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ABSTRACT

An overview is givenonrecentresearclievelopments
andongoingstudiesonthemodellingof thewatermotions
occurringin theswashzone.

1. INTRODUCTION

The swashzone(SZ hereinafter)s thatpart of the beach
wherewaves move the shoreline,i.e. the instantaneous
boundarybetweernwetanddry (seefigure1).

Figurel: Theswastzoneonabeach.

Although wind-waves or short-waves (typical period
of about10 seconds)are the major forcing for the Sz
dynamicsit hasbeenrecognizedthe importanceof the
SZ for the generation/transformatioof long-periodmo-
tions [2, 8, 14, 19. Hence,modelling of SZ flows is
greatlycomplicatedby bothintermitteny (i.e. alternance
in time and spaceof wet and dry phasesseefor exam-
ple Schittrumpf,BegmannandDette[17] andBrocchini
[6]) andby the occurrenceof motionswith differenttime
scales.

Notwithstandinghesdlifficultiesveryrecentlyimpor-
tantefforts arebeingmadeto achie/e a better generaun-
derstandingpf the SZ waterflows (E.U. SASME Project
[12]). In particularmodellingis beingdevelopednotonly
to predictrun-uplevels but alsoto representhe complete
dynamicsof this boundaryregion (Brocchini and Pere-
grine[9]; BP96hereinafter).Thechallengeof understand-
ing andreproducingthe SZ dynamicshasbeengradually

takenup by scientistsof differentdisciplines: from the
coastakengineergo the appliedmathematiciansrom the
geomorpholigistso the biologists.

Themainfeatureof SZdynamicsandthemostimpor-
tant resultson their modellingare briefly describedwith
the following order The next sectionis dedicatedo an
overview of SZ modellingat the time scaleof the short-
waves. In section3 the SZ role in generating/interacting
with low frequeng waves(LFW hereinafterjsillustrated.
Finally, someremarkson ongoingresearchand sugges-
tionsfor futurestudiesarecollectedin sectior4.

2. SZ MODELLING FOR BREAKING AND
NON-BREAKING WIND WAVES

As alreadymentionedmostof the momentumandenegy
forcing of the SZ occursat the short-wave scale. These
wavespropagatérom theoffshoreregiontowardsthecoast
andundego a numberof transformationgnainly caused
by theinteractionwith a seabedf decreasinglepth.The
most spectaculatransformationof all is wave-breaking
whichcanbeseerastheultimatestageof wave-steepening.
However, breakingqualitatively differs from mostof the
otherwave phenomenan two respects.Breakingis re-
sponsibléor:

1. mostof wave enegy dissipationasintenseturbu-
lenceis generateét thefront faceof thebreaker;

2. momentumand enepgy transferto low frequeng
modeslike (LFW, longshorecurrents rip-currents,
sheawaves,etc.).

Theimportanceof breakings alsoreflectedn SZmo-
tions which are markedlydifferentfor non-breakingand
breakingwaves. Thesedifferencesare mosteasilyillus-
tratedby meanof the very few analyticalsolutionsof the
NonlinearShallov Water Equation(NSWE hereinafter)
which arethe mostusedsetof equationgor analysingSZ
dynamics.

In dimensionlesg$orm andneglecting seabedtiction
theseequationgeadfor a beachof equation
(seefigure 2 for someflow andcoordinateslefinitions)

(2.13)
(2.1b)
(2.10)

wheresubscriptsare usedto represenpartial differentia-
tion, and arerespectrely the onshoreandlongshore



Figure2: Basicflow andcoordinateslefinitions.

coordinates, is the to-

tal waterdepthand and arerespectrely the onshore
andlongshorecomponent®f the depth-aeragedrelocity

(horizontally2D flow or 2DH).
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Figure3: Superpositiorof two waves. Contourplots of:
(a)the hodograptctoordinatesn the plane,(b)
thefreesurfaceelevation , (c) theonshorevelocity and
(d) the longshorevelocity . Dimensionlessamplitudes
andfrequenciesare , and ,

respectiely. Lines of constant run from left
to right whilst linesof constant runfrom top to bottom.

This “canonicalbeachproblem”only allows for a few
analyticalsolutions. The mostfamousis that of Carrier
andGreenspaifil1] valid for a unidirectionalnon-break-
ing, standingwave of amplitude andfrequeny

. This canbe obtainedby usinga clever hodograph
transformatiorwhichreducedhe 1DH versionof (2.1)to

alinearequationthe nonlinearitybeingtransferredo the
hodograptrelations. Linearity of the governingequation
allows for modesuperpositioras describedn BP96. In
the samepaperthe solution of Carriedand Greenspatis
alsoextendedo predictthelongshorevelocity component
in the caseof weakly-2DHflow. Contourplotsof figure3
illustratesthe structureof this solutionfor a specificpair
of modeswhich do not give wave breaking.

The solution of BP96 also allows for direct compu-
tation of the meanlongshorevelocity (over the period of
shortwaves) associatedvith the run-up/run-devn cycle
(seefigure4). It is clearthatsuchvelocity is non-negligi-
ble evenfor non-breakingvavesandis essentiallycaused
by theintermitteny of the SZ motions.
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Figure4: Meanlongshorevelocity in the swashzonefor

, and ( for all the cases).
Theseavardlimit of the swashzoneis givenby theinter
sectionof the curvesandthe x-axis.

As anticipatedSZ waterflows dueto breakingwaves
are essentiallydifferent from thosejust describedas it
canbe seenby analysingthe run-upsolutionof Shenand
Meyer [15]. In this casevery thin sheetsof water (the
watersurfacebecomingtangento the seabedarepushed
up the beachby the breakingwaves in contrastto the
“wedge-type”"watermassesvhich characterizehe SZ of
non-breakingvaves.

Althoughdifferentin characteiSZ flows of bothnon-
breakingand breakingwaves induce a meanlongshore
massflux which is proportionalto the squareof the di-
mensionlesamplitudeof theincomingwaves|8].

3. THESZ: ALOCUSFOR
MODIFICATION/GENERATION OF LOW
FREQUENCY MOTIONS

It is well known thatboth nonlinearityandgroupinesof
short-waresare the major responsiblefor the generation
of long waves. Thesewaves canbe either“bound” to a
groupof shortwaves(i.e. propagatingat thegroupveloc-
ity [13]) or “free”. Essentiallythesecan eitherbe bound
long wavesfreedfrom thegroupstructureby wave break-
ing which dissipateghe short-waves(seefigure 5) or the
resultof short-wavesinteractingwith eachotherin the Sz
[19].
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Figure5: A wave group(thin dashedpn a beach,with the Fourier (heary dashedandwavelet (solid) filtered
signalsmagnifiedandsuperimposedCourtesyof T. Barneqseg[3])].
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Figure6: Boresinteractionin the swashzone.Inputsignal: Carrierand Greenspanvave of and . Top: per

spectve view of thespace-timeplot of surfaceelevation. Middle: characteristicgthin), borepaths(heary) andshoreline
(heary). Bottom: incident(thin) andoutgoing(heary andmagnifiedof about9 times)Riemanninvariants.



The first mechanismis particularly significantin the
caseof a “saturatedsurf-zone”,in that casethe low fre-
gueng motionof theshorelinds dominatedyy therun-up
of low frequeng cross-shorstandingwaves.

Sincein shallov watersthe wave velocity is propor
tional to the squareroot of the total water depth, large
waves travel fasterthan small waves and catchthem up
henceproducinga singlewave. Thisis themechanisnby
which frequeng downshift occursasdescribedoy Mase
[14]. This type of LFW generatioris moreimportantin
the caseof an“unsaturatedurf-zone”[2]. Figure6 gives
an exampleof how the generatiorof free LFW by short-
waves coalescencé the SZ is typically modelledin the
framevork of the NSWE.

Thephenomenoof LFW generatiorin theSZis strong-
ly governedby the ratio of the two mostimportanttime
scaleswhich arethe “natural swashperiod”  (time for
a run-up/run-devn cycle of a wave of given amplitude)
andthegroupperiod  (sumof the periodsof thewaves
in the group). For the amplitudeof the LFW
propagatingrom the SZ is maximumwhile it rapidly de-
creasedor both and [19] (seefigure
7).
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Figure7: Thedependencef the LFW amplitudeon

(a) the amplitudeof the input shortwavesis ,
(b) the amplitudeof the input shortwaves is
Parametriceffectof varyingeither (thin) or
shavn. Adaptedfrom Watsonetal. [19].
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4. DISCUSSION OF ONGOING AND FUTURE
RESEARCH ON MODELLING SZ FLOWS

It is becomingmore and more clear that modelling SZ
flows is essentiaboth for the physicalsignificanceof the
phenomenaccurringin this narrav region andfor theim-
portanceof the SZasa boundaryregion for nearshoreu-
merical models, be they flow solversat the scaleof the
short-wares[4, 10, 16] or solverswhich modelthe flow
with awave-averageddescription18].

Notice thatwhenthe full SZ is includedin a numer
ical computationit not only involvesa larger domainof
integrationwith aspecialboundaryconditionattheshore-
line but also frequentlydetermineghe maximumallow-
abletime-step. Hence,an integral representatiorof the
SZ could be very useful. This representatiomasalready

beenmadeavailablein BP96andis now the objectof con-
siderableesearclefforts.
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Figure8: Sketchof the domainof integrationusedto de-
finetheintegral modelequations.

Themodelis basedntheintegrationacrosshe SZ of
aconserationform of theNSWE.The SZboundariesre
positionof thehighestrun-up  andthelower boundary

which canbetakeneitherasthelowestrun-dovn posi-
tion in a groupof wavesor the envelopeof the run-dowvn
locations(seefigure 8).

If integral propertiesof the watershorevardof  are
consideredhefollowing setof equationscanbe obtained
(seeBP96for moredetails):

(4.20)
(4.2b)
(4.20)

(4.2d)

Theseequationgntroducea numberof new flow proper
ties(bothlocal andintegral) which arelistedin table 1.

Name Expression Flow property

Local waterdepth
Local massflow

- Local momentum
flux tensor

- Local enegy density
Watervolumein SZ
Watermomentunin SZ

Integratedmomentum
flux tensor

- Waterenegy in SZ
Friction forcein SZ

Frictionalworkin SZ

Tablel: Definition of theflow propertiesadoptedn equa-
tions(4.2).



Somepreliminarynumericalexperimentshave shovn
they aremore thanadequatdor reproducingSZ flows by
justprescribinglow propertiesattheboundary i.e. with-
out resolvingary equationin the SZ domain(seeBP96).
Theintegral modelis currentlybeingusedalsofor repro-
ducingSZdynamicsonthebasisof experimentadata[1].
An exampleof applicationof theintegral modelto exper
imental datais shavn in figure 9 in which the measured
shorelineis comparedo thatpredictedby the integral SZ
modelon the basisof the measuredocal massflow at
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Figure9: Exampleof comparisorof measuredsolidline)
andpredictedshoreling(dashedine).

It is clearthat the integral model is potentially very
usefulfor bothpracticalandresearctapplications.To this
purposeresearchis underwayto incorporatethe effectsof
seabedriction, previously neglected,in the model. This
canbeaccomplishedby prescribingasuitableparametriza-
tion of the frictional forcesin termsof the model vari-
ables. Archetti andBrocchini[1] have shovn thata suit-
able parametrizatiorfor unidirectionalflow propagation
is:

with — (4.3)
where isadimensionlessedfriction coeficientof the
orderof and isthebeachslope.

In the samepaperit is also shavn that inclusion of
frictional contributions doesimprove the perfrormances
of the integral model at leastfor gently sloping beaches
wherefrictional effectsaremoresignificant. Work is still
in progresgo extendthe parametrizatiorof the frictional
forcesto the caseof 2DH flow conditions.

However, the mostimportantcontribution of theinte-
gralmodelis to provide thebasisfor prescribingshoreline
boundaryconditionsfor wave-averagedmodels. Among
themwe canmentionthe quasi-3Dflow solver SHORE-
CIRC|[18] whichis oneof themostcompleteandreliable
wave-averagedmodelscurrentlyavailable.

However, thoughwell developedboththeoreticallyand
numericallywave-averagedflow modelsdo not properly
takeinto accounswashzonemotions.Indeedtheir shore-
wardboundaryis incorrectlydefined this beingtheinter-
sectionof the meanwaterlevel with the beachface. It is
easyto shaw thatin the caseof periodicwave this point
coincideswith the maximumrun-uplocation. Moreover,

wave-averaged models always rely on “wave drivers”

which are usedto prescribethe short-wae forcing for

the long-wave motion. Unfortunatelysuchwave drivers
usewave theories|ike linearwave theory notcompatible
with thelocal dynamicalconditions.This problemis most
importantin thelimit of vanishingwaterdepths.e. in the
SZwherelineartheoryis obviously wrong.

It is thereforeauspicableghatnewn shorelineboundary
conditionsfor the meanflow be derived to accountfor
SZ dynamics.To this purposeBellotti and Brocchini[5]
areworking ontheimplementatiorof the meanshoreline
boundaryconditionsfor wave-averagedmodelsdescribed
in BP96andbasedon anintegral descriptionof the SZ.

Preliminaryresultsof numericalcomputationgeveal
thatthe boundaryconditionsdescribedn BP96 arewell
posed.lt is alsoshovn whatthe logical stepsof the im-
plemetationprocedureonf theseconditionsshouldbe and
whatarethemostdelicatenumericaissuesnvolvedin the
implementation.

The above discussedwo lines of researchwill hope-
fully leadto significantimprovementof the mathemati-
cal/numericaimodellingof SZ dynamics.lIt is, however,
clearthat a numberof issuesare still openand mustbe
solved beforean adequatenodellingof SZ flows canbe
achieved. Properdescription(i.e. specificfor the SZ) of
phenomendike turbulence,percolationthroughthe sea-
bed, bedfriction is still neededand representnteresting
challenges.
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