne (m.x. svde phva, £vog
£Touc KAT.) €i{voL To AOPOLONA TOV EMLEEPOVGC CUVTEAECTOV SLaBpwtikd-
TnTag. e uilo peAéTn mou £vive vLd tn SraBpoTikdéTnta twv Bpoxov TNG
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Avtikng Appixng (BA. Kirkby and Morgan) @dvnke 6tL 6 néocog etrioLog
cuvieAeoThc draBputikdintac Bploketar oe oxéon avaroyloag pe To péco

ethoLo Oyog Bpoxng, oOUEWVO PE TN OXEoN

Rpp/Ppp = 0,50%0,05 | (6.4)
dnov

RET = £00C¢ ETNOLOC CUVTEAEOTNS SLABPOTLKOTNTCS

Pop = péco ethoLo VYo Bpoxfic (mm)

AvtiBeta pe 4TL ovpBalvel pe Tnv edapLkh dLéBpwon, oTnv SLEBPw-
on tng koltng evdég vdatopebuatoc n BoaoLkh xLvnthpLa dUvapn elvar 1
pofl 0To VBATOPELRA, KOL CULVETM®S N BUCLKA MOPAHETPOC VL& TNV TOCOTL-
KN meEpLypaen Ttou uevEBoug elvaL n amoppon. Etot teAikd, OTov £vBLo-
PEPEL N OALKN OTEPEOONOPPOn, Bev eivalL caoéc mLd and Ta SV0 ueyéon
(Bpoxontwon, amoppor) maller tov xupLdtepo podAo, 4600 awopd TLC TOCO-
TLKEC EKTLUACELG.

6.2. EumeLpLkN CLOXETLON OTEPECATOPPONS HE ULSPOAOYLKEC TMOapAUETPOUC

Me Baon ta dedousva tou mivaka 1, mov agopolv TLC usdsq eth-
OLEC TLUEC TNG OTEPEOATOPPONG CE OLOENON, TNE BPoXOMTWONG, KAL TNC G-
MOPPONG, OTLG AEKAVESG TOL £EEeTALOVHE, CUVTAXONKOV TO SLaypdupoTo TOV
oXnUOTOV 3 koL 4, O6mMOU omeLkoVLZETOL T OUOXETLON TNG CTEPEONNOPPOAC
HE TN BpoxomTwon xot amnoppon avtiotoixa. Advew Tng peydAng draxduav-
ONG TNG OTEPEOAMOPPONG eMLAEXONKE N AovapLbuikh xkAlpaka yid auvthv,
eve ta dAAa BVO PeVEIN ex@PATovTOL Of QUOLKN kAlpoka. AT ta Sia-
YPOUUATO TWPOKUTTEL OTL UMOPXEL OPKETA £VTOVR GUOXETLON TNG GTEPEO-
amoppone (G) koL pe tn PBpoxbéntwon (P) xar e tnv amoppofy (R). Ot
OX£0€LC TOV UETABANTOV aUTOV elval TPOTLUOTEPO VO EKPPUOTOUV WE EK-
fetikég €ELoBOELC TNG MOPQPRC:

T=ce™ war T=ceR (6.5) xaL (6.6)

OL TLuég TOV oTaBepOv c,n,c’ koL B mov vroAoyloTnkav He TN pé-

Bob0 tev eAaxlotov TeTPpAvOVeV, polvevidlL £nLONg oTta €v AdVW OXNUOTA.

Suykpivovtac TLc 500 MOPAnEVe CUOXETLOELC UETAED toud glvat
capéc OTL n ouoxition ke tn Bpoxdmrtwon sivar n mLd ¢vtovn, a@ol mo-
poucLACeL MOAD peyvaAVTeEpo cuvieAeoTn ovoxétione (0,912 évoavri 0,679)
kaL moAU pikpdtepn Sroaomopd twv onuelov oc mpoc TRV avrtlotoLyn €Ei-
owon (TunMLKS CQEAAUN, £kQPOCONEVO HE TN HOPON G/a'=1,53 gvavte 2,15),

Metéd Ta moapoandve golvetat 6TL n BooLkOTEPN uépokovykﬁ napdus -
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HETPOG MOV EMNPEATEL TOCOTLKA TN OTEPEOATOPPON, VL& TLG CUVKEKPLUEVES
vmoAexévec , elval n Bpoxdémtwon. H equv¢§ﬁ KaL NG anoppofic oav dev-
Tepnc aveEdpTnTne petaBANTAC, oTn oxéon Bpoxnc-otepeoanoppong, Oev
dlveL xapuLd ovoLaCTLKA BEATLOON OTNV TPOCUPUOYT LE TO TMPAVHATLKE Sedo-
HEva.

u.o. Lnidpoon Tnc Beppoxpaciog

Onwe £xeL @avel amd £pyaoTNELAKEG AVOAVOELS xaL amd HETPHOELS
ot QuoLkG vdatopeduata, LTAPXEL £nidpaocn TNE OepUoKPAoLaC OTN OTEPEO-
nopoxh. O unxoviopdc dupwc, pe tov omolo emfpedlerL TO OULVOUEVO N Bep-
uoxpacta,sivuL apketd moAUmMAokog (BA. Vanoni, 1977) xai £t0oL TO amoté-
Aeopa mov 6a £xer ula petaBoAf tng Bepuokpaciac otnh crepomapoxh Sev
glvaL mavia to (8io.

~Av twpa €Eetdoovue 1o Oépo oe pla peydAn xpovikn neplodo m.x.
evoc £Toug, avaintovtag TNV emidpaon tne wéong Bepuokpaciag tng Ae-
KAVNG anoppong otn oTeEpeoamnoppon) Oa npéncl va £ilvalr moAd ddokoro 0
HoAAov aniBavo va avixvevooupe pla tétota enidpoon. Mopdia avtd oe
BLAQOPEC EUTMELPLKEC OXECELC CTEPEOQTOPPONC TMOL £XOUY KOTOPTLOTEL N
néon Beppoxpacic thne Aexdvng amoppong £xeL xpnoiuonolnBel ocav aveEdp-
TnTn petofinth. EtoL otnv epyacla Tou E. Flaxman (1972) xpnoLuomolL-
eiTaL gav aveEdptntn petaBAnth o Advog TNG WEONE £TROLAC BPOXATMTOONG
nP0C TN HEon £thoLa Bepuokpacia,

Tta Sika poc Sebouéva @dvnke kot apxAv OTL UTAPXEL Hia aofevhc
QPVNTLKN OLOXETLON OEpHOKPAOLAC-GTEPEOANOPPONG, UE CUVIEAECTNH OLOXE-
TLong (oo uwe -0,30. Autd duog ameddbnke O0xL otnv kadavtd 6pdon  Tng
espuOKpaoﬂaq, OAAd 0g GAAOLC TOPAYOVTIEC TOUL ELUECH, HECW TNG BEPUOKPO-
0LOC, UTELOEPXOVTAL OTN CLOXETLON, OTMwg to HEco uvUOHETPO TNG AekdAvng
KaL n ethoLa Bpoxomtwon mou elval oavEovoa ouvdpTRon Tou LYopETpoUL,
dpa @Bivovoo ouvdpInon Tng Beppokpacioc.

Ftd vo usAetnBel Aoumdév n kabaph enidpaon tng Ospuokpadalag otn
CTEPEOOATOPPON TPEMEL va apatpeBei mponyolueva n enldpaon tng Bpoxod-
ntwong. Avtd umopel va yvivelL pe tn HEAETIn Tng ovoxitiong tng Oepuo-
xpaciag (T) ue to pévebog

@ = 6/C C (6.7)

oV eXOPdCel TNV andxALon TNC TAPAVUATLKNC otepeoconoppone (G) amd tnv
eXTLUNONR TNg ue BAan Tn Ppoxdntwon (@—oxéon 6.5).

To onueto {T-o) éxovv amotumwBel oto Sidypaupa {B) Tou oxAua-
toc (5), and 6mou mpokONTEL OTL dev LUMAPXEL OVLXVEDOLUN OCULGXETLON
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dpo ovte enibpaon Tng Oeppokpaciag oTn otepeoamoppof. (Ac onpelwbel
néviec 6TL ASYO TOu uikpod mAfBoug onpeiwv mov EraBétovue (mbévov 7)

Sev umopodv va avixvevdolv mapd pmdvo £viova HOVOTOVES OXECELG).

7. SYZIXETIZH THE XITEPEOAINOPPOHE ME TOIOTPAGIKEX IMAPAMETPOYY THE

AEKANHZ AIIOPPOHZ

id va efetdooupe Oeopntikd Tnv enldpoon TOV TOMOYPAPLKOV TO-
paydviov, oc Ocwphoovpe uia pLkpn edagLxn £XTOon LE ouoLduoPOA XOAPO-
xtnpLotukd. Elvar copéc dTL ov mapducetpor mov molfouv pdio otnv eda-
oLk amdAera elvar n xAlon 8  1tnc edagikic £xtaonc, n omoia £anped-
Zer KoL TN HLaBpoTLKOTNTO TN emL@aveLakfic Aamoppong, GAAG xaL TO puB-
ué  andomacnc TEV edaoiLkdV kOkkeV amd Tn Bpoxn,Kaddc koL TO ENKOG
tne kALtooc L, SnAadfl To RAKOC TOU SLOTPEXEL N enNLQaveiokn pof,ué-
xoL va @TAoEL O KAMOLO QUOLKO i TeEXVNTO amodékTn. '

Av ThPA LETAQPEPBOVUE OTO TMOAUTAOKO QUOLKO GVAYAULPO ULAG AEKA-
vac anoppofg Sev elvat xaBdAov co@EC MOLEC £ivat OL TONMOYPOPLKES TO-
pdustoot mMov umopel vo emMnPedfouv TN oiepeoancppon. LNV gpvacic av-
t etetdotnke n enidpoon TeV £EAC TAPAUETPOV:

a) TOU ufkoug TOL KUPLOL KAaBou TOU notapoy, L

B) tnc néong xAlong tov motamov S=AH/L

v) uiag nopan€TPOU evdetkTLkAc Tng méong xAlong NG Aexdvng, 7noU
ovapdotnke "gairvopevn xiion, 5," KaL oplotnke and Tn OXEon
SA=(Hu'Hs)/Lg amou Hu TO UECO vyouerpo ™e Aexdvng, Hs to VYo~
UETPO TOU NOTOMOV oTnv £E0do xaL L TO XOPOKTNPLOTLKSG "KeEvVIpOo-
BapLkd" ufixoc tou motapold amd Tnv £E8odo uéxpL to onpelo Omov mpo-
BAAAETOL TO KEVTPO BEPOLE TG Aekdvng otov motapd. H eLoaveyn av-
o0 Tou pevéfBoug avti tne méong xAlong €vive yviati o LUTOAOYLOMOG
tng péong xAlong sivoar xpovoBdpog.

§) tnc £xtoonctng Aekbvng F. BéBaia dev mepLuévouue OTL N txToon e-
anpedleL v edopLki andAcsia, aAAd Oa umopovoe vo enxnpedleL  TO
ouvteAeotn otepeoanoppong (BA. Kirkby and Morgan, Vanoni),dpa kot
TN OTEPEOANOPPON.

Mlpokerpévou vo avixveuBel n enidpaon TV TAPATAVR TAPALETOWY
OTN CTEPEOANOPPON, HEAETHONKE N CUOXETLON TOVC HE TO MEYEBOG TNG O-
néokALong o, Omwe oploTnke otnv napdypago 6.3, Ta oxetikd dravpdupa-
T gaivoviaL ato oxnua 5 (v+ot1). TeAikd mpokUmTer OTL kaumio amd TLg
TOTOYPOPLKEG NapauéTpovs dev &xet ocophl enidpoon oth OTEPEOANOpPpOf.
Evdixdtepa 1o O6TL ot xAlocig S, Ko Sn Sev éxovv emiSpacn oaivetat

xat apxfiv mapdbofo. Iltotevovue 6TL pla epunvela og avid elvar n a-
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kOAoudn: Av Oewpiicoune OtL 800 Aexdveg amoppofc éxouvv axkpLBdc LBia
vewAoyLkn obdotaon, aAAG SLQ@OQSthéq utoeg xAloerg, elval capéc 4t
autn mov €xet TN peyvaAldtepn xAlon Ba BdoelL koL T pEYAALTEPH OTe-
peoanoppofl. ITNV NPOyHOTLKETNTE OMwE N vEwAOYLKA obotaon Bev elval
n (dra, evd mapdAAnAa n peydAn xAlon elvar EvBeLEn auEnuévne avto-
XAC TV MeTPwRATOV. EtoL o0t 800 Aek(vec OmOPPONC QUTA TMOU EuQAVLi-
TeL pevoAdtepec kAloelg Oa amoteAeltaL and yewAovikd ovBeEXTLKOTEPA
TETPOUATA, Kol Ba €xeL xoL TN peyvaAlbtepn avioxh o SidBpwon. TLé
napdbdeLyna n vmoiekdvn avdvin tou IkdYKOu TOU EXEL OQPOC PEVOADTE-
pn kAlon amd tig dAAec (oxfiua 5e xoL 50T) anoteAeltat oe pevdio mo-
00010 and aoBedtéALB0,0 onoiog BraBpovetar MOAD ALydTepo and To GALGXN,
mov kvpLapxel oTLg dAAec Aekdvec tov ApaxBou. Zuvemd¢ n ovvoALKkh pé-
on xAlon Sev ennpedleL wovoonuavto Tn orepeoamoppon. H eniSpacn tne
kAlong Oa émpene vo peAetnBel 0@ol viver diLdkpLon tng xAlong xotd
TUNLOTE OHOLOROPPNG VEWAOYVLKAC oUOTOONG, GAAG autd Eepedyver and to
miaalola tng epvaciac ovthc.

8. ENIAPAZH TON EAAGOAOTIKQN KAI TFEQAOTIKON TAPAMETPON KAI THE OYTO~-

KAAYYHY XTH ETEPEOCAIIQOPPOH

Ta xapoaxtnpiotikd tov eddpouc 6nwE TOo pévedoc Twv KOKKWV (KoK~
KOUETPLKA katovouh), n Souh, n SrLanepatdTnta KAN. £X0UV TMOAAATANR €-
nidpaon otn Siabikaole andonaonc-ueTa@opds kaL andfsone Tou edapL-
ko0 UALxoU. ToAl ocoBaph elvalr kat n enldpaon Tne outok&Avyng, amod
umopel va avaotelAet To puBUd SidBpwone péxpL koL ote 1% Touv puducd
Tov gp@avifetal oto yuvuvéd édagpoc. H enibpaocn Tov napanttpov qutdv
ouwg Bev pehetnbnke moooTLkd oTnV epyvacia auth, ASvw EAAELYUNC OXE-
TLkdv dedopévev. AvtiBeta peAethbnke n enibpacn tnc yewAoyikhc ob-
OTOONG TOV AEXOVOV ANOPPONC, HE BAon T oTtolxelo TOvU ovaeépdnkav
onv mapdypapo 4.6.

HapaBAénovtac 10 veEYovdc OTL TMOAAEC @opég 800 epgpavicerc Tovu
(dLov meTpOUATOC Ot JLOPOPETLKOVG TOMOUG, UTOPEL va £xouv TOAD SLo-
@opeTLkd xoapokTnpLotikd 400 awopd tn diaBpwoLudTnta Toug, Oswphoc-
HE OTL TO kGBe méTpwua £xer xabopLouévn uéon ovumeEPLEOP&, KoL £ToL,
otouxela dnwg n éxtaon ogrnv onola eugavileTaL To kaBe meTpwua (BA.
nivaxa 1) Ba pmopovoav va Sdoovv moooTLk& cuRmEpdopaTd Yid TN OTE-
PEOOTOPPOT . ATO 0pLOUEVEC APXLKEC MAPATNPHOELS @dvnke OTL URMEPXEL
capic BETLKA CUOXETLON TNC CTEPOATOPPOAC OE GLAOPNON ME TNV ovaioyla
euedvionc touv @AVoxXn, mpdvua mou BewpelTal Aoyikd AdYw TNC MEVEANC
5LaBpOCLUSTNTAC TOU eAboxn. £tnv meplntwon tov aoBedgtéALbouv n  ou-
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ox&TLon elvaL GOQOC OPVNTLKA, OMwE £ival @uoiLkd agol o acBeoTdALBog
drLaBpOvetaL o pLkpOTEpOVC puBpolg, evh ta mpotdvia tng BLaBpwong
tou Sev oUEBGAAOLV GTO QopTio aLdPNONg, AAAG oto @optlo avpong (xpo-
kGAec, xaAixia), N koL peTaeépovial ge SLaAuvon.

_Metd and ouTéC TLG MOPATNEACELG kalL mpoxeitpévou va uvroBetndel
plo koL podvo TMOPUUETPOC CVILIPOOWTEVTLKN TNG VEWAoviog Tng Aexdvng
anoppofic, xaTaTdxBnkav Ta spEavLIOPEVA TETPOUATO Ot TPeic opadec,a-
vérovya pe tn SLaBpoorudtntd Toug amd TO veEPS KOL anodddnke oTnV K-
0c opéda £va sumeilpikd pétpo SLafpwoLpdTniog Kk WG €ENG;

1. Oudda vynAnc drafBpwoLpdtntog K1=1
AAAOOBLO, QAVOXNC

2. Oudda pétpLoc droBpwcipdrntag : ¥,=0,5
MGpyvec, boppites, oxLotdALbol

3. Oudda xoaunAng SraBpooLpdintac K3=0,1

AoBeotOALBoL, BOAOULLTEC, HETOULOPGOUEVA, EXKPLENYEVA
EtoL 1 ¢ntobpevn mapducetpog pmopel va glvaL To wéco péTpo SrafpwoL-
HOTNTOC, TOU OVOUACTNKE YEWAOVLKOC CUVTEAEOTAS, V¥, KoL dlvetoL amd
n oxéon
= + +
V = KyDytK,p;*KsDs (8.1)

omou
K{» K,y Kz OL CUVTEAEOTES HLABPOOLUOTNTAS, ONMWE TMAPATAVEL, KO L
P1> P2» P3 oL avriotoLxec avaroyvlec NG £XTAONG OTNV omolo
gpeaviZetor N KAOE xatnvoplo METPOUATOV, TPOC TN
CUVOALKT £KTAON TNG AEXAVNG, OTMWe mpoklmTouv amd

TOUG 'VEZ(D}\.OVLKOI'JC X("X.OTSC.

Zto oxfue 5(a) ametxovifetar n ovoxérion TOL YEWAOYLKOU CLv-
TEAECTN ¥ KOL TNSC OMOKALONG OTEPEOANOPPONG a=G/a. Nopatnpolue 6TL 0
ovoxétion auth elvar évrovn koL pmopel vo exepoacBel pe Tn YPOUULKN
oxéon

o = 2,5(y-0,13) : (8.2)

0 CUVTEAEOTAC OUOXETLONG €XeL Tnv vYnAn Twpn 0.980

TeALkd amd OAEC TLC MOPAUETPOVE TMOU £EELTAOTNKAV, EKTOC OMO ™
BPOXOTTOON KOL TNV ATNOPPOR, H6vVo N vEwAovia TNG Aekdvng £XeL caef
eTidpaon otn otepeoamnoppon. H moootikn £xkepaon autig Tng enldpaong
HEC® TOU YVEWAOYLKOU OUVTEAEDTH v Ozopsitoar amoTeAeouaTLKh, TaPOAN

Tv x4nwe avBaipetn e€Loaywyl Touv cuvvieAeoth avtol.
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9. TEAIKH EKOPAXH THX ZXEXEHE XTEPEOQANQPPOHE

0 ouvdvooudc tov oxtoov (6.5) xoair (8.2) diver ™n oxéon TeAi-
KA¢ EKTLUNONG TNG OTepsoanopons oe adLbpnon::
3,15P/1000

G = 2,5(v-0,13).6,79%

s 19

16,98. (v-0.13) ,GS,ISP/lo()O

H

G (5.1)

Ztnv napamdve oxéon epeavigovtair 3 ocuvoALkd otafepéc, apLBubg mou
kplvetaL vnepBoALkdc viLd Ttov oToxXd apLbud onuelov mov SiLabétouue.
llpoxeLuévoy va HELOOOUNE TOV apLBpd twv otabepov katd 1, Ba HexBol-
de avit tng (8.2) uio oxéon avaroviag Twv LEVEBDV Yy kal o, SnAadh
o= cyv
omoTe pe ocuvbuvaopd Tng nepandve koL tng (8.2) 6a £XOUME TN YEVLKA
Lopefl ox€ong

_ nP , a _
G = c,ve ONov €,=C.Cy

ou T

G/v=c2enP

KoL ov Ofoovue G1=G/v, HeEyeBog 1ov Bo ovopdoovue euLbikh OTEPEOOATOP-

pot:

_ nP
Gl— 2e

OL otabepéc tng mapamdve oxéong vmoAovioTnkav pe anevOeiac ekBeTLKNA

C

naArvdpbunon avipeoo otLg petaBintég G, kot P koL TeEALkd TMPoEKUYE
1

3P/1000

G, =15e {(9.2)

1
0 ovvteAeotnc ouoxétiong mpfkuvye (oog upe 0,986. EmtAvovtag tnv ma-
paNéve ®S TPOoc G KaL £XOPGLOVTOC TNV BPOXOMTWOT O UETPA £XOUME
TNV TEALKN £X@pOon: ‘
P

G = 15ve (9.3)

6mou (VAKEPOAQLOVOVTAG TN ONuacia Towv CuuBOALV):
G = uéon €tNOLO OTEPEOATOPPON O oLGPNON {t/sz)
P = péoo etnoLo VvYog Bpoxnc (m)
Y = YewAovLKOC OUVTEAECOTNAG, mou oplletar pe th oxéon(8.1)
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Ito oxhua 6 eolvetoar n moAd kaAn ovugwvia tng oxéong (9.2) pe o mpoy-
patikd dedouéva. Mapatnpolue dtL n péyLotn andkALon mpaypotikAg TL-
uAg and Tnv extiunagn tng slvor 1.21 (+#21%}) xat n eAdxiotn 075 (-25%)
gevh 1o TumLkd oedApc slvar 1,17,

to oxhua 7 €xeL ameirkoviobel n (dLa éziowon oge ouvbuvaopd ue
Ta Sedopeva oe stfhiora Bdon, dmov xaL MAAL N mpocapuovn elval LKAV~
noenTLkn. ESO n andkAion mpaktikd kaAORTeL éva £0pog ULOGC TAENG HE-
v£Bovg. MopdAAnAa oTo L&Lo oxfpa €xel xopaxBel n xaumdAn, mov mMpPoEkv-

Ye and TLC OXE0ELG MOALVEPOUNONG TWYV EINOLOV TLUOV TOvV PEYEBOV, UE
eElowon:
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G, - 14, 4¢2,97/1000

nov eilvaL moAd xovtd otnv c£Eiocwon (9.2). O ovvisAeothc ovoxéTLong €-

(9.4)

o elvor 0,881 xat to tumukd oedApa 1,74.

EKTOZ KEIMENOY

Mia cLVORTLKN mapovoiaon Tov TEALkdv oxioewv Tng epvaciag av-
the tyLve 0To Zenlvépro ‘Epvov Eyvelov BeATidoewv , TOU 0pvavoOnke
and Tov TMEATAM (NoéuBpiroc 1986). H epvacla Booiotnke xatd éva pépog
otn SumAopotikn epyacia tne K. TapAa (1984). Ta npoToyYeEVA dedopéva
HETPNOEWV OTEPEOTAPOXNG Hac B6Bnkav amd tn AEH, ArLevBvuvon MeAetov-
Kataokevdv HYE, tnv omola KaL €uXapLoToVue. EUXOPLOTOUHE OKOKN KOL
tov Kadnynth 1. Mamayewpydkn, yid tn ovgATNON MOV £LXAUE paZl tovu
OXETLKA LE TLC YEWAOYLKEG Otwpnoetg Tng epvaciog.
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SEDIMENT YIELD ESTIMATIONS IN GREECE
By Dimitris Koytsgyiannis and Kjki Tarla

An_extended summary

i, SEDIMENT MEASUREMENTS IN GREECE- BASIC DATA OF THE STUDY

Systematic sediment measurements have been carmed out mamnly by the
Public Power Corporation, only in few sites of main rivers i Greece (Aliak-
mon, Aheloos, Arahthos, Kalamas, Aocs). These have been made especially for
the needs of certain dams design., The only sediment portion measured is the
suspended, and the only output of each measurement is the total sediment dis-
charge concentration. .

The data used in this study are coming from the measurements of the
rivers Arahthos (sites Gogo, Tsimovo, Plaka, Arta), Kalamas (sites kKiotek,
Soulopouio), and Aliakmon (site Siatista), shown in Fig. 1| [Sediment measu-~
rement stations). The corresponding gatchment areas of the above sites are
between 204 and 2725 kmE. The average rainfaill, runoff, and chmatic data of
the above catchments, derived from the relevant measurements, and certamn
topographic and geoclogic data, resulting from the corresponding maps, have

been used in this study, as well,

e, EFFECTS OF THE HYDROLOGIC, CLIMATIC, TOPOGRAPHIC AND GEOLOGIC FACTORS ON

THE. SEDIMENT YIELDr '

Based on the sedment measurements, the sedimént transport curves have
been derived, for all of the examined stations. As shown in Fig. 2 [Sediment
transport curve of river Arahthos, site Arta}, in general it was found that
for each station there exist two different curves, one for the wet period
(December - May), and one for the dry period (June - November). In the latter
one, higher sediment transport rates appear, for the same water discharge.

Using the sediment transport curves and the corresponding discharge
duration curves, the sediment vield in yearly basis, and consequentiy the
mean annual sediment yield has been calculated, for each station. Possible
relations between sediment vield and hydroclimatic and physiographic para-
meters were been searched, As shown in Fig. 3 [Correlation between suspended
sediment yield and precipitation], and in Fig. 4 [Correélation between sus-
pended sediment yield and runoffj, the mean annuat sediment yieid (G) s
correlated with both the mean annual precipitation (P) and the mean annual

runoff (R), The former correlation is more significant than the latter (cor-
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relation coefficients 0.912 and 0.679 respectively),

The ratio o = G / G, which expresses the devivation,of‘ the measured
sediment yield (G) from its estimated value (G), based on the above men-
tioned relation (G - P), has then been used in order té investigate possible
correlation of sediment vield and other catchment parameters. As shown in
Fig. 5 [Correlation between suspended sediment yield and geologic, climatic
and topographic catchment parameters], it was found that sediment yield is not
correlated with mean annual temperature (Fig. 5B), catchment area (Fig. 5v),
river length (Fig. 55), average river slope (Fig. 5e) and average catchment
slope (Fig. 5c1t). The only factor affecting sediment yield seems to pe the
geology (Fig. 1a). The parameter v, which has been introduced as a single
measure of the catchment geology and is referred to as "geologic factor", is

defined as follows:

Y = FqPp + KaPa + K3P3

where

Py = fraction of the catchment area occupied by high errodhibitity
soils/rocks (flysch, alluvia),

pp = fraction of the catchment area occupied by normal  errodibility
sO118/rocks (sandstones, schists),

pz = fraction of the catchment area occupied by low errodibility rocks
(1 mestones, dolomites, metamorphic, vulcanic), and

Ky, Kg, K3 @ relative errcdibility measures for the above defined three

rock categories, -respectively, with values. empirically determ ned
(K9=1, K2=0.5, K3=0.1),

Nevertheless the arbitrary definition of the geologic factor, 11 seems
to be an effective parameter in sediment yeld estimation, because of the
strong correlation with the deviation A (¢correlation coefficient = 0.980).

2. DERIVATION OF AN EMPIRICAL FORMULA FOR SEDIMENT YIELD ESTIMATION

Based on the above investigations of the correlation between the various
parameters, a finai empirical formula for the estimation of sediment yield

from hydrologic and geolugic parameters has been derived. The formuia is !

G =15 % y x e3F

mean annual sediment yield in t/kmé,

[y
"

F = mean annual rainfall depth in mm, and

®:
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y = geologic factor, defined in the previous paragraph.

In order to examine the fitting of the above relation to the real data,

the parameter Gy = G/y has been introduced, which is referred to as "specific

sediment yield®. Figure 6 [Correlation between specific sediment yield and

rainfall] shows the good agreement between the formula and the data, in mean

annual basis,

The maximum deviation is .21 (+214) and the minimum is 0.75

(-25%), Whﬂe_ the standard error is 1,17, Figure 7 [Correlation between annual

values of the speci;“:c sedrment y}'eld and rainfall] shows the same fitting,

but in annual basis, In this case the maximum deviaiion of the real data is

about one order of magnitude,
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