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LONG-TERM GOALS

Ourgoalis to developmethodologie$or determiningobathymetryin the nearshoreone,usingvarious
typesof remotelysensedmagesof wavesasinput. Thesemethodsbviatethe needfor direct
measurements thefield, which canbe both costlyandhazardousWe areparticularlyinterestedn
thesurfzone,wherelinearwave theoryprovidesa poordescriptionof the behaiour of individual
wave crests.An ancillarygoalis to improve the currentBoussinesanodel,suchthatit providesthe
necessarynputswith appropriateaccurag.

OBJECTIVES

Theobjectvesof the projectareto:

1. Developasyntheticdataset,basedon Boussinesgvave modelpredictionsyepresenting
numberof casef wavespropagatingver characteristiaiearshordathymetries.

2. Comparemodelresultsto availableField Researchracility (FRF)field data.

3. Studythefeasibility of solvingtheinverseproblemfor bathymetryfrom measuredurfacedata,
usinga Boussinesgvave modelto determinevave phasespeedsandwave-inducecheightand
velocity fields.

4. Improve theapplicabilityandperformancef nearshordoussinesgvave andcurrentmodels.

APPROACH

A two-prongedapproacthasbeentakentowardthe goalof inferring nearshoreropertiesusing
hydrodynamianodelsandremotelysensedneasurementd.hefirst directionlooksto improve our
representationf nearshordydrodynamicswhile the seconduseshesemodelsto interpretremotely
sensedmagesof thenearshore.

As anexampleof thefirst approachywe have improved predictionof wave heightfor shoalingwaves
in thenearshoréKennedyet al., 2000c).This wasaccomplishedby generalisingorevious
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formulationsof the Boussinesgvave theoryto exploit degreesof freedomthathadnot previously been
utilised. The new formulationhasa significantlyimprovedshoalingrange with no dravbacks.An
exampleof the secondapproachs thatof Misraet al. (2000),wherea quasi-frozerassumptiorwas
usedwith Boussinesgquationsn orderto infer waterdepthsfrom two time-laggedmagesof the
watersurface.Togetherthesetwin approachebave led to significantimprovementsn our capabilties
to predictnearshordrydrodynamicsndto usethisto infer waterdepths.

WORK COMPLETED

Therehave beennumerougecentresultsimproving our basicrepresentatioonf nearshore
hydrodynamicsisingBoussines@g@quationsSomeof the earliercompletedvork gave usthe
capabilityto predictawide variety of phenomenancludingwave shoaling breaking,setup runupand
wave-induceccurrentsKennedyet al., 2000a;Chenet al., 2000a).This improvementof the
Boussinesgnodelfrom a purewave transformatiortool to a comprehensie nearshordénydrodynamics
modelrepresentsa significantadvance.We now have the capabilityto represenavery wide variety of
nonlineamearshorgpghenomenauchasunsteadyip currentsandlongshorecurrentswith good
accurayg (e.g.Chenet al., 1999,2000b).

More recentwork hasconcentrate@n improving the basicaccurayg of the Boussinesdormulations
used.Theextensionf Kennedyet al. (2000b)gave significantimprovementsn therepresentatioof
nonlinearwaveswith no significantcomplications Similarly, Kennedyet al. (2000c)gave awide
variety of improvementsfrom improvedshoalingin intermediatedepthsto increasedccurag in
representingvave speedsn relatively deepwater This paperalsodetailedsomesimplified higher
orderequationsyhich cangive somehigherorderaccurayg, but only shov lower orderterms(also
Kennedyet al. 2000d).Someof thesechangehiave beenimplementedn a parallelversionof
FUNWAVE writtenin High Performancé-ortran.A differentapproachasledto theimproved
representationf verticalvorticity in themodelequationgChenet al., 2000b,Gobbiet al., 2000).
Thesehave beenimplementedandprovide improvementsover olderformulations.Representatioof
nearshordydrodynamicsisingBoussinesgquationss improving steadily

Comparisonsvith field andlaboratorydatashov a goodrepresentationf nearshoravave heightand
wave-induceccross-shorandlongshorecurrentsChenet al., 1999,2000b,2001).In its present
form, the modelis now capableof predictingwave heightsdirections,nonlinearnteractions,
breaking runup,andwave-induceccurrentswith reasonabl@ccurag. Unsteadyprocesseare
particularlywell describeccomparedo otherwave transformatiormodels.

Inversionmodelshave beendevelopedfor radardatathathadpreviously beenassumedo be available.
ThesencludeDalrympleet al. (1998),whichlookedat severaldifferentlinearinversionmethods.
Usinga Boussinesgnodel,Kennedyet al. (2000b)developeda methodto find waterdepthsusingtwo
laggedsnapshotsf watersurfaceelevationsandvelocities.Misra et al. (2000)useda “quasi-frozen”
assumptiorio arrive at a simplertechniquehatrequiredsnapshotsf eithersurfacevelocitiesor
elevation. All of theseweretestedusingsyntheticdata,asfield datawasunavailable. This lack of data
hasled usto discontinuenvork on radarbasednversions.

We arenow usingvideo-basednversiontechniquesinferring nearshordathymetriegandindirectly
nearshoréydrodynamicspy matchingwave phasespeedsndbreakingpatterns Figures- show
preliminarywork (Kennedyet al., 1999)usingdatasuppliedby RobHolmanof Oregon State
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Figure 1: Computednstantaneouswater surface(a); Wave-aweragedcurrent vectors(b); measured
and computedH,.,,; (c); computedand measuredneanlongshorecurrent (d) during DELILAH at
Duck, NC.

University, shaving thatthis approactcangive detailedestimate®f bathymetryparticularlyin the
surfzonewhereothervideo-basedanethodsxperiencegproblems.it alsoprovidesthe meansof
resolvinga depthvs. currentambiguitywhich appearsn mostotherinversionmethods However, due
to therelatively late switchfrom radarto video, it hasbecomeapparenthatthis taskwill notbe
completedby theendof the project. This hasalsopreventeduseof JohnDugans AROSSdata.Efforts
arenow undervay to secureadditionalfunding from othersources.

RESULTS

An extendedBoussinesanodelhasbeendocumente@ndreleasedy our centerfor generaluseby the
nearshorenodellingcommunity Both sourcecodeandusersmanualarefreely availablefrom the
Centerfor Applied CoastaResearchhrougha softwaresupportpageat
http://chinacat.coastal.udel.edurby/programs/ FUNWAVE hasbegunto beadoptedoy numerous
externalusers.

Severaldepthinversionscheme$ave beendevelopedandpublished.Thesendicatethat,given
reasonablelata,depthinversionis indeedpossibleusingcurrenttechnology While bestresultsneed
estimate®f surfaceelevationsandvelocities,it is possibleto producereasonablestimatesvith less
completedatasets.However, the datamustbe bothreasonablandavailable.

IMPACT/APPLICATIONS
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Figure 2: Estimated( - - ) and measured —) wawe breaking patternsfor final iteratedbathymetry

FUNWAVE providesthe nearshoreommunitywith awave modelthatalsopredictswave-induced
currentsandinstabilities. The Boussines@pproachis expectedo beviablefor mary yearsto come,
andwill provide estimate®f nearshordydrodynamicsvith everincreasingaccurag. FUNWAVE is
beingusedin the NOPPNearshoreCommunityModel projectasa meandor creatingphaseresoled
time seriesof nearshorevave heightsandvelocities. Thesearebeingusedto drive simulationsof
sedimentransportandto aid in the parameterizatioof variousprocesses wave-avzeragedmnodels.

Depthinversionschemesllow theremotedeterminatiorof bathymetrywhichis of interestin both
military andcivilian applications.
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Figure 3: Estimated(— - —) and measured —) bathymetriccrosssectionsat Duck, NC.
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