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Abstract:[ [ Twol profilel models"have been[compared with[field[data
measured| at/theEgmond[sandy/beachlsite[ (TheNetherlands)[within[the
framework (oflthe European [COAST3D [project. Three hydrodynamic(storm
events  and twol morphodynamiclevents! (storm[ and  post/storm[periods)
havebeen[selected[ for imodel ‘comparison. The two[profile[’models
UNIBESTI[TC[land[CROSMOR [are(process/based models; the WUNIBEST! |
TC[Imodellis aldeterministic[model, Whereas theLCROSMOR [inodel[is
probabilisticlmodel [basedonl[al fwavel by wave’[approach. The models
show[teasonableltesults for[wavelheight, longshorel¢urrentlandloffshore
bar(migration.

INTRODUCTION

Within(the[framework (0f the European(COAST3D [project!field measurements [of
hydrodynamicparameters/and detailed (bathymetric[surveys/havebeen carried dutlin
the[ tidal [ surfl zone[ ofl Egmondbeach[(Thel Netherlands). Thel objectives[ ofl the
COAST3D! experiment[ arel tol collect! field[ datal for! better! understanding( ofT the
hydrodynamics/of! Ithe[JsurflzonelJand[Ifor[levaluation[]ofl Thydrodynamic! and
morphodynamicl models. Theldatal ofl the[ main[ campaign[is(used[tol evaluate[two
profilemodels.[Model[performancelis[évaluated both for[hydrodynamic[parameters
and [for morphological ldevelopment.

COAST3D FIELDICAMPAIGNIATIEGMONDI(NL)

The[Egmond!sitelislocated in the c¢entral[part/oflthe DutchNorth[Sealcoast/and
consists/ofla’sandybeachl(about(0.3 imm(sand)and twobreaker bars. Thebeach width
islabout 125 mlwithlalslopeloflabout[1to[40.The tidal[tange variesbetween[1.4[m
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and[2[m.[Theltidal[peak[¢urrents(in(theloffshore(zonelare about[0.5m/s; the[flood
current/tothe Morthlis[slightly larger(than/thelebb (current to[the South.
Hydrodynamicprocess imeasurementshavelbeen! carried outlinlanlareal bfl about
500x500 [’ [mear the (beach by [use [of instrumented [fripods[and [poles. [ The [objective
was(toldetermine thelhydrol,[sediment(land ‘morphodynamic/parameters/on/the time
scalelof’d[storm (month focussingon(the(cross shore(gradients in/the highly [dynamic
zonelaroundthelcrest/ofitheinner(bar(andtoalesserextent near(thecrest(ofltheOuter
bar.Additional ‘fmeasurement/stations Wwerel operated[at[or ¢loselto[the[boundaries
(seaward, northern/and[southern)[oflthe surveylarealtosupplythe boundary datalof
thelwaveland [current fields.

Herelthe[maintransectlis/considered whichis Tocated [dt/the fripod [stations 1A [fo[1D.
Thefield[datameasured(in[Stations[18A,[7A,ldnd 2 [areldlso used. [Thesestations are
supposed/tobelrepresentative for(the processes in(the[thain/transect, [although(not/all
stations[(18A,[7A,[2)larelocatedinthe main transect. Thelocation[oflthe[stations[(in
cross(shoreldirection)is[shownlin[Figure(1.
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Figurel 1 Location| of measurement| stations! during| Main | experiment! \October!’]
November1998: [stations1A,[1B,[1C,[1Dland13Blarelinlmainfransect;
stations[18A4,7Aland21arelabout 300 northlof main transect.

Station[7Alis/afixed [polefor(wave height/and (water level heasurements. [Stations
18 Aland[13Blarelsmalllframes[for[c¢urrent/velocity [measurements[(S4 instrument).
Stations[ 2,[ 11 Al to[ /1D arel tripods! for wavel height[ and[ velocity [ imeasurements.
Background/parameters [0flinterest/are(the Wwater temperature, whichvaried between9
and[12 °Cland(the(salinity, Which(varied between20(and (25 [promille. The maximum
wind[speedwas[about[20 m/s[(Beaufort[8) from western(directions (normalto [shore)
on29Qctober. Thewindand Wwaves generally werelin [the[Same directions.

DESCRIPTIONOF PROFILE'MODELS

Twotypeslofiprofile models[((UNIBEST TCland[CROSMOR)bothlareldesigned [to
compute/¢ross shoresediment/transportland(the(tesulting[profile[changesunder(the
combinedaction(ofiwaves, longshore [tidal[currentsand (wind. Both models[consist[0f
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submodules[in Cwhich [the Cerossshore Cdistribution CofCiwaves, Ccurrent[velocities,
sediment!transportland(thelresulting[profilel changes are computed. Here, only[the
main[differences between the[models[ are[ discussed, al completel description of
UNIBESTI[TCland[CROSMOR [¢anbefoundlin Bosboom/ét(al.[(1997)and vanRijn
(2000) respectively.

Thelwavelmodellin UNIBEST[TCis the well[known Battjes[and[Janssen[(1978)
model, eéxtended Wwith[drollermodel[(Nairn[gt(al., 1990).[ The[CROSMOR modellisa
probabilisticmodel (based on [the propagation|and[transformation/oflindividual [waves
(wave by wavelapproach).Both transport modules are based on TRANSPOR [(van Rijn,
1993).[However,[CROSMOR [has the latest improvements [0flthe [transportformulations
included((vanRijn,2000).

SetUpofiModels

Thelmodelsuse/the measured (bottom [profile (0f126 [October as the initial[profile(for
the hydrodynamic(runs. The(variousphysical[and modelparameters[were![set[at[their
default[values. Tolaccount forlinevitable [ measurement[errorsl and[ variations, it[ivas
decided[foperformalarge mumberlofThydrodynamicisimulations/in Wwhichthe[physical
parameters! iwerel varied[ laccording! to! thel (estimated)[ range lof! ithel measurement
variations/(in/boundary(conditions).[Also, the model [parameters such/as(the[toughness
heightland[wave[breaker[parameter y[were varied [Within(Site[Specific/valid[tanges(fo
obtain(d[rangelofimodel predictions. (In(the[figures/below [dn(eénvelopeofimodel Hesults
is[shownforthe hydrodynamic(tuns. If'this range [0f model [predictions[falls[within/the
error bands[of'the measurements|thisis[consideredas/goodagreement.

COMPARISONWITHIMEASUREMENTS

HydrodynamicSimulations

Three@ventslavebeen(selected forldcomparison(ofimodel results (]
Table 1).

Table1 Offshore'boundary|donditions.

Event Wavelheight | Wavelperiod | Wavelanglel(deg.) Waterllevel
Hsl({m) T,(s) rel.[tolcoastinormal | (m)[fo[INAP

281011998 3.16 8.3 24 1.41

08:00

281001998 3.91 8.3 6 0.55

16:00

281011998 4.55 10 3 1.59

23:00

In[Figure[ 2[(topl graph)[ thel crossishorel ldistribution ofl thel wavel height! is
compared. Overall agreement! for[ bothimodels[isacceptable,[ at[ the offshore bar
agreement(is[good (x=4500m). However, at[thelinner breaker[bar[(x=4800m) both
models areunable(topredict/the/observed(reductionlinlwave height. The[CROSMOR
model(seems [to [perform [Somewhat better(in(this[fegion, Which(is[probablydueto the
application[ ofl the[ *fwavel by wave’[approachlin[ combination Wwith[al cross'shore
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varying breaker(function!((y), ' whereas(UNIBEST[TClIonly [tepresents the [H,,s and a
constant y[value/derivedfrom[the/offshoreWwaveconditions.

In[thel second[ graph ofl Figure[2[thel(depthlaveraged)longshorelvelocities/ are
compared. [ The[CROSMOR [model[over[éstimates[thellongshore [ velocities on topof
the(two [bars, whereas UNIBEST [TClunder(estimates the Tongshorevelocities dcross
the[¢omplete (profile. [ Thehigherlongshorevelocity [values[6f TCROSMOR [on[fop [0f
thelbarlarel caused by thelincreased[ wavelreduction’at/the twolbars/ compared(to
UNIBESTITC.[Theldeviation(in/deeper(water betweenthe models(is[¢caused by the
fact/thatt CROSMOR fisesthe measured longshorevelocities [dt[Station[18 A [fo [derive
thellongshorepressurelgradient, [Whereas[lUNIBEST[TChas[the tideleffectincluded
by[prescribing[thelongshore water surface/gradient/based on[measuredwater(levels
inltwo stationsalongshore((spacing0f130km). Principally, (this latterthethod is better,
butlit[does not lead to better tesults, probably [becauselinertialeffects arenot taken
intolaccount.Thelcross/shore[durrents(are shownlin[the third[graph(of(Figure(2.The
performancel ofl both[models(is[poor. Neitherlislable to[predict/thellarge offshore!
directed(teturn/flow [bothatthe outer(barlandlinner(bar. Deviations are most(likely
caused(by(the presenceloflalripcurrentlatithe ain transect[which(resultsinlincreased
offshorevelocities which(the[profile modelscan motlaccount for. The bottom[graph 0f
Figure(2[¢ompares!(thepeak orbital [(velocities (CROSMOR [only)[whichlare[used/to
determinel the! cross/shore! sediment[ transport! duel tol wavel asymmetry. Both[ the
onshoreand[Joffshore(directed [orbital " velocities[(based [ lon[ the imodified[ Isobel
Horikawamethod, 1982)are(reasonably predicted. [Atlthe fwo mostlandward [Stations
onl thel inner[ bar( thel ‘onshore(directed orbitall velocities arel significantly over![
estimated. [ Thislagaincan[belattributedto[the model'slinabilityto[predict the rapid
reductionlin'wave Height/in/thisregion.

InFigure(3((identical layout/as/Figure(2) themodel [results/are[compared for Event
2.[Similar[conclusionscanbedrawn(as for[Event(1. Again, both models/are/unable to
predictl thelrapid[decreaselin[Wwavelheight[at[thelinner[bar. Thelagreement[oflthe
longshore currents predicted by TCROSMOR [is[significantly better compared[ to
UNIBESTI[TC. Thelcross[shore[¢urrent/at/theinner bar(isteasonably well [simulated
by [the [ CROSMOR [model; bothmodels(fail [to[simulate(the[rather(large ¢ross shore
current/correctly(atlthe Guter(bar.

Event(3[(Figure(4)has(the highest wave heightlwith(an[dpproximate(coastnormal
incidentwavelangle. Thelongshore currents/dueltide, wind (and ‘waveeffects/arequite
variablewith northward(directed[ currents” (wind[and[ tide)[at[ the outer[ bar[ and
relativelysmall[(0.1to[0.2[/s) southward[directed [currentsat[theinner[bar. The
model(tesults are(rather sensitive to the[wind[and[wave directions|at/smalllincident
angles(as/¢an/belseen from(theltelatively[wide Variation/bands. (It ¢anbel¢oncluded
that/the models'have[notimuchpredicting| ¢apabilities[at’smalllincident[angles[(<5
degrees). [ Thelmaximum/cross[shore[currents(dremeasured/atthe(shoreward slopelof
thelinner (bar. Both(models [predict/the maximum return flow [ontop [or [On[the[seaward
slopelofltheinner bar. Thislis(a typical (tesult,[whichlis[often foundlincomparisons
with(laboratory [experiments ds(well. [Themodel results(are at best reasonable(dt(the
inner Bar.
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Morphodynamic(Simulations
Thelmorphodynamic(simulations/areselected(on(the[basisoflthe[wave[donditions
between[18[Octoberland(23 November[1998 oflthe mainlexperiment, which/can(be
roughlydivided(in: @)[prestorm[period between 1824 [Dctober: 3 hinorstormlevents
with[H;,upto[Bim;b)[majorstorm[ period between 24 and[ 31 October: rapid
succession| 0fl 4 major[storm/events with H;,[uplto[5[mlandl¢)[postistorm[period
between[131[October(23 INovember: 1 [major(storm event/with H;,up/tol4[m/and(2
minor(stormlevents with [H;,tipto2 .
Thestormperiod[0f124 31 Oct.[and the[post[storm 6f[31Oct.[12[Nov. have been
selected formorphodynamic/simulations.

Thelcross shore profiles/at[Egmondare characterised by [fwo bars: [an Outer breaker
bar[(at[12.5[mNAP)andlanlinner[breakerbar[(at[T1 ‘'m NAP)with[a ¢rossshore
spacingloflabout/250(m.On(large [dlongshore(scale((10km)landonlongterm((years),
thebehaviour oflthelouter(and inner barslis/2 dimensionalin[the[sense that the bars
arel continuousand[ofl thelsamel form[inlalongshorel directionand show![the same
overall migrational [pattern((onshoreland offshore migration).[Onlsmall(scalel(1 km)
and[on!thel short! timel scalel ofl al storm[ month,[ alongshore honuniformities! may
developlas(local disturbances (rip[¢hannels, ¢rescentic[and [meander [patterns) which
are[ superimposed on![ the[ overall[ straight[ base[ pattern! yielding/ al 3 [dimensional
morphologicalsystem.[Thelinherent/spatial variability [in Tongshore (directionhas been
reduced( byl longshore averaging![ of! thel availablel cross/shore! profilesto! obtain’a
longshoreaveraged|cross(shore profilefor(each(date. Theselatter profileshavebeen
used [formodel[simulations. [[The basicloverall features(oflthe (bars(atithe Egmond site
arel(seeFigures3land(6):

e 24[31[0ct.[(majorstorm/period): [significant/offshore migrationlofl outer bar/and
inner bar;

e 310 Oct.[12[ Nov.[ (minor[ storm!period):[ slight! onshore[ migration[ ofl inner[ bar
mainly[dueltolbores/ produced after[wavelbreakinglatlow[tide[ conditions[ with
water depths(oflabout(l ;Mo hovement/oflouter bar.

Thelmodel(tesults/based onl default! values arel shownlin[Figures[5[and 6. The
current/related [bed foughness/isdssumed to be ks =0.03 Im(and thewaveltelated bed
roughness!(is ks ,=0.01m.[Thebed[material [size is:[d5o=0.00024 mand[dgy=0.00048
m.[Bothmodelslyieldloffshoremigration ofTthe outerand[innerbars[for[the storm
period(0f(24(31[Oct.[[The UNIBEST[TClImodel shows [better agreement [dt[the [Oouter
bar(zone, whereas the[CROSMOR [modellyields bettertesults at[the inner[bar zone
andlthe Beachl(Figure(5).

The model(results(forthe[post[storm Period(0f31Dct.[12Nov. areshown(in Figure 6.
Asl¢an(belobserved, the(CROSMOR [model yields[slight onshore[migration [ oflthe
inner bar((erosionlat/seawardflank and[deposition[at landward flank),[although(the
barlislalsoflattened. The WNIBEST [TCllmodel lyields offshore thigration ofthelinner
bar, Which[is most[probably(caused by the dominating [effect[0f(the lindertow[¢ausing
offshorel transport,  Whereas thel onshore(directed suspended|transportlis/ not!taking
intolaccount. [This[latter[wave [1ielated [suspended[transport component(is taken[into
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account(bythe[CROSMOR [model. This[modellalsolyields offshore migration[oflthe
inner bar, if'the wave(related suspended transport/isiset/to [zero.

CONCLUSIONS
| Themain(donclusions0flthe[present(study [are:

profile[models/dan(reasonably(well [predict/thel¢ross/shore wave height(distribution;
provided(that[the y[breaker[functionlis(telated tollocall parameters; thel ‘wavelby
wave’ [approach[may better[tepresent/the wavelheight[gradientslover[thelinner bar
crest;

profile[models[ canl reasonably[ well [ predict[ thelcross shorel[ distribution[ ofl the
longshore [ ¢urrent, [provided[thatthe[Wwavelincidencelanglelis[telatively[large[ (>5
degrees) ! and[that(thel current[velocity at/theledgel oflthelsurflzonelis known!for
calibration;

profile[models[canhot[ predictlthel cross[shorel distribution ofl the indertow [with
sufficient/accuracy;/thel field[datalarelstronglylaffected(by(locall¢irculationleffects

(rip/currents);
¢ profilelhodels/can(predict/the offshorebar(migration/duringmajorstormévents;

o profile[ modelsl can! predict/ thel onshore[ barl migration during[ post(storm[ events,

provided/thatthe(onshore(directed Wwaveltelated[suspended(transport(is thodelled.
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