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Equilibrium modeling of the Beach Profile on a Macotidal Embayed Beach

Clara Lemo§ France Floc’h Marissa Yates Nicolas Le Dantéc®, Vincent Maried, Klervi Hamort,
Véronique Cug, Serge SuanézChristophe Delacourt

Abstract

Predicting the pluriannual variability of shorelipesition in response to hydrodynamic forcing (wsaeead tides) is of
primordial interest scientists, engineers, and baaanagers. 11-year time series of monthly prdafdach survey and
hourly incident wave conditions are analyzed on acnwstidal sandy embayed beach in Brittany (Franée).

equilibrium model is applied to study the variatiohthe beach profile position over the whole ititedl zone as a
function of the energy wave, wave power and wageell The predictive ability of the equilibrium nelds around

60% in the upper intertidal zone but decreases d&ttreasing elevation in the lower intertidal zofke predicted
result on the lower part taking into account of #idl water level is not improved, but the erosiand accretion
parameters are more reliable, according to theipdlysrocesses and could be compared to other sitesy,

Key words: equilibrium model, macrotidal, intertidal profilghoreline, cross-shore processes, waves.

1. Introduction

Predicting the temporal variability of shorelinespion in response to hydrodynamic forcing (waved a
tides) is of primordial interest for coastal scistst engineers, and beach managers. Shorelindoposi
changes along sandy coast vary over a wide rangengboral and spatial scales in response to a wide
range of physical processes (Stateal., 2002; Masselink et al., 2016). On short timescales ranging from
hours to days to years, single storms causingti@n®in the wave energy arriving at the coast tmayhe
dominant processes impacting shoreline changesedidthent transport processes. On most open coasts,
alongshore processes typically have more impomalet on longer timescale than cross-shore processes
anddo not dominate the annual shoreline variability (e.g. Davidson and Turner, 2009; Yates et al., 2009;
Hansen and Barnard, 2010; Castelle et al., 2014). Understanding beach profile response togetie waves

and subsequent calms periods is crucial as rigag encroach on coastal infrastructure and clioct@age

is expected to modify storm frequency and intentyckeret al., 2013; Ludka et al., 2015).

Beach profile response to hydrodynamic forcing lwexgy been studied, Brunn (1954) and Dean (1977,
1991) developed empirical functions to describesolesd equilibrium profile shapes. Furthermore, \Wrig
and Short (1985) showed that the state of the bisagbtermined by recent history of both the waetdf

and the morphology. These concepts have been nsedariety of empirical models to study changes in
shoreline position on timescales of days to yearsandy beaches dominated by cross-shore processes
(e.g. Miller and Dean, 2004; Davidson and'urner, 2009; Yateset al., 2009; Davidson €t al., 2010; Yates et

al., 2011 Davidson et al., 2013; Castelle et al., 2014 Ludka et al., 2015). These models simulate shoreline
variations as a function of wave conditions and pihevious position of the shoreline. Yet, the shoee
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position models need extensive historical obseswatand are calibrated for each specific site €ratal.,
2009; Splinter et al., 2014; Ludka et al., 2015). Castelle al. (2014) suggested that equilibrium shoreline
models can be extended and applied to a rangditidals in the intertidal one. The model developgd
Yates etal. (2009) is able to predict shoreline position clemwith an efficiency of approximately 80%
(Yates efal., 2009; Ludka etal., 2015) on microtidal beaches. On a recent extertsionesotidal beaches,

a similar model performs with approximately 65%aéincy (Castelle &dl., 2014).

In macrotidal environments, wave conditions andrbgiginamic processes vary throughout the width of
intertidal zone. At low tide, there is high disdipa over the shelf, and the wave energy reachiegoeach
may be significantly lower than the offshore wavergy. This dissipation is less important at hiigle t
and the energy reaching to upper part of the béacomparable to the offshore wave energy. Many
observations show that morphological changes oatang entire beach profile, but the change are very
inhomogeneous along cross-shore profile, espeaiallizow Tide Terrace (LTT) beaches (Almeidaakt
2017). Empirical modes have been proven to preditit the variations observed on the upper partef t
beach (Yates dl., 2009), with reduced predictive skills on the loviberach. This paper investigates the
ability of an empirical model to predict plurianhuaorphodynamics of the intertidal zone in a madait
environment. One important question is how to assetche model free parameters to physical prosesse
(e.g. erosion and accretion rates) when at saritedals, wave energy actually impacts the zone 6%yof

the time whereas changes are simulated 100% dintieein the model. This study investigates howaticet
into account the effects of changing eater levelg. the tidal effects) by defining a vertical rardmpunding

a strip of the beach within which the wave energgymause changes in the cross-shore position at any
altitude.

This study focuses on a macrotidal embayed beamtsifilin beach), located in western Britanny (Fgnc
on the lIroise sea coastline (Figure 1 a, b). Pdirsrheach has cliffs at both ends and bedrock & th
intertidal zone. The primarily cross-shore dominamrphological processes make this sandy beach an
ideal site to study cross-shore variation alongititertidal profile using an empirical equilibriumodel
forced by the incident wave energy or wave powecaRise of the large tidal range at Porsmilin beiheh,
evolution of the upper and lower parts of the itied profile varies significantly for the same ident
wave conditions. Thus, it is important to test pinedictive ability of the model when the tide leietaken

into account. Here, the approach chosen for thipgse is to define for each step during the model
calculation a condition that is used to determirteethier the empirical model takes into account the
impacts of the incident waves. That condition isakkshed using the difference between the beach
elevation contour simulated during the model rud #oe still water level predicted taking into acobtide
only. When the elevation contour can no longer deched by water (including the effects of runup) or
when the water becomes very deep, the impactscident waves are considered negligible, and cross-
shore position is not modified in the model.

First, the study site and morphological and hydnadgical data are described (section 2). Then, the
extension of an equilibrium shoreline model (Yageal., 2009) attempted to take into account the effect of
instantaneous water level is described, and thdtseare presented when the model is forced eithigr

the wave energy or wave power. Finally, the resatisthe performance of the model tested under the
various hypotheses are discussed and comparebdogtidies (section 5).

2. Study Site and data
2.1. Study site

Porsmilin beach is an embayed barrier beach flarkedliffs to the East and West, and backed by
colmated brackish water marshes to the North. Mmtertidal zone is 200 m wide and 200 m long (Figlire

a) and the sediment median grain size (d50) isB201t is bounded by headlands and bedrock, extends
offshore and obstructing the alongshore sand tahggenerated in the surf zone and allowing inciden
wave from the SW only. The alongshore sediment ifuassumed negligible since the shoreline does not
exhibit rotation behavior (Floc’h et., 2016). According to the Masselink and Short (1983sification,
Porsmilin beach is a Low Tide Terrace beach (Deketi@al., 2009
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Figure 1: a) andb) Maps of NW France showing the location the Porsniikach

Due to its orientation in the Iroise Sea, Porsmilgach is mainly impacted by southwest waves thaé h
peak periods between 8 s and 10 s. The IroisesSadighly energetic wave dominated environmerd, an
the return period of significant wave heights of3lin and 14.5 m (in 110 m water depth at the Wést o
France) are 1 and 10 years (Dehosachl., 2009). The tides are semi-diurnal and symmetrit @imean
spring tidal range of 5.7 m and a mean spring tidafent of 0.4 m/s in Bertheaume Bay (Shom, 1994).
Between 2002 and 2014, the mean significant heigist0.76 m and the seasonal means in autumn, winter
and spring were 0.7 m, 1.08 m and 0.7 m respegtivdbwever, along this rocky coastline, wave
propagation is considerably affected by refractamd diffraction processes generated by the large
continental shelf, headlands, shoals and islandatéd offshore of the beach (Ouessant Island, Molen
archipielago). Hence, the oceanic swells that rélaetshoreline have a quasi normal incident angteaae
already highly dissipated, resulting in moderatergy conditions at Porsmilin beach.

2.2.Beach profiles surveys

Monthly cross-shore surveys were completed fronudan2003 to January 2014 (Figure 2 b) with a
Differential Global Positioning System (DGPS) RTi#¢ferenced to the topographic French datum IGN69).
During this period, 174 profiles of sand levels &vaneasured along a cross-shore transects with 1 m
horizontal resolution. For each profile, the datinterpolated to a 0.1 m horizontal resolutionieetn 0 m

and 4.4 m, as well as at -1 m, -0.6 m and -0.2 epeldding on the tide level, each cross-shore prbéik a
different length, and 172 profiles extended veltyckom 0 m to 4.1 m (IGN69). Thus, to calibrateet
empiricalmodel, 172 profiles were used from 0 to 0.3 m, @8 0.4 to 0.8 mand 174 from 0.9 to 4.1 m.
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Figure 2: a) Planview of themorphological characteristics of the Porsmilin be&} Cross-shore profiles at
Porsmilin from January 2003 to January 2014, irttigamean beach profile (red profile) and Mean Highter
Spring (MHWS) level, Mean High Water Neap (MHWNyét and Mean Water (MW) level.
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An EOF (Empirical Orthogonal functions) analysis of the detrended timeseries demonstrated that two
principal modes describe 90% of the cross-shore variability (Hamon, 2014). The first EOF represents the
variations on the upper part of the beach, with a seasonal berm appearing at the MHWS level during
summer, persisting through autumn, and then disappearing progressively in winter and spring (Figure 3 a).
This mode is correlated with Hs all over time series. The second EOF represents the variations along the
profile between the MNHW level down to the lower part of the beach (Figure 3 b). This mode is by
definition in independent from the first EOF and is thus not correlated with Hs. The spectrum of its
temporary amplitude shows a peak period of 3.8 years (Figure 3 c) and only a small seasonal component.
This period does not seem to be related to the wave climate or other global climate factors, and more
investigations are needed to fully understand the beach dynamics on these timescales.
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Figure 3: Empirical Orthogonal Functions (EOF) analyses from 2002 to 2014. (a) Correlation between significant
wave height (Hs) and the (a) first EOF and (b) second EOF. (c¢) Spectral analysis of temporary amplitude.

2.3. Wave and tide data

The empirical model computes the current crossesposition from the wave forcing and previous cross
shore position. Hourly wave conditions in 20 m wadepth from the numerical model WaveWatchlll
(WWIII) are used from January 2002 to January 2QWérgas-UG configuration at the grid point
4°40,66'W, 48°33' N, Tolman, 1991). The accuracy vedve forcing is compared with the in-situ
measurements collected by acoustic Doppler Curknofiler deployed during two campaigns (25
November to 31 December 2013, and 24 SeptemberNov@mber 2014) at the grid point 4°40.80'W,
48°20.80'N. The linear regression between the ned€¢Hs,;) and measured (Hscr) wave heights R

= 0.88 (Figure 4 a).
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Figure 4: a) Scatter diagram of the significant wave height modele WWIII (Hg,11) and significant wave height
ADCP (Hsapcp) and peaks period WWIII (Tpywm), the solid red line is the regression linear giving y =
1.5920x+0.1548. b) Scatter diagram of the significant wave height model WWIII (HswwlIII) and peak period
model WWIII (TpwwlIlIl), the solid red line is the regression linear giving y=0.5593x-3.6545.

However, the peak period (Tp) and significant wénegght (Hs) from WWIII are not linearly related
(Figure 4 b). Therefore, in the following, both veagnergy and wave power (taking into the effectthef
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wave period) will be tested to force the model. Teak period (Tp) data is only available between 1
January 2008 and 1 January 2014, which correspmB6é beach profiles. Finally, hourly estimatesha t
tide level (2002 to 2014) from the SHOM (Nationajddographic Service) are used from the grid point
4°49.48'W, 48°38.29'N.

3. Method
3.1. Equilibrium model

An equilibrium shoreline model (Yates al., 2009; Castelle edl., 2014) is applied at discrete elevations
along the intertidal beach profile, ranging frorto04.1 m (every 0.1 m) as well as at -1 m, -0.6nuh @.2

m. The model simulates temporal changes of theseshere position of each elevation using an
equilibrium approach. The beach evolves towardslibgum as a function of both the intensity of the
wave forcing (e.g. wave energy or power) and treeqliilibrium between the current and equilibrium
conditions (defined as a function of the currenttoar position), which causes the beach to erode or
accrete. In this study, the model developed by ¥ettal. (2009) is used for predicting the change in the
cross-shore positiond§/dt), witch depends on both the wave enerdy) @nd the wave energy
disequilibrium AE):

ds/dt= C* E*2AE (1) for  AE=E - Eeq(S) (2)

whereC* are rate coefficient for accretio@ {for AE<0) and erosiond for AE> 0). The equilibrium wave
energy Eeq) is defined as a linear function of the cross-shmusitionEeq (S) =aS+bIn this model, the
cross-shore position change rate depends on wargyerbut the cross-shore position does not depend
wave direction or alongshore gradient in waveswrents (Yates edl., 2011). The model developed by
Yateset al. (2009) presents four free parametexsandb determining the equilibrium energy for each
cross-shore position, ar@ the accretion and erosion coefficients. Herepfeihg Castelle eél. (2014), a
fifth free parameterd, is added to reduce the dependence of the modedeomitial cross-shore position.
This parameter represents a deviation of the meaitigin, that is used to initiate the timeserien@ated
annealing (Barth and Wunsch, 1990) allows to ohtfaénfive free parameters of the model decreasiag t
root-mean-squared error (RMSE) between the modelodiservations. The number of the interactions is
700000 with a minimum number of loops of 200. Irdi&idn, a range of values is set the different
parameters: -5 / 0 #m for a, 0 / 2 rfor b, -12 / 0 mht/m3 for accretion and erosion coefficients, and -30
/ 30 m for d.

First, the model is tested to evaluate the effdwswave energy on the variation the cross-shosiipo.
Then, the wave power is used to force the modalesthe mean period has been shown to play an
important role in the beach morphodynamics at Piirsiseach (Floc'het al., 2016).

3.2. Equilibrium model taking into account the wate level

To take into account the effect of the water leti®h hypothesis are made. The first hypothesiestttat
when the water level is too far below the eleva@®n(Figure 5 a), it is obvious that the inciderstve field
does not impact the contour position. The secomubtiesis is less obvious: the erosion and accretion
processes outside the surf zone are assumed tddsavienpact than those in the swash zone, and theis
cross-shore variation of the contours is assumeadl svhen the simulated elevation contour is no &mig

the surf/swash zone. Thus, the cross-shore positicm given elevation contour will not change ie th
model if its altitude is: (1) above the maximum upnobserved on the beach (about 1 m the considered
site), or (2) under the wave height (about 1.5whjch is used to define the lower limit includirtetwave
breaking zone. A vertical threshdld'see Figure 5.) is defined to determine the tipg#ods during which

the incident wave field causes significant sedimeabsport around the given elevation contdurs
assumed symmetric about the water I&@for simplicity (maximum runup as upper limit, sadne limit

as lower limit). In the model, the difference betnwehe simulated elevation contodd( Figure 5) and the
instantaneous still water level (hourly tidal pitins obtained from SHOM) is calculated and coragar
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to this threshold. If the absolute value of thiffetence is greater thaln, then the simulated shoreline
position is not modified (blue zones, Figure 5M)series of sensitivity test are conducted to eatalithe
impact of this threshold, with L=0.5m, 1 m, 1.5 m, 2 m, 2.5 m, 3 m. In tetsdy, for each simulation,
the model skill was evaluated with the R-squareeffaent (of determination) denoted’,Rand the root-
mean-squared error (RMSE) between modelled andhaxbeross-shore position.

4. Results
(a) Z (IGN69) (b) ) )
(m h (IGN69) — Shoreline modified
Z0 Altitude of modeling (m) — Shoreline NOT modified
6 L Limits for inclusion of
4 /\
2
0
2l . . 2 3 . \ v
0 20 40 60 80 100 120 140 Hs
Cross-shore distance (m) (m)

01/01/2003 03/01/2003 ' 05/01/2003 07/0I1 /12003
Time

Figure 5: Diagram showing how the water level is taken into account in the equilibrium model (a) beach profile with
the selected elevation contour Z0 and modeling threshold L, (b) tide level determining the times periods (red) when the
wave forcing the cross-shore position.

4.1. Yates et al. (2009) empirical model application

During the investigated period, the wave energy@smilin beach varies seasonally. From 2003 tal201
the winters of 2006, 2008 and 2010 are the mostgetie (Figure 6 a). The model reproduces well the
variation of the cross-shore position at seasondlveeekly scales on the upper part of the beacmdow
an elevation (Z) of approximately 2.2 m with ah>R0.5 (Figure 6 ¢ and Figure 9 a) The best predcti
ability of the model, with B=0.6, is observed at 3.4 m elevation (MHWS). Thedjutive ability is the
same if the model is forced with wave wave enemgyave power, and it decrease with the elevatiaalin
the test performed (Figure 6 ¢) show that the jptad ability of the model decreases with the elievain

all the tests performed. Below the MHWN level, fivedictive ability decreases considerably ¢®.3).

On the upper part of the beach, the model is ablegroduce well the observed erosion trends, diatu
the significant periods of erosion in the winters 2006/2007 and 2013/2014 (Figure 6 a, b). The
performance of the model decrease during periodeafetion, when the contour position change rates
smaller, but the cumulative accretion is still imjpat. Below the Mean Water (MW) level, the model
simulations forced with the wave energy show naificant variations (light and dark blue curvesyie.

6 b), even though the observations show an amplitdd/ariability comparable to that of the uppert jud

the beach. When the model is instead forced wakienpower, temporal variations are obtained on the
lower part of the beach, but the correlation rem&iv (Figure 9 a).

The results of the model simulations are not sigaiftly improved when forced by the wave powereaasit

of the wave energy (e.g. elevations contours Oahth3.4 m, Figure 6 d, €). The cross-shore vanatin
the 0.4 m contour are not reproduced when the misdfeirced with wave energy. By using the wave
power, simulated cross-shore changes are obsewm@uydoeriods of erosion, but the model skill i no
increase significantly (Figure 6 d). For the 3.4contour, the empirical model is able reproduce the
seasonal variability of the cross-shore positiagFe 6 €), using wave energy or wave power.
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Figure 6: Wave conditions, predictive ability of the modeideR2 values for ranging from -1 to 4.4 m for wave
energy (M) (2003-2014Ya), (b), and(c). The predictive ability of the model {b) compares the observed
(crosses) and equilibrium model simulation (coldieds) cross-shore contour positions. Crsissre observatic
and the model simulation when the model is forcét the wave energy and wave powel) Elevation 0.4 m.
(e) Elevation 3.4 m.

The free parameters a is between -0.1 Tdnd 0 m/rfi when the model is forced with the wave energy
(Figure 7 a). The free parameter b presents vatmsnd 0 m for the elevations between -1 m to 3.2 m
and the elevations between 3.3 m to 4.4 m the sakiaround 1.2 m (Figure 7 b)). The erosior) énd
accretion (C) coefficients are in the range of -0.4 mim® to 0 mhi/m*and -0.2 mht/m® to 0 mhi/m?®
respectively (Figure 7 c, d). These two change catfficients tend to increase with increasing aten
until 3.6 m before decreasing again. In the lovpast of beach, for the elevation contours -1 1,1, 0.4

m and 0.6 m the accretion free parametél (@esent the values around -12 h® showing that the
model has some limitations in representing acclyrdteaccretion processes. When model is forceth wit
wave power, the free parameter a and coefficiesgien show small variations (Figure 7 a, c). Thasem
coefficient is aroud 0 mAfm®, but the accretion coefficient ranges from -2 Him® and 0 mhit/m®.
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Fare 7: Optimal free parameters for each elevation contdhen the model is forced with wave
energy(a, b) and wave powefe,h). (a,e) Equilibrium slope a(b, f) Equilibrium wave energy intercept
b, (c,g) accretion coefficient G and(d, h) erosion coefficient T

4.2. Effects of water level

The model is able to predict seasonal cross-shamiations the model takes into account the effetthe
water level for all tested thresholdl)( For threshold of L=3 m (Figure 8), the modeldicts well the
variations in the upper part of the beach, bupredictive ability decreases with elevation. Iniéidd, the
highest predictive capacity is still around 3.4with values R above 06 (Figure 8 b). In the lower part of
the beach, the Reventually reaching nearly 0 (Figure 8 b). Evethd model only simulates cross-shore
changes in the contour elevations for limited pdsiduring a tidal cycle, it is still of reproducingserved
erosion and accretion trends on timescales of wigekwnths.
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Figure 8: Predictive ability of the model as a function oé tivater level, between 2003 and 2083 .Observed
(crosses) and simulated (colored lines) cross-stmmeour position equilibrium model as a functidritee water
level (b) R? value for contour ranging from O to 4.1 m.

When taking account the water level, the deterrivnatoefficient B does not change significantly on the
upper part of the beach (MHWS) even if the crogssiposition rarely changes because the water esach
this altitude only during spring tides (for a fewuns a couple of days per month). ThevRlues for the
model forced with thresholds are slightly higher éevation between 1 m and 4.1 m (Figure 9 a). Whe
the model is forced with the wave power, the caéffit R values are lower between 1 m to 2.5 m, but this
difference may be caused by the difference in ittlation period.
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Figure 9: (a) Coefficient of determination @R of the simulation as a function of the wave eyergd, wave
power for each value of threshold) ((b) Percentage of hours of waves causing cebgse contour changes
a function of the threshold.).
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The percentage of wave conditions causing contbanges for lower elevations, especially for larger
values of L. For elevation between 0 m and 1 mLf8 m, the this percentage is almost 100%, butHer
same threshold for an elevation between 3.5 and thenpercentage decrease to 80 % (Figure 9).When
taking into account the effects of the water letied, free parameters a and b are very similarthweste of

the wave energy only model (Figure 7 a, b and Edur a, b). The most important differences appear i
the erosion and accretion coefficients, as expe@alire 7 ¢, d and Figure 10 c, d). These coeffits are
larger for higher elevations (Figure 10 c, d), &mdsmaller values of threshold

2 t:?'sm'“ LR ® LEBEm
= L=15m = L=15m L=1m
Le2m Le2m - t:;z‘m
L=25m L=28m o
a) [ o L=3m | b) 2 L=dm ] C) d) o L=3m
4 g 4 o 4 4k 5
3 :
= 350 B MHNS{ g o [MHNS u,g =35 ! L
£ o E B B
N 3 EE.:,’ N2 i 1M 3 © N3
e : g g e g
g 25 3 g2s & 1525 §25
Eed - i E—1 L
(2] 2 s o 2 % m 2 ™ 2
H O B 13 e H
W 15p s L s
1 1 1
0.5pMw 0.5]
12 B4 F 2 9 0 95 7 95 0 os
C* (mhr'/m?) C" (mhr'/m?)

Figure 10: Optimal free parameters as function of the elevatvben the model takes into account the effects of
the water level(a) equilibrium slope a,(b) intercept the equilibrium wave energy ) accretion coefficient G
and(d) erosion coefficient C

5. Discussion

The efficiency of the empirical model used in thtady is 60% around Mean High Water Spring level
(MHWS) on a macrotidal beach. This study shows, tii& empirical model developed by Yatesakt
(2009) and Castelle at. (2014) is a robust model able to predict contdevagion variations in different
tidal regimes, on the upper part of the beach. Tudel is able to predict the variation of the lioe on
the microtidal beach with a higher efficiency of8{Yates etl., 2009; Yates et al., 2011; Ludka etal.,
2015) and on mesotidal beach with an efficiencyuado 70 % (Castelle eal., 2014). The models
predictive abilities (estimated from the’ Roefficient) is similar whether the model is fadcby wave
energy or, wave power, and when the model takesaictount the effects of the water level.

5.1. Wave power

The wave power was tested in the model insteach®feinergy to be able to simulate the cross-shore
variations observed for elevation contours below MW level. These variations have amplitude
comparable to those observed on the upper patieob¢ach. However, changes on the upper and lower
part of the beach are not correlated to each o#imetthe changes observed on the lower part df¢heh

do not show the same seasonal variability as thes\kaight, as seen in the EOF analysis. By fortirg
model with the wave power or by taking into accotlnat effects of the water level, a better fit ipested

on the lower part of the beach.

The wave power allows the empirical model to cogeeto a solution with amplitude of cross-shore
position variation comparable to the observatiomshe lower part of the beach. As a reminder, toeleh
with wave energy shows no variation at all in tbevér part of the beach. Nevertheless, the simulated
variations appear out of phase with the observeitiens, leading to poor Rvalues. Thus, the wave
period has an impact on the lower part of the bdadhleads to an opposite effect as that observed.
However, this does suggest that the period hampadt on the sediment transport between the uppkr a
lower parts of the beach. This may be expectedésamnsiders that the erosion of the upper patthef
beach leading to a transport to the lower partcé&the wave power is more important at high tidetht
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low tide (less dissipation over the self), the @wsn the upper part could lead to an accretiothalower
part. However, one must note that the cross-sHex@ton contours on the upper part of the beaemat
correlated (Figure 12) and thus the sediment exgdmbetween the upper and lower part of the besch a
not as simple suggested.

5.2. Water level

Since the water level has an important impact @namount of wave reaching each contour level, the
model simulations taking into account the wateeleshould lead to a more realistic interpretatiérhe
results. The empirical model converges to a satuti@t is as good as the model without the watezl le
adjustment, and the coefficients a and b remairséme since they are independent of the duratigheof
wave impact. However, the coefficient$ @€nd C change depending on the water level threshodihce
they rate coefficients that depend strongly ondtation of wave impact. On the upper part of thadh,

the model does not simulate contour elevation ceamiyring the largest percentage of time, leadirthe
largest increases in these coefficients, as woelexpected.

5.3. Comparison with other study sites

The free parameters the equilibrium model showdifference between the different tests performdte T
limits on the accretion Tand erosion Tcoefficients are important when the model dependshe water
level with thresholdL) in the range 0.5-1 m, in particular. When the alddkes into account the effects of
the water level, the accretion coefficients areilsirmo those the shown on other beaches (for elathe
rate around of -4 mHfm® at Tuc Vert beach (Castelleat, 2014) and -3 mh¥Ym® at Torres Pines (Yates et
al., 2009)) (Table 1 and Figure 11). The erosion faxieht is very small compared other beaches, bat t
rate is similar to that estimated at Ocean beaealefretl., 2011) (Table 1). One must note the differences
between sites in the erosion and accretion ratfficeats may be expected owing to differencesands
grain size. These results show that taking intcoact the water level may allow for a more physical
interpretation of the erosion and accretion ratffa@ents that are likely closer to the true vaue

Table 1: accretion and erosion coefficient at the differsmtly beach (Yates at., 2009; Yates et
al., 2011; Castelle et al., 2014)..

Truc Vert Torres Pines | Ocean beach | Camp Pendleton Cardiff Porsmilin
(Castelle et (Yates et (Yates et (Yates et (Yates et Wave | L=05
al., 2014) al., 2009) al., 2011) al., 2009) al, 2009) | energy | m
Limits of accretion
. +
coefficient (C”) 05 -3/-0.1 -1.9/0 -1.8/-1.1 -31-0.5 12 12
[mhr‘”ms]
Limits of erosion
coefficient (C') -4 -3.6/-0.8 -1.21-0.1 -1.1-0.9 -1.2-0.8 -0.005 -0.021
{rnhr"'rm3}

Ia;fruc “’.‘.’." beach ’m |n Truc Vert beach o Truc Vert beach
a)g F beach| ) a «Porsmilin beach clg, =Porsmilin beach d) g _|=Porsmilin beach
E o : Py
§ 1 5 e 2 5 o ¥ st &

o e &
E | s%s.. 47 MHWS| E [MHWS E - “’ug@: LMHWS| E | MHWS g
D S g St A et 1 =af |
% L
£ %, 5 5 LSRN I
® 2 w2 ® 2 > ® 2 &
B b g,g; .................. MHWN E MHWN _?é‘ MHWN. ) B E MHWN '3:" =
g r \& w | w ] omy &
S, BT o R——— MW LU MW n— : &
off % of % o ] ol
1 i ¥ & %,
-1 0, 1 "‘;1. = § Gy 4 ) %
012 006 0 0068 12 02 02 08 1 5 g 3 d L e e T B
a (m%im) b (m%) C* (mhrfm?) C" (mhr"im*)

Figure 11: Optimal free parameters on the Truc Vert beachstélla etal. 2014) and Porsmilin beacta)
equilibrium slope a,(b) intercept the equilibrium wave energy {g) accretion coefficient  and(d) erosion
coefficient C.
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5.4. Limitations of the model

The presented equilibrium model is a simple apgrodwat depends on a limited number of free
parameters. The model is limited by the assumptiahthe equilibrium wave energy is a linear fuoctof
the contour position, whereas as for low energyt there likely tend to zero but never reach zero.
Considering such an equilibrium function may imprdkie accretion predictions.

It is also not trivial task to determine the beatue for the water level threshold (and this the most
realistic accretion and erosion coefficients) sitice R value does not vary significantly for different
values ofL, and the hypothesis thiatis symmetric about the simulated elevation contoay not be valid.
The main issue met here is the boundary value @hfoparameter a (slope of the equilibrium model) i
order to maintain erosion when energy increaseudlgt on the lower part of the beach, accretioouos
when the upper part erodes (Figure 12). The lower @f the beach behaves oppositely to the upper pa
The main improvement on the lower part of the beesimes from the extended range of parameter
allowing increasing accretion when wave energydaases. Actually, this allows to simulate the sedime
transfer occurring between the upper part anddhed part of the beach. However, this is not enaiagh
explain the pluriannual variability observed on kner part of the beach.

Cross-shore
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2003 2004 2005 2006 2007 2008 2009 201 211 2012 2013 2014
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Figure 12: Cross-shore position in the lower part (blue liae§l upper part (green line) of the beach.

Conclusion

This study attempts to improve predictions of shieeevolution on macrotidal beaches in response to
storms and multiannual timescales to be able taigeocrucial information to coastal planners. The
presented model extends the Yatesl ef2009) model to be a robust, simple, and efficempirical model
that allows reproducing the contour elevation waiaon beaches with a different tidal range. Thadetl
presents a strong predictive ability on the upet pf the beach where the sedimentary dynamiceraip

on the energy of the waves, but the model perfocmalecreases on the lower part of the beach where
relationship between the sediment dynamics anavehe characteristics is more complex (and depends o
other physical parameters such as the wave pemitlda pluriannual cycle highlighted).

The extension of the model to take into accouneffexts of the water level does not significanmthprove
model’s predictive ability. However, this extensialoes improve the physical interpretation of the
estimated erosion and accretion coefficients, antcerwork needs to be done on other macrotidal kesach
to improve the estimates of these parameters amatuate the importance of the sediment grain. size
Thus, it is probably necessary to investigate goulyathe generalized model presented by Splinte.et
(2014) that presents a predictive capacity aroudd”8in the twelve beaches used allowing to obtain
information of the possible limits in the macrotiéavironments.
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