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ABSTRACT

An overview is givenonrecentresearchdevelopments
andongoingstudiesonthemodellingof thewatermotions
occurringin theswashzone.

1. INTRODUCTION

Theswashzone(SZ hereinafter)is thatpartof thebeach
wherewaves move the shoreline,i.e. the instantaneous
boundarybetweenwetanddry (seefigure1).

Figure1: Theswashzoneon abeach.

Although wind-wavesor short-waves(typical period
of about 10 seconds)are the major forcing for the SZ
dynamicsit hasbeenrecognizedthe importanceof the
SZ for the generation/transformationof long-periodmo-
tions [2, 8, 14, 19]. Hence,modelling of SZ flows is
greatlycomplicatedby bothintermittency (i.e. alternance
in time andspaceof wet anddry phases,seefor exam-
ple Scḧuttrumpf,BergmannandDette[17] andBrocchini
[6]) andby theoccurrenceof motionswith differenttime
scales.

Notwithstandingthesedifficultiesveryrecentlyimpor-
tantefforts arebeingmadeto achieve a better, generalun-
derstandingof the SZ waterflows (E.U. SASME Project
[12]). In particularmodellingis beingdevelopednotonly
to predictrun-uplevelsbut alsoto representthecomplete
dynamicsof this boundaryregion (Brocchini and Pere-
grine[9]; BP96hereinafter).Thechallengeof understand-
ing andreproducingtheSZ dynamicshasbeengradually

takenup by scientistsof different disciplines: from the
coastalengineersto theappliedmathematicians,from the
geomorpholigiststo thebiologists.

Themainfeaturesof SZdynamicsandthemostimpor-
tant resultson their modellingarebriefly describedwith
the following order. The next sectionis dedicatedto an
overview of SZ modellingat the time scaleof the short-
waves. In section3 the SZ role in generating/interacting
with low frequency waves(LFW hereinafter)is illustrated.
Finally, someremarkson ongoingresearchandsugges-
tionsfor futurestudiesarecollectedin section4.

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

As alreadymentionedmostof themomentumandenergy
forcing of the SZ occursat the short-wave scale. These
wavespropagatefromtheoffshoreregiontowardsthecoast
andundergo a numberof transformationsmainly caused
by theinteractionwith a seabedof decreasingdepth.The
most spectaculartransformationof all is wave-breaking
whichcanbeseenastheultimatestageof wave-steepening.
However, breakingqualitatively differs from mostof the
otherwave phenomenain two respects.Breakingis re-
sponsiblefor:

1. most of wave energy dissipationas intenseturbu-
lenceis generatedat thefront faceof thebreaker;

2. momentumand energy transfer to low frequency
modeslike (LFW, longshorecurrents,rip-currents,
shearwaves,etc.).

Theimportanceof breakingis alsoreflectedin SZmo-
tions which aremarkedlydifferentfor non-breakingand
breakingwaves. Thesedifferencesaremosteasily illus-
tratedby meansof thevery few analyticalsolutionsof the
NonlinearShallow WaterEquations(NSWE hereinafter)
whicharethemostusedsetof equationsfor analysingSZ
dynamics.

In dimensionlessform andneglectingseabedfriction
theseequationsreadfor a beachof equation
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(seefigure2 for someflow andcoordinatesdefinitions)
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wheresubscriptsareusedto representpartial differentia-
tion,
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Figure2: Basicflow andcoordinatesdefinitions.

coordinates,
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tal waterdepthand
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arerespectively the onshore
andlongshorecomponentsof thedepth-averagedvelocity
(horizontally2D flow or 2DH).
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Figure3: Superpositionof two waves. Contourplotsof:
(a)the
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This “canonicalbeachproblem”only allows for a few
analyticalsolutions. The most famousis that of Carrier
andGreenspan[11] valid for a unidirectionalnon-break-
ing, standingwave of amplitude 5 ��BC&D�

and frequency; 
�&
. This canbeobtainedby usinga clever hodograph

transformationwhichreducedthe1DH versionof (2.1) to

a linearequation,thenonlinearitybeingtransferredto the
hodographrelations.Linearity of thegoverningequation
allows for modesuperpositionasdescribedin BP96. In
the samepaperthe solutionof CarriedandGreenspanis
alsoextendedto predictthelongshorevelocitycomponent
in thecaseof weakly-2DHflow. Contourplotsof figure3
illustratesthestructureof this solutionfor a specificpair
of modeswhich do not givewave breaking.

The solution of BP96 also allows for direct compu-
tationof themeanlongshorevelocity (over theperiodof
short waves) associatedwith the run-up/run-down cycle
(seefigure4). It is clearthatsuchvelocity is non-negligi-
bleevenfor non-breakingwavesandis essentiallycaused
by theintermittency of theSZ motions.

E �	F

x-coordinate

Figure4: Meanlongshorevelocity in theswashzonefor5 
7&
, 5 
G 18:9

and 5 
H ,8I&
( ; 
J&

for all thecases).
Theseawardlimit of theswashzoneis givenby theinter-
sectionof thecurvesandthex-axis.

As anticipatedSZ waterflows dueto breakingwaves
are essentiallydifferent from thosejust describedas it
canbeseenby analysingtherun-upsolutionof Shenand
Meyer [15]. In this casevery thin sheetsof water (the
watersurfacebecomingtangentto theseabed)arepushed
up the beachby the breakingwaves in contrastto the
“wedge-type”watermasseswhich characterizetheSZ of
non-breakingwaves.

Althoughdifferentin characterSZ flows of bothnon-
breakingand breakingwaves induce a meanlongshore
massflux which is proportionalto the squareof the di-
mensionlessamplitudeof theincomingwaves[8].

3. THE SZ: A LOCUS FOR
MODIFICATION/GENERATION OF LOW

FREQUENCY MOTIONS

It is well known thatbothnonlinearityandgroupinessof
short-wavesare the major responsiblefor the generation
of long waves. Thesewavescanbe either “bound” to a
groupof shortwaves(i.e. propagatingat thegroupveloc-
ity [13]) or “free”. Essentiallythesecaneitherbe bound
longwavesfreedfrom thegroupstructureby wave break-
ing which dissipatestheshort-waves(seefigure5) or the
resultof short-wavesinteractingwith eachotherin theSZ
[19].



Figure5: A wave group(thin dashed)on a
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beach,with the Fourier (heavy dashed)andwavelet (solid) filtered
signalsmagnifiedandsuperimposed.[Courtesyof T. Barnes(see[3])].
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Figure6: Boresinteractionin theswashzone.Input signal:CarrierandGreenspanwave of 5 
PO and ; 
�Q . Top: per-
spective view of thespace-timeplot of surfaceelevation. Middle: characteristics(thin), borepaths(heavy) andshoreline
(heavy). Bottom: incident(thin) andoutgoing(heavy andmagnifiedof about9 times)Riemanninvariants.



The first mechanismis particularlysignificantin the
caseof a “saturatedsurf-zone”,in that casethe low fre-
quency motionof theshorelineis dominatedby therun-up
of low frequency cross-shorestandingwaves.

Sincein shallow watersthe wave velocity is propor-
tional to the squareroot of the total water depth, large
waves travel fasterthan small waves andcatchthemup
henceproducinga singlewave. This is themechanismby
which frequency downshift occursasdescribedby Mase
[14]. This type of LFW generationis moreimportantin
thecaseof an“unsaturatedsurf-zone”[2]. Figure6 gives
an exampleof how thegenerationof freeLFW by short-
wavescoalescencein the SZ is typically modelledin the
framework of theNSWE.

Thephenomenonof LFW generationin theSZisstrong-
ly governedby the ratio of the two most importanttime
scaleswhich arethe “naturalswashperiod” R3S (time for
a run-up/run-down cycle of a wave of given amplitude)
andthegroupperiod R3T (sumof theperiodsof thewaves
in the group). For R�T�UVR S the amplitudeof the LFW
propagatingfrom theSZ is maximumwhile it rapidlyde-
creasesfor both R3T#WXR S and R3T#YZR S [19] (seefigure
7).
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Figure7: Thedependenceof theLFW amplitudeon R"[ :
(a) the amplitudeof the input short waves is 5 
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,
(b) the amplitudeof the input shortwaves is 5 
\ 18:]

.
Parametriceffectof varyingeither R (thin) or ^ (thick) is
shown. Adaptedfrom Watsonetal. [19].

4. DISCUSSION OF ONGOING AND FUTURE
RESEARCH ON MODELLING SZ FLOWS

It is becomingmore and more clear that modelling SZ
flows is essentialboth for thephysicalsignificanceof the
phenomenaoccurringin thisnarrow regionandfor theim-
portanceof theSZasa boundaryregion for nearshorenu-
merical models,be they flow solversat the scaleof the
short-waves[4, 10, 16] or solverswhich model the flow
with a wave-averageddescription[18].

Notice that whenthe full SZ is includedin a numer-
ical computationit not only involvesa larger domainof
integrationwith aspecialboundaryconditionat theshore-
line but also frequentlydeterminesthe maximumallow-
able time-step. Hence,an integral representationof the
SZ couldbe very useful. This representationhasalready

beenmadeavailablein BP96andis now theobjectof con-
siderableresearchefforts.
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Figure8: Sketchof thedomainof integrationusedto de-
fine theintegral modelequations.

Themodelis basedontheintegrationacrosstheSZof
aconservationform of theNSWE.TheSZboundariesare
positionof thehighestrun-up
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whichcanbetakeneitherasthelowestrun-down posi-
tion in a groupof wavesor theenvelopeof therun-down
locations(seefigure8).

If integral propertiesof thewatershorewardof
� `

are
consideredthefollowing setof equationscanbeobtained
(seeBP96for moredetails):b3cb - 
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Theseequationsintroducea numberof new flow proper-
ties(bothlocalandintegral) whicharelistedin table1.

Name Expression Flow property



Localwaterdepthd'~ ��~�

Localmassflowj3~k� ��~��,�	
��'�k~k���� 
 > Localmomentum

flux tensors ��h� > �!
 Localenergy densityc � � x�hg 
?
�� Watervolumein SZi ~ � � x�hg d�~'
�� Watermomentumin SZm ~k� � �vx� g j3~k�?
�� Integratedmomentum
flux tensorr � � x�vg � �� 
 � > ��
 > �n
�� Waterenergy in SZo?~ � � x�vg�� ~'
�� Friction forcein SZz � �vx� g ��~ � ~'
�� Frictionalwork in SZ

Table1: Definitionof theflow propertiesadoptedin equa-
tions(4.2).



Somepreliminarynumericalexperimentshave shown
they aremorethanadequatefor reproducingSZ flows by
justprescribingflow propertiesattheboundary

�,`
i.e. with-

out resolvingany equationin theSZ domain(seeBP96).
Theintegral modelis currentlybeingusedalsofor repro-
ducingSZdynamicsonthebasisof experimentaldata[1].
An exampleof applicationof theintegral modelto exper-
imentaldatais shown in figure 9 in which the measured
shorelineis comparedto thatpredictedby theintegral SZ
modelon thebasisof themeasuredlocalmassflow at
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Figure9: Exampleof comparisonof measured(solid line)
andpredictedshoreline(dashedline).

It is clear that the integral model is potentially very
usefulfor bothpracticalandresearchapplications.To this
purposeresearchis underwayto incorporatetheeffectsof
seabedfriction, previously neglected,in the model. This
canbeaccomplishedbyprescribingasuitableparametriza-
tion of the frictional forcesin termsof the model vari-
ables.Archetti andBrocchini [1] have shown thata suit-
able parametrizationfor unidirectionalflow propagation
is: ��o 6 ���h������
V� f i 6 f i 6c 
���� ` � with � 
V�<�M (4.3)

where�<� is adimensionlessbedfriction coefficientof the
orderof

 ,8: ,&
and M is thebeachslope.

In the samepaperit is also shown that inclusion of
frictional contributions doesimprove the perfrormances
of the integral model at leastfor gently slopingbeaches
wherefrictional effectsaremoresignificant.Work is still
in progressto extendtheparametrizationof thefrictional
forcesto thecaseof 2DH flow conditions.

However, themostimportantcontribution of theinte-
gralmodelis to providethebasisfor prescribingshoreline
boundaryconditionsfor wave-averagedmodels. Among
themwe canmentionthe quasi-3Dflow solver SHORE-
CIRC[18] which is oneof themostcompleteandreliable
wave-averagedmodelscurrentlyavailable.

However, thoughwell developedboththeoreticallyand
numericallywave-averagedflow modelsdo not properly
takeinto accountswashzonemotions.Indeedtheirshore-
wardboundaryis incorrectlydefined,this beingtheinter-
sectionof themeanwaterlevel with thebeachface. It is
easyto show that in the caseof periodicwave this point
coincideswith themaximumrun-uplocation. Moreover,

wave-averagedmodels always rely on “wave drivers”
which are usedto prescribethe short-wave forcing for
the long-wave motion. Unfortunatelysuchwave drivers
usewave theories,like linearwave theory, notcompatible
with thelocaldynamicalconditions.Thisproblemis most
importantin thelimit of vanishingwaterdepthsi.e. in the
SZ wherelineartheoryis obviouslywrong.

It is thereforeauspicablethatnew shorelineboundary
conditionsfor the meanflow be derived to accountfor
SZ dynamics.To this purposeBellotti andBrocchini [5]
areworking on theimplementationof themeanshoreline
boundaryconditionsfor wave-averagedmodelsdescribed
in BP96andbasedon anintegraldescriptionof theSZ.

Preliminaryresultsof numericalcomputationsreveal
that the boundaryconditionsdescribedin BP96arewell
posed.It is alsoshown what the logical stepsof the im-
plemetationprocedureof theseconditionsshouldbe and
whatarethemostdelicatenumericalissuesinvolvedin the
implementation.

Theabove discussedtwo lines of researchwill hope-
fully lead to significant improvementof the mathemati-
cal/numericalmodellingof SZ dynamics.It is, however,
clear that a numberof issuesare still openandmust be
solved beforean adequatemodellingof SZ flows canbe
achieved. Properdescription(i.e. specificfor the SZ) of
phenomenalike turbulence,percolationthroughthe sea-
bed,bedfriction is still neededandrepresentinteresting
challenges.

5. ACKNOWLEDGEMENTS

Part of this researchwork wasundertakenduring the au-
thor’s stay at the University of Bristol. This was made
possibleby theE.U.economicalsupportthroughaHuman
CapitalandMobility ProgrammeGrant(contractnumber
CHBI-CT-930678).Thanksarealsoextendedto theMarie
CurieFellowshipAssociationof whichtheauthorisMem-
ber(membershipN.2938).

6. REFERENCES

[1] R. Archetti and M. Brocchini “An integral swashzone
modelwith friction: an experimentalandnumericalin-
vestigation”,Submittedto Coastal Engng. (2001)

[2] T.E. Baldock,P. HolmesandD.P. Horn, “Low frequency
swashmotion inducedby wave grouping”, Coastal En-
gng. 32 197–222(1997).

[3] T.C.D. Barnes“The generationof low frequency waves
on a beach”, Ph.D Dissertation.University of Bristol,
Bristol, U.K. (1996).

[4] G. Bellotti andM. Brocchini, “The shorelineboundary
conditionsfor Boussinesq-typemodels”, Acceptedfor
publicationin Int. J. for Num. Meth. in Fluids (2001).

[5] G. Bellotti andM. Brocchini,“Swashzonemodellingfor
wave-averagedsolvers:anexampleof implementation”,
in preparation(2001).

[6] M. Brocchini,“Flowswith freelymoving boundaries:the
swashzoneandturbulenceat a freesurface”,Ph.DDis-
sertation.Universityof Bristol, Bristol, U.K. (1996).



[7] M. Brocchini, “Eulerian and Lagrangianaspectsof the
longshoredrift in thesurfandswashzones”,J. Geophys.
Res. 102 23155–23168(1997).

[8] M. Brocchini, “The run-up of weakly-two-dimensional
solitary pulses”, Nonlin. Proc. in Geophys. 5 27–38
(1998).

[9] M. BrocchiniandD.H. Peregrine,“Integral flow proper-
tiesof theswashzoneandaveraging”,J. Fluid Mech. 317
241–273(1996).

[10] M. Brocchini,R. Bernetti,A. Mancinelli andG. Alber-
tini, “An efficientsolver for nearshoreflowsbasedon the
WAF method”,Acceptedfor publicationin Coastal En-
gng. (2001).

[11] G.F. CarrierandH.P. Greenspan,“Waterwavesof finite
amplitudeon a slopingbeach”,J. Fluid Mech. 4 97–109
(1958).

[12] Europen Union “Surf And Swash Zone Mechanics
Project”,ContractnumberMAST3-CT97-0081.

[13] M.S. Longuet-Higginsand R.W. Stewart, “Radiation
stressesin waterwaves: a physicaldiscussion,with ap-
plications”,Deep-Sea Res. 11, 529–562(1964).

[14] H. Mase, “Frequency down-shift of swashoscillations
comparedto incidentwaves”, J. Hydraulic Res. - IAHR
33 397–411(1995).

[15] M.C. ShenandR.E.Meyer, “Climb of a boreona beach
3: Run-up”,J. Fluid Mech. 16 113–125(1963).

[16] H.A. Scḧaffer, P.A. Madsen and R.A. Deigaard “A
Boussinesqmodelfor wavesbreakingin shallow waters”,
Coastal Engng.20 185–202(1993).
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