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MEOOAOI YAPOAOIIKHz MPO2OMOIQ2zH2
NMAHMMYPQN

* AEKAVEC AMOPPONC XWPLC USPOUETPAOELC
— = ungauged watersheds

* |AHS Decade (2003-2012) on Prediction in Ungauged Basins (PUB)
(Hrachowitz et al., 2013)

— http://iahs.info/pub/index.php

Hrachowitz, M., Savenije, H.H.G., Bloschl, G., McDonnell, J.J., Sivapalan, M., Pomeroy, J.W., Arheimer, B., Blume, T., Clark, M.P,,
Ehret, U., Fenicia, F., Freer, J.E., Gelfan, A., Gupta, H.V.,, Hughes, D.A., Hut, RW., Montanari, A., Pande, S., Tetzlaff, D., Troch, P.A,,
Uhlenbrook, S., Wagener, T., Winsemius, H.C., Woods, R.A., Zehe, E., Cudennec, C.: A decade of Predictions in Ungauged Basins
(PUB) - a review, Hydrolog. Sci. J. 58(6), 1198-1255, 2013.
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MEOOAOI YAPOAOIIKHz MPO2OMOIQ2zH2
NMAHMMYPQN

Y&poAoyikn
Mpooopoiwon
(PUB)

Y&poAoyiKEC

Y&poAoyika povtéAa ZTOXOLOTLKO LOVTEAO
Meploxikeg TEXVIKEG (continuous or single Bpoxomtwong + anAd
event analysis) USPOAOYLKO LOVTEAOD

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV



2TATIZTIKEZ MEOOAOI YAPOAOTIIKH2
ANAAYZHZ NTAHMMYPQN

MéEBodol
NaAwvépounong

OAwn NMaAwvépopnon

Neploxwkn

NaAwdpounon

Neploxn Emppong

(Burn, 1990)

.

MéEBodol Asiktn

NMAnppopag
(Dalrymple, 1960)

FEWOTATIOTIKEC

M£BodolL

\.

[ YnoAoywopog Agiktn y; ]

(rt.x. maAwvdpounon)

J

N

XWPLKEG ZUOXETLOELG

(EukAibela amootaon)

N —
~

J

.

Agiktng w; * q(F)

~

J

.

ZUVOUOOTIKEG TEXVIKEG

(T.X. XwplkéG ZUOXETIOELG
Yriodoinwv + maAwdpounon)  J

Burn, D. H.: An appraisal of the “region of influence” approach to flood frequency analysis, Hydrolog. Sci. J., 35, 149-165, 1990.
Dalrymple, T.: Flood frequency analysis, Water Supply Paper 1543A, US Geological Survey, Reston, Virginia, 1960.
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MEPIOXIKH ANAAY2H 2YXNOTHTA2
AKPAIQN TIMQN

* Ewoaywyn otn MEPLOXLKN AVAAUGK GUXVOTNTAC AKPOLWV TLUWV

* Emloyl Ttou akpaiou Oeiypatog Kot opXlk EMAOyn «IEPLOXWV»
edappoyng

*  YNOAOYLOMOG METPWV OLCUUPWVLOC KOL OLVOLLOLOYEVELOC/ETEPOYEVELAG KATA
Hosking & Wallis (1997)

* Edappoyn tng pebodou tov deiktn mAnupvpog (Index Flood method)
e Emdoyn tTN¢ KATAAANANG MEPLOXLKAC KOTOLVOR G AKPOLWV TLHLWV

* Meploxikn AvaAuvon Zuxvotntog MNAnupupwv (Regional Flood Frequency
Analysis)

* Moapadeiypata — Epappoyec Meploxtkn¢ AvaAuonc Zuxvotntog

Hosking, J.R.M. and Wallis, J.R. «Regional Frequency Analysis : An Approach based on L-
Moments», Cambridge University Press, 238 pp., 1997.
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EIZATQIH

ONMOVTLKOC Lo

O MPpooSLOPLOUOC TWV CUVAPTIOEWY KATOVOUAC TWV OKPALWV TIHWV TWV
UOPOUETEWPOAOYLKWY Kol UOPOAOYIKWV peTaBAnTwyY gival WdLaitepa

= ; = ; -
Tnv ektiunon twv  |1I|  Tnv ektiunon tng | To oxeblaouo
IANUUUP WV : TIANUUUPLKNC TTAPOX ¢ : USPOTEXVIKWV EPYWV

L

L

(" KaBiotatat LoLaitepa SUOCKOAOC O€ TtEPLITTWON OV OL SLaBECLUEC
XPOVOOELPEC eival ouvrouncg dtapketag. NMepUTAEKETOL TOOO O
TPOOSLOPLOUOC TNC KATAAANANC CUVAPTNONG KATOVOUNG, OCO KAl N

S EKTIUNON TWV napauérpwmq ETUAEYUEVNC cuvVAPTNONG. y

\

-

\_

=

Baowko kivntpo.

H ueiwon tn¢ aBeBatotntac oti¢ UOKPOTIPOTECUES EKTIUNOELS TWV USPOAOYLKWV
uetaBAntwv (VYo kat Evraon Bpoxontwong, MAnUUUPLKN Tapox) artoteAE( To

ﬁo YEYOVOC QUTO €XEL ONUAVTLKN eMinTtwon otnv aBeBatotnta npoBAsyng nou evundpxb
OTNV eKTipNoN tou emumédou enavadopag, odnNywvtac o€ PEYAAO EUPOC SlaoTnUATWYV
EUTTLOTOOUVNG IOV TIOAAQTAQCLALETOL HUE TNV aUéNan THE TEPLOSOU EMAVAPOPAC.

J

Evotnta 2.2: MepLloxikn avaAucon oKpaiwy TLUWV



EIZATQrH

KUplLoc otoxoc Twv
nebodwv mou Baoilovtal
oTNV EPLOYLKN avaAuon:

AwaBéoipec mAnpodopiec amo dtadopec BEoeLC N
oTOBOUC LETPNONG LE KOLWVA XOLPOLKTNPLOTLKA
oTolxela

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV 7



MEPIOXIKH ANAAY2H 2YXNOTHTA2
AKPAIQN TIMQN

Neploxiki AvaAuon Zuxvotntog (Regional Frequency Analysis - RFA)

e NAoyw EMNewpnc Oedopévwy, Ol TIEPLOXLKEC EKTLUNOELG OE OXEON HE TN
ONUELAKN €KTMNON E€lval TPOTLUNTEEC OTa AKPO TwV BewpnTikwy
katavopwv (distribution tails - extremes).

— AKpLBEOTEPEC EKTIUNOELG

e “Xpnolpomolel xwpo avii ywa xpovo” pe debopéva amod TMAPAKEIMEVOUC
oToBOUC yla TNV eKTipnon moocootnuopiwv (quantiles) Twv eéetalopevwy
pnetapfAntwv (m.x. mopoxn) oc Eva SOCUEVO OnUELO

* OEwWPNTIKEC KATOVOUEC O onpela xwplc petprioelg (m.x. AeKAvec amopponq)
TtopoUV eUKOAQ val UTTOAOYLOTOUV

* H neploxn HEAETNC TIPETEL VAL lval opoloyevin¢ (Stedinger et al. 1993)

* [loAAEc edappoyEe meploxtkng ektipnoncg (U.S., Canada, UK, Africa, Belgium,
K.oL.)

Stedinger, J.R., Vogel, R.M. & Foufoula-Georgiou, E., 1993. Frequency analysis of extreme events. Chapter 18.
In:/Handbook of Applied Hydrology, Maidment, D.A. (Eds.),. McGraw-Hill, New York.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV



MEPIOXIKH ANAAY2H 2YXNOTHTA2
AKPAIQN TIMQN

* H MNeploxikil Avaluvon 2uxvotnto¢ (Regional Frequency Analysis)
kaBOlotatat amapaitntn otav ta dtabsoipa dedopéva plac B€ong/otabuol
elvoll avemapkn yla pa o€lomotn eKTinon Twv MocooTlaiwyv CNUELWV ULOC

pnetapfAntnc.
e M «TmEPLOXA» TIPETEL VA EAEYXETAL OTATIOTIKA Ocov adopd oTnVv
OMOLOYEVELQ TWV OTolXElwV TNC (Stedinger et al., 1993).

— JTNV TPAYHOTIKOTNTA KATAOEIKVUETOL pla opado otabpwyv mou eAEyyxovtal o€
OXEON HUE TNV OMOLOYEVELA TOUG, TIPOKELUEVOU VA OXNUATiooUV TNV povada tng
«TIEPLOXNC» TOU artattel n Meployikn) Avaluon Zuxvotntog.

* O 06poC «TEPLOXN» EUTIEPLEXEL EVA CUVOAO VELTOVIKWY OTAOUWY, WOTOCO N
vewypadlkn syyvtnta Oev elval amapaltntws €vac SeLKTNG OLOLOYEVELOC
TWV KATOVOUWV ouxvoTNTac TnNS LeTaBANTAC otic Stadopec BEoeLc.

— OAa ta SaBéoipa otoxeia otoug dtadopouc otabpolc auTAG TNC TIEPLOXNG
avaAvovtol ylo va Tipoodloploouv TA  XOPOKTNPLOTIKA TNG KOTOVOWNAG
ouxvotntag NG mepoxnNs (m.x. ywa  avaduvon TANMUUPLKAC  TTAPOXNAS
XOPAKTNPLOTLKA OTIWE LY OUETPO, €kTacn, kKAlon, tumog edddoug, HEon Trola
Bpoxomtwaon xpnoLomnolouvTol)

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV



MEPIOXIKH ANAAY2H 2YXNOTHTA2

AKPAIQN TIMQN
H n€EBodoc tou Aciktn MAnuuupac (Index Flood method)

* Ou petpnocelg (moapoatnpnoelg) oe pla B€on/otabuod pilog opoloyevoug
NepPLOXNC elval opolopopda katavepnUeVeg (identically distributed)

* Ou petpnoelc (mopatnpnoelg) os pio B€on/otaBuo eival ave€aptnteg
netaéL touc (serially independent values)

 Ou petpnoelg (mapatnpnoelg) oe Siadopetikec B€osic/otabuolc eival
aveéaptntec petalL touc (independent values)

* Ot Bewpntikec katavouec oe Stadopetikee Boelg/otabuouc sivat (dLeg
EKTOC Ao £va ouvteAeotn KALpokac (scale factor)

e O pAONUATIKOC TUTOC TNC KOAMTTUANG TEPLOXLKAC av&énong N avamtuéng
(regional growth curve) €xeL SounBetl cwotad

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN

d

BApota Meploxng Avaluong
(Hosking and Wallis, 1997):

Mpoemnetepyaoia kat EAeyxoc ocuvemelag Twv dedopevwy (screening of
the data)

‘EAEYXOC TNC TEPLOXLKAC OUOLOYEVELQG

Kavovikortoinon (normalization) Twv €Towyv PEYLOTWY TLHLWYV TNG UTO-
g€etaon petaPAnTnC (m.x. mopoxn) LE Tn xprion evog deiktn mMANUUUPOC
(index measure for flood/storm)

Mpooappuoyn Bewpntikng katavoung (r.x. GEV, EVI) og kaBe delypa kol
UTTOAOYLOLLOG TIOPOLLLETPWY KOATAVOUNG

Juvbuaouoc peBodwv UTTOAOYLOHOU TWV TIOPOLUETPWV YL TIEPLOXLKEC
EKTLUNOELC TWV TIAPALLETP WV

XpAon TwV TEPLOYLKWY KATAVOUWV (TtTou uTtoAoyiotnkav mponyoupeva)
e To SelkTn MANUUUPAC YLOL UTTOAOYLOUO TWV ONUELOKWY KOTAVOLWY

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MEPIOXIKH ANAAY2H 2YXNOTHTA2
AKPAIQN TIMQN

L-Pomtég kau Meproyikn AvaAuvon Zuxvotntac (L-moments and RFA)

OL L — Pomnéc prmopouv va epopHooTOUV OE TEGOEPA OTASLA TNG TLEPLOXLKAC
gKTipNONG cuxvotntac:

> MNpoemneéepyaoia KoL EAEYXOC OUVETIELOC TWV OedOUEVWV
> EAgyyoc Kal avayvwpLon OLOLOYEVWYV TTIEPLOXWV

> MNpoooappoyny BewpnTIKAC KATAVOUNG KOL  UTIOAOYLOMOGC  TTOPOAUETPWV
KOTOLVO LI C OLLOLOYEVWV TIEPLOY WV

= The k-th L-moment is denoted A,

= The L-moment ratios are:

1) The L-coefficient of variation (L-CV) A,/A,
2) The L-skewness 13 = A;/A,

3) The L-kurtosis T, = A,/A,

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV 12



APXIKH EMIANOIH «MEPIOXQN» EOAPMOTIH2

H uédoboc twv L-Portwv
(Hosking, 1990)

» OL L-poméc pmopolv va ekdpactolVv wC ouvaptnon Twv
TILOAVOTIKA OTAOULOUEVWY POTIWV.

» OL IBaVOTIKA OTOBULOUEVEG POTIEC HLAC TUXALOG HETABANTAC X UE
aBpoloTiki cuvaptnon nmukvotntac nbavotntac F(x), opilovrtol wg :

B = E{X[F (X)]'}

» OL IPWTEC TECOEPLC L-poTEC EKPPACHUEVEC PE OPOUC TILBAVOTLKA
oToOULOUEVWY poTtwV SilvovTal Ao T OXECELC:

A= Py ke =201~ Pos A =65, -6 5, + By, A, = 2055305, +12/3, -

» OL avaAoyikeg L-pomég, o L-ouvteleotrc Stakpavong (L-CV (t)), n
L-acuppetpia (L-skewness (t;)) kat n L-kUptwon (L-kurtosis (t,)):

t=14 | |tb=24/4||t,=4,74,

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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EAErTXOZ OMOIOIENEIAX (GUMBEL, 1958)

0 Adol nmpoodloplotel pLa evAoyn «meploxn» Ba MPEMEL va UTTOAOYLOTEL TO UETPO
OLOLOYEVELAC OUUPWVO LE T KPLTHPLO KOL TOUC TIEPLOPLOUOUC Tou Gumbel (1958)

* O £A\eyyxoc opoloyevelag (Gumbel, 1958) edpapuodletal oe OAOUC TOUC
OTOOUOUC/AEKAVEC OTTOPPONC TTOU £XOUV UETPIOELG TIOPOXNG
— Ot otaBpuoi mou dev MANpoUV TO KPLTAPLO OMOLOYEVELAG adalpoUVvTaL Ao TNV
avaiuvon

— YnoOeon: n katavopun EVI sival katdAAnAn yla TV eKTinon Twv ANV PLKWY
TIAPOXWV (TT.X. LEYLOTEC NUEPNOLEC TIOPOXEC AVA £TOC) 0 OAN TNV TIEPLOXN

* BRApata YmoAoylopou:

— Ymnoloylopog avaloyiag mAnppupag pe nepiodo emavadopag 10 €tn Qr_,, TPOG TN
neon etnola mAnppupa (mean annual flood) yia 6Aouc toug otabpoug Kal
UTTOAOYLOOC HEONC TLUNAC TN avaloyiog yia OAn tnv MeEPLOXA

— H Méon Etriola mAnppupa ylo KaBe otaOpuo moAAamAAoLALETOL LE TNV TIEPLOXLKNA
LEON avaAoyia woTe va UTIOAOYLOTEL pia TteEpLOXLKN eKTiNON TANUUUPAC UE
nepiobo enavagpopag 10 €tn Q,;r.qp - H EPLOS0G EMAVAPOPAG Ty TNG TIEPLOXLKNG
MANUULUpoC Bploketal amo tnv epappoyn tng EVI yia tov kaBe otabuo

Gumbel, E.J., 1958. "Statistics of Extremes.” Columbia University Press. New York, New York.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV 14



EAErTXOZ OMOIOIENEIAX (GUMBEL, 1958)

0 Adol nmpoodloplotel pLa evAoyn «meploxn» Ba MPEMEL va UTTOAOYLOTEL TO UETPO
OLOLOYEVELAC OUUPWVO LE T KPLTHPLO KOL TOUC TIEPLOPLOUOUC Tou Gumbel (1958)

*  BApata YmoAoylopou:

— H umnoloylopévn nepiodog emavadopds yia kabe otabuo tonobeteital og
SLAypapUO OE OXECN UE TNV XPOVLKN TiEplodo Twv SlaBeoiuwy dedopevwy yla Kabe
otaBuo, N oe €tn (station length of record)

— Ta 95% SlaotApata eUnmiotoocuvng urtoAoyilovial MPOCEYYLOTIKA LE TN OXEON:

_ 6:33
VY, = 2.25+ N

Yy = —Iln [—ln (1 — %)], T, n umtoAoylopevn nepiodog emavadopag

OTIOU y, N QWOLYHEVN METAPANTN KaL ion pe:

— Ot otaBuoi mou Bplokovtal MAvVwW Kol KATW oo ta 95% Sltaotripata eUnmiotoolvng
arokAelovtal amo TNV MEPLOYLKN avaAuvon.

— Oool otaBpuol Bplokovtal péoa ota SLACTAMATO EUMLOTOOUVNG ATTOTEAOUV
OMOLOYEVN TIEPLOXN KOl OE AUTOUC £haPUOIOVTAL OL TEXVIKEC TNC TIEPLOXLKNC
avaAuong MANUUUPOC

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV 15



EAErTXOZ OMOIOIENEIAX (GUMBEL, 1958)

Teot Opoloyévelag

0y 7 T ToToToTore T T Opia tng T, yia EVI tecT OpOLOYEVELOG
100 - 7 MéyeBocg Kdatw Oplo
.g o | | sl SeivnarocN T,
23 b - (étn) (€tn)
E 20 | J l{; T
=)
f—:} . 20 2.8 40
a - 50 4.4 24
z -
5 . 100 5.6 18
Ll
€ 20 ]
18 :
12 :
11 et —

0 10 20 30 40 50 60 70 80 90 100110120
LENGTH OF RECORD, N (years)
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METPA AZYMODOQNIAZ KAl ANOMOIOTENEIAZ

0 ApoU mpoodloplotel pla elloyn «meploxn)» Oa mpeEmel  va
UTIOAOYLOTOUV TO. UETpa aouu@wviac (discordancy measure) Kol
avouoloyevelac/etepoyevelac (heterogeneity measure) cupdpwva pe ta
KPLTHpLa KoL ToUG Tteploplopouc tTwv Hosking & Wallis (1997).

Métpo Aaumpwviaq! s MNpooeyylletat amod TIC L-poméc twv

D. dedopEvwy Twv BEcewV TNC KABE TIEPLOYXNC.
]

—i s Elvoll ot povadikry otatloTikn moocotnta,
D. - 1 N(u, -T)" AL(u. - ) Baolopévn otn Swadopd Twv ovaAoyLkwy L-
3 ! POTIWV HLOC OUYKEKPLUEVNS Béonc amod T

be A= ZN: (U -T)(U; -T)" OVTLOTOLXEC MLOGC OLLOLOYEVOUC TIEPLOXNAG.
B I +* Evac otabuoc Bswpeltol otL Bploketal o€
kot U = N i aocvppwvia  HE TOUC UTIOAOUTOUC  HLOC

i=1

«TIEPLOXNG» €AV TO METPO D; eival peyaAutepo
Qo ULOL KpLoLn TN Tou € ptdTal amo Tov
apLOUO TWV CTABUWV TNG TIEPLOXNC.

N : 0 aplOuoC Twv BEcEwY
TNG TLEPLOXNG

u : to dlavuoua Twv . , ,
AVaAOYIKGMV L-poTtav (t, * Mniopei va xpnolwpomolnBel kat yia va
t,, t,) yia T 6éon . npoodlopioel ECPAAUEVEG TIHEC.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV



METPA AZYMO®QNIAZ KAl ANOMOIOTENEIAZ

Métpo Avouoloyévetlag - _
Etepoyeveiag H

. 3

v'H extipnon twv L-porwv
L0 OMOLOYEVOUC TIEPLOXNAC
yivetal pe tn pEBodo Monte
Carlo, XPNOLUOTIOLWVTOG
XPOVOOELPEC LOOU UNKOUG HE
auTO Twv SlaBEoiuwy
debopévwy.

v Av H < 1: H meploxn sivat
“amobekta ouotoyevnc”

vAv 1< H < 2: H neploxi
elval “mdavwc etepoyevnc”

v'Av H 2 2: H mteploxf sivai
“olyoupa etepoyevng”

» Avadépetal otn petafAntotnta twy L-
porntwv Twv O6egbopévwv twv otabuwv/
BE0EwWV OUYKPLTIKA HE TNV oviiotown
pnetapBAntotnta mouv Ba avapevotav yld
LLLOL OLLOLOYEVH TTEPLOXNA.

o H(1): H Ttumkn amnokAlon  Twv
ouvieAeotwy t Twv BEcEWV TNG TTEPLOXNASG,
TOTMOOETWVTOC O'QUTOUC  OUVTEAECTEC
BaputntaC o€ ocuvaAPTNON HE TO HUNKOC
TWV XPOVOOELPWV.

¢ H(2): H péon amoéotaon twv TOTUKWV
OUVTETAYMEVWY TwV Bfoeswv amo ula
LEON TEPLOXIKA TIMA O €va Sldypoppa
Twv t Ka t,.

¢ H(3): H péon amoéotaon twv TOTULKWV
OUVTETAYMEVWY TwV Bfoswv amo ula
UECN TIEPLOXLIKA TLUN Of €va Slaypappa
Twv tyKaL t,.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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METPA AZYMOQNIAZ KAl ANOMOIOTENEIAZ

Métpo Avouotoyévelac -Etepoyéveiag H

H(1) q H@ =2

Wil THER) | H(2) = 2

Oy

H(3) q H(3) = Va-ity.

Oy

N 2
2 (0 -7+ (10 -1
i=1

V, = .
2n
i=1

N N .
D)0 1,2 + (6,0 -1,7)?

V3 — =1 NZ
n;
i=1

", KoL O,

glval n péon TWA KOl N TUTIKA OTOKALON TwvV

TPOCOMOLWHEVWY TLHWV Twv V4, V, kat V;, avtiotoya

Evotnta 2.2: Meploxikn avaAucon akpao

LWV TLHWV
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MEPIOXIKH ANAAY2H 2YXNOTHTAZ NAHMMYPA2

« Mé£0odoL NMeploxiknc Avalvong uxvotnto¢ MAnuuupoag (Regional Flood
Frequency Analysis Methods)

— Mé£00obo¢ Asiktn MAnpuUpag (Index Flood Method)

— Mé£0Bobo¢g MaAwdpounong twv Nocootnpopiwv (r.x. Q) (Method of Direct
Regression of Quantiles) (DRQ)

— Mé£00o6o¢ MoaAwdpopnonc twv MNopapétpwv ¢ Katavopng (Method of
Regression for Distribution Parameters (RDP)

e OAa ta SwaBéopa (duoloypadikd, yewpopdoloylkd Kol USPOUETEWPOAOYLKA)
otolxeia otoug Sladopou¢ otaBuoUC aAUTAC TNG TEPLOXNC avoaAvovial ywo va
NMPoodloploouV Ta XAPAKTNPLOTLKA TNG KATAVOUNG oUXVOTNTAC TNG MEPLOXNAG (TT.X. YL
avaAuon TANMUUPLKAC TIAPOXAC XOPOAKTNPLOTIKA OMwG LUPOUETPO, €ktaon, KAion,
oxNUa AekAvng amoppong, Tumo¢ &dadoug, XPNOELC yng, NUEPAOLO aKpaia
Bpoxomtwon, LEon eTrola Bpoxomtwon XpnoLponolouvtal)

Watt, W.E., Lathem, K.W., Neill, C.R., Richards, T.L., and Rousselle, J., (eds). «Hydrology of Floods in Canada-A Guide to Planning
and Design», National Research Council of Canada, Ottawa, Ontario, 1989.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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H MEOOAOz TOY AEIKTH NAHMMYPA2

Mapadoyéc tnc uedodou

RV Ta Oedopéva e petaPAntic oe N otabuoug/Ogoslc pLag
OMOLOYEVOUC TIEPLOXNC KOTAVELLOVTAL KOTA TTOLVOLOLOTUTIO TPOTIO.

R Evowpatwon  &vO¢  OUVTIEAeoTH  KAlpakog, Tou  «Oeiktn
MANUpOpac», mou mpoodlopiletal anod ta dedopéva tou KAOE
otaBpuov.

R 0 deiktn¢ mAnuuupocg €OL0TAL VO CUUTTILTTTEL PE TN MEON TLUH TWV
UTtO-UEAETN debopévwy og KABe oTtabuo.

R Av Q(F) eival n mooooTtilaila cuvaptnon otn B€on i pe 0<F<1 tn
ouUVAPTNONG KATOLVOUNAC :
0 O€ikTnN¢ MAnUuUpag N T \N  adldotatn mooootiaia
o Q(F) =y @a(F), :
otn 9€on i <. _ auvaptnon

R H adiaotatn mooootioia cuvaptnon g(F) ovopdletal KapmuAn
TIEPLOXLKNC alénong kot €ival kowvr) ylwo OAeC TIC OE€oelc g
OLLOLOYEVOUG KTTEPLOXNCY.
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H MEOOAOz TOY AEIKTH NAHMMYPA2

H kauntuAn repioyiknc avénonc q(F)

X Mpoypatomoleital mpooopuoy  KATGAANAwV  ouvapTrOEWV
Katavoung ota dedopéva KaBe BEoNG pLLOG OLOLOYEVOUC KTIEPLOXNGY
KaL urtoAoyilovtal oL mapdueTpoL TNG Katavoung autng, &% ue tn
HEBodo Twv L-pomwv.

2 Ol EKTIUATPLEG TWV TIAPAUETPWY YLOL TO CUVOAO TNG «TEPLOXNGY
glval: N A )
Znigk
_ =1

N
Zn n; : To pnkog tou akpaiov delypatog otn Beon i
i

N : O aplBuoc twv Bécewv KABE «TtEPLOXAGY

AR
Hk

> OL EKTLUATPLEC Twv «TtEpLOXLKwV» napaustpwv avtikadiotavtal
otnv q(F) . 6? )

R Mo tov Mpoodloplopd HlaC €UPWOTNG TEPLOXLIKINC OUVAPTNONG
KOTOLVOUNG, XPNOLUOTIOLE(TOL TO OTATLOTIKO pETPO Z (Z-statistic) Twv
Hosking & Wallis (1997). H mpoocappoyrny Bewpeiltal LKAvomoLnTiKkn

otav: |Z] <1.64
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EMNIAOIH THZ KATAAAHAHZ NMEPIOXIKHZ KATANOMH2
AKPAIQN TIMQN

EAeyyoc miGavwy neploytkwv ‘ Z‘ <1.64 H aouuntwTtikn Katovoun
oUVAPTHOEWVY KATOVOULC > GPD
» EQV X(3), X(3) - X ELVAL OKPOLO YEYOVOTQ, OL AVTIOTOLXEG UTIEPPBACELG

Tou opiou U : y; =Xy - U, e j=1, 2, ..., k Ba katavepovraL:

O : TTOPAUETPOC KALHLOKOC

F(y) =1-(+ =2y

o & : TOPAPETPOC OXNUOTOG

o
> Eninedo emavadbopds m etwv: [q, =u+—[(m<,)° -1]

U : KOTWTOTO OpPLOo, {, : TOCOCTO UTIEPBACEWYV

» Ol eKTIMAOELC TWV eTUNMESWV emavadopadc yio SedopEvec eplodoug
enovadopag oto oTabpo i TPOKUTITOUV UE edapoyr] TNG OXEONC:

Q(F) =1 ¢q(F)

ouvbualovtag TNV eKTLNCN Tou SelKTN MANUUUPAG U; KOL TLG EKTLUNOELG
TWV adLACTATWY TTOCOOTLALWY ONUELWV TTOU TIPOKUTITOUV Ao tnv g(F).

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV




NMEPIOXIKH ANAAY2H 2YXNOTHTAZ NAHMMYPA2
MéEBodoc Asiktne NANppLUPOC

1° Itadlo. Avantuén MeBodou o€ AEKAVEC AOPPONC ME HLETPAOELC TTAPOXNC

(TC.X. MEYLOTEC NUEPNOLEC TTAPOXEC AVA £TOC)

* [MoaAwdpopnon petall tou Asiktn NMANUULpAC — ocuvnBwC N HEoN eTHOLA
TIANUULUPLKA TTOPOX N — Kol TwV aveEdptntwy duoloypadlkwv/KALLOTIKWY
XOPOLKTNPLOTIKWV

— Avamtuén povtedov maAwdpounong: ¥y = ag + a1 X; + ax X, + -+ + ap Xy,
— YToAoylopog mapapetpwy makvépopunong yia yvwota Y, ; (e§aptnuevn petaBAntn)
ko X, (aveEaptnteg petaBAnTeg)

e JuoyEtion Asiktn NANUpUpac ya dtadopec epltodouc emavadopac

— Ektipnon adtdotatng KapumuAng eploxkng avénong g(F)

2° 2tadlo. Edpappoyn MebBodou oe Aekavec anopponc xwpic dedopeva mapoxne

* E¢appoyn povtelou nodvdpounong ya urtohoyopo ¥, ; (yia yvwota
duoLoypadka/KALLATLKA XOPOKTNPLOTIKA TNC UTIO-e££TAONC UOPOAOYLKNC
AEKAVNC KAl TIOPAUETPOL TTAALVOPONONC OTIWCE UTtoAoylotnkayv oto 1° Ztadlo

e EKTLUNOELC TANUUUPLKWV TIopoxwV yia dedopevec mepltodoug emavadopag
Q(F) =Y, * q(F)

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV 24



NMEPIOXIKH ANAAYZH 2YXNOTHTAZ NAHMMYPA2
MéEBodoc MaAwvdpounonc twv Nocootnpopiwv NANMUUPOC

1° Itadlo. Avantuén MeBodou o€ AEKAVEC AOPPONC ME HLETPAOELC TTAPOXNC
(TC.X. MEYLOTEC NUEPNOLEC TTAPOXEC AVA £TOC)
* Edappoyn Bewpntikng katavounc (m.x EVI, GEV) ota dedopéva (LEYLOTEC
NUEPNOLEC TTIAPOXEC VA £TOC)
— YmoAoylopog Q(F) ywa dtadopecg meplodouc emavadopag (r.x. 5, 10, 50, 100 €tn)
o€ KaBe pia udpoAoyLkn Aekavn
* NaAwdpounon petal Twv umtoAoylopevwy Q(F) (m.x. yla pia doouevn
neplodo enavadopdc 100 £tn) kat Twv avetaptntwy pucloypadikwv/
KALLLOTLKWV XOLPOALKTNPLOTLKWY
— Avarmntuén povtehou maAwdpounong: Qoo = Ao + a1 X1 + a X, + -+ a, X,
— YIoAoyLopOG TOPAPETPWY TTAAVEPOUNONG YLa YVwoTd Q,,, (E§aptnuevn
uetaPAntn) ko X, (aveéaptnteg petaBAnteg)
e Anuloupyia povteAwv aAvdpopnong yla TG Uo-eE€Taon EPLOSOUC
enavadopac (r.x. 5 povtéda yla 5 Soopevec meplodouc emavadopag)
Qr=ady+a Xy +a,X, +-+a,X,
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NMEPIOXIKH ANAAY2H 2YXNOTHTAZ NAHMMYPAZ
MéEBodoc MaAwvdpounonc twv Nocootnpopiwv NANMUUPOC

2° 2tadio. Edpappoyn MebBodou oe Aekavecg anoppong xwpic dedopeva mapoxng

* Edappoyn poviedou naAvépopnong yo UTIOAOYLOMO Q. (YL yVwoTa
duoLoypadLkd/KALLATLKA XOAPAKTNPLOTIKA TNG UTIO-e££TAONC UOPOAOYLKNG
AEKAVNG KAl TTOPAUETPOL TTAALVOPONONE OTWCE UTtoAoyiotnkayv oto 1° 2tadlo

— Q=100 = o + ayx; +ayx, + -+ ayx,

* EKTIMAOELC TANUMUUPLKWVY TIOPOXWV YLt SOOUEVEC TtEpLOSOUC emtavadopac e
XPNON TWV HOVTEAWV TTaALVOpOuNon¢ rtou avarmtuxdnkav oto 1° Ztadlo
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NMEPIOXIKH ANAAYZH 2YXNOTHTAZ NAHMMYPA2
MéeEBodoc MaAwvdpounonc twv Napaperpwv tnc Katavopng

1° Itaéro. Avamntuén Me@odou o€ AeKAVEC AMOPPONC ME HETPROELC TtAPOXNC (TT.X.
MEYLOTEG NHEPNOLEC TAPOXEC AVA £T0C)
*  Edappoyn Bewpntiknc katavopunc (r.x EVI, GEV) ota dedopeva (LEYLOTEC
NUEPNOLEC TTAPOXEC VA £TOC)
— YTOAOYLOMOC TWV TOPAUETPWYV TNG OEWPNTLKNG KATAVOUACS o€ KABE pia udpoAoyikn
AEKAVN
e AUo (2) mapapetpot yia EVI
* Tpelc (3) mapapetpot yio GEV, GPD
* [MaAwvdpounon HeTaéL TwV UTTOAOYLOMEVWYV MapapeTpwy (MapapeTpog B€onc
(1), KAlpokog (o), oxuatoc (€)) kat twv aveéaptntwy puoloypadikwv/
KALLLOTLKWV XOLPOLKTNPLOTLKWY

— Avamntuén poviéAwv maAvdépounongc:
U=ag+aXq+aX, +--+a,X,
o=ag+aXit+aX;,+ - +a,X,
§=ag+ a1 Xy +aXy + -+ a, X,

—  YMOAOYLOMOC TIAPAUETPWVY TIAALVEpOUNOoNC yLa yvwotd U, o, & (e€aptnueveg
netaBAnTeG) kot X, (ave§aptnteg petaPAnTeg)
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NMEPIOXIKH ANAAY2H 2YXNOTHTAZ NAHMMYPAZ
MéeEBodoc MaAwvdpounonc twv Napaperpwv tnc Katavopng

2° 2tadio. Edpappoyn MebBodou oe Aekavecg anoppong xwpic dedopeva mapoxng

* Edappoyn pHovtEAwv maAlvdépopnong yla UTToAOYLoUO TtapapeTpwy [B€onc (1),
kKAlpakag (o), oxnuotoc (€)] OewpnTIKAG KATAVOUNC LE YVWOTA
duoLoypadLKA/KALLATLKA XOUPOKTNPLOTIKA TNG UTIO-e££TAONC UOPOAOYLKNG
AEKAVNG KAl TTOPAUETPOL TTAALVOPONONE OTWCE UTtoAoyiotnkayv oto 1° 2tadlo

— Edappoyn povtéAwv noAvdpopnongc:
W =ay+ax;+ax, +-+a,x,
o =ayg+ax;+azx, + -+ a,x,
E'=ay+ax;+ax, + -+ a,x,

* EKTIMAOELC TANUMUUPLKWVY TIOLPOXWV YLt SOOUEVEC TtEpLOSOUC emtavadopac e
XPNon Th¢ BewpnTLKAC KATAVOUAC KOL TLUEC TTAPAUETPWVY OTIWC UTIOAOYLoTNKOV
oTo 2° 2tadLo
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MAPAAEIFrMA EOAPMOIHZ

MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

d

d

Regional analysis involves the following steps
(Hosking and Wallis, 1997):

Screening of the data
Testing of regional homogeneity

Normalization of the annual maxima by an index
(flood/storm) measure

Fit a distribution (e.g. GEV) to each sample and obtain the
parameters

Combine estimates of the parameters to obtain regional
estimates of parameters

Scale regionalized distributions (estimated previously) by the
index measures to get the local distributions
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

1. Screening of the data

v’ Test for gross outliers, inconsistencies, shifts and trends.

v A discordancy measure by Hosking and Wallis (1997) is used to identify
those sites from a given group of sites that are grossly discordant with the
group as a whole.

v’ The discordancy measure is a single statistic, based on the difference
between the L-moment ratios of a site and the average L-moment ratios of a
group of similar sites. This statistic can also be used to identify erroneous
data.

v’ The discordancy measure is of importance if N > 7.

v' A site is declared to be discordant if the discordancy measure is larger than
a critical value (depends on the number of sites of the sample)

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

1. Screening of the data

v’ Suppose that there are N sites in the group. Let u=[ ), 7,0, 7,0]7 be
a vector containing the 1, 73, and t, values for site /.

v’ The unweighted group average is:

v Define the matrix:

v’ The discordancy measure D for site i is estimated:

D; = tN(u; —a)' A~ (u; — ).

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

v’ Declare a site i to be discordant if D, is large. The definition of
"large" depends on the number of sites in the group.

Critical values for the discordancy statistic D,

Number of sites Critical Number of sites Critical
in region value in region value
5 1.333 10 2.491
6 1.6458 11 2.632
7 1.917 12 2.757
by 2.140 13 2.869
O 2.320 14 2.971
> 15 3

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

Example

e Annual maximum streamflow data obtained from the U.S.
Geological Survey (USGS). The 105 sites in the Region were assigned
to six groups according to their drainage basin area. One group
contains 18 sites with smallest drainage basin areas.

* The critical value of D, =3 is exceeded by only one site.

0.5-
0.5
o 0.4
=04 2 .
=
o . g 03 :
-] - _E (=)
0.3 300 .
@ p
0.2 - T v T - T 0.1 — . .
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
L-skewness, t3 L-skewness,
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

Data from the discordant site

N A

1950 1970 19390
Year

200 -

Flow, ft° s
o
[

= Evidence of a downward trend over time.

= |t is clear that the mean at this site is surprisingly low compared with
other sites in the region with comparable drainage areas.

=" There is, therefore, some reason to be suspicious of the data for this
Site.

= A final decision on whether to include this site in the analysis might
require further investigation (whether the apparent trend can be
attributed to random variation or whether it is a consequence of land-use
changes or other man-induced effects that make the site an unreliable
indicator of natural flow conditions)

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

2. ldentifying homogeneous regions

¢ Cluster analysis is a standard method of statistical multivariate
analysis for dividing a data set into groups and has been successfully
used to form regions for regional frequency analysis.

¢ A data vector is associated with each site, and sites are partitioned
or aggregated into groups according to the similarity of their data
vectors.

¢ Most clustering algorithms measure similarity by the reciprocal of
Euclidean distance in a space of site characteristics. This distance
measure is affected by the scale of measurement of the site
characteristics, and in practice it is usual to rescale the site
characteristics, so that they all have the same amount of variability.

** The output from the cluster analysis need not, and usually should
not, be final.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

2. ldentifying homogeneous regions

v An homogeneous region is formed by stations with frequency
distributions that are identical, apart from a station-specific scale
factor.

v A heterogeneity measure, called the H-statistic, is used to compare
the between site variation of sample L-moments for a group of sites
with what would be expected for a homogeneous region.

v' A large positive value of the H-statistic indicate that the L-moment
ratios are more dispersed than is consistent with the hyposthesis of
homogeneity.

v’ To estimate what would be expected for a homogeneous region,
Monte Carlo simulations of a homogeneous region with sites having
record lengths equal to those of the observed data are performed.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

2. ldentifying homogeneous regions

v There are three measures of the H-statistic:

1) H(1) is the standard deviation of the at-site L-CVs, weighted
according to record length.

2) H(2)is the average distance from the site coordinates to a regional
average on a plot of L-CV versus L-Skewness

3) H(3) is the average distance from the site coordinates to the
regional average on a plot of L-Skewness versus L-kurtosis

v IfH< 1 - The region is “acceptably homogeneous”

v If 1< H<2 = The region is “possibly heterogeneous”

v' If H2>2 - The region is “definitely heterogeneous”
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

2. ldentifying homogeneous regions

v" Hosking and Wallis, (1997) found that H(2) is a weaker test of
heterogeneity than H(1).

v' The heterogeneity measure H(2) is used by the FEH (Institute of
Hydrology, 1999):

- If 2<H(2) £ 4 - The region is “heterogeneous

- If H(2) > 4 - The region is “strongly heterogeneous”

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN
» The Hosking and Wallis (1993) test for homogeneity

e Suppose that the region has N sites, with site i having record length
n.and sample L-moment ratios ¥ (L-CV), 1, (L-skewness) and T, (L-
kurtosis) of maximum k-day precipitation amounts.

* The test statistic H(1) is:

_Vi-py

HQ)=——"
Oy

N N
Zni (T(i) -TR)Z Znif(l)
- R _ i=1
= and "= N

i=1 i=1

where V;=

u,and o, are determined from simulations as the mean and standard
deviations of the simulated values of V.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN
» The Hosking and Wallis (1993) test for homogeneity

e u, and o, are determined from simulations as the mean and
standard deviations of the simulated values of V.

: 1

500 realizations of a homogeneous region with N sites, each having a
four-parameter kappa distribution (Hosking, 1994) with L-moment
ratios equal to regional averages of sample L-moments t¥, t,?, t,fand
at-site mean equal to 1.

e The other two analogous tests are based:
- H(2) : on the combination of L-CV (t) and L-skewness (1;)

- H(3) : on the combination of L-skewness (t;) and L-kurtosis (t,)

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN
» The Hosking and Wallis (1993) test for homogeneity

N .
Zni \/(T(I) -77)% + (730) - z'3R)2
1

N

2N

i=1

N . .
Z”i\/(fs(') 'TsR)2 +(r4(') _Z_4R)2
=1

V2 — V3 — N
2n,
i=1

e u, and o, are determined from simulations as the mean and
standard deviations of the simulated values of V, and V;, respectively.

: 1

500 realizations of a homogeneous region with N sites, each having a
four-parameter kappa distribution (Hosking, 1994) with L-moment
ratios equal to regional averages of sample L-moments t¥, t.*, t,f and
at-site mean equal to 1.
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MAPAAEIFrMA EOAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN
» The Lu and Stedinger (1992) test for homogeneity

e Suppose that the region has N sites, with site i having record length
n.and sample L-moment ratios ¥ (L-CV), 1, (L-skewness) and T, (L-
kurtosis) of maximum k-day precipitation amounts.

e The test statistic x%; is:

(i)
=1 Var§O9
(i)
i IZ“ <09 W qs (-1n0.90)"
where <p9 =~ xN and <09 = 1-2% ( I'L+k) )
2n,
=1
C = 2 In2
k = 7.8590C + 2.9554C* 043 In3
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MAPAAEIFrMA EOAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ AKPAIQN TIMQN
» The Lu and Stedinger (1992) test for homogeneity

o Varll,  is determined from simulations as the variance of the 90%

guantile
4

500 realizations of a homogeneous region with N sites, each having a
three-parameter GEV distribution with L-moment ratios equal to t),
./ and at-site mean equal to 1.

2 2
v If XR < X095N-1 the region is homogeneous at a 5% significance level

2 2
v If XR Z)(0.95,N-1 the region is heterogeneous at a 5% significance level
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

3. An index flood/storm estimation procedure

» The assumption that the N sites in a homogeneous region have
an identical frequency distribution, apart from a site-specific
scaling factor, termed the “index flood” in a streamflow analysis
and the “index storm” in a precipitation analysis.

» The index variable is usually the mean of the site-specific data
(Hosking and Wallis, 1997).

» Suppose that data are available at N sites, with site i having
sample size n; and observed data Q;, j = 1,...,n.. Let Q{F), 0 < F< 1,
be the quantile function of the frequency distribution at site.

» We may write :
Qi (F) = uq(F) — Regional growth curve, a

, _ e dimensionless guantile
The index flood/storm, which can .
function common to each
be taken to be the mean of the at- site

site frequency distribution
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

3. An index flood/storm estimation procedure

» The dimensionless rescaled data q; = Q,-j//.l,-, j=1,...,n,
i=1,..., N, are the basis for estimating the regional growth
curve q(F), 0<F< 1.

» The mean of the regional frequency distribution is not an
unknown parameter, because by taking u;to be the mean of the
frequency distribution at site i we ensure that the regional
frequency distribution has mean 1.

» A distribution function is fitted at the extremes of all sites. The
parameters are estimated separately at each site, the site-j
estimate of U, being denoted by 9&')

» The at-site estimates are combined to give regional estimates

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

3. An index flood/storm estimation procedure

» The at-site estimates are combined to give regional estimates:

N A -
2,68
gkR — i:1N
2n
i=1

> Substituting these estimates into g(F) gives the estimated
regional growth curve AR AR
gionalg q(F) = a(F|6r,...60)

» The quantile estimates at site i are obtained by combining the
estimates of u; and q(F):

A
( F ) 1.0 ( F )
gI II ' | q
Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

3. An index flood/storm estimation procedure

» Some quantities that can take either positive or negative values,
the frequency distributions in a region can be described:

Q(F) =14 +o;q(F)

» An alternative approach to regional estimation is to model log Q
rather than Q, basing the analysis on logarithmically transformed
data.

logQ; (F) =logy; +logq(F)
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

4. Selection of a distribution - Estimation of parameters using L-moments

» The GEV distribution is used with CDF:

(. =)V (x— )
—[l+;~" ‘{} ] with 1+&5— 250, £=0,
y a .

Fg_ﬂ_g (x)=exp -

(x—u)
Fﬂ_;r.g (I) — exp(_e o ) “’Tjth

g
Il
<

» The gth quantile estimate for £&£0 can be estimated:
o) -
t == L (Ine)]

» The shape parameter € can be estimated from the L-skewness ratio:
2(1-3° 2 In2
T, =-3+ ( ; ) -
(1-2%) (r,+3) In3
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

4. Selection of a distribution - Estimation of parameters using L-moments

» On the shape parameter is estimated, the parameters o and u can be
estimated:
- 7‘*25

O =
(L-2)r-9

u=ﬂl+§[1-r<1-§)]
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

4. Selection of a distribution

dIn some analyses there may be reason to consider other
distributions. For example, annual maximum streamflow data may
contain some values arising from floods caused by snowmelt and some
from rainstorm events.

d A mixture of two distributions may be entertained. The regional
frequency distribution would be:

Flx)= pGi(x)+ (1l = p)Gax)

G,(x) and G,(x) are CDFs of data arising from two different causes and p is the
proportion of the observations arising from the first cause.
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

5. Identifying a robust regional frequency distribution

v' A number of goodness-of-fit techniques are available in the
literature.

v' The relation of L-kurtosis and L-Skewness for various distributions
is compared to the corresponding relations obtained from the at-

site and regional data.

GEV line -~3...

‘,..E'F:Iﬂﬂd

[=kurtosis

+ Observed

[—skewness
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MAPAAEIFrMA EOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ AKPAIQN TIMQN

5. Identifying a robust regional frequency distribution

v' The Z-statistic, introduced by Hosking and Wallis (1997) is used.
This statistic was developed for three-parameter distributions and
measures how well the theoretical L-kurtosis of the fitted distribution
matches the regional L-kurtosis of the data. The fit is considered
satisfactory if

Z| <1.64

v It may happen that none of the candidate distributions is
accepted by the Z criterion. This sometimes occurs when the number
of sites in the region or the at-site record lengths are large.
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MAPAAEIFMA EQAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Napadswyua Regional Flood Frequency Analysis

d Smith (1992) analysed data on annual maximum streamflow at
104 gaging stations in the central Appalachia region of the United

80w Fih B S ire

|
Gage elevation (ft): BT
A =1200 ST -
& 6001200 "
e 300-600 _
| o 0=300 Poh g
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 Drainage areas of the basins

cover a very wide range, from
0.3 mi? to 10.000 mi?.

] Elevations of the gaging sites
range from 10 ft to 2.000 ft
above sea level.



MAPAAEIFMA EQOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Napadswyua Regional

BO"W Fih e

7

Gage elevation (ft):

A 21200 -

& 5001200

& 300600 o
| o 0-300 B

Flood Frequency Analysis

dIn addition to these
variables, the data set contains
the gage location (latitude and
longitude) and the magnitude
and date of the maximum
instantaneous streamflow in
each '"water vyear," running
from Oct. 1 through Sep. 30, for
some or all of the years 1895-
1991.

(J Some variables that might be expected to influence the frequency
distribution, such as mean annual precipitation over the basin, the
underlying geology of the basin, and the extent to which the basin is
forested or urbanized, are not available.
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MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Screening of the data

0.80 -
0.60-
; . *-;: ..
= . « L .
O 0.40- ST
—_ q‘ - .' * .
. O
One site stands out as «——— ’
being particularly G-EOG:D
discordant, with D,= 13.5
0.00 r : T - . . . :
0.2 0.0 0.2 0.4 0.6 0.8
{ —skewness

 Treating the entire set of 104 sites as a single region, the
discordancy statistic D, was calculated for each site.
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MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Screening of the data

5- 01624800 Christians Creek near Fisherville, Va. (DA=70.1) P There S good
T 41 ﬁ qualitative
Discordant cg 3- fn f‘\ *’"g;\“ /q I" ﬁ‘ r’ agreement
site E 21 | \4 ‘ IE Y between the
S 1 l g sites
7950 1960 1970 1980 1990
Year e The negative L-
20- 01626000 South River near Waynesboro, Va. (DA=127) skewness occurs
Nearest <« F bfecause th.e
neighbor § 1o A p.e”Od of gaging
Z x A included three
g .j et N\, ,..i j‘ f‘ years that had
o [ P MENENE, S AN S

1950 1960 1970 1980 1990 particularly low
Year .
maximum flows
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MAPAAEIFMA EQOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Screening of the data
» The geology of the basin consists of fractured quartzite sandstone
overlying dolomite, resulting in a Karstlike hydrology.

» The basin is very porous and flood response to even the most
extreme storm events is slow.

» In consequence, the frequency distribution of annual maximum flows
at the gaging site should be less skew than at sites with impervious
geology and a fast response time to extreme storms.

» It is not clear whether this site is geologically so atypical of the rest of
the data that it should be excluded from the analysis. We therefore
decided to retain the site in the data set.
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MAPAAEIFMA EQOAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Formation of homogeneous regions

Treating the entire set of 104 sites as a single region, the
heterogeneity statistic was evaluated as H = 2.08.

The entire set is therefore not far from being homogeneous, or at
worst "possibly heterogeneous".

The frequency distribution is likely to depend on the drainage area

of the basin. 1

A reasonable starting point for regional frequency analysis would
therefore be a subdivision of the set of sites, according to their
drainage areas, into groups of not much more than 20.

The set of sites was accordingly divided into four groups of
approximately equal size according to the sites' drainage areas
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MAPAAEIFMA EQAPMOIHZ

MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Formation of homogeneous regions

Regional average

Range Number

Region of area of sites t f3 H

A = 10 26 0.423 0.402 2.88
B 10—60 28 0.450 0.472 1.70
C 60-200 27 0.430 ().4549 (.03
D = 200 23 0.387 0419 .29

* The heterogeneity measure H indicates that homogeneous
regions were achieved for sites with drainage area greater than
60 mi? but that the regions containing the smaller basins were

heterogeneous.

 For the smaller basins, the frequency distribution of annual
maximum streamflow is determined by more factors than

drainage area alone.

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV

59



MAPAAEIFMA EQAPMOIHZ

MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Formation of homogeneous regions

 The four available site characteristics, drainage basin area, gage elevation,
gage latitude, and gage longitude, were used in a cluster analysis
procedure.

* A logarithmic transformation to drainage basin area and a square root
transform to gage elevation were applied to give a more symmetric
distribution of the values of the site characteristics at the 104 sites.

 All four variables were then standardized by dividing by the standard
deviation of their values at the 104 sites.

Site characteristic, X Cluster variable, ¥ To give it an importance in
il the clustering procedure
equal to that of the other

Drainage basin area (miZ) ¥ = log(X) x(3s.d.(log X)

Gage elevation (ft) ¥ = /X /5.d(+vX) b :
Gage latitude (deg) Y = X/s.d.(X) variables togetner
Gage longitude (deg) ¥ = X /s.d.(X)

Note: Here 5.d.( X)) denotes the standard deviation of the
10 values of the site characteristic X.
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MAPAAEIFMA EQAPMOIHZ

NMEPIOXIKH ANAAYZH 2YXNOTHTAZ NTAHMMYPQN
Formation of homogeneous regions

e Cluster analysis was performed using Ward's method.

identified.
o frmo— 1 3
8 500 3 S e
~ 10001 3 %3 o O
& 23 34 4, 6
- 5001 43 5
g 2 & ¥ 6,5
= 4 i5 & 6.7
g 2 A? 5 3 § G
L

5

7

"

7

0.1 1 10 100
Area, mi®, log scale

Evotnta 2.2: MepLloxikn aVAAUcn OKPALWY TLUWV

1000

100(

B W

-

The clusters obtained by Ward's method were adjusted using the K -
means algorithm of Hartigan and Wong (1979). Seven clusters were
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MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Formation of homogeneous regions

Regional average

Range Number

Region of area of sites f {5 H Acceptable fit

1 (0.3—-1.3 3 (0.348 0.331 —0.40 GLOGEV LN3 GPA PE3
2 1.9-7.6 11 (0,379 0.363 1.65 GLO GEV LN3

3 3.1-17 11 0.498 0.471 1.62 GLO GEV LN3

4 5.9-28 16 0.450 0.430 1.69 GLO GEV LN3 GPA

5 25-190 23 0.424 0.491 0.24 none

6 47-380 24 0.438 0.442 -0.03 GLOGEV

6’ 47 - 380 23 0.442 0.455 -0.71 GLOGEV

7 2009600 16 0.376 0.420 0.87 GLOGEV

 Regions 2-4 are "possibly heterogeneous", with H values as high
as 1.69, but should yield quantile estimates more accurate than
those obtained from single-site frequency analysis.

* Region 6 contains the site with negative L-skewness, for which D,
=6.9.
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MAPAAEIFMA EQAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Choice and estimation of the frequency distribution

0.4+

[—Kkurtosis

[—skewness

If the use of a single distribution for each region is desired, the
generalized logistic or generalized extreme-value would be a

reasonable choice.
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MAPAAEIFMA EQAPMOIHZ

NMEPIOXIKH ANAAY2ZH 2YXNOTHTA2Z NTAHMMYPQN
Regional frequency distributions

Nonexceedance probability

Region 001 010 020 050 080 09 098 099 0998 099

0.17 037 049 081 135 180 312 385 6.09 T7.34
014 034 045 078 135 185 339 4729 7.18 8.88
003 020 031 064 132 199 446 615 1260 17.04
0.07 025 037 070 134 195 403 538 1018 1330
020 033 042 069 125 182 398 550 1147 1569
011 028 039 070 132 191 398 534 1030 1357
022 037 047 075 130 180 352 461 845 1091

] O n e L Pl e

»
»

Apparent differences
 Regions 1 and 2 have relatively low upper-tail quantiles.

 Otherwise the upper-tail quantiles generally increase as the
drainage area of the basin decreases. Region 4 is an exception.
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MAPAAEIFMA EQAPMOIHZ
MEPIOXIKH ANAAYZH ZYXNOTHTAZ NAHMMYPQN

Estimated quantiles of annual maximum streamflow, in
cubic feet per second, for Blue Mount and Western Run

Monexceedance probability

Method Site 0.9 0.98 .99 0.998 0,999
Abosi Blue Mount 4660 7570 9110 13600 16000
1-511e Western Run 6430 15800 22990 54100 78000
—— Blue Mount 4960 10900 15000 31300 42800
Eglona Western Run 6390 14000 19300 40300 55100

 The gauging sites are 7 mi apart and have similar elevations,
305 ft and 262 ft, respectively.

* The basins also have similar drainage areas, 52.9 mi%? and 59.8
mi?, respectively.

* Both sites have gauged records from 1945 to 1991
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R packages for RFA

O RFA (Mathieu Ribatet, 2010)
1 nsRFA (Alberto Viglione, 2010)
1 ImomRFA (J. R. M. Hosking, 2010)

Package ImomRFA

> library (Imom)

> library(ImomRFA)
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Xpnuotodotnaon

* To mopov ekmaldeuTLKO UALKO EXEL avarmtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoikta Akadnpaika Madnipata oto MoaveniotpLo

Oeoocaliac» £xeL xpnuatodotnoeL Lovo tnv avodlapopdwaon Tou
EKTIOLLOEUTIKOU UALKOU.

* To €pyo uhomoleital oto mAaiolo Ttou Emiyelpnolakou MpoypAppatog
«Ekmaidbsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital amno tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo eBvikoug
TTOPOUC.

n npoypapya yia v avantugn

ENEVEYON GTNV UOVWYid TNE YVWON

EMIXEIPHLIAKO TMPOIPAMMA |

EKMAIAEYZH KAI AIA BIOY MAGHEH =% EZI-IA
i X

YNOYPTEIO MAIAEIAE KAl BPHIKEYMATQN Eveo

Ei (K6 Kovwviké Tapei
st . Me tn cuyxpnpatodotnon g EAAaSag kat tng Evpwmaikig Evwong
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