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ALONGSHORE TOPOGRAPHIC VARIABILITY AT ANOURISHED BEACH
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Abstract

The present paper examines the generation andanteral evolution of alongshore variability in tgpaphy

measured after the implementation of a sand nauegsih The magnitude of the topographic variabiltyuantified

using 3.5 years of monthly survey data. The eme@geand temporal change in alongshore morphologa@bility is

compared with environmental and topographic costpeviously suggested as governing processes hifishad

literature. Results show that the variability atstkite is slowly evolving on a monthly timescaleagitude of the
variability in the first period after implementati@f the nourishment was similar to the values tbafier 3.5 years.
Temporal variation in the magnitude of the alongshompographic variability was found to be relathd incoming
wave power offshore. Energetic storm events duwirger resulted in a rapid increase in variabilfgllowed by a
gradual decrease in alongshore variability durjpring and summer.
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1. Introduction

This paper is on the magnitude of alongshore tagutc variability in the sub-aqueous topography.
Alongshore topographic variability is the deviatiofi the bed height in alongshore direction from an
alongshore uniform topography. Alongshore varispil topography on the coast can be observedthear
shoreline é.g. beach cusps) or in the subtidal bar@y.(a bar-rip morphology) amongst others. This
variability induces horizontal hydrodynamic circideas and offshore directed flows, which provide
mixing of nutrients but can also bring swimmerdglistress (McLachlan and Hesp, 1984; Talbot and ,Bate
1987; Dalrymple et al., 201amongst others).

Alongshore variability and pattern formation in thearshore has been a subject of vigorous research
over the years. With the increase in man-madeviatgions in the coastal system it has become evar m
important to understand how topographic variabilitythe nearshore is created. In the last decades,
nourishments have become progressively more apfdietthance beach width for recreation or to ptotec
the hinterland from inundatior.§. Valverde et al., 1999; Dean, 2002; Hanson eR802). These projects
are often situated near densely populated areds avihigh level of beach usage. Evaluation of such
projects has therefore become multidisciplinargleating not only the efficiency of the added seatiin
volume, but also its effect on ecology and safdtyeareational beach goers. In the light of these& n
criteria it is important to be able to understahg teffect of nourishments and their design on the
alongshore variability in topography.

Topographic variability is nowadays commonly thouth be originating from ‘self-organisation’; the
intrinsic instability of the nearshore topograpmgats forcing causes small initial perturbationghe bed
level into grow to large bed forms and patterag.(Hino, 1974; Falqués et al., 2000; Coco and Murray,
2007;and references therein). Detailed conceptual modeling has revealed tmatagnitude and spacing
of the variability is dependent on multiple paraenst on one hand related to the external forciruy a5
wave height, angle and periceld. Deigaard et al., 1999; Calvete et al., 2005; Clast2D07; Thiebot et al.,
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2011) and on the other hand dependent on the dkéstics of the cross-shore profile such as bdume
and crest positione(g. Damgaard et al., 2002; Calvete et al., 2007; Strét.e 2008). These relations are
difficult to test in nature, as often the signairiasked by antecedent morphology. Once a spati@rpas
developed, it can remain enforced by a variety afevconditions (Smit et al., 2012), such that \mbitst
observed at a single instant does not need to lmlamce with the concurrent conditions (Plantlgt a
2006).

Little is known on how nourishment design can iafiage the generation of topographic variability; thos
nourishment evaluation is concentrated on the dveediment balance and the cross-shore redisioibut
of the nourished sediment. Based on isolated cdanabmodeling of the impact of beach slope a faster
development of patterns is expected at the steaghb&lopes after construction as ‘cross-shore gnéglin
all processes are inversely scaled with the prdfitge’ (Drgnen and Deigaard, 2007) leading toefast
feedbacks. Such findings have however not beenrtegbaipon in the field to date, and it is therefore
unclear whether nourishment design can be adjusteéduce (or promote) the alongshore variability.
Nourishments have been reported to impede the kgnation cycle (Grunnet and Ruessink, 2005; van
Duin et al., 2004). Only at a single site, Terslihg) the Netherlands, variability was reportedrtorease
after a nourishment (Grunnet and Ruessink, 200%)ilstv after nourishments at Noordwijk, the
Netherlands, no effect was found on the variab{lRpessink et al., 2012). The intersite differenass
based on these first observations, suggested tteldited to the positioning of the nourishment wihpect
to the pre-existing and surrounding bars (Ruessirsf., 2012).

To avoid the interference with remnant and surringpdmorphology it would be beneficial to
investigate a nourishment project with completeeregation of subtidal morphology. The objectivetaf
current study is therefore to examine in detail tthevelopment of alongshore variability after
implementation of a large beach and shoreface siomeént covering all subtidal bars and variabilitypp
to the nourishment. Typically alongshore variapilg examined over time using imagery data, showing
high temporal detail the alongshore length scatdbeobar crest (rip spacing) and the planformatarns
in the bar or nourishment position from shceg.(Ojeda et al., 2008, Ruessink et al. 2012). Her@iseca
different approach, using frequent detailed bathyimesurveys to focus not only on the plan view
variations in bar crest position but predominamttythe magnitude of the patterns.(incorporating the
vertical dimension). Special attention is paidhe temporal variations in alongshore variabilitg dheir
relationship to the cross-shore profile evolutidnhe nourishment and wave forcing.

2. Nourishment field site

The nourishment under investigation was implemeatedlugtenburg beach, on the south west part®f th
Holland coast, the Netherlands. In the years pnothe construction of the nourishment, this stratt
sandy coast from the Hague to Hook of Holland wesracterized by rubble mound groynes around 250 m
apart which were installed from the year 1791 omlwatn 2009, a large nourishment scheme (~f£&1f£0

of sand over 17 km) covered all groynes in thisstalacell and a new beach type was created. Asalieh
side of this cell, at Vlugtenburg beach, the cdaptafile was moved seaward 300 m by beach and
shoreface nourishments (Figure 1). A new (steepljilerremained after construction which covered all
antecedent bars and variability.

The study site has a mean tidal range of 1.7 mvamabs that enter predominantly from the south west
and north sectors (85 and 50 degrees with respesitdre-normal). Mean annual wave height and wave
period areHx=1.4m andT,,=5s (Wijnberg, 2002). Median grain size aroundshereline isO (250 um)
and the overall surfzone and beach slope is 1:80Miks et al.,, 2011). Generally, the profile o th
Holland coast contains multiple nearshore subfidas, migrating offshore in cycles with return mtds
of 4 to 16 years (Ruessink et al., 2003). The looabf the field site showed less prominent tempora
behavior over the decades before the project; gépewnly a single bar offshore of the groyne heads
(Wijnberg and Terwindt, 1995). Possibly the lessnpinent bar behavior and cyclic migration at thts s
was influenced by the presence of the groynes,aanthere are no records of the coastal profilehén t
1700's (before the groynes) it was unclear a psgrat kind of profile and bar behavior could be exted
after completion of the project.
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Figure 1.a) Overview of the Vlugtenburg field site. Old duragprox. +10 m NAP) and newly constructed
foredune (approx. +6 m NAP) indicated by the dadwm and beige lines, respectivdby.Coastal profiles of
the Dutch ministry of public works (JARKUS) 2 yegmsor and 1 year after construction of the nourishin

¢) Schematized overview of the survey area. 22 surnaggects given by the magenta lines. Shaded areas

indicate vegetated dunes.

3. Observations and Variability

3.1. Surveys

The topography of the newly constructed beach wageged approximately monthly since the completion
of the construction in spring 2009, resulting ins®Bveys spanning 3.5 years. Surveys containedtheth
sub-aerial and sub-aqueous beach, where both\parés measured almost concurrently (< 3 days apart).
The main part of the nourishment project was sulldiv in 22 transects roughly 80 m apart (Figucg 1
resulting in an alongshore extent of the obsenassstal cell of 1745 m centered around the beadharssd.
Based on the transect spacing and the alongshdemteaf the survey domain, emergent alongshore
variability with length scales @@ (200 - 1500 m) can be captured. Typical lengthescan the Dutch coast
are in the range 250 - 3000 m, where the largeagthescales are observed in the (older) outer bartlaa
smallest length scales in the inner bar (van Enokeand Ruessink, 2003). In cross-shore directien t
surveyed profiles extend 900 m offshore to appraxaty 9 m water depth.

Surveys were executed using two techniques, walkimjetski (personal watercraft) surveys. Walking
(RTK-GPS backpack) surveys for the sub-aerial pathe profile extend to the low water line and @dav
accuracy ofO (5 cm). The sub-aqueous part of the profile waseyed using a jetski equipped with a
single beam echo sounder and RTK-GPS, capablettinobed level measurements with accuracy in the
order of 10 cm (van Son et al., 2010).

Linearly interpolated survey data are shown in FegR for the years 2009 to 2012 at the beginning of
summer.
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Figure 2. Vlugtenburg beach topographies in thersera of 2009 to 2012,
Colors indicate bed level in meters NAP (Dutch datirapprox. MSL)

3.2. Quantification of Topographic Variability

Alongshore variability in bed level is the deviatiof the bed level with an alongshore averageddrmi
topography. The height of the bed level variabilithone, Z,, , can be separated by subtracting the
alongshore averaged cross-shore prafije ., from the surveyed bed level along individual crebstre
profiles Z, :

Zear = Zy = Zy e (1)

In this particular field site the lower depth camt® are slightly oblique with respect to the shioeel
(Figure 3a), making the construction of an alongsheniform topography more complicated. If the
alongshore uniform topograph®, ..., is constructed from merely the alongshore avergyedle, it
would result in large values of bed level varidpilZ, , in the deeper zones. An alternative alongshore
averaged topographyzbm, including an ambient slope was proposed to owmeecchis issue,
constructed from an anngshore averaged profimmbination with a linear alongshore slope:

Zy rean (%, ) = P,(X) Y+ Py(X), @)

wherex andy are the cross- and alongshore directions. Coeffisip;(x) and p,(x) are respectively the
alongshore averaged cross-shore profile and amsihone slope per cross shore location, chosenthath
Z;’nean had the best (least squares) fit with the measpirefiles. The resulting profile is nearly alongskor
uniform in the surfzone but matches the overalltoconorientation of the measurements at deeperrwate
(Figure 3b).

a) Topography survey 07/2011 b) tean profile with ambient alongshore slope 07/2011

Figure 3.a) Interpolated survey profilesgzandb) alongshore averaged profil@&nean Eq. 2) for June
2011. Note the angle of the deeper isobaths (-8 ) with respect to the shoreline.
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Using the procedure outlined above, an alongshezeaged profile was constructed and removed from
the profile for each survey, leaving only the medigscale alongshore variability for further analysis
(Figure 4).
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Figure 4. Planform images of alongshore variabillty, at Viugtenburg beach in the summers of 2009 to 2Cblors
indicate the deviatiorZ, .. from the mean alongshore topography in meters. Goteoels indicate the bed level in m as
displayed in Figure 2.

The majority of the alongshore variability in topaghy was found to be located around -3 m water
depth on the subtidal bar (cross-shore locatiofi X400 m). Total alongshore topography variabilitgs
quantified per survey in a single value using akbalongshore variability metriaff. Parameter
022 expresses the depth variations between the indiVjglofiles and the mean profile as follows:

. 1 Xoffshore Ysouth
0' e

c=0 1T (zaley) )aydx 3)

XY Xonshore Ynorth

With parameterXgsores Xonshores Ynorth @nd Ysoun Marking the domain used for the evaluation of the
variability andL,, L, being the resulting size of the domain. For tsilts here onwards we used a seaward
limit of 700 m (at approx. -7 m) to minimize thmpact of survey noise in deep water and a shoreward
limit of 150 m (at approx. MSL) to ensure thxf contains all variability in the surfzone (Figuregtay
boxes). Upcoming results are however not signitiyaatered if slightly different domain boundariase
selected since the majority of the variabilityrighe midst of this domain.

3.3. Observations of Topographic Variability

The bulk alongshore variability quantified usinguatjon (3) is displayed in Figure 5 for all survegeme
variability was found in the first survey after cpletion of the nourishment, which remained from the
construction (see also Figure 2 and 4, left panélsgrall, the variability appears to fluctuate aminter-
annual timescale, with a strong change in varigbidbserved in the Dec ‘11- Feb '12. No strong dirén
visible as the values oﬁ‘zz in the last surveys (after 3.5 years) are simitathe values 0.5 years after
implementation of the nourishment. Furthermore, tilme series ofaf show a large auto correlation (auto
correlation coefficients for a lag of 1, 2 and 3 surveys are 0.88, 0.66, @d@) signifying that the
magnitude of the alongshore variability is onlygblly altered from month to month, as also observed
visually in monthly topography plots (not shown dlerVariability 0’22 was found to increase in jumps,
generally in the period October to January. Deagas variability were more gradual and mostly dgri
spring and summer. These observations are in @ritygprevious observations of bar rhythmicity e t
US and Australian coast.¢. Lippmann and Holman, 1990; Holman et al., 200@W8hg faster changes in
variability (timescales of days to weeks) as wslirverse development rates; a rapid episodic rahav
variability followed by a slower increase in vauiilétl in subtidal bars.

Time series of the variability (Figure 5) do nobshan apparent signature of different developmént o
variability in the first period after completionmpared to the rest of the time series.
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Figure 5. Bulk alongshore variabilit;rf for the 3.5 years after completion of the nourishin
Red lines indicate the survey dates. Survey of ZB9 contained a data gap between the sub-aerial
and sub-aqueous surveys and was therefore nofruieg analysis.

4, Tested control parameters

Temporal evolution of observed variabilibyf was compared to topographic controls (cross-shorle
characteristics) and environmental (wave forcinglameters to investigate any dependency. The tefini
of the parameters used will be briefly discussa@ineder, before elaborating on the correlations.

4.1. Topographic controls

A number of topographic parameters were examinéihware illustrated in Figure 6.
1. Cross-shore shoreline positiog, calculated from the weighted mean position of ghefile
between - 0.5 and 0.5 m NAP.
2. Change in supra tidal beach volume between twoemiive surveysAVgp/At. The volume
supra tidal beach (in fiper m alongshore) was obtained from the zone abolen NAP. At is
the number of days between the two surveys.
Both parameters are expected to provide a measutbd adjustment of the artificial constructiornfie
to a more natural slope. Over the investigated fod the upper profile has lost approx. 100per m
alongshore and shoreline position has retre@€80 m) due to the redistribution of sand in thefib (de
Schipper et al., 2012% andAVy,,o/At are hypothesized to give an indication whetheiaility is related
to the sediment redistribution from the upper bemstards lower profile changing the post constautti
profile to a more natural profile.
Secondly, various cross-shore subtidal bar chaiatits were examined which previously associated
with the growth rate or length scales of topograpfairiability:
3. Bar crest distance with respect to the shoreligex]. Bar crest positiorx, was defined as the
local maximum of the profile below the low waterdi
4. Bar crest movemenhx,/At.
5. Waterdepth over the bar credt,and
6. Bar volumeVy, (in m® per m alongshore). Calculated as the cross-settEmea above a line
between the landward bar trough and seaward erideobar. The seaward end of the bar was
obtained as the point with maximum curvatatz / dx?in the profile or, in case the seaward
slope of the bar merged smoothly with the profites profile crossing with the -5 m level. These
criteria were taken based on visual examinatiahefprofile data.
Bar crest locations further from shoiiee(largex.-xs) are thought to generally result in larger alorgsh
spacing (Van Enckevort et al., 208dd references therein) but the effect on the magnitude of variability is
unclear. The movement of the cross-shore bar tsestproxy for the imbalance of the cross-shore bar
position with respect to its equilibrium positiomded on the instantaneous wave forcing. Based on a
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simple empirical model, Plant et al (2006) showt thar crest movement and alongshore variability are
interrelated state variables and cross-shore nigratf the crest can also incite a change in albogs
variability. Water depth over the bar crest corstnoértly the activity of the bar as deep bar crastsonly
inside or close to the surfzone during extreme wavents. Conceptual modelling of the emerging
variability has confirmed that different crest lisveesult in changes in growth rate of variabil{g/g.
Calvete et al., 2007). Similarly, the bar volumsiggested to be related to the response timeeafytstem
(Enckevort et al., 2004; Smit et al., 2008) asvmdnme is a measure for the amount of sedimenthtaato
be displaced to create the variability.

Profile parameters stated were calculated per éar(&igure 6) and alongshore averaged to obtain a
single value per survey. For the bar crest heigidt position the median of all profile values wagdis
rather than the average, since survey inaccuraaie$ead to an outlier in the local maxima in thefife.
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Figure 6. Profile paramete. Methodology to determine shoreline positignbar crest locatior. and bar crest depth
d., andb) Methodology to determine the volume of the sujatal beachVg,,, and the volume of the subtidal Bég,.

4.2. Environmental controls

Concurrent wave conditions offshokg, T, and direction©, were obtained from an offshore wave
station 40 km from the site. Wave height showett@ng seasonal signal with largest waves occurinng
the months September to December (autumn). Thenmemwirecorded wave heighloover the entire 3.5
year period was 6.8 m during the December 201InstBuring summer months very low wave heights
were recorded, and the lowest average wave heighih a period between two surveys was 65 cm.
Offshore values were converted into wave poRgicombining the effect of wave height and wave quri

R =ELC 4)

0%g,0

where wave energ, was taken a&, = 1/16pgH¢° and group celeritgyo was calculated using wave
period, water depth and the wavenumber as givahélinear dispersion relation.

Secondly, a proxy for the alongshore wave poweilae for alongshore transport was examined,
incorporating the effect of wave angle. The andlaoidence is found to have a large effect, sungi the
oblique incidence is of major importance for thenowal of variability €.g. Price, 2013) as well as the
growth rate of emerging variabilitye.f. Calvete et al., 2005; de Schipper et al., subdjitt&he wave
power available for alongshore sediment transpag approximated by, (Komar, 1988) :

P,» =R sin@, -4d,)cos@, -6, ) 5)

where© , is the wave angle of shore-normal incidence, 3dgreks with respect to North,, is evaluated

at breakpoint, and therefore the offshore wave oreasents are translated inshore using the dispersio
relationship for linear water waves and Snell's lfawstraight and parallel offshore contours. Brazhkt
values are taken at the point where the wave heigteéeds 0.8 times the water depth. Shelteringelhytry

(4 km) harbor moles for southerly waves or possitdee current interaction due to the harbor entare
not included in this transformation. Mean and maximvalues of botlP, and P, for each time period
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between consecutive surveys were examined to igatstwhether primarily high wave events or monthly
wave climate properties are related to the vaiitgbil

Finally, the mean angle of wave incidence wavehwife for each period between surveys is computed.
Mean offshore wave angle was weighted by wave pdyeantegrating over all daily values Bf and 6,
between two consecutive surveys as follows:

t=T.
= Zt:TJ P0|90 _BD|
=== )
2 R
with T; andT; being the dates of successive surveys. Valuesahrangle of wave inciden¢q reflect the
large angle of wave incidence offshore at this pérthe coast; smalle$d=7| value over a period between
two surveys was 33 degrees, the largest value grééds.

4.3. Correlations

The observed variabilityrz2 and temporal change evaluated over a period bative@ surveysA 022 IAt,
(with At being the number of days between two surveyoispared to profile parameters and wave
forcing parameters stated above. Relationships graanables are investigated with a least squanesu
regression analysis. Resulting correlation coeffiti (i.e. Pearson coefficient) for each cross-correlation
is given in Table 1. Coefficient is used rather than the more comniério show the direction of the
relationship (positive or negative).

Parameters are tested in pairs, testing individe#dtionships. Due to the large interconnectivity
between parametere.§. bar volume, crest location and depth) the valugbcate similar changes in
parameter space rather than direct dependencylafioreship was stated to be significant if the null
hypothesis (no relationship between parameterdpdmeirejected with 95 % confidence. The residoéls
the linear regressioni.¢. errors between linear model and the data) occakyorshowed signs of
autocorrelation, due to for instance the slow etiotuof variability or the net seaward trend in pasition.
For such observations, regression residuals wheteindependent and the number of independent
observations to determine the 95 % significancesttwld were adjusted based on the correlogrameof th
residuals. Furthermore, on some occasions outliensinated a (significant) relationship. For theases,
correlation was recomputed without the outliers aigphificance was re-evaluated. Only if a significa
relationship remained after the criteria aboves listed in Table 1.

5. Results

Table 1 shows the correlation values between thiahitity and the forcing and profile parametersnd

of the parameters show a significant relationshith whe measured instantaneous variabﬂify. This
could be interpreted as that the response (vaitighis changing slower than the forcing and pefir vice
versa. Based on the slow changes observed in visséction of the survey data we conclude that the
instantaneous variability is to a large extent dwted by the antecedent variability rather thanféheing

or the profile shape. In spring and summer (Mar8eptember) in particular, magnitude of variabiﬁxﬁ

is hypothesized to be dependent on the level aébidity remaining after the winter season (Figje
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Table 1. Correlation coefficientsof instantaneous variability and evolution of aility with profile and wave
forcing characteristics.
Only significant values (95% confidence interval given, non-significant relationships denotet'as

Variability Beach Bar characteristic Wave Forcin betweerconsec. surve'
Shoreline| Volume Crest Crest Crest | Volume | Wave power |  Alongshore waveWave
position change | location | migration | depth power. for Sed Tr| angle
ot \acrint| x|V I8 =% A IAt | | Ve | Py | Poma| [Pro] |Promad| 14
o2 1 - - - - - - - - - - -
Ao” 1At 1 - -0.62 - 052 - - 0.67
X 1 0.93 0.83 0.93
AV, At 1 0.75| -0.76 0.57
X, = X 1 - -0.94 0.92
Ax, 1At 1 - - 0.52| 0.54 - - -0.42
d, 1 -0.79
Viar 1
P, 1| os9| - | or
Po.max 1 0.44 0.73
m 1 0.55
|Py b,max 1
6 1

5.1. Topographic controls

A moderate relationship is found between the chsigevariability A af /At) and the reduction in the
supra tidal beach volume. This signal was mostlgmieined by the winter months where variability was
increasing and the beach was eroding. This is mdflected in the correlation with the bar migration
showing an increase in variability as the bar mduether offshore. No relation is found with ther lzaest
level and the bar volume which is remarkable ath&é3.5 years a nearshore subtidal bar is formed an
migrated offshore, resulting in a wide range ofstrevels and bar volumes over time. Bar crestidept
starts in 2009 a. =-1.6 m (and located 180 m from shore) and mowes + -3.4 m (at 360 m from shore)
in late 2012, but as in the midst of this migratiomedio 2011) alongshore variability was very losed
also Figure 2), this is not reflected in a sigrfit relationship. Also, the field data provided rdque
setting having a single subtidal bar with incregsirar volume from 50 fnto 150 ni per m alongshore
over the years. This trend was however not refteiztean observable change in variability.

5.2. Environmental / Hydrodynamic controls

Although forcing parameters do not directly reltdeinstantaneous observed variabiﬁrS/, a moderate
relationship is found between the changes in vaitialf A 022 /At) and incoming wave power. Significant
correlation is only found for the mean vaIL@,, but not the maximum wave power. No significant
correlation was found with the alongshore wave paavailable for alongshore sediment transport,ther

mean wave angle. Correlation coefficient with imcidwave powet?0 is positive, indicating that increases

in variability often coincide with time periods Witarge incident wave power (see also Figure 7is Bhin
contrast to traditional conceptual models of cybl@haviour of bar states, which prescribe that highie
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events coincide with a decrease and removal ofabdity and less energetic conditions during the
following period result in the formation of variéiby (Wright and Short, 1984; Lippmann and Holman,
1990). These models are confirmed by observatioriduak, NC, USA (Lippmann and Holman, 1990),
Palm Beach (Holman et al., 2006) and the Gold Cdasitralia (Price, 2013) amongst others, but such
relation between forcing and variability is lesgarl at the Dutch coast as previously reported by va
Enckevort en Ruessink (2003). Our Vlugtenburg oleg@ns, contrasting the traditional model of reidov
of variability during storms, underline their earliobservation.

A possible hypothesis for the different behaviosvsaggested to be the large bar volume at the Dutch
coast (van Enckevort en Ruessink, 2003). Baseduomata however, this argument does not hold as the
subtidal bar volume in this study was sm&l100 n? per m alongshore) and of same order or magnitude
as the bar volume in the US and Australia (basethemrofiles displayed in Ruessink et al. (2003) a
Price (2013)). Possibly the ‘counter intuitive’ la@for at the Dutch coast can also be explainediffgreint
environmental setting, such as the short-crestedssates or the large angles of wave incidence and
variations therein.

a) x10

variability, A o= / At

Change in alongshore

b)

Apr  Ju  Oct Jan Apr Jul Oct Jan
Date

Incoming wave power Pg [kW]

Figure 7.a) Change in alongshore variability between two couee surveys.
b) Mean wave powel, in the period between two surveys. Red lines inditiae survey dates.
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Conclusions

Over 3.5 years of nearly monthly bathymetric susveyere executed to examine the development of
alongshore variability in topography after instdtia of a beach and foreshore nourishment. Alongsho
variability at the site is primarily found in thalstidal bar and evolved slowly on a monthly timdésca
Magnitude of the variability is found to be chargyin concert with the variations in forcing ovee thear.
Late autumn and winter months (October to Januwiiyf) larger incoming wave power result in an
increase in alongshore variability, and milder sgrand summer months show a gradual decrease in
variability. The angle of wave incidence or a praf for wave power available for alongshore sedime
transport were not significantly correlated witle fhstantaneous variability or change in variapilit

The first period just after completion of the natrinent did not show different magnitudes or evohuti
rates of variability than the total period inveatied. This obscures the effect of the nourishmenthe
emergence of variability and whether variabilitydee affected by selecting a different nourishnusign
(e.g. by applying a milder construction slope).tiis end it is recommended to perform a similardysia
for a natural beach as well as nourishments witeréint designs to compare against in the future.
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