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 14 

Abstract 15 

The sediment transfers that take place between the beach and the depth of closure on the inner 16 

continental shelf play a major role in the evolution of sandy shores at different time scales. 17 

The depth of closure of the foreshore sedimentary prism, which is generally dependent on 18 

wave conditions, remains poorly constrained in the context of an internal macrotidal platform. 19 

This work aims to define and evaluate this theoretical depth, which delimits the extension of 20 

sedimentary exchanges, in particular by including the constraints applied on the sea bottom by 21 

the tidal circulation, which are very strong on the inner continental shelf of western Brittany. 22 

The use of wave (WAVEWATCH III®), tidal (MARS3D), and bottom sediment (EMODnet) 23 

databases allows us to follow an original cartographic approach to study closure depths, based 24 

on the formulations of Hallermeier (1978 and 1981) and Soulsby (1997). This cartographic 25 
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approach is adapted to a spatial analysis of sediment mobility on a regional scale. First, the 26 

depth of closure shows a regional spatialisation of the seaward extension of the sediment 27 

mobility zone according to exposure to different wave climates and tidal ranges. Secondly, the 28 

method for calculating the depth of closure with the combined shear stresses (wave and tide), 29 

applied at the scale of the internal platform of western Brittany, allows the identification of 30 

three areas of movement of sedimentary particles according to critical mobility thresholds: 1) 31 

Area of no motion; 2) Area of transport and deposition; 3) Area of transport without 32 

deposition. The main contribution of this work is to propose at distinction between 2 offshore 33 

sediment motion limits, the transition to the upper plane bed (DoTupb), and the incipient 34 

motion of particle (DoTmotion). In addition, this study confirms the potential of transport and 35 

deposition of sand particles at depths greater than 100 m in the most hydrodynamically 36 

intense areas, which implies the possibility of interconnections between hydro-sedimentary 37 

cells, through bypassing of headlands and crossing over rocky outcrops. 38 

Keywords 39 

Depth of closure, Depth of transport, Bed shear stress, Initiation of motion, Area of 40 

sediment transport and deposition, tidal and wave forcing 41 

 42 

1. Introduction  43 

The evolution and functioning of sedimentary coastal areas are strongly dependent on long-44 

shore and cross-shore sediment transfers that operate within hydro-sedimentary cells (Komar, 45 

1996; Pinot, 1998; Cowell et al., 2003; Héquette and Aernouts, 2010; Aagaard et al., 2011; 46 

Hénaff et al., 2015). These cells extend seaward over the inner continental shelf to the depth 47 

of closure. They are laterally delimited by geomorphological obstacles, such as headlands, 48 

river outlets, and submarine canyon heads, or by an inversion of the direction of the littoral 49 

drift determined by changes in the orientation of the coastline or the bathymetry. 50 
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The depth of closure is considered as a morpho-sedimentary boundary separating an active 51 

shoreface area from a more inactive offshore area, thus delineating the base of the nearshore 52 

prism. Determining its location is fundamental for assessing the long-term sediment budget of 53 

coastal systems (Allen, 1968; Swift, 1976; Barnard et al., 2013; Preston et al., 2018; Anthony 54 

and Aagaard, 2020; Hamon-Kerivel et al., 2020). Its application in coastal engineering is also 55 

used to delineate potential source areas of sedimentary material for beach nourishment 56 

operations, or for dredging waste. However, a number of recurring questions remain open. To 57 

what extent is the foreshore sedimentary prism actually closed? Can sediments of a littoral 58 

cell bypass headlands toward an adjacent cell, thus establishing a connection between cells? 59 

Several studies have confirmed this possibility, in particular along coastlines with intense 60 

hydrodynamic conditions, and underline the role of sediment transfers between littoral cells 61 

when assessing coastal sediment budgets (Valiente et al., 2019 ; Klein et al., 2020 ; Silva et 62 

al., 2021 ; King et al., 2021 and McCarroll et al., 2018 and 2021). Therefore, estimation of the 63 

depth of closure is critical to understand sediment dynamics in littoral cells and predict how 64 

coastal areas will respond to sea-level rise induced by climate change, as well as for the 65 

management of nearshore sediment resources.  66 

The delineation of the shoreface, adjacent compartments, and associated depths of closure is 67 

still discussed due to the complexity of the determination methods (Anthony and Aagard, 68 

2020). The definition of these boundaries is also subject to debate. For this study, the 69 

compartments considered between the external limit of the lower shoreface and the beach are 70 

(Figure 1) : i) the lower shoreface extending between the fair weather wave base and the base 71 

of the extreme wave significant changes in the beach profile; ii) the upper shoreface extending 72 

between the base of the extreme wave significant changes in the beach profile and the mean 73 

low tide level (Cowell et al., 1999). Hence, the upper shoreface records significant seasonal 74 

morphological changes, while the lower shoreface does not, even if intense seabed agitation 75 



4 
 

occurs under large wave conditions. For offshore compartments, this study considers the 76 

offshore-transition zone as extending between the fair weather wave base of the lower 77 

shoreface external limit and the extreme wave base offshore proximal limit (Reading, 1996, 78 

and Nichols, 2009). 79 

Worldwide, many authors have worked on the determination of this depth of closure, 80 

especially on coasts exposed to waves and/or subject to strong tidal ranges (e.g. Hallermeier, 81 

1978 and 1981; Birkemeier, 1985; Nicholls et al., 1997 and 1998b; Capobianco et al., 2002; 82 

Robertson et al., 2008; Cerkowniak et al., 2015; Ortiz and Ashton, 2016; De Figueiredo et al., 83 

2019; Valiente et al., 2019 ; Hamon-Kerivel et al., 2020 ; Hamon-Kerivel et al., 2022). Two 84 

main methods are used to locate it: field observations or calculation by empirical formulations 85 

often applied using outputs of numerical models. Field observations are based on the repeated 86 

acquisition of numerous cross-shore topo-bathymetric profiles of the beach and, above all, of 87 

the bathymetry of the foreshore, yielding an envelope of significant morphological changes of 88 

the littoral accumulations on annual to multi-year scales (e.g. Rozynski et al., 1998 ; 89 

Roberston et al., 2008 ; Jabbar et al., 2015 ; Aragones et al., 2019). The observations can also 90 

incorporate a geostatistical approach, combining median sediment size, D50, and textural 91 

parameters (Aragones et al., 2018). On the basis of these field observations, empirical 92 

formulations have also been developed. They take into account the wave conditions, the 93 

nature of the bottom or the shear stresses exerted on the bottom by tidal currents and wave 94 

orbital velocities (Hallermeier, 1978 and 1981; Birkemeier, 1985; Wright, 1995; Soulsby, 95 

1997; Valiente et al., 2019; Coughlan et al., 2020; Hamon-Kerivel et al., 2022). Wave data, 96 

which are the main input parameters of the formulations, can be obtained from in situ 97 

measurements (e.g., nearbed current velocity profiles) or from wave model outputs (e.g., 98 

WAVEWATCH III®, or SWAN). 99 
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The depth of closure is expressed using different formulations, and is also associated with two 100 

different interpretations in terms of sediment mobility (Figure 1): i) DoC-envelope is 101 

computed using statistics of wave height and period from hindcast simulations and is 102 

interpreted as the limit of significant changes in beach profiles on a seasonal scale caused by 103 

storm wave action (Hallermeier, 1978); ii) DoC-motion is computed using statistics of wave 104 

height and period from hindcast simulations as well as grain-size parameters from seabed 105 

classification and is interpreted as the outer limit of sediment movements generated by fair 106 

weather waves (Hallermeier, 1981); iii) Depth of Transport (DoT) is based on wave and tide 107 

bed shear stress from hindcast simulations and was introduced by Valiente et al. (2019) who 108 

defined it as the limit of bed agitation corresponding to the upper plane bed transition under 109 

extremes hydrodynamic conditions. It is therefore of interest given the hydro-sedimentary 110 

conditions typical of the western Brittany platform. 111 

This study examines the depth of closure at the regional scale of the western Brittany 112 

coastline, which is exposed to highly energetic hydrodynamic conditions. The study is based 113 

on the combined use of hydrodynamic (HOMERE for wave and MARS3D for tidal currents) 114 

and sedimentary (EMODnet) databases, allowing an innovative spatial mapping of DoC and 115 

an improved analysis of DoT that highlights the DoTmotion, defined as the limit of sediment 116 

motion transition. This study also aims to compare sediment mobility zones (no movement, 117 

transport and deposition and transport without deposition) during extreme and moderate wave 118 

conditions. Better understanding of sediment mobility in the inner shelf will improve our 119 

capabilities to estimate sediment fluxes, which is key to predictions of future changes in 120 

coastline position in response to climate change. Coastline position depends on the 121 

redistribution of sediments across the coastal zone to adjust to changes in sea level and wave 122 

climate. 123 
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2. Regional setting 124 

The peninsula of western Brittany provides great diversity in the exposure of the coasts and 125 

the inner continental shelf, and this context is particularly interesting for the study of the 126 

limits of the coastal sedimentary prism at a regional scale. Northward, the peninsula is 127 

exposed to the conditions of the English Channel, westward to the Iroise Sea, and southward 128 

to conditions in the Bay of Biscay. The coastline exhibits diverse morphologies, consisting of 129 

coastal accumulations of limited extension (bays, inlets, pocket beaches) developed between 130 

rocky and soft cliffs, promontories, and various prominent headlands often associated with 131 

reefs and offshore islands (Figure 2).  132 

Tidal ranges vary from 4.5 m to 8 m from the south to the north of the study area (Figure 2). 133 

Tidal surface currents can reach a maximum speed of 4.2 m/s in the Fromveur Channel. Mean 134 

speeds are less than 0.5 m/s over the entire inner shelf (< 30 m) and less than 0.25 m/s in the 135 

coves (DATA-SHOM- https://data.shom.fr). The coastline of western Brittany is exposed to 136 

three main wave climates (Figure 2, waves roses) : 1) on the northern coast, the prevailing 137 

wave direction is from the north-west, average significant height (Hs) is 1.5 m, reaching a 138 

maximum of 9.2 m; 2) on the western coast, the prevailing wave direction is from the west-139 

south-west, with an Hs of 1.5 m and a maximum of 9.5 m; 3) on the southern coast, the 140 

prevailing wave direction is from the west-south-west, with an average Hs of 0.8 m with a 141 

maximum of 6.8 m. 142 

The coastal prism is made of fine to coarse sands, with a significant biogenic fraction. Their 143 

accumulation results both from the remobilization of continental shelf deposits during the last 144 

transgression (Flandrian) and from the erosion of rocky coastal cliffs composed of granitic 145 

and metamorphic Hercynian rocks (Cagnard, 2008). 146 

The EMODnet (2016) classification of the nature of the seabed (1/ 250 000 scale) into five 147 

classes (Figure 3) shows a variable distribution according to the three seaboards of western 148 
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Brittany: 1) the northern coast is mainly composed of outcropping bedrock, punctuated by 149 

patched of coarse to medium sands; 2) the west coast is more heterogeneous, with alternating 150 

patches of fine and coarse sand, as well as large rocky outcrops. Patches of muddy sediment 151 

are present in the south of the Molène archipelago (9), in the Bay of Douarnenez (15), and off 152 

Audierne Bay (17); 3) the southern coast also has a rocky basement dotted with patches of 153 

coarse to medium sediments, in particular in the alignment of the Bay of Bénodet (19) and the 154 

Glénan archipelago (20). Fine sediments dominate offshore and in Concarneau Bay (21), 155 

which connect to the north-western end of the large muddy belt (Grande Vasière) of the 156 

median platform of the Bay of Biscay. 157 

 158 

3. Data and methods  159 

This study focuses on the position (distance from the coast and depth) of the outer boundary 160 

of the coastal sedimentary prism of western Brittany. Its position is determined using three 161 

formulations: 1) DoC-envelope (DoCenv) calculated from Hallermeier (1978); 2) DoC-motion 162 

(DoCmotion) calculated from Hallermeier (1981); 3) DoT (motion and upper plan bed) 163 

measured from the combined wave and tidal bottom friction velocities (Soulsby, 1997) 164 

(Figure 4). 165 

 166 

3.1. Depth of closure formulations: DoC-envelope and DoC-motion 167 

To calculate limit depth for appreciable sand level changes by yearly extreme waves, 168 

Hallermeier (1978 and 1981) proposes a formulation (eq. 1) based on wave climate 169 

parameters. It is considered as the outer limit of the upper shoreface and represents the depth 170 

of the equilibrium envelope of profile change - DoCenv (Hallermeier, 1978). 171 

 172 

DoCenv = 2.28 He - 68 (He²/[gTe²])         (1) 173 
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 174 

Where He (m) is the significant wave height exceeded for 12 hours per year, Te (s) is the 175 

associated wave period (T02) and g (m/s2) is acceleration of gravity (Figure 4).  176 

 177 

Hallermeier (1981) suggests a second formulation to take into account a longer time scale 178 

(applicable for 102-103 years or longer) (Stive and de Vriend, 1995). It defines the lower 179 

shoreface limit or Depth of Closure motion (DoCmotion). It takes into account the grain size 180 

and is defined as follows: 181 

 182 

DoCmotion = (Hs-0.3σs) Ts (g/[5000D50])0.5        (2) 183 

 184 

Where Hs (m) is the annual mean significant wave height, σs is the associated standard 185 

deviation, Ts (s) is the mean significant wave period (T02) and D50 (m) represents the median 186 

grain size (Figure 4). 187 

Hallermeier (1978) recommends that tidal effects could be taken into account by using the 188 

mean low water level as a reference instead of the mean water level, thus allowing the 189 

consideration of the maximum extension of DoC (envelope and motion) towards the open sea. 190 

Therefore, all the wave parameters necessary for the DoCenv and DoCmotion calculations were 191 

extracted by considering only the periods of low water spring tides (LWS) over the period 192 

1994 to 2016. 193 

 194 

3.2. Depth of transport: DoT 195 

The DoT is determined by comparing the combined bed shear stress and the threshold of 196 

motion, which is defined using the Shields mobility number. To account for the nonlinear 197 

interaction between wave and current boundary layers, Soulsby (1997) proposes the following 198 

expression to define the maximum bed shear stress, which can be used to determine the 199 



9 
 

threshold of sediment motion. Herein referred to as the “combined bed shear stress : τcomb 200 

(N/m²)” (eq. 3) : 201 

τcomb =  [(τm + τw │cos ∅│)² + (τw sin ∅)²] ½       (3) 202 

where τm (N/m²) is the mean bed shear stress (eq. 4), τm (N/m²) is the wave bed shear stress 203 

and φ is the angle between the directions of wave propagation and current. 204 

 205 

The mean combined bed shear stress τm (N/m²) is derived from the current bed shear stress τt 206 

(N/m²) and the wave bed shear stress τw (N/m²) (eq. 4) and can be used to evaluate defined the 207 

sediment diffusion very near the bed:  208 

τm= τt [1+1.2 (τw / (τt+ τw)) 3.2 ]       (4) 209 

 210 

Soulsby (1993) indicates that the response time of a sand grain in bedload motion is short 211 

compared to a tidal and wave period, and in this case we consider long wave periods under 212 

extreme conditions. This allows us to consider that the combined tidal and wave bed shear 213 

stress is representative of a stationary stress (steady current). 214 

 215 

The tidal current bed shear stress τt (N/m²) (eq. 5) is derived from the near-bed friction 216 

velocity U* (m/s) which is estimated using logarithmic profile method by considering a 217 

turbulent regime (eq. 6). 218 

τt = ρ U*²            (5)  219 

U* = U(z) k / ln (Z/Z0)          (6) 220 

 221 

Where: ρ (1025 kg/m3) is the density of water; k is the Karman constant (0.4); Z0 (m) is the 222 

bottom roughness parameter related directly to the median grain size D50 with the relation Z0 223 
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= D50 /12; Z (m) is the height above sea bed, and U(z) (m/s) is current velocity at height Z 224 

(Figure 4). 225 

 226 

The wave shear stress is associated with the orbital velocity of the wave on the bottom and is 227 

expressed as: 228 

τw = 1/2 fw ρ Uw²          (7) 229 

Where fw is the wave friction parameter (fw = 1.39 (A/Z0)-0.59) which depends on the semi-230 

orbital excursion under waves (A = Uw T/ 2π) with (T=T02), and Uw = √(2Urms) with Urms 231 

(m/s) as the root-mean-square wave orbital velocity at the sea bed.  232 

 233 

The initial motion of a sediment occurs when the bed shear stress exceeds the critical stress τcr 234 

corresponding to the threshold for initiation of movement. Following the approach developed 235 

by Shields (1936), the Shields mobility number (θ) is the ratio of the shear stress (τ) acting on 236 

a grain to move it and the immersed grain weight: 237 

θ = τ / (g (ρs - ρ) D50)          (8) 238 

Where: ρs (2650 kg/m3) is the density of sediment 239 

 240 

The threshold of initial motion is given as a critical value θcr of the Shields number, which 241 

depends on the grain size (eq. 8). This critical value is determined from observations. For 242 

large non-cohesive sediments (greater than a few mm), the value θcr = 0.06 proposed by 243 

Shields (1936) has long been used as a reference. Since then, many authors have proposed 244 

different values such as θcr = 0.047 (Meyer-Peter and Muller, 1948), θcr = 0.048 (Grant and 245 

Madsen, 1982) or θcr = 0.055 (Soulsby, 1997).  246 

It appears that implementation of one or other of the values has little qualitative influence on 247 

the mobility areas defined below. Following previous studies (Valiente et al., 2019 and Grant 248 
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and Madsen, 1982), we use the critical threshold of 0.048 for the Shields mobility number in 249 

this study. 250 

 251 

From this critical threshold of motion, sediment transport rapidly leads to the emergence of 252 

bedforms, the size of which depends on flow velocity. The length and morphological 253 

characteristics of these sedimentary structures reflect the equilibrium with the sediment 254 

transport capacity of the flow towards which they have evolved, and which depends on the 255 

grain size and flow velocity (Moss, 1972; Southard and Boguchwal, 1990). Once the current 256 

increases until it reaches the upper bed transition, the bedforms crests are trimmed and then 257 

flattened and the seabed becomes more flat. The particles are scarcely deposited on the 258 

bottom anymore and are mainly transported in suspension. The value of the Shields number 259 

corresponding to this transition is θ=1. In this study, the DoT calculated with θcr = 0.048 is 260 

designated as DoTmotion and the DoT calculated with θcr = 1 is designated as DoTupb.  261 

The depth of closure is meant to represent the furthest extent of sediment displacement. 262 

Consistently, when exploiting the DoT calculations and the sequence of areas of movement 263 

that are derived in this approach, we retain the limit of sediment motion (DoTmotion) as the 264 

depth of transport. This definition differs from (Valiente et al., 2019) who define the DoT as 265 

the upper plane bed transition DoTupb. To further exploit the advantage of the spatial 266 

representation of sediment mobility that is offered with the DoT approach, we analyze the 267 

sediment transport in the inner shelf in terms of the areas of sediment movement defined as 268 

:1) Area of no motion when θ < 0.048; 2) Area of Transport and Deposition (ATD) when 269 

0.048<θ<1 ; 3) Area of Transport Without Deposition when θ> 1 (Figure 4).  270 

The bed shear stress increases shoreward, often reaching a maximum before decreasing closer 271 

to the beach. This is typically the case in more protected coastal environments (i.e., 272 

embayments, as opposed to rocky coasts that are more directly exposed to waves), where the 273 
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bed shear stress goes under the upper plane bed threshold, allowing the potential of a second, 274 

internal, DoTupb limit and of a second, internal, ATD.  275 

 276 

The two depths of transport (DoTmotion and DoTupb) and three associated areas (no motion, 277 

ATD and ATWD) are calculated for different grain sizes (0.05, 0.5 and 2 mm), using 278 

equations (3) and (8) with the corresponding “critical” bed shear stress values for initial 279 

motion and upper plane bed (Table 1).  280 

 281 

3.3. Hydrodynamic and sediment input data  282 

The databases used to obtain wave parameters, tidal current, and granulometry, required for 283 

these calculations at the scale of western Brittany, are respectively the HOMERE database 284 

(developed by Ifremer, Boudière et al., 2013), the MARS3D database (Lazure and Dumas, 285 

2008) and the EMODnet-Geology seabed substrate (European Marine Observation and Data 286 

Network initiated by the European Commission in, 2009) (Figures 4 and 5). 287 

The HOMERE database (http://doi.org/10.12770/cf47e08d-1455-4254-955e-d66225c9dc90), 288 

newly accessible from the RESOURCECODE marine data toolbox, was built from the 289 

WAVEWATCH III® model. The de-structured triangular grid of the WAVEWATCH III® 290 

model allows the resolution of the grid to be adapted to different scales ranging from the 291 

coastal zone (refined meshes at ~200 m) to offshore (meshes of ~10 km) (Christophe et al., 292 

2017) (Figures 4 and 5). The advantage of this model is that it provides data on a regional 293 

scale. However, the quality of wave prediction by the HOMERE model is insufficient in 294 

shallow waters (between 0 m and 10 m). Indeed, when approaching the coast, the local 295 

changes in wave propagation, such as reflection or diffraction phenomena behind artificial 296 

structures, are poorly simulated by offshore models like WW3 (Latteux, 2008). The results 297 

presented below are therefore not representative of the surf zone. The purpose of this study is 298 
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to improve the determination of the offshore limit of sediment remobilization. For the DoCenv 299 

and DoCmotion methods, wave heights (Hs and He) and associated periods (Ts and Te) were 300 

extracted over the period from 1994 to 2016 at the isobath -30 m. For DoT method, bottom 301 

friction velocities (Urms, rms of bottom velocity) were extracted under two wave conditions: 302 

extreme (or « storm ») and moderated. Extreme conditions are represented by the significant 303 

wave height exceeded for 12 hours (He) during February 2014, since it is the month during 304 

which the coastline was the most impacted in the last decade (Blaise et al., 2015 ; Stéphan et 305 

al., 2019). Indeed, during this period, most of the Atlantic coast of Europe experienced the 306 

most extreme weather conditions for the last 50 years (Masselink et al., 2016 ; Castelle et al., 307 

2018). Moderated wave conditions correspond to the 10th quantile (Hq10) over the month of 308 

February 2014.  309 

The MARS3D (Model for Applications at Regional Scales) database was used to compute the 310 

near-bed friction velocity U* associated with the tide-induced current, used for the calculation 311 

of the DoT. The resolution of the square grid of the MARS3D model is 500 m for western 312 

Brittany (Figure 5). The near-bed friction velocity U* is derived from the velocity in the 313 

bottom layer and the roughness scale provided in the model output, using equation (6). Tidal 314 

current bed shear stress was computed over only one tidal cycle, during the largest spring tide, 315 

on 1 February 2014, again, retaining the maximum value at each node. On this same date, the 316 

water level in Brest reached 7.40 m, a value higher than the water level during mean high 317 

water spring, which is 7.05 m (DATA-SHOM - https://data.shom.fr). 318 

Tide and wave bed shear stress are calculated from equations 5 and 7, during extreme 319 

conditions (February 2014 and Largest spring tide), which represents an extreme scenario 320 

with a 10-year return period. This scenario is close to a storm that would occur at the same 321 

time as spring tides, which is very rare, and is representative of maximum sediment mobility 322 

over decadal time scales. The two models of MARS3D and WAVEWATCH III® do not have 323 
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the same grid size. In order to solve this problem for the DoT calculations, the points of the 324 

WAVEWATCH III® node, which are denser near the coast, are used as a reference (this 325 

represents 13 051 points). From the values calculated using the MARS3D outputs, the shear 326 

values due to the tidal current U are assigned to each node of the WAVEWATCH III® model 327 

using the nearest neighbour method. The final grid including wave, tidal, and grain size data 328 

is therefore that of the WAVEWATCH III® model. Final DoT maps are generated using 329 

kriging interpolation (12-point search near each point and 500 m distance).  330 

The particle size classes were obtained from EMODnet seabed substrate by extracting values 331 

from this raster (e.g. sand) at each node of the HOMERE database (WAVEWATCH III® 332 

model), and converting them to D50 (for "No data at this level of Folk" and "mixed sediment" 333 

a D50 of 0.5 mm was used) (Table 2). 334 

 335 

4. Results 336 

4.1. Wave height and grain size as factors of depth of closure variabilities along the 337 

western Brittany coastline 338 

The DoCenv and DoCmotion were calculated for 68 points along the western Brittany coast, 339 

using 23 years of WAVEWATCH III® wave model (height and period) and EMODnet grain 340 

size data, at the -30 m contour. The period Te vary between 6.6 s and 15.4 s while Ts vary 341 

between 3.7 s and 7.9 s (Figure 6-A and Table 3). The mean wave periods are 10.8 s for Te, 342 

with a standard deviation of 0.9 s, and 5.8 s for Ts with a standard deviation of 0.7 s. The 343 

values of Te are approximately twice as large as the values of Ts. Extreme wave heights (He) 344 

vary between 1 m and 6.8 m, while mean significant wave heights (Hs) vary between 0.5 m 345 

and 2.5 m along western Brittany (Figure 6_B and Table 3). The minimum difference 346 

between He and Hs values is around 2 m and is observed in the less exposed areas (Figure 347 

6_C): Concarneau (21), Douarnenez (15), east of Ouessant (7), and Lannion Bay (1). The 348 
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maximum difference between the values of He and Hs is of the order of 4.5 m and is observed 349 

in most exposed areas: Glénan (20), north of Audierne Bay (17), Portsall (6), and Batz Island 350 

(3). 351 

 352 

The results obtained for the DoCenv along the west coast vary between 4 m and 12 m with 353 

minimum values of 4 m to 5 m in the bays of Concarneau (21) for the south coast, 354 

Douarnenez (15), and in the shelter of Ouessant Island (7) for the west coast (Figure 6_D and 355 

Table 3). On the contrary, high values of DoCenv, greater than 10 m depth, are registered 356 

around the Glénan archipelago (20), north of Audierne Bay (17), south of the Molène 357 

archipelago (9), towards Portsall (6), and around Batz Island (3). Along the northern coast 358 

(excluding Batz Island), the DoCenv gradually decreases from west to east, from 12 m to 6 m. 359 

 360 

The DoCmotion is much higher, and has a much greater variability than the DoCenv, ranging 361 

from 9.5 m to 65 m (Figure 6_D and Table 3). The western coastline shows particularly 362 

strong fluctuations in DoCmotion, with values ranging from 9.5 m to 65 m (i.e. the whole range 363 

of western Brittany). However, the relative evolution of the DoCmotion along the coasts of 364 

western Brittany is similar to that of the DoCenv, with minimum values in the bays of 365 

Concarneau (21), Douarnenez (15), and in the shelter of Ouessant Island (7), and high values 366 

around the Glénan archipelago (20), north of Audierne Bay (17), south of the Molène 367 

archipelago (9), towards Portsall (6) and around Batz Island (3). Along the northern coast 368 

(excluding Batz Island), the DoCmotion also shows a progressive decrease from west to east, 369 

from 30 m to 25 m. DoCmotion variability is partly related to the changes in sediment grain 370 

size, to which it is sensitive, and which induces discontinuities, unavoidable with the 371 

methodology followed for this study. The high DoCmotion values in Concarneau Bay and at the 372 

southern limit of Douarnenez Bay seem to be related to a small grain size (0.05 mm). 373 
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 374 

4.2. Contributions of waves and tide to combined bed shear stress  375 

Extreme wave heights (He) exceeded for 12 hours during February 2014 (Figure 6-A) were 376 

high offshore (between 9 m and 12 m) and gradually decreased to generally no less than 4 m 377 

near to the coast (< -20 m depth) and in well-sheltered bays (9, 15 and 21). Moderated wave 378 

height (Hq10) varies from 4 m to 7 m offshore and gradually decreases to generally less than 379 

1.5 m at the coast (< -20 m/-30 m depth) (Figure 7-B). More specifically, Hq10 are 1.5 time 380 

lower than He in the south and west and twice as low in the north (Figure 6 and 7). Compared 381 

to the mean significant wave (Hs), the Hq10 values are 0.5, 0.6, and 0.8 sizes higher in the 382 

south, west, and north, respectively (Figure 6 and 7). Tidal-induced bottom current velocities 383 

(U-tide) reach 3.43 m/s in the straits, such as around the islands of Ouessant (7) and Batz (3), 384 

and in the Four (10), Fromveur (8) and Raz de Sein (16) channels (Figure 7-C). In general, the 385 

offshore friction velocities increase from south to north, from 0.16 m/s to 1.5 m/s, in line with 386 

the increase in tidal range. Approaching the coast (around 0 to -20 m), friction velocities 387 

remain below 0.5 m/s over the entire part of western Brittany and below 0.15 m/s in the Bays 388 

of Concarneau (21) and Douarnenez (15). 389 

 390 

The mean extreme wave bed shear stress (τwaveHe) is 11.1 N/m² with higher values > 30 N/m² 391 

around capes, islands, and near the coastline, particularly close to the rocky outcrops that 392 

extend offshore (beyond -50 m) (Figure 8-A). Otherwise, τwaveHe logically decrease in the 393 

most sheltered areas, with minimum values < 3 N/m² in the Bay of Brest (13) as well as in the 394 

Douarnenez (15) and Concarneau (21) bays. 395 

The tidal bed shear stress (τtide) is lower by a factor of 35 than extreme wave bed shear stress 396 

with a mean value of 0.4 N/m² (Figure 8-B). The maximum τtide reach 13 N/m² in straits (16, 397 

10 and13) and around islands (3, 7 and 8). They correlatively increase relative to the tidal 398 
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currents with values lower than 0.5 N/m² in the south, from 0.5 N/m² to 1 N/m² in the west, 399 

and up to 7 N/m² in the north. 400 

The combined bed shear stress during extreme waves (τcombHe), is high over the entire shelf, 401 

with a median value of 7.6 N/m² (Figure 8-C). The difference with τwaveHe is more pronounced 402 

in the north, with values higher by + 0.5 N/m² to + 5 N/m², while in the west and south, values 403 

are higher by + 0 N/m² to + 0.5 N/m². Specifically, combined bed shear stress (τcombHe) tends 404 

to be significantly higher than the stresses induced by the waves alone (τwaveHe) in the tidal 405 

channels or straits (+5 N/m² to +10 N/m²). Extreme level combined bed shear stresses, greater 406 

than 30 N/m², presents a qualitative correlation with sediment distribution (Figure 8-C). 407 

In comparison, the combined bed shear stress obtained from Hq10 (τwaveHq10) are lower than 408 

τcombHe with maximum value of 39 N/m² (Figure 8-D) and mean value of 3.45 N/m². 409 

Therefore, τwaveHq10 is 10 times greater than τtide nevertheless 2.8 times smaller than τcombHe. 410 

 411 

4.3. Threshold of motion (DoT) 412 

In the first part of this section, the results for the areas of sediment mobility (no motion, 413 

transport and deposition and transport without deposition) are shown for bed shear stress 414 

induced by wave during extreme and moderated conditions (He and Hq10) and by tide 415 

separately, and for sandy particles (0.5 mm). In the second part, the results for the areas of 416 

sediment mobility are shown for combined bed shear stress during extreme and moderated 417 

wave conditions, for three grain sizes (0.05, 0.5 and 2 mm). Separating each type of sediment 418 

to obtain a representation over the whole area (not constrained by the type of sediment) makes 419 

it possible to observe the fate of sediments without presupposing the location of sources, also 420 

to identify the areas of transport without deposition. 421 

Under the influence of only the extreme waves (He), the ATDWHe (Figure 9-A) shows that 422 

sandy particles (0.5 mm) can be transported and deposited over the entire study area, except 423 
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on rocky outcrops where the particles are only transported without being deposited. The sand 424 

particles are not set in motion only in the Bay of Brest (13). Furthermore, under the 425 

moderated wave conditions (Hq10) (Figure 9-B), the sandy particles (0.5 mm) are not be 426 

transported over the entire study area, particulary in bays (13 and 15), in part of the southern 427 

area as well as offshore, to the west (beyond the -30 m), and to the north. In addition, the area 428 

of transport without deposition on the rocky outcrops is reduced in favour of the ATDWHq10. 429 

Under the influence of only tide, ATDT (Figure 9-C) shows that, sandy particles (0.5 mm) can 430 

be only transported and deposited on the western (beyond -50 m) and northern (beyond -431 

20 m) part of the area, and in the tidal channels or straits (10, 13 and 16). 432 

Under extreme combined bed shear stress, all fine particles (0.05 mm) of EMODnet map can 433 

be transported (Figure 10_A). However, these fine particles cannot be deposited under current 434 

(modelled) conditions in some of the patches where they occur (Figure 10-A - green colour), 435 

particularly those off Molène Archipelago (10). In this case, combined tide and wave friction 436 

velocities are too high to allow the deposition of fine sediments. The same is applicable to 437 

medium sediments (0.5 mm) of EMODnet seabed substrate map, which can be transported 438 

and deposited almost anywhere, except in a few areas where deposition is not possible (Figure 439 

10-B). Coarse particles (2 mm) can be transported and deposited over most of the studied area 440 

except in the Bay of Brest (13) (Figure 10-C).  441 

If the entire study area is considered, without taking into account the presence or absence of 442 

sediments, fine and medium particles can be transported over the platform, while coarse 443 

sediments cannot be transported in sheltered areas and to the south (Figure 10-D-E-F). In 444 

addition, the areas of transport without deposition mainly correspond to the rocky outcrops of 445 

the inner shelf platform for medium and coarse sands. 446 

 447 



19 
 

Under moderate conditions (Hq10), the areas of possible deposition of fine particles 448 

(0.05 mm) are more extensive than during extreme wave conditions (Figure 11_A), for 449 

instance off Molène Archipelago (10). For medium sand particles (0.5 mm), the areas of 450 

transport and deposition are more extensive under moderate condition (Figure 11_E) and an 451 

area where sediment mobility is no longer sustainable appears in the bay of Brest (13). With 452 

the decrease in bed shear stress, coarse particles that were transported and deposited in 453 

agitated periods cannot be in motion.   454 

As in extreme wave condition, if the entire study area is considered, without taking into 455 

account the presence or absence of sediments, the particles can be transport over the platform 456 

and around the headlands, the islands and across rocky outcrops (Figure 11_D,E,F). This 457 

indicates that exchanges between sediment patches, including bypass around headlands, are 458 

possible if the patches are not too distant. 459 

 460 

4.4. Comparison between DoT and DoCs for headland bypassing 461 

In addition, to further enhance the assessment of potential sediment mobility at the scale of 462 

littoral drift, it is necessary to move from a regional to a local scale. By focusing on an 463 

embayment or cape (Figure 12), it is notably easier to compare the different depth of closures 464 

(DoTs and DoCs). This approach was carried out for four representatives of the rocky 465 

promontories and headlands encountered in western Brittany. The DoCenv is positioned 466 

between -6 m and -13 m depth, at the level of the first or second slope break, and could be 467 

equivalent to the internal DoTupb for certain coastal configurations, such as Goulven (4), 468 

Guisseny (5), and Sein (16). To the north, in the cases of Goulven (4) and Guisseny (5), the 469 

DoCmotion, located in the middle of the rocky outcrops at a depth of 25 m (Goulven) and 34 m 470 

(Guisseny), is shallower than the DoT, which extends to depths greater than 60 m, beyond this 471 

rocky outcrop. To the west, at the Penmarc'h cape (18) and at the Raz de Sein (16), the 472 
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DoCmotion is located at 53 m and 27 m, respectively, while the transport and deposition area 473 

extends well beyond the rocky outcrops, beyond 70 m (Penmarc'h) and 45 m deep (Raz de 474 

Sein). Thus the determination of the ATD for these two areas, calculated following the DoT 475 

approach, reveals that sediment transport, which is supposed to be blocked by rocky 476 

headlands according to the DoCmotion approach, would in fact be possible during extreme 477 

conditions. Thus, the DoCmotion shows a limitation of bypass effects and transport and 478 

deposition possibilities on the rocky outcrops and beyond. As previously stated, in extreme 479 

conditions the DoT method indicates that there is no deposition of sediment in the upper 480 

shoreface for some beaches, as in the north of the Raz de Sein and near Penmarc’h Cape. This 481 

raises questions about the capacity of the beaches to accumulate sediment 482 

5. Discussion 483 

5.1. DoC-envelope (significant changes) and DoC-motion (fair weather wave base)  484 

The results show a spatial distribution of the DoCenv, which closely follows the configuration 485 

of the coastline (north, west and south): lower values correspond to the inner bays and higher 486 

values to headlands. In accordance with its calculation method (eq. 1), the variations in the 487 

DoCenv are directly linked to the sheltered or exposed nature of the point where the wave 488 

parameters (He) are measured. The DoCmotion also follow the wave height characteristics. 489 

Thus, the greater the wave height, the deeper the DoCmotion, except for certain isolated points, 490 

particularly on the western side. Overall, the DoCmotion is 3.6 times higher than the DoCenv. 491 

Specifically, the difference is greater (5 to 6 times) around headlands and islands exposed to 492 

waves. It clearly shows the potential remobilisation of sediments and the capacity of 493 

bypassing the headlands in the example of western Brittany, representative of a dispersive 494 

platform with reefs.  495 

The DoCmotion values show a significant standard deviation of 11.8 m, revealing heterogeneity 496 

along the western coastline. These fluctuations in DoCmotion are linked to both spatial 497 
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variability of the wave conditions and the grain size without the apparent possibility of 498 

discriminating them, probably because they are two interdependent variables. Indeed, 499 

grainsize is driven, in part by wave and hydrodynamic conditions. Nevertheless, the control of 500 

grain size appears clearly in certain bays (Concarneau and Douarnenez) where, considering a 501 

constant low value of wave height, the depth of closure is doubled or even tripled according to 502 

the transition of a sandy grain size (0.5 mm) to a muddy grain size (0.05 mm). The same 503 

sensitivity can be observed on the north coast, around the island of Batz, where the change 504 

from coarse sand (2 mm) to medium sand (0.5 mm) twice the DoCmotion, for instance from 24 505 

to 46 meter depth for nodes 51194 and 51274 as well as from 29 to 58 meter depth for nodes 506 

53075 and 52258. The calculation of the outer limit of the shoreface is therefore very 507 

sensitive to grain size, which indeed strongly influences sand mobility. In order to better 508 

observe the sensitivity of the DoCmotion to grain size, it might be interesting to repeat the 509 

calculation with other grain sizes for the entire study area. For muddy sediments, a better 510 

consideration of the effect of cohesion on sediment mobility will mitigate the increased effect 511 

of the DoC. Although changes in sedimentary cover (grain sizes) can sometimes be very 512 

marked in results, more gradual changes should be expected in reality. The methodology 513 

followed, which is linked to the sedimentological data available, where the grain size is 514 

accounted for with discretization by classes, does not allow this gradual nature to be taken 515 

into account. Having input data that more accurately represents gradual changes in sediment 516 

cover would help to mitigate spatial discontinuities in the assessment of DoC. 517 

 518 

In order to take in account the macrotidal context, the DoC calculations were computed for 519 

the MLLW (Mean Lower Low Water). However, whatever the tidal regime, the DoC data 520 

obtained in this study are consistent with those obtained on continental shelves exposed to 521 

extreme waves (Table 4). In fact, the higher the He, the higher the DoCenv. However, this is 522 
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not observed in Hamon-Kerivel et al., 2022 (Dingle Bay and Portstewart), which show an 523 

equivalent or even higher DoCenv for smaller He.  This may be explained by the fact that the 524 

associated He for the Dingle Bay and Portstewart sites are higher than in our study. In 525 

addition, the previous study of Menier et al. (2019) on the relatively sheltered coast of south 526 

Brittany (mean significant wave < 2.5 m), shows a minimum DoCenv of 7 m and a maximum 527 

DoCmotion of 20 m. The values of DoCenv data are quite consistent at a yearly scale between 528 

west and south Brittany. In contrast, the mean DoCmotion values representative of sediment 529 

mobility on a decadal, or even centennial, scale are about 10 m deeper in west Brittany for 530 

medium sands (0.5 mm). The results suggest that extreme waves induce relatively 531 

homogeneous DoCenv at seasonal and annual time scales when considering the regions of west 532 

and south Brittany. In contrast, DoCmotion vary more significantly at a decadal time scale in 533 

response to the exposure to dominant wave and grain size variability. 534 

 535 

5.2. Consideration of conditions of sediment transport and deposition across a 536 

macrotidal platform by the DoT calculation 537 

The results on DoTmotion, confirme that sediment transfer can bypass rocky 538 

promontories/rocky reefs during extreme and moderate wave conditions as has already been 539 

highlighted in many recent publications (Valiente et al., 2019; Klein et al., 2020; Silva et al., 540 

2021; King et al., 2021; McCarroll et al., 2018 and 2021). More locally, this study also 541 

confirms prior work of Chauris (1987) and Jabbar (2016), which suggests respectively that 542 

deep transits could occur in north and between the western and southern parts of western 543 

Brittany. In accordance with Valiente et al. (2019), the deposition and transport area obtained 544 

with the DoT approach at a regional scale shows that during extreme hydrodynamic 545 

conditions, sediments composed of medium to coarse sands are susceptible to be transported 546 

and deposited over a great distance from the coastline, up to 25 km to 40 km offshore 547 
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(maximum of the targeted study area), i.e. at depths > 100 m, much further offshore than the 548 

DoCmotion. This pushes the theoretical extension of the lower shoreface far offshore, as 549 

confirmed by the study conducted in SW England, where the depths of sediment motion are 550 

exceeded across the entire domain. These results are also consistent with Mengual et al. 551 

(2019), who showed that sandy sedimentary fluxes are possible all across the southern part of 552 

the inner continental shelf of western Brittany up to depths greater than 130 m, particularly in 553 

autumn and winter. These results raise questions about the relevance of DoTmotion, located far 554 

offshore, as an external marker of the extension of the coastal domain in the present case of a 555 

highly dispersive macrotidal platform. It appears that DoTmotion rather corresponds to the 556 

lower limit of the upper offshore domain (offshore transition), limited at the top by the action 557 

of fair weather waves and at the base by the action of extreme waves (Reading, 1996). It is 558 

therefore more appropriate to consider DoCenv alone as representative of the extension of the 559 

coastal domain (i.e the shoreface).  560 

This study that compared DoT method under extreme and moderated waves conditions allows 561 

examining tidal contribution. In fact, the change in sediment mobility from wave alone to 562 

combined bed shear stress is very different under extreme or moderated conditions (Figure 10 563 

and 11). That means, under moderate wave conditions, the changes in sediment mobility are 564 

greater when comparing combined bed shear stresses with those due to waves only, 565 

specifically in areas of largest tidal stress, i.e. offshore and in tidal channels. Thus, when 566 

assessing the depth of closure with the DoT method, considering extreme wave conditions 567 

will tend to mask the effect of tidal stresses. Moreover, due to the monthly recurrence of 568 

spring tides, it is relevant to consider the effect of tidal stresses on sediment remobilization. 569 

This is why, in the context of a macrotidal platform, it is preferable to calculate the DoT in 570 

moderated wave periods (wave height equal to 3 times He or 1.6 times Hs). 571 

 572 
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5.3. Review of compartmentalisation of the inner continental shelf  573 

The different formulations of depths of closure (DoCs and DoTs) allow us to 574 

investigate the behaviour of the distribution of sediment across the 575 

western Brittany shelf (Figure 13). In cases I and IV, the DoTmotion and the DoTupb 576 

limits, are both located at the same place, i.e. halfway along the rocky basement outcrop. This 577 

configuration is valid for medium sands in moderated periods (Hq10 period) and for coarse 578 

sands during extreme periods (He). In case II, the DoTupb is deeper than the DoCmotion and 579 

matches with the offshore limits of rocky outcrops to the north and south. This configuration 580 

is valid for medium sands in extreme periods. In case III, the DoTmotion matches 581 

approximately with the offshore rock basement boundary at about -50 m. This configuration 582 

corresponds to coarse sands in moderated periods, and the decrease in bed shear stress makes 583 

the DoTupb disappear. However, in less turbulent periods, the remobilized coarse sands can be 584 

redeposited on the platform. Thus, previous results suggest that changes of roughness and 585 

bathymetry corresponding to the transition between rocky and sediments outcrops will 586 

therefore have an impact on the location of the different boundaries of sediment behaviour 587 

areas in addition to the combined effects of hydrodynamic conditions and the grain size. This 588 

result confirms the implication of seabed morphology on sediment mobility in the shoreface 589 

compartment, as shown by recent work by Hamon-Kerivel (2022).  590 

 591 

This study has allowed to refine the depth of transport limits previously established (Valiente 592 

et al., 2019 and Hamon-Kerivel et al., 2020) according to the compartmentalisation of the 593 

inner continental shelf previously established by Reading (1996) and Cowell et al. (1999) 594 

(Figure 14). In fact, the important contribution of this work compared with previous studies, is 595 

the distinction between DoTupb, which corresponds to the transition to the upper plane bed, 596 

and DoT motion, which corresponds to the start of particle entrainment.   597 
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-The DoCenv, i.e. the outer limit of significant movement considered as the envelope of the 598 

beach profile, and calculated from the formulation of Hallermeier (1978), is positioned 599 

between the upper and lower shoreface. It corresponds to the proximal extreme wave base 600 

(Hallermeier, 1978) and shows variations on seasonal to annual scales. 601 

-The internal DoTupb can be equivalent to the DoCenv and corresponds to the end of the 602 

envelope, where sediment deposition is no longer possible under energetic conditions. 603 

-The DoCmotion boundary of the sedimentary movements, determined from the fair weather 604 

waves (Hallermeier, 1981) corresponds to the boundary between the lower shoreface and the 605 

transition-offshore zone, and shows decadal-scale changes. 606 

-The DoTupb can be equivalent to the DoCmotion, depending on the wave climate and the size of 607 

the grains considered, as already noted by Valiente et al. (2019). 608 

-The DoTmotion boundary, determined from the maximum shear stresses under extreme 609 

conditions, corresponds to the boundary between the transition-offshore zone and the 610 

offshore. It corresponds to the distal extreme wave base and displays changes related to 611 

centennial storm events. 612 

6. Conclusion 613 

This study presents a comparison of the depth of closure calculated from wave parameters 614 

(height and period) and wave and tide bed shear stress for both extreme and moderated wave 615 

conditions on the western Brittany macrotidal continental shelf. 616 

This study confirms that the DoT approach shows that sediment transfer can occur between 617 

two littoral cells separated by a rocky outcrop or headland, deeper than 50 m. Compared to 618 

the depth of closure (DoCmotion) approach, which seems to have more limited applicability 619 

particularly on platforms with low sediment cover and rocky outcrops, the DoT method using 620 

spatialization of the combined bed shear stress offers the advantage of taking into 621 

consideration possible bypass effects between littoral cells in extreme conditions. 622 
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However, the DoTmotion limit, when calculated under extreme hydrodynamic conditions, 623 

extends very far offshore. This limit does not appear to be optimal for establishing the outer 624 

extent of the sedimentary prism, and rather corresponds to the transition-offshore limit and the 625 

distal extreme wave base. The analysis under different wave conditions shows that the 626 

DoTmotion is closer to the coast and that the sediment can be deposited more widely on the 627 

upper shoreface during moderated conditions while in extreme conditions the areas of 628 

transport without deposit are more extensive. Furthermore, it appears that applying the DoT 629 

method with moderated wave conditions allows for a better understanding of the effects of 630 

tidal currents on the remobilisation of sediment over a short time scale.  631 
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 632 

Figure 1 633 

 634 

  635 
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Figure 2 636 
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Figure 3 640 

 641 

 642 
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 645 

Table 1 646 

 647 

Grain size (mm) 0.05 0.5 2 

τcr for θcr = 0.048 
 (DoT motion) 

0.038 0.38 1.5 

τ for θ = 1 
 (DoT upper plane bed) 

0.79 7.9 31.8 

 648 

  649 
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Figure 4 650 

 651 

 652 

 653 

  654 
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Figure 5 655 

 656 

 657 

  658 
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Table 2 659 

D50 

(mm) 

Seabed substrate 

Edmonet 

0.05 Mud to muddy Sand 
0.5 Sand 
2 Coarse substrate 

20 Rock-boulders 
 660 

  661 
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Table 3 662 

 
DoCenv 

(m) 

He 
(m) 

Te 
(s) 

DoCmotion 

(m)  

Hs 
 (m) 

Ts 
(s) 

D50 
 (mm) 

Max 12 6.8 15.4 65 2.5 7.9 0.05 
Min 4 1 6.6 9.5 0.5 3.7 0.5 

Mean 8 3.5 10.8 31 1.3 5.8 - 
 663 

  664 
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Figure 6 665 

 666 

  667 
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Figure 7 668 

 669 

  670 
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Figure 8 671 

 672 

 673 

  674 
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Figure 9 675 

 676 

  677 
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Figure 10 678 

 679 

  680 
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Figure 11 681 

 682 

  683 
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. Figure 12 684 

 685 

  686 
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Table 4 687 

Autors Study area Tide 
Mean wave 

height (m) 

Wave 

period 

(s) 

D50 

(mm) 

DoC-

envelope 

(m) 

DoC-

motion 

(m) 

This study Western Brittany macro 
Hs: 2.1 
He: 5.3 

Ts: 5 
Te: 10 

0.5 7.2 35.3 

Hamon-

Kerivel et al., 

(2022) 

Ireland 

Bellmullet macro He : 5.8 Te: 13.3  15.6  

Portstewart macro He : 2.7 Te: 14.1  7.5  

Dingle Bay macro He : 3.3 Te: 13.4  9.8  

Valiente et al. 

(2019) 

South West 
England 

macro 
Hs: 1.6 
He: 8.8 

Ts: 10 
Te: 18.2 

0.4 
from 18.8 

to 23.3 
from 33.7 

to 50.1 

Menier et al. 

(2019) 
South Brittany meso Hs < 2.5 Ts < 9 0.5 7 20 

De Figueiredo 

et al. (2019) 
Southern Brazil micro 

Hs: 1.07 
He: 3.45 

Ts: 9.8 
Te: 13.8 

0.8 
from 4.7 to 

6.2 

from 
35.7 to 

42.1 
Do et al. 

(2019) 
South Korea micro He: 3.9 Te: 9.6  7.7 - 

Robertson et 

al. (2008) 

South Florida 
Atlantic Coast 

micro 
He : 

from 6 to 9 

Te: 
from 9 
to 10 

 
from 12 to 

16 
- 

Nicholls et al. 

(1998) 

North Carolina -
USA 

micro He: 1 +/- 0.6 
Te: 8.3 
+/- 2.6 

 
from 2.7 to 

7.8 
- 

 688 
  689 
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Figure 13 690 
 691 

 692 

 693 

  694 
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Figure 14 695 

 696 

 697 

  698 
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Data Availability 700 

Wave data provided by data base HOMERE - IFREMER - Laboratoire Comportement des 701 

Structures en Mer and Laboratoire Spatial et Interfaces Air-Mer and can be accessed at 702 

https://doi.org/10.12770/cf47e08d-1455-4254-955e-d66225c9dc90 (HOMERE) ; Newly 703 

accessible from the Resourcecode marine data toolbox (https://resourcecode.ifremer.fr/). Tide 704 

data provided by MARS3D (AGRIF) model simulations, « Modelling and Analysis for 705 

Coastal Research » (MARC) project (https://marc.ifremer.fr), Ifremer, University of Brest, 706 

CNRS, IRD, Laboratoire d’Océanographie Physique et Spatiale (LOPS), IUEM, Brest, 707 

France, and can be accessed at https://doi.org/10.12770/3edee80f-5a3e-42f4-9427-708 

9684073c87f5. The median particle size (D50) data product have been derived from the 709 

EMODnet Geology (Seabed Substrates) data portal (www.emodnet-geology.eu/). Bathymetric 710 

data for profiles provide by SHOM, 2015 ; MNT Bathymétrique de façade Atlantique (Projet 711 

Homonim). http://dx.doi.org/10.17183/MNT_ATL100m_HOMONIM_WGS84". 712 
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 717 

Figure and table caption 718 

Figure 1: Delineation of the shoreface based on the work of Reading (1996), Cowell et al. 719 

(1999) and Nichols (2009), associated with the depth of closure (DoC-motion and envelope) 720 

and transport (DoT-upper plan bed: upb) based on the review of Hamon-Kerivel (2020).  721 

 722 
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Figure 2: Western Brittany study area (France). Wave roses (Hs) represent a 23 year 723 

(1994-2016) record from WAVEWATCH III® model for the three blue dots. Black solid lines 724 

represent mean spring tidal range (cm) from Data Shom (Service Hydrographique et 725 

Océanographique de la Marine). Numbers (1) to (22) correspond to the location of the specific 726 

areas studied. 727 

 728 

Figure 3: Seabed substrate and sediment data from The European Marine Observation and 729 

Data Network (EMODnet, Geology, 2016); 1/ 250 000 scale, using Folk 5 class classification. 730 

Isobaths -30 m, -50 m and -100 m are indicated with black lines. The numbers correspond to 731 

the name of the areas detailed in the text; see Figure 2 for location. 732 

 733 

Table 1: Threshold bed shear stress for different grain sizes and for the two values of Shields 734 

mobility numbers indicating transport initiation and transition to the upper plane bed. 735 

 736 

Figure 4: Flow diagram of the methodology for the calculation of the Depths of Closure 737 

(DoCenv and DoCmotion) and Depth of Transport (DoTmotion and DoTupb - upper plane bed) from 738 

hydrodynamic and sedimentary databases. LST (Large Spring Tide) and LWS (Low water 739 

spring). τwave (τw) and τtide(τt) correspond respectively to wave and tide bed shear shear. 740 

τmean (τm) and τcomb correspond respectively to mean and combined bed shear.  741 

 742 

Figure 5: Left panel: map of the HOMERE nodes extent for wave parameters (black and grey 743 

dots) and MARS3D grid extent for tide parameters. White dots indicate nodes selected for 744 

DoCs (DoCenv and DoCmotion) formulations and grey dots indicate the selected nodes for DoT 745 

formulation. Right panel: Identification numbers of the HOMERE nodes (WAVEWATCH 746 

III® model) for DoCs (DoCenv and DoCmotion) calculations.  747 



47 
 

 748 

Table 2: EMODnet Seabed substrate and associated grain size (D50) used in this study. 749 

 750 

Table 3: Maximum, minimum, and mean values of DoCenv and DoCmotion with associated 751 

wave parameters and grain sizes.  752 

 753 

Figure 6: Depth of closure envelope and motion for 68 nodes along the western Brittany coast 754 

(D) with associated wave heights and periods, and grain sizes (D50) (A, B, C). Blues lines 755 

indicate the DoCmotion results and associated parameters Hs, Ts, and D50. Black lines indicate 756 

the DoCenv results and associated parameters He and Te. Dotted black and blue lines represent 757 

wave heights and periods year by year from 1994 to 2016 (graphs A and B). Bold black and 758 

blue lines represent mean of wave heights and periods from 1994 to 2016 (graphs A and B). 759 

The red line represents Hq10. See Figure 5 for location of nodes.  760 

 761 

Figure 7: Wave heights and directions (arrows) during: A) extreme conditions He (wave 762 

heights exceeded for 12 hours for February 2014); B) moderate conditions Hq10 (10th 763 

percentile of He). Friction velocity (m/s) and direction of maximum tidal currents near the 764 

bottom (C). Data from WAVEWATCH III® model (HOMERE dabatase) and MARS3D 765 

models, respectively. White dots indicate nodes for wave parameter taken into account for the 766 

DoCs calculations, see Figure 6. The numbers correspond to the name of the specific area 767 

studied; see Figure 2 for location. Thin black lines are isobaths -20 m, -50 m, -100 m. Grey 768 

dotted lines represent the north/west/south limits. 769 

 770 

Figure 8: Western Brittany bed shear stress due to extreme waves (A), tide (B), combined bed 771 

shear stress during extreme wave conditions He (C), and combined bed shear stress during 772 
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moderated wave conditions Hq10 (D). Grey dotted lines represent the north/west/south limits. 773 

The numbers correspond to the name of the specific area studied; see Figure 2 for location.  774 

 775 

Figure 9: Threshold of motion (from DoT formulation) for: A) extreme wave alone (He); B) 776 

moderated wave alone (Hq10) and C) tide alone, for a grain size of 0.5 mm. Thin black lines 777 

are isobaths -20 m, - 50 m, -100 m. The numbers correspond to the name of the specific area 778 

studied; see Figure 2 for location. Grey dotted lines represent the north/west/south limits. 779 

 780 

Figure 10: Threshold of motion in the case of extreme waves conditions (He) constrained by 781 

EMODnet particle size class (Left panels, A-mud ; B-sand ; C-coarse sand) and threshold of 782 

motion for potential sediment transport of a single size class over the entire area (Right 783 

panels, D-mud ; E-sand ; F-coarse sand). Thin black lines are isobaths -20 m, - 50 m, -100 m. 784 

The numbers correspond to the name of the specific area studied; see Figure 2 for location. 785 

 786 

Figure 11: Threshold of motion in the case of moderate wave conditions (Hq10) constrained 787 

by EMODnet particle size class (Left panels, A-mud ; B-sand ; C-coarse sand) and threshold 788 

of motion for potential sediment transport of a single size class over the entire area (Right 789 

panels, D-mud ; E-sand ; F-coarse sand). Thin black lines are isobaths -20 m, - 50 m, -100 m. 790 

The numbers correspond to the name of the specific area studied; see Figure 2 for location.  791 

 792 

Figure 12: Zooms on potential ATD obtained following the DoT approach during extreme 793 

conditions (He) (D50 = 2mm) for Goulven (4), Guisseny (5), Sein (16), and Penmarc’h (18) 794 

areas (localisation in left panels). Profiles represent the morphology (left axis, black lines) of 795 

the seabed (SHOM, 2015, 100m) with DoC limits (red and blue lines represent the DoCmotion 796 
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and the DoCenv respectively) and ATDc (purple line) as well as the combined bed shear stress 797 

(Right axis). Black cross symbols represent the rocky areas from EMODnet data.  798 

 799 

Table 4: DoCenv and DoCmotion (Hallermeier 1978 and 1981) and input parameters (height and 800 

period of wave and grain size) for several studies of the macro to micro tidal environment.  801 

 802 

Figure 13: Scenario from I to IV of the sediment mobility sequence in accordance with grain 803 

sizes (0.5 mm and 2 mm), depth of closure motion (DoCmotion) and rocky area from 804 

EMODnet, during the moderated period (I and III) and the extreme period (II and IV). 805 

 806 

Figure 14: Definition of the shoreface (modified after Reading, 1996 and Cowell et al., 1999) 807 

associated with the depths of closure DoC (Hallermeier, 1978 and 1981) and DoTupb (Valiente 808 

et al., 2019). Dashed black lines represent the spatial variability of DoCmotion and transport 809 

without deposit area. The brown line represents the seabed and the grey envelope represents 810 

the significant changes in beach profile. MLTL (Mean Low Tide Level) and upb (upper plan 811 

bed). 812 

 813 
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