Coastal Dynamics 2013

GLOBEX: WAVE DYNAMICSON A GENTLY SLOPING LABORATORY BEACH

Gerben RuessiftkHervé Michallet, Philippe Bonnetoh) Dominique Mouaz®
Javier L. Lard Paulo A. Silvd, and Peter Wellehs

Abstract

As waves approach the shore, non-linearity in trlinamics becomes increasingly important. Most af o
understanding of wave non-linearity has resulteenftheoretical work, laboratory experiments anétfigudies on
beaches slopes steeper than about 1:40. Herestveng non-linear processes happen locally and sioe time scale,
as demonstrated by narrow surf zones with plungingollapsing breakers. The non-linearity on loveérping
beaches, typical of high-energy dissipative envitents, has a different character, as it can novd by over a long
period of time in a cross-shore extensive areas Fbtond case of strong non-linearity is not wetlarstood. This
contribution serves to introduce the GLOBEX projehtring which a high-resolution (in space and tirda)a set of
the cross-shore evolution of short and infragraviives was collected on a low-sloping (1:80) noriedaboratory
beach for a range of wave conditions. Various offresentations at the conference will build on thisoductory
contribution.
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1. Introduction

Morphological change in the nearshore zone arises fthe complicated interplay of water motion,
sediment (sand) transport, and the morphologyfit3éle governing water motion, predominantly sh@rt

— 15 s) waves and wave-induced processes, constimisgly non-linear aspects. This non-linearity is
obvious from, for example, the increasingly nordsiwidal shape of short waves as they approach the
shore through the shoaling and breaking zone (&lgar and Guza, 1985), and the generation of
infragravity waves (e.g., Herbers et al., 1994,5)98scillatory motions in the sea surface withiqus of

20 to 200 s. The non-linearity in the water motisrcrucial to sediment transport. Non-sinusoidairsh
waves are the dominant mechanism responsible fehaye sediment transport under mild weather
conditions (e.g., O'Donoghue and Wright, 2004; Ritibk and Al-Salem, 1994; Ruessink et al., 2011 Va
der A et al., 2010). Infragravity waves can domén#ie water motion close to the shore during more
adverse weather (e.g., Guza and Thornton, 1982sdileet al., 1998; Ruggiero et al., 2004; Sénéehal
al., 2011), and are important to beach and durgarde.g., Russell, 1993; Van Thiel de Vries gt2008).

Wave non-linearity is paramount on both steep amddloping beaches, but is of different charadténile
on steep beaches very strong non-linear procesappeh locally and on a short time scale (as
demonstrated by narrow surf zones with plungingadlapsing breakers), the non-linearity on low-g&hgp
beaches is significant because it builds up oveng period of time in a cross-shore extensive .arbs
second case of strong non-linearity is not well upented; most of our understanding and predictive
ability of nearshore processes have resulted froeoretical work, laboratory experiments, and field
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studies on beaches with slopes steeper than ab&lit Within this context, a team including researsh
from 9 European institutes in France, Spain, Paiftugnited Kingdom and the Netherlands, as webluas
institute from Chile, obtained funding under thedrlab 1V programme to perform the GLOBEX project
— Gently sLOping Beach Experiment — in the 110emgl small-scale Scheldegoot (Scheldt Wave Flume)
of Deltares, Delft, The Netherlands.

The overarching aim of the project was to collebtgh-resolution (in space and time) data set efdioss-

shore evolution of short and infragravity wavesaohi80 concrete beach for a range of wave conditibn

more detail, we focused on infragravity-wave dynasnivave propagation, and boundary-layer dynamics:

< Infragravity waves arise by the transfer of enefrgyn the short waves, leading to a low-frequency
motion that is ‘bound’ to the short-wave groups.thi the surf zone the bound wave is released,
propagates onshore without dissipating its enexgg, reflects seaward to form a cross-shore standing
wave pattern. Recent field studies have demonsitatg, in contrast to steeper beaches, infragravit
wave dissipation cannot be ignored (De Bakker et @lb judice). Reflection coefficients were
observed to be less than 10 — 30% and, accordiagtypss-shore standing pattern did not develop,
except for the lowest infragravity frequencies (81¥ Hz). This potentially has large effects on the
magnitude and rate of beach and dune erosion dumingtorm (Ruessink et al., 2012). The
mechanism(s) underlying infragravity-wave dissipat{e.g., Henderson et al., 2006; Thomson et al.,
2006; Van Dongeren et al., 2007) are not well usided.

« Wave celerity is a key parameter in the hydrodymamnodule of our models. For example, the
equations of mass flux, energy flux, and wave gasdn include wave celerity. It is thus also a
parameter in models aiming to predict the crosseskwolution (including dissipation) of infragrayit
waves. Recently, Tissier et al. (2011) comparedeagelerity observations to predictions based on
linear wave theory and on a number of non-lineadjators. The comparison was hampered by
insufficient data, in particular wave heights, tavd the non-linear predictors; on the whole, the
agreement between observed and measured celestyatlgr poor, especially in the inner surf zone
(i.e. where non-linearity is strongest). A majoinseff of an improved predictor would be to use it
inversely to estimate depth. Wave celerity is reddy easy to obtain from various remote sensing
techniques, such as optical video or radar imagmg, Bell, 1999; Stockdon and Holman, 2000). The
ability to invert wave celerity to depth — for whigve need to invert the hitherto uncertain nondine
celerity predictors — would enable us to obtaintdepformation during high-wave energy conditions
when traditional survey methods fail.

* Field observations are necessarily limited to viéileg above the wave bottom boundary layer and
cannot provide information on the velocities withive boundary layer that are so relevant to the bed
shear stress, steady streaming and net sedimesptd. As waves propagate to shallow water, the
wave shape and the near-bed wave velocity timeesdrecome non-linear (i.e., skewed and/or
asymmetric), causing onshore sediment transporthm mechanism that can cause onshore transport
is non-linear boundary layer streaming, which igphfied by wave groupiness (Yu et al., 2010). In
many models aiming to predict coastal evolutioe, llydrodynamics in the wave boundary layer are
parameterized by relating water-surface elevatioa tepresentative’ near-bed oscillatory motidns |
far from trivial how this should be done under sty non-linear breaking waves (e.g., Abreu et al.,
2013), as the skewness and the asymmetry of thtalonhotion change in the vertical, especially in
the wave bottom boundary layer (e.g., Berni etilpress).

We believe that our new laboratory data set isiatuo not only improve our understanding of wave
transformation, but will also enable rigorous tegtof existing hydrodynamic models, and will evexiy
assist in the further development of models aintmgredict sediment transport and coastal evolution
under high-energy wave conditions. As such, the BER project has the following 4 key objectives:
1. Identify the physical mechanism(s) leading to igfevity-wave dissipation;
2. Test and improve non-linear predictors for waveigl;
3. Extend our knowledge of wave boundary layer dynamwith a focus on non-linear boundary
layer streaming and the vertical structure of vigjoskewness and asymmetry; and,
4. Test and improve the capabilities of advanced hggimamic models in predicting cross-shore
wave transformation.
Each objective is linked to a Work Package (WP),cth following WP1 — Coordination (led by
University of Grenoble and Utrecht University), &k#P2 — Infragravity-wave dissipation (led by Utrech
University), WP3 — Wave celerity (led by UniversafBordeaux 1), WP4 — Boundary layer dynamics (led
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by University of Grenoble, in close cooperationhwitniversity of Aberdeen and University of Caenylan
WP5 — Numerical modelling (led by Universidad dentaédria). WP5 contains five models with different
complexity. The inter-comparison of the models ficonsiderable interest to see how the assumptions
the governing equations affect model skill. Althbuge may expect the most advanced model, in o@ cas
based on the Reynolds-Averaged Navier-Stokes (RA&ations (IH-2VOF; Lara et al., 2011), to
perform best, this might not be the model to penfofuture sediment transport and bed-update
computations, because of unrealistic computatideailands. The obtained data and the advanced model(s
will aid in deriving parameterizations to overcothe limitations of the less advanced model(s).

In this paper we describe the GLOBEX project, idohg the experimental set-up, the experimental
programme, and the instrumentation used. Also, wavigge a general overview of the cross-shore
transformation of various wave properties. An dddal 6 papers will be presented at Coastal Dynamic
2013 that will cover results from the various WRSGLOBEX (Almar et al., 2013; De Bakker et al., 201
Rocha et al., 2013; Ruju et al., 2013; Tissiaalgt2013; Van der A et al., 2013).

2. Methods

2.1. Experimental set-up

The laboratory experiments were performed in theetegoot (Scheldt Wave Flume) of Deltares, Delft,
The Netherlands in April 2012. The flume is 110and, 1 m wide and 1.2 m high; it has glass windows
along most of its length. The piston-type wave makeguipped with Active Reflection Compensation
(ARC), can generate regular waves with a maximunghted of 0.4 m and irregular waves with a
maximum significant heighHs of 0.25 m. An impermeable concrete beach with 80 Islope was
constructed, with its toe at 16.57 m from the wavaker (in rest positionx = 0 m), see Figure 1. All
experiments were run with a still water depth &50m over the horizontal approach; this implied tha
still-water shoreline was at= 84.57 m. The median grain size D50 of matehat tvas laying loose on the
concrete bed before the flume was filled with watas 0.75 mm; D10 and D90 amounted to 0.49 and 1.15
mm, respectively.
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Figure 1. Bed elevationversus cross-shore distance the Scheldegoot during the GLOBEX project. Hare,0 is
the wave-maker location, while= 0 corresponds to the still water level. The #8@s are the positions of the wave
gauges; the 43 pluses are the positions and heiplotge the bed of the electromagnetic current meTdre bed level
was determined with a terrestrial laser scannarbehe flume was filled with water.

2.2. Experimental programme
The programme comprised 8 wave conditions groupetest series with varying complexity to reach ou
objectives (Table 1).
» Series A involves random short waves in which tfishere Hs and peak period, were varied.
Al and A2 correspond to intermediate-energy and-kigergy sea conditions, respectively, while
A3 represents an energetic swell.
« Series B comprised 3 bichromatic wave cases. InaBd B2, the frequencies of the primary
componentd; andf, were varied such that the difference frequefadi f, — f;) decreased from
0.067 to 0.042 Hz but the amplitudmsanda, were identical. Series B3 had the sdmaendf, as
B2, but the group modulation was enhanced by dettrga; and increasingy. In all 3 cases the
sum ofa; anda, equaled 0.1 m, chosen becausélof 0.2 m in A2, and the mean frequerigy
equaled=0.44 Hz, the peak frequency (F§y of A2 and A3.
» Series C contained two single monochromatic wagexaC1 was an infragravity-wave condition,
with H = 0.02 m and perio@ = 23.8 s, identical to the group period (£)1in B2 and B3. The
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amplitude was determined during the test week pdothe actual experiments, as it provided
approximately the same swash zone width (i.e.dtsance between maximum wave run-up and
run-down) as observed for series B3. C2 involvedomochromatic short-wave condition, with
=0.2mandr=2.25s.
The characteristics of Series A, B and C1 weregies! specifically to unravel the mechanisms undegly
infragravity-wave dissipation. In Series A, theragravity-wave field is random (as is the casénanfteld),
while in Series B a single infragravity-wave freqag (=f3) is present only. The difference between B1
and B2 lies in the difference frequency, and tleteen B2 and B3 in the group modulation and hémee
height of the incoming bound infragravity wave. Rds the same infragravity-wave frequency as B2 and
B3, but no short-infragravity-wave interaction. @2s run to collect a high resolution velocity pi®fin
the wave bottom boundary layer to estimate therbaghness, see Van der A et al. (2013). Seriesaks®s
particularly suited for the study of wave celestyd of the velocities in the bottom boundary ldyecause
the regular groups allow for ensemble averaging, drahce, more robust statistics compared to the
random-wave cases of series A; see, for exampdsieFiet al. (2013) and Van der A et al. (2013).

All wave-paddle steering signals in Series A and/d8e made with second-order wave generation. In
Series A, the signals were based on a JONSWAPrspeetith a peak enhancement factasf 3.3 for Al
and A2, and of 20 for A3 to provide a narrow-ban@iedrequency) spectrum for the swell waves. Far C
second-order wave generation was not possible bedhe chosen period fell outside the range ofligli
of the second-order wave generation theory. Bectugs#vave height and steepness were so smallsthe u
of first-order wave generation was considered adixjfor C1. The Automated Reflection Compensator
(ARC) was turned on to minimize reflections frone tivave paddle. The signals of A and B had a total
duration of 75 minutes; the signal of C1 was 30utes long.

Table 1 Overview of wave conditions

Test seriesA
H.(m) | T,(s) Remark
Al 0.10 1.58 JONSWAR=3.3; prototypeHs= 2 m;
T,=7s
A2 0.20 2.25 JONSWAR;=3.3; prototypeHs = 4 m;
T,=10s
A3 0.10 2.25 JONSWAR=20; prototypeHs = 2 m;
T,=10s
Test SeriesB
a; (m) a, (M) f; (Hz) f, (Hz) Remark
Bl 0.09 0.01 6/15 7/15 fi/= 15 s;f,, = 0.433 Hz
B2 0.09 0.01 0.42 0.462 f1F 23.8 sfn=0.441 Hz
B3 0.07 0.03 0.42 0.462 f1F 23.8 sfn=0.441 Hz
Test SeriesC
H(m) T(S) Remark
C1 0.02 23.8
c2 0.20 2.25 Ran for the study of the wave botiom
boundary layer only

2.3. Instruments and measurements
A wide suite of instruments was deployed duringdgRperiments (Figure 2).
 Waves — Sea-surface elevation was measured using 21 gewvges (WGs), 18 of which were

mounted on 3 movable trolleys. The inshore trotteptained 11 capacitance WGs separated by
0.37 m, 3 of which were co-located with an electagmetic current meter (EMCM) to measure
horizontal and vertical free-stream flow velociti#ge middle trolley had 5 resistance-type WGs,
spaced 0.55 m, and 2 EMCMs, while the offshordeydhad 2 resistance-type WGs, spaced 2.2 m,
and no EMCMs. The remaining 3 resistance-type W@&sevwmounted individually near the wave
maker. All data from the WGs and EMCMs were cobecat 128 Hz by the central Scheldegoot
data acquisition system. The height of the EMCMavalthe bed varied between 0.01 m and 0.3
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m, depending on location within the flume (see Fégl). In addition, the sea-surface elevation
was also imaged at 20 Hz using 2 video camerasrigalideways through the glass windows and
by a single video camera looking obliquely from aoThe wave-paddle motion was stored too
to be used as input in numerical models with aerivetl wave maker.

e« Swash — Instruments focusing specifically on swash mwticomprised a single downward
looking video camera (sampling at 20 Hz), a swasbB-mounted~1cm above the bed (sampling
at 128 Hz), a RIEGL VZ-400 terrestrial laser scanaad an acoustic Doppler velocimeter (ADV).

e Boundary-layer dynamics — Equipment to measure horizontal and vertical cigés inside the
wave bottom boundary layer comprised a Deltareseil@oppler Velocimeter (LDV) and a
Dantec Laser Dopper Anemometry (LDA) systemx at60.6 m anc = 69.3 m, respectively. The
LDV is a forward-scatter system; its measuremeimtme can be translated along the vertizal
axis with a precision of 0.1 mm. The vertical tiatisn precision of the LDA was 0.05 mm. At
the LDV, an ADV was operated to obtain velocityalabove the wave bottom boundary layer.
The output of a WG not included in the aforemergb21 WGs was used to measure sea-surface
elevation at the location of the LDA. Silver-coataallow glass spheres with a diameter ofub®
were used to seed the flow, except during the fast days of the experiment when seeding
material was unavailable. For additional detailgsfm LDV and LDA, see Van der A et al. (2013).

Figure 2. Photos showing the flume and varioustumsénts deployed during GLOBEX. (a) Overview of fti@-m
long flume in down-wave direction. (b) Trolley, insmented with 11 wave gauges and 3 electromagietient
meters; (c) Side-looking camera. (d) Acoustic Depplkelocimeter deployed in the swash zone; (e) #fatte Dantec
LDA optics and traverse system; (f) Deltares LD\steyn; (g) Riegl VZ-400 Terrestrial Laser Scanndt. photos
except (d) taken by B.G. Ruessink; photo (d) by Daenman der A.

The first 7 wave conditions (A1-C1) were run condeely as a single session. Data of the WGs and
EMCMs were collected starting 1 minute prior to waactivity until 15 minutes after wave activity had
ceased, resulting in 91-minute and 46-minute loatg thlocks for Series A/B and C1, respectively.ibgir

the final 15 minutes, the ARC remained turned os.aAconsequence, any remaining motion disappeared
within several minutes; thus, the 15-minute restqaewas sufficient to guarantee that the next cass
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started with perfectly still water. Every mornirggfore the start of the first case, the water lénehe
flume was restored to 0.85 m above the horizomat@ach. Because of leakages, the water level could
drop by a few mm overnight. Once a session was t&egh most instruments were relocated either along
the flume or, when fixed to a single horizontal ifos, adjusted vertically. Each session of 7 casas
repeated 10 times. In this way, data of sea-sudmeation were collected at 190 WG positions, firogar

the wave makerx(= 6.96 m) to the upper limit of the swash zore=(87.25 m), with a spacing ranging
from 0.074 to 0.75 m (Figure 1). The WGxat 6.96 m was not moved to confirm that the timeeseof
sea-surface elevation for each condition was inddedtical in the 10 different sessions (Figure 3).
Velocity data (EMCMs) were acquired at 43 positighggure 1). The 10 sessions were combined and
synchronized into one data set for each wave donditThe EMCM and WG data collected seaward of the
swash zone were zeroed by setting the mean ofrghiarfinute to 0. In general, the offset of theisesice
type WGs was less than 0.002 m. The minimum vafubeoWG data collected within the swash zone was
set to the bed level, assuming the bed to be difyahinstance; values estimated to be within 3 ofithe

bed were flagged as “bad” and were not used insalpgequent computations. Finally, the effective WG
and EMCM record length was set to 69 minutes faieSeA and B, and 24 minutes for Series C1, by
removing the first 6 and final 16 minutes of thégoval data blocks. Because of time constraints, fthl

91 minutes were not available for series A and Bhiantenth session. Therefore, the effective lengtine
WG and EMCM time series measured in this sessios nestricted to 39 minutes for Series A and to 24
minutes for Series B.

For Series A and B, LDA measurements were don@® alevations logarithmically spaced between0.1

mm and 10 mm during the 10 sessions, while foeseti the spacing reached up to 50 mm above the bed,
consisting of 12 elevations. C2 was run for onédaly, during which data were collected at 30 dievs
between 0.1 and 50 mm above the bed. Preliminaalyses (Van der A et al., 2013) suggest that alALD
data (A1-C1) were collected in the transitionalimegbetween laminar and turbulent flow.

0.2
@

0.1

sse (m)

0 15 30 45 60 75 90 105 120
Time (s)
Figure 3. (a) Measured sea-surface elevation &sex 6.96 m versus time for all 10 sessions (condid2). The 10
lines are virtually indistinguishable, indicatinget near-perfect repetition of the wave-paddle nmiioeach session.
(b) Difference in sea-surface elevatiatgse, between the 10 individual runs and the meaheoflO runs (condition
A2) versus time. As can be seenske| was typically less than 5 mm and did not syatieally vary with time. As A2
was the most energetic wave condition, valueasdd| were generally less than 2-3 mm for all atbeditions.
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3. Preliminary results

Various results are discussed by other papersmesbeuring the Coastal Dynamics 2013 conference:

« De Bakker et al. — infragravity-wave dissipation;

* Rocha et al. — non-linearity of short and long v&ve

e Almar et al. and Tissier et al. — short-wave céjeri

e Van der Aet al. — wave boundary layer dynamicst, an

¢ Ruju et al. — swash motions.
Here, some results obtained with the WGs and EMGis presented to provide an overview of the
observed cross-shore evolution of the short andgnévity waves in series A.

Figure 4 shows a 2-minute long time-space diagrathesea-surface elevation of condition A2, togeth
with the approximate location of the swash and beask motion as determined with the swash wire. The
cross-shore evolution of the significant wave heighhe short-wave and infragravity-band, togetiveth

the mean water level (set-down/up), of Al, A2 arigl ae given in Figure 5. Time series of sea-surface
elevation at selected locations are provided inufeigh to further aid in the interpretation of Figut. The
variance-density spectra, calculated using 3-mihutg, 50% overlapping, Hamming-windowed blocks,
of these 4 series are shown in Figure 7. Findtlg, ¢hort-wave skewness and asymmetry of all three A
conditions are shown in Figure 8. In the computatjothe separation between the short-wave and
infragravity-wave frequency band was set to 0.37d1ZA1, and 0.26 Hz for A2 and A3, correspondiang t

a valley in variance density near the toe of thapel(for A2, see Figure % = 16.2 m). The upper
frequency limit of the short-wave band was taket%siz.
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Figure 4. Two-minute time-space diagram of the s@éace elevation measured during condition A2. riVéred)
colours correspond to values above 0 (the stillewével), cold (blue) colours to values below @G&Thlack line
fluctuating around x ~ 84 m is the run-up locatetedmined with the swash wire. The four verticalygiines represent
the locations of the time series shown in Figurar®®] are (from left to right) near the toe of thepe = 16.2 m), the
location where the largest waves started to brneak44.1 m), the location from which all short waleeke & = 66.2
m), and a location just seaward of the swash zoseB(.7 m).
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Figure 5. (a) Short-wave significant wave-heigh) ihfragravity-wave significant wave height and (oean water
level versus cross-shore distancéanel (d) shows the bed profile for referencga)r(c), the black dots are Al, the
dark-gray dots are A2 and the light-gray dots aBe Yalues from time series collected within the slwvaone are not
shown.

The short waves dominated the wave field acrosettiiee profile except for the innermost part af gurf
zone (Figures 4-7). There, the surf zone was datlirahe significant short-wave height was no laonge
controlled by the offshore wave height but by theal water depth (Figure 5a, x > ~72 m), with thtor

of the significant short-wave height to the watepith amounting to approximately 0.5-0.6. Also, the
infragravity motion started to affect the propagatof individual short waves in the saturated gorie, as
can be seen clearly far~ 70-80 m in Figure 4 for A2. Individual boresrsta to capture each other by
infragravity-scale modulations of the water deptbe( Tissier et al., 2013 for further details), ltasy in a
concentration of short waves on the infragravityr@a&rests and the near-absence of short wavesin th
infragravity-wave troughs (see Figure 6d). In ainditions, the swash was completely dominated by
infragravity motions.

The significant infragravity-wave height was comstaver the horizontal approach for all conditiotts,
then increase over the sloping up to the outer @ddbe surf zonex(~ 52 m during A2, and ~ 70 m
during Al and A3). Within the surf zone, the infragty-wave height remained approximately constamt,
finally decrease slightly toward the swash zoneggufé 5b challenges the common viewpoint that
infragravity waves grow in height throughout thefszone to reach their maximum height in the swash.
Further analyses in De Bakker et al. (2013), inclwhthe total infragravity signal was decomposed int
incoming and outgoing signals, demonstrate thatraipgd growth and its surf-zone arrest were prifpari
due to the incoming infragravity waves. The heighthe outgoing infragravity waves decreased in the
offshore direction as expected from the de-shoalirfgee infragravity waves propagating\dgh),
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Figure 6. Sea-surface elevation sse (condition&23us time near (a) the toe of the slope (6.2 m), (b) outer surf
zone &k = 44.1 m), (c) inner surf zon& € 66.2 m) and (d) just seaward of the swash zarre §1.7 m). Note the
different vertical scale in (d). The four locaticar® indicated with the vertical gray lines in Figd.

whereg is gravitational acceleration ahds the water depth.

The spectra in Figure 7 demonstrate that as thesvakioaled from the toe of the slope toward therout
surf zone (here, from= 16.2 to 44.1 m) the variance density at the gezduency reduced slightly, while
the overall spectrum broadened with an increaswaiiance density particularly at the infragravity
frequencies (herdf, < 0,26 Hz) and at twice the peak frequenty-(0.8-0.9 Hz). This evolution is
indicative of non-linear energy transfer (triadeirsctions) to both higher and lower frequencieg.e.
Herbers et al., 2000). Further onshore, withinghd zone, the variance density at the primarydesgies
reduced more rapidly, with a small reduction in pgeak frequency, while elsewhere the variance tensi
still increased. Just seaward of the swash zore,spiectrum increased monotonic with decreasing
frequency well into the infragravity banfi§ 0.05 Hz), indicating that also at these infragyafrequencies
dissipation must have been considerable. Note ftloat x = 61.2 to 81.7 m the variance density at
intermediate infragravity frequencies (0.03-0.05 Hzmained approximately constant, while only that
lower frequencies increased. Interestingly, theagfavity part of all 4 spectra shown did not conta
spectral peaks and valleys indicative of crossehgianding pattern. De Bakker et al. (2013) use a
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Figure 7. Spectral variance densityersus frequencfyat the four locations shown in Figure 5 (conditks)
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frequency-domain complex eigenfucntion analysithefdata to demonstrate that such a standing paster
indeed restricted to the lowest infragravity fremgeies; the higher infragravity frequencies werehams
propagating, indicating that their energy was imbabssipated in the surf zone. Interestingly, the
infragravity waves developed a distinct sawtoothpshin the innermost part of the surf zone (e.igurie
6d), similar to the sawtooth pattern of breakingrskvaves (bores). Similar infragravity-wave shapese
observed in the laboratory by Van Dongeren et 2007), who interpreted this as infragravity-wave
breaking.

Figure 8 illustrates that, during shoaling, the rth@aves became increasingly skewed. The skewness
reached maximum values of 1.5 to 2 in the outamitb shoaling zone, and then decreased rapidlyde 0
the waves became asymmetric (saw-towth,80 m). For the most energetic condition (A2) shewness
started to increase at more seaward locations fitlaAl and A3; the largest skewness, however, was
observed for the high-period, narrow-banded swed))( When we compare Figure 7b to Figure 5a, we see
that the waves already started to become asymnpetocto the onset of wave breaking (exg= 50-70 m

for A1 and A3). Rocha et al. (2013) show that thkewmess and asymmetry of the short-wave orbital
motion followed the same cross-shore trends asrebdén Figure 8 for the sea-surface elevation.
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Figure 8. Short-wave (a) skewness and (b) asymmensus cross-shore distance. Panel (c) showscithgiofile for
reference. In (a)-(b), the black dots are Al, thekdjray dots are A2 and the light-gray dots are Ve8ues from time
series collected within the swash zone are not show
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4. Concluding remarks

The GLOBEX experiment took place over an approxatyai month period in April 2012. Almost 25
scientists from 10 institutes were involved, and & .staff from Deltares performed technical suppbiie
experiments resulted in a highly detailed datac$ethe cross-shore evolution of short and infradyav
waves from well seaward of the surf zone up to iastliding the leading edge of the swash motion on a
fixed 1:80 sloping beach. In addition, high-resmntobservations of the horizontal and verticahflm the
wave bottom boundary layer were collected at twealimns. The majority of the measurements were
performed with traditional equipment including wagauges and electromagnetic flow meters; however,
additional measurements were performed with varimssruments that have been introduced to the
laboratory environment only recently. An examplehis terrestrial laser scanner, which was set-upeat
top of the beach (Figure 2a) to sample the swashk#tsh motion and whose output will be compared
with the results obtained from the more traditioapproaches including the swash wire and the run-up
detected from the video images.
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