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Abstract

Different definitiobanlbficléomea itiion rivearesbaseanmorphological
characteristics, coountiamys and geometricalCmepqutmssly,
magnitude and associated frlee¢oankpuetiodisohhargambagqudues.
Knowledge of thisidiisecpargent for regional flood freglexncy an
flood estimatiomespiddedstudy investigates bankfull discharges
intervals at 88 Iblcatlinisd rmver network using a combination of
levels, ratingardreguaairochsphotographic records at the sites
Catchmeanged in area from approvonRatefy@Tukmence intervals
were determined by fitting Generalised Extreme Value (GEV)
maximum flow series at the sites investigated. These interva
2.33 years at 53% of iHhleesre reitttersn ofleetovleen 2.33 and 10 years a
and 25 ywearebserved at a further 20% anrdke sgecoifvdbyegions
multivariate regression analysis the computed banwfiahl discl

catchmdkenstcriptors aeexiptaseeons are presented for estimating bart

Notation
a, b, c rating curve constants
AREA catchment &jea (km

ARTDRAIN2 arterial drainage (ratio)

AM annual maximum (cumec)

BFI base flow rati®y (

cdf cumulative distribution function

DRAIND drainage densify (km/ km

FARL flood attenuation reservoirnondnidgkés (index
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generalised extreme value distribution
location parameter of the GEV distribution
shape parameiterGEV distribution
probability weighted moments

main stream length (km)

record length (yrs)

network length (km)

probability weighted moment

photographic records

rating relationship

survey

mainstream slope (m/ km)

standard average annual rainfall (mm/ year)
stream frequency (number)

return period (yr)

discharge (cumec)

bankfull discharge (cumec)

mean annual discharge (cumec)

median annual @ddsmrearnge

water level with respect to a local datum (m)
scale parameter of the GEV distribution

Euler s constant

incomplete gamma function
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1 Introduction

Thealbkfull disahargever cross iseetifidtre discharge that fills the c
to the top ofsiasdbbam&krefore marks the condition Althioeghmient f
different definitibns exasactksichicrge is accepted as being an
indicatmrriver manag@emaaddition, understanding bankfull discha
associated recurrence intervals ilsfimgd rftreergtu émrc y egnadywsis and

flood estimation procedures.

Its significance for hydraulic engineers relate®xtdatrhggesturbu
between main channel and floodplain flows that can reduce me
section and result in overestimated discha4dgéepaeticdioheantedal
channels (Sellin, 1964, Martin and Mymgxisold§bslts. uRevehegleamke
discharge as an important indicator for stream rehabilitation pr
channel geometry that will retain its dimensions and profile to
is important (Rosgen, |b9%dt)s, Hoa eaokfull condition represents
which nutrient rich sediments dapdsirncoemale adeldimdogical dive
agricultural productivity of these riparian zones (Welcomme,
2006; Winem2l0@&urthermore, the flood pulsing that occurs whe
are exceeded is increasingly being recognised as an importa

natural wetlandystenmsge(Middleton, 2002).

In broad terms, bankfuldredelbasiecibnen sedimentary or morp
characteristics, boundary conditions or geometrical propertie
however, can be ambiguous (Lambert and Walkrg|al®s8 AwhArche

definitions of thegraakéeldtlFsdaa example, bankfull stage has beel



theevel of the valley flat (Nixon, 1959a; 1%®29dphtWodotchyee oW O6
limit of perennial vegetation Speight (1965), in terms of tho
sediments have (Odposbterdy,1969; Shelton, 1966), the elevation
of sasided particles in the sediments comprising the channel b
the elevation at which the width to depth ratio of the cross se
196; iRkup and Warnaend 1t®%é63tage corresponding to a change ir
of the esestsional area to theitlhamhieliamps,Su8i8yariation in the
description of the bankfull condition can resuhtagnimuldeslenbank

particular river reach (see for exampletVAilPIO®DHMB seXi® 2,08 pvratil

Bankfull recurrence intervals are of particular concern to h
regional flood frequencgexnflloydaesadn methods in ungauged catc
The relationship in these catcimmext$§looedk weenedn taekfull return
dictates whether floodplain storage wamiddtind p tieossa ff | peosdi sg aowe eh  a
likely to be stgmiftegemdminationinadfexhfdood mad@enkdedlturn
periods can be influenced by both catchment size (Petit and P
within a catchment where longer recurrence intervals with inc
areeportedh@ds, 1982). This reduced frequency of bankfull di
locations is perhaps understandable given that the flood durat
increases with downstream distance where increased attenuati
lower gradient channel reaches (Dury, 196QasRedts nand ak&sbar
(2001) report the irefduemalematiac and physiograpbeamkifaudtors
recurrence intervals. Geological catchment chartlcteegigtics al
periods increasing with increases in the permeability of the |

1969)By extension, the bankfull flow return period is likely t



responsiveness of the,wditethreenhdéecgtchggesnh iosr $hasilich) is

dependent on its geology.

Despitedinersity in the factors that influence recurrence interve
bankfull returhapebigpeldposed (Rb®D&9}sgweverpresenting bankfull
return perasdunique, or within closely grouped values, represen
the hydrological and hydraulid pDacessegW9(tHbammsanl978) and a:
shown in Table 1, considerable variation exists inffremeaurrence

studies.

Table 1

This study investigates bankfull disohamgals and88etwcacinmes iin
Irish river network where records of good quality hydrometric
surveyed bankfull levels and dphwtorger agpiaid ateddeor Determining
discharge is comnmpleenamsiide chosen defirbaimkfull Btidberent

definitions of bankfull stagea rmdisea v iapggstspend ompehand

variety of applicatidresy iarevhiResbsddarchers ofthbeetgeagerally

us@a single definition of bankfull stage and suitable methods
discharge that can be consistently applied. In this paper, the
the flatwwhich water just fills the channel without nodveetinagpping
the floodplain. niThgeintgeglischarges are dist@egmiatithg curves an
equation¥he approach involves using daily mean dpsgdeoand di
provide a field determination of bankfull stage wsidrgctongespond

equatiwnsh banktaldes determiasdry¥egmor extra@ptedtofgoaphic



recordishe computed bankfull discharges arecrepaoces itro- & ahaHt e
variate regression analysis to provide relationships for thes
context of descriptors that are shidwencedclhenemp a@redaa@tiptors us
those tlmate been inclbdeldl®daddiesalgpdF$tlh)e basis of which i
described in Reed and Whircthnpe2z@&@Bé¢) Flood Studies Report (N

1975fdrish catchments.

2 Methodology

Responsibility for the malnisanaydeometthisoeksides with the Offic
ofPublic Works (OirWuaeasl information relating totahicax&ess of
review of thisreéakesddbdée a full or partial record of both daily me
mean stageddather with recently surveyewa®$uaaikébllleddaages,
statiomrurtheraly srisveakddt data frofmtiBdations were either of p
guality with Jlow <confidence Ilevels or waeectiobsaimath at
uncharacteristically thegkbtdbtaovhsre excluded amrd therekaomaset
analysed in thvasplametedsttati®®S these, 33 were categorised as
with a further 39 being A2. Al sites are those with confirmec
flows greater than(QedsxtlQe mediadlaod waitlyear2return period)
and which facilitate extrapolation with good confidenggy for floo
or  Data from A2 sites is of similar quality and comprises a mi
to facilitate extrapdlaltieodrnekyfoahl level. Sites that are categori
C (16 and 3 respectively in this study) comprise good quality r
data t@dQut gaugihgyeater dibelyamgke dshis may not Retavailable
curveseweéeveloped at these sites using a combination of meth

guality of the gauged -dat@ged Aditwaalswuliéirdaenmberovoérbank



gaugim@y e been carri@dnguturves can be based soletliyromnn this ¢
where fewer floodplain flows have been gauged, rating curves

either or a combination of extrapolating the observed data and

Bankfull discharge is commonly determined by identifgihng the
determining the discharge associatedewidah2 0l0iBWwsa aagep (Caopled and
were used in this study to cbaginT htee fbran kd @ Ithee s@atwiags cturve
approach (Leopplld964; Wood§8r, KeshamdrNabavi,). 2D0&
principle of the method is that once the bankfull stage is exce:
occurs, the rate of increase of stage or level relatiiieisto flow
produces a more cocupMextmaassidgntinuity, or break, at the bankfu
separates inbank and overbank relationships (K®igdht and De
relation(hop direct measurement and hy céraamirc fR okl Ehinmd )

(Station 26B0glyreniére the basnkafel lshown apphbeximéled@.

Figure 1

The second appgsbaonhkfwldelevels detemansinreree yfrom extracted fro

photograpbocdrs at the sites in question. For both apeeoaches,

deteimetrommpirical ratingodghatfomm:

Df0p=05 0k -+, (1)



whenels the water level twiteh |lmksienctat the particular cross secti
the discharge corresponding to this stage, and aarly anthc ar

different stage ranges.

Extracting bankfull stages from imhbitd gy aiplvicl veect oodesntifying th
of connection between the main channel and adjaBenwélondplai
and 19 digital imagesdwatreeantalgs the sites Timegelsaigkadidtd stage
represented by the level eftbennreatdodinea sitya feurdgeigare 2

orwhere requarresiferred to the gaugepéraldepriogettteowater surfac
perpemdlac to the main channel direction. Confidence in the n
analysing a number of images at each site and ensuring that

different images were consistent.

Figure 2

Application of the twpoa@mpyi@dsiudss in three estimatefsoof bankfu
whicthankfull discharge can be determined; from the rating curv«
equations where baakduélxielmstlmd survey (S) or photographic re
Bankfull disdedegesned from surveyed bankfull levels in comb
equations are considered to be the most reliable and where
estimates from the other methods were observed, were taken t
In somases however, discrepancies in estimated bankfull stage:-
approaches. These occurred at locatisastiwhewsa sthaomiplerx crc
included atoheeabench fheskédefotly inclined land barud dedoabove

by river bank of steeper gradient). Benches result in abrupt

10



crosection that in some cases produce addssbtamgie wityvien viheclk
on application of the rating curve methovderyib bt & hstaagd utdnlaban
leveFurther interobg#honographic records and thdkestifvegeadt deve
most appropriate bankfoHfigsnhget asmdrge associated with this t

discontiatispymewasedabe bankfull condition

Return periods for the bankfull discharges were estimated by
Generalised Extreme Value (GEV) distributions fitted to the a
record at each site. At sites wheceoeldngeéhkicdedied |2\ edrs (
the 88 stlgti®BEY¥Y shape pal&)wweeﬁecsal(cuIatedmLesrmgde}akieg

al (1988)which:

kd=7.8 5 X0+2.9 5 52 (2

where

2M1:18- M I n2
_ 00a o (3
3Mi26-Mioo

co

and wheme Miiand Mare probability weighted momektpndetermine

Eqn@iven as:
1n

Mlooé;aé%@) (4)
N pa

11



» 5B
1106 n?m (5)

o0(5-(5-D
R ©

where n is the length, in years, of the AM series.

Scal#)(and loc@)iparameters of the GEV distributsomgwere deterl

) )

6%3@6 24

and

e PR

whed@d)js the standard gamma function.

The cumulative distributioh &u@EtVodigtrdbution can be written a:

gl 36 |
B0, 0= xap-585— Qf @@‘ Ke10 (9)
gf oé 6Ug

andhe inverse ofsEwysed9to determine thep)reiourm mevieod b(dnkfull

dischargg: (Q

12



(D)

At locations where the AM record length was ledsatha®5p5 yea

method is not recommended. For these stations (8(simapetal), G

factok,= 0) were assumed#pmchdsdaldiioarameters determined

using

a5 08M,, 8-M, 0 (11)
| n2

an d

éB=M, , O- ¥ (12)

whewveis Euler s constant given;@asnd..Matr2 &WMMd Eqodn and
Eqn.. 5The cumulative distribution function (cdf) of a GEV ty

written as:

I
o

(13)

B0, Ap=e :Ie xggéggfa-% ¢

andhe inverse ofitEqresed 3o determine thepyrdburma jge&mekiud(T

dischargg: (Q

13



aresff 1§

Multivariate regression analysis whee sitn theadteackkefiu It od re ddieer ge s
each gaugingdostsgtadirdiyamdlogical catchmentadesereptenseloped
the FSUO ane available forhstatismshymdrometrbDe swertiwboks deemed
influential in the determination of the index flood in the FSU
have significance in the bankfull discharge at partrcwdar locze
reaches were amdudeldtiohshipsedictinger@ developratial
catchment properties include thé (AREAMenteaseéanidakimaverage
rainfall in mm (SAAR) antdaa pdHoanseter thee#tftcemnwdtiages and
reservoirs within a catchment (FARL). Hydrologicatheatchme
average slope in m/km of the river between 10% and 85% of
(S108&n),index that relates the length ofcellenapwsorkaimm kyd ol dd
area of the gauged cd&tdhRelltD)n mmother index that represent
drainage extemtsdidhfengelrcentage area of the catchment river ne
in drainage JARNeRBAIN2) and theindeesef(BFI). Main stream |
(MSL) and network lengthhidbBTH BERf)lect the length of the hyd
netwoak,gtream frequency WBTdERIQ¢s the density of stream |

relative to the catchment area, were also included.

3 Resubtsd Discussion
The magnituddexoflolats have significance in flood estimation pr

catchme(M@sanandQne), together ankfudtagedischarg®% and

14



corresponding bankfuld(hetarnhm &&raoding startaddsen this study
are showlmbhe Rothp,Qand,@are determined from amne aamalyais of
maximum flow recypadrefatatthengestigaditlee .bankfull stage used in

estimation of the bagkfddhadisdhlay an ashabie ) in

Table 2

AnalysisTadleirdicates that apro%amaieepgethankfull recurrence
intervals between 1 and 5 years with the medien fvabwe noging
distribution of theebankdnmte intervals of the sites investigated
3(a) and the cumulative frequency idistedlBu Fiign rel B ¢dt)hiant

bankfutlureence intervals 2regel&stse timeerdnanrual flato d(2 8 %)

staoms and less tharf{tBe3mawmual flood assuming a GEV type | d
at 47 (53%) sTathbaigdicateast 18 locatiohave@O&ryence intervals
between 2.33 and 10 years and 5 stations (béd)e@ladvdoredurren
years. This study is based on flow and stagetirerc®.rdS ede o ea@ars «
suitable -xgosimns for gaugimngcpaitregpo stdat the full flow range ¢
controlled within well defined channednztdmkisv.e, Adultdugdnaottions
be responsible for the uncharacteristically high bankfull stage
periods that exceed 100 years at 11 of tbemsatasly IB3Pwe vevesti
magnitudamkfull recurrnealseinnteish rivers are consistent with tf

other studies

Figure 3

15



3.1 Regression Modelling
Plotefcatchmeedcripwotrtbankfull dischargeangiguskhodvB84 of the 88

sites investigated (data not 4a68ll@pI|E7DO2stAaG00Ms and 26018)

Figure 4

Figureindicates that the magnitude of bankfull discharges in
catchmen{caedticient of detremih.at3yMSIR NETLEN and&r®TRFRQ
alspositively cowr¢hatekifudisch@Rg® .44, 0.38 ameks e Bivrely)

FigureamMd res$itdet more efficient drainage capacity that characte

ssgnificant tributary networks.

SAAR dsrived from longterm averbh@adarsruupl icoeangds s h oaw

stromglationwhtipankfull dischlaegBFI is based on soilrccharacter
relatesmthaen anmasd ftomhenean annuall hloenefore, this descriptor
perhapsceéeaxgpeto be more signsfichaommmpamne. 4 Similarly, no clear

relationship is appaddBAtI WEAREORAIN, FARbamkduHedischarge.

Using legsehares -viaurlitite regression analysis, computed bankful
correlated with the catchment de §cgigridgoor P poeidemgtbaleiens for

estimatimg characteristicrislowivaesfirst of these is a single p
equation in terms of c&tztcrheretnarere.a is shown to be positivel:
the bankfull diskEigarrgee dnand is a dominant influence in the ge
The areas caftchments investigated vary fromMtapprdfisckately 23

are consideagedernoalmeas of a significant range Tdfe Iresgrersseas

16



analysnsicates that tHé disckfirge can be expressed using Eqgn.

factorial stanadraod H#o5B4sites studied

Q, 8=0.7 60pA R EA °* (15

Eqn. 15 was determined using a linear relationship besween tf
which leads to the power law form of the equation when conv
domain. In-dbendomy, the standard error of the estimate is adde
estimated value to provide a 66% confidencdhiattdhwealmon etithe
residuals are normally distributed.d:el) hleseo ended nriavld mpee rtra sm(s

1% in the original domain and are referred to as factorial stand

Cunnane,).2003

The seegudktinaludes the catchment deS@rdgto fsootl thhg@uation wit
the exception that NETLEN ratherthtdhaohat8ttededine length ir
catchment. NETLEN and MSLlLhnetgelastehtugwd astrongearsitrigdatio

béeween NETLEN awld desckfarge is obigaurnee duimthermore, main

channel slope (represented by S1085) will exert a significant ir
a channel and steep channelstiminal ggee metreoyhsvghlemaconveyance
capacities than similar channels of lower slope. Higher discha
bankfull flows in steeper channels suggesting that a positive
discharge and S1085Fiigwenepdchodheombsmankfdibcharges decreasin
witl 51085 values in Irish catchments. These S1085 values a
catchment area with larger catchments more likely to have lov

discharges than smaller catdlemientbewhpple rmreeyaches of the rive

17



slopes are greater but discbeergresa simneg siaaldeulindibch aegeas d
may therefogguyltofrom the influence of the small, steep@r catchr
redutlreis iphlgebankfull discharge was normaaise dS b@dBivdding

such that the expression for bankfull discharge is:

QO00.16AREABFI"'SAARFARETDRAINTDSLO8*

0fs+A R T D R ABRY

(16)

The FSE of Eqn. 16 whees 845%i3efsoirnvestigated.

Thehirelguatfon prediltaimigfull disacdragigehrdso ucatchment descriptor:
thaappeta be significant iAREHAUIrE TRFRQ, ARTDRAIN .and NET
Howevarstrong positive adspneilsasi ome SiTedRmMRAQ NETENR{ =

0.9. As bankfull disclhatrgea elxigiher correlation to NETLEN tha

STRFRQ, STRFRQ is noeegoalatde® fimetdh in terms of three descrij

Q,0=0.19ARENNE T L E‘ReL 0 §9P+A R T D R ABN (17)

The FSE qor fof the 84 sitemsast.d58d

The comparison dfidcarekfgpuds determined from field observations
thee caltedafrom Egmgnl516 and Bgen.sh@dwn to be in reasonabl)
agreement in Figurethatinkdesatimegression equations provide an
of estimgabiankfull discharges in Erssimaaésharensbown to be impr

larger rivers.

18



Figure 5

The Akaiki@mrmatrotrercon (AIC) (Akaike, 1974) was used to com
goodness of fit of the bankfull disch@adgfrosstEgated 5deEgmm 16

Eqn. 17 to observedAV@boedheTttheee equations were determined

Al ®=nl0R §/B09+2K5+2K (KS+1Y (nd-K3-1) (18)

where n, RSSrame Wumber of data points (observations), resid
and numbeatofimiedescriptors (parameters) in each Blgaaki€n res
forEgn. 5nfgle parameter), Eqn. 16 (4 parameters) and Eqgn. !
712.47, 706.70 and 718.47 respewhiMelgp]linieatsegpabsamilar in
theiperformBgnone is6the most appropriate for predicting bankfull

rivers.

4 Conclusions

This paper preseassiqatibea mfagnitbdekdétill dischadgassociated
return perilodshinivers with cagchamgmnmngafeamta2 2 7kh&. krithe
bankfull discharge used in the study was the flow at which wate
overtopping the banks and inundating the adjacent floodplain:
calculated from coraekpollidsnggbs estimated from a combinatic

curve method, swahwseged lpchotographic records.

The recurrence intervals of the discharges were determined b

Value (GEV) distributions to the vanxaraésmakithiemsiies investi

19



These intervals were found to be less than 2.33 years at 53% c
perioadfbetween 2.33 and 10 years and 10 and 25 years respect
further 20% and 6% &uidbrartmapre,Loxi Ma6é&by sites investigated h
bankfull recurrence intervals of between 1 and 5 years with t

years.

Thdédankfull dischargevearstinedaeésd to catchmesitnmgelsca i paba s
regresaimanysibenost suieapressionimartiagtthe bankfulblasesicharge

on estimates &4 sites inwastigated

Q.0=0.16RAREABFI'SAARFARIDRAINDSEL0§DB+AR T D R ABN

WhilestimatestHeoequatrtiomnmpriovéarger catchhem®Btef t1.55 results
in % confidenceoietyd® 1.5%.@Although the magnitude of the
consistent with regression equations for determining mean an
Studies Report (NERC, 1975) and Flood Estimétiso ciaiteimadd ook (

interval is wddetibondis advised.
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