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1. Introduction

In a context of global climate change, local sea level rise could affect the different coastal
processes as erosion, transport and deposition which are responsible in maintaining the
coastline. The study of sediment transport processes is one of the key for a better under‐
standing of the coastal evolution which is needed for effective design of coastal engineering
or to protect anthropogenic activities and population from marine submersion. One of the
main processes that control coastal evolution is sediment transport. A number of studies
have been focused on this topic, but they were mostly restricted to micro- to mesotidal
beaches [1-3] and field investigations on sandy macrotidal beaches appear to be more limit‐
ed, notably because these environments are less common along the worldwide coastline [4].

Only a few studies have been conducted for quantifying sediment flux on macrotidal beach‐
es [5, 6] where sediment transport results from the complex interactions of tidal currents
with longshore currents generated by obliquely incident breaking waves, this complexity
being further increased by the large variations in water level that induce significant horizon‐
tal translations of the surf zone. Although a number of studies were recently conducted on
the morphodynamics of the barred macrotidal beaches of Northern France [7-12], relatively
little effort has been dedicated to measuring longshore sediment transport on these beaches,
even though it is largely recognized that they are affected by significant longshore transport
that plays a major role in the morphodynamics of the intertidal zone [10, 13]. Apart from
some attempts to make estimates of longshore sediment transport from fluorescent tracers
[10, 14-16] and to infer transport directions using grain-size trend analysis techniques [17,
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18] no studies were conducted up to now for trying to quantify accurately longshore sand
transport on these sandy macrotidal beaches.

Very recent field experiments conducted on macrotidal beaches of Northern France showed
that, at a very short time scale (minutes), cross shore sediment flux is generally higher than
longshore flux, suggesting that shore-perpendicular sediment transport associated with
wave oscillatory currents probably represents a major factor controlling the cross-shore mi‐
gration of intertidal bars [19]. Further analysis highlighted the strong dependence of long‐
shore sediment transport (LST) on instantaneous hydrodynamic conditions that are
extremely variable from one hydrodynamic zone to the other, notably between the non-
breaking zone of wave shoaling and the surf zone [20]. Although such field experiments can
provide very useful results that contribute to a better understanding of beach morphody‐
namic and sediment transport dynamics, in situ experiments are hard to undertake due to a
series of technical and environmental factors. During the last decades, numerical modeling
of coastal sediment transport and morphodynamics has grown substantially and is now
largely used by the coastal scientific community. As a first step, models have to be calibrated
in order to correspond as close as possible to natural phenomenae. Thus, a major focus of
nearshore research is to relate (measured and predicted) sediment transport rates to mor‐
phological change, with the aim of improving our understanding and modeling capabilities
of beach morphodynamics.

This study is based on previous field investigations conducted on sandy barred macrotidal
beaches of northern France by Cartier and Héquette [19-22] during which longshore sedi‐
ment fluxes were estimated using streamer traps, following the method proposed by Kraus
[23]. Longshore sediment transport rates were compared with several sediment transport
formulae integrated in a numerical model. This numerical model is characterized by a cou‐
pling of three codes consisting in enchained Artemis for swells, Telemac2d for the currents
and Sisyphe for the morphodynamic evolution [24]. The aim of this contribution is to
present the results of the field measurements carried out on these multi-barred sandy beach‐
es and to discuss the abilities of numerical models to predict longshore sediment transport
on these macrotidal environments.

2. Study area

This study has been conducted on three sandy barred beaches of Northern France from No‐
vember 2008 to March 2010. The first field experiment site (Zuydcoote, ZY) is located near
the Belgian border, facing the North Sea; the second site (Wissant Bay, WI) is on the shore of
the Dover Strait, while the third study site (Hardelot, HA) is located on the eastern English
Channel coast (Figure 1).
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Figure 1. Location of the three study sites along the coast of Northern France: A) Zuydcoote; B) Wissant Bay; C) Harde‐
lot Beach.

The study sites consist of 300 to 800 m wide dissipative beaches characterized by extensive
intertidal bar-trough systems (Figure 2). The coasts of Northern France are exposed to rela‐
tively low-energy waves that are refracted by numerous offshore sand banks. Dominant
wave directions are from southwest to west, originating from the English Channel followed
by waves from the northeast to north, generated in the North Sea. Offshore modal signifi‐
cant wave heights are similar for all the study sites and are less than 1.5 m, but may exceed 4
m during storms [25, 26]. The presence of several sand banks on the shoreface and the inner
shelf and the gentle beach slopes that characterize the coasts of Northern France are respon‐
sible for strong wave energy dissipation, resulting in modal significant wave heights lower
than 0.6 m in the intertidal zone [11, 25]. Wave heights can nevertheless reach 2 m on the
foreshore during extreme events [27]. During such high wave energy conditions, substantial
volumes of sediment can be transported on these beaches as revealed by the formation and
migration of large megaripples across the intertidal zone [10].
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Figure 2. Shore perpendicular beach profiles, panoramic and aerial vertical photographs (©Orthophoto, 2005) of
each study site (See Figure 1 for location).

The study sites are affected by semi-diurnal tides with mean spring tide ranging from about
6 m at Zuydcoote to almost 10 m at Hardelot (Figure 3). This high tidal range is responsi‐
ble for relatively strong tidal currents that flow almost parallel to the shoreline in the coast‐
al zone, at Wissant and Zuydcoote, the ebb is directed westward and the flood is flowing
eastward, while at Hardelot Beach, the ebb and flood are directed southward and north‐
ward respectively. The reversing of tidal currents does not occur at high or low tide, but
typically after a delay of two to three hours. Current measurements conducted in previous
studies revealed that the speeds of flood currents exceed those of the ebb, resulting in a
flood-dominated asymmetry responsible for a net regional sediment transport to the east-
northeast [9, 28].
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Figure 3. General characteristics of each field site. A) Water level variations for mean spring tide. B) Summary of hy‐
drodynamic and morphodynamic characteristics at each field sites (see Figure 1 for location)

3. Field measurements

3.1. Field methodology

In order to determine the ability of numerical models to predict sediment transport and
morphodynamics over sandy beds, several field measurements of sediment transport have
been carried out on three different sandy macrotidal beaches.  Although sediment fluxes
can be estimated using acoustic or optical backscatter instruments, this study was based
on direct sediment transport measurements using sediment traps rather than these techni‐
ques.  Previous studies  highlighted that  acoustic  or  optical  backscatter  sensors  can often
be problematic in the coastal zone due to bubbling in the breaker and surf zones [29] and/
or to the presence of organic matter in the water column and to grain size variability [30].
Thus, streamer traps appeared to be the most adapted and the most accurate method to
measure longshore sediment transport  in the shoaling,  breaking and surf  zone on these
macrotidal beaches.
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Figure 4. Field methodology. A) In situ measurements of longshore sediment transport during low to moderate wave
energy conditions. B) Schematic representation of streamer trap used during the experiments. C) Locations of sedi‐
ment trap deployment along a shore-perpendicular transect. D) Hydrographic instruments used during the field ex‐
periments. E) Shore-perpendicular profile showing the location of the hydrographic instruments. Codes refer to beach
morphology where UB and LB are upper and lower beach respectively; B and T correspond to bars and troughs. Eleva‐
tions are relative to the French topographic datum (IGN69).

Longshore sediment fluxes were estimated using streamer traps, following the method pro‐
posed by Kraus [23]. The sediment traps consisted of a vertical array of five individual
streamer traps with 63 µm mesh size sieve cloth that collects sand-size particles at different
elevations above the bed. First streamer trap (F5) is located 0.05 m above the bed and the last
one (F1) is at approximately 0.90 m (Figure 4, B). Measurements of LST with the sediment
traps were undertaken during 10 minutes.

Calculations of the sediment flux from sand traps were carried out according to the proce‐
dure of Rosati and Kraus [31]. The sediment flux Q(f), in kg.s-1.m-2, at a streamer trap (f) is
equivalent to:

Q( f )=
S ( f )

w * h * t

Where S(f) is the dry weight of sediment collected in the streamer (f), h is the height of the
streamer opening (0.07 m), w is the streamer width (0.14 m), and t is the sampling period (≈
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10 minutes). The sediment flux between neighboring streamers QE(f) corresponds to the lin‐
ear interpolation between two adjacent traps:
QE ( f )=0, 5 * (F ( f ) + F ( f + 1))

The depth integrated flux (Q) in kg.s-1.m-1 is:

Q =h *∑
i=1

N
Q( f ) +∑

i=1

N
a( f ) * QE ( f )

Where h is the height of the streamer opening in meters, Q(f) is the sediment flux at a
streamer f, a(f) is the distance between neighboring streamers, QE(f) is the sediment flux be‐
tween neighboring streamers and N is the total number of streamers (N = 5).

Measurements of LST were carried out at several locations across the intertidal zone during
rising and falling tides in order to obtain estimates of longshore sediment flux from the low‐
er to the upper beach during flood and ebb (Figure 4, C).Although the sediment traps were
usually deployed in similar water depths, ranging from 0.8 to 1.4 m, sediment transport
measurements took place in various hydrodynamic zones including shoaling, breaker and
surf zones, depending on wave activity during sampling. For safety reasons, sand transport
measurements were conducted only under low to moderate wave energy conditions (Hs

max ≈ 0.7 m).

Two field experiments were conducted on each study site: Zuydcoote in November 2008
(ZY08) and December 2009 (ZY09), Wissant in March 2009 (WI09) and March-April 2010,
(WI10), and Hardelot in June 2009 (HA09) and January-February 2010 (HA10), resulting in
the collection of 172 depth-integrated sediment flux measurements.

Coastal hydrodynamics were measured at different locations across the bar-trough mor‐
phology along cross shore transects using various hydrographic instrument (Figure 4, D).
Waves and currents were measured using three different hydrographic instruments: an
Acoustic Doppler Current Profiler (ADCP), and two electromagnetic wave and current me‐
ters (Midas Valeport©, and InterOcean ADW S4). All instruments operated during 9 mi‐
nutes intervals every 15 minutes at a frequency of 2 Hz, providing almost continuous
records of significant wave height (Hs), wave period and direction, longshore current veloci‐
ty (Vl), and mean current velocity (Vm) and direction. Current velocity was measured at dif‐
ferent elevations above the bed depending on each instrument. The ADW S4 and Valeport
current meters recorded current velocity at 0.4 m and 0.2 m above seabed respectively, while
the ADCP measured current velocity at intervals of 0.2 m through the water column from
0.4 m above the bed to the water surface. Current velocity at 0.2 m above the bed was esti‐
mated using the ADCP data by applying a logarithmic regression curve to the measured ve‐
locities obtained at different elevations in the water column.

Beach morphology plays a major role in the variation of sediment transport rates, especially
on bar-trough topography [9, 10, 13, 32, 33]. Thus, during each field experiment, beach mor‐
phology was surveyed using a very high resolution Differential Global Positioning System
(DGPS) with horizontal and vertical error margins of ± 2 cm and ± 4 cm respectively. A 300
m wide zone of the beach was systematically surveyed on each study site whereas the cross-
shore extent of the surveyed area was variable depending on tidal range.
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3.2. Sediment transport: role of the main physical forcings

3.2.1. Hydrodynamic conditions during the field experiments

The field experiments have been conducted under different conditions of wave energy and
tidal range at each study site. Because sand transport measurements were restricted to mod‐
erate to low wave energy conditions, the range of wave heights recorded during sediment
trapping is relatively constrained. A classification of wave energy conditions during the
field experiments was adopted in which Hs< 0,2 m represents low wave energy conditions,
0,2 ≤ Hs< 0,4 m refers to moderate wave energy conditions and Hs ≥ 0,4 m represents higher
energetic conditions (Figure 5).

Figure 5. Examples of hydrodynamic conditions during some field experiments. A) Time series of significant wave
height (m) and wave direction (°) during WI10 and HA09 experiments. B) Photographs of low and high wave energy
conditions during the experiments.

The lowest wave energy conditions took place during the HA09 experiment.  99% of the
significant wave heights were under 0.4 m and 46% were under 0.2 m for a mean longshore
current velocity of  0.2 m.s-1.  High wave energy conditions occurred during several  field
experiments with a maximum wave height of 2.4 m reached at Wissant in 2010 (WI10) while
longshore current velocity reached 2 m.s-1. Such high energy conditions lasted over only two
tidal cycles however during this field experiment (Figure 5). In comparison, the maximum
significant wave height during the HA10 experiment was 2.1 m, but the duration of high energy
conditions was considerably longer as 80% of the recorded wave heights was higher than 0.4
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m for an average Hs of 0.70 m, which is remarkably high for the relatively low-energy coasts
of Northern France where wave heights are generally lower in the intertidal zone [11, 13].

3.2.2. Longshore sediment transport rates

During the six field experiments, more than 700 sediment samples were collected, which
were used to compute 172 depth-integrated sediment fluxes. Among these, 79 depth-inte‐
grated sediment fluxes were obtained close to a hydrographic instrument, allowing a com‐
parison between LST and hydrodynamic parameters. Throughout the 6 field experiments,
most of the longshore sediment transport rates (> 50%) ranged from 1 x 10-4 kg.s-1.m-1 to 1 x
10-3 kg.s-1.m-1 (Figure 6A). Sediment transport rates show a high variability depending on the
study site and during each field experiment due to variations in hydrodynamic conditions
(Figure 6B). Longshore sediment flux reached values up to 2.1 x 10-1 kg.s-1.m-1 during the
ZY09 experiment, which was the most energetic event during which sediment sampling
took place. Lower rates of sediment transport were measured in the vicinity of current me‐
ters where sediment flux nevertheless reached approximately 1.6 x 10-1 kg.s-1.m-1 for a mean
flow velocity of 0.5 m.s-1. Significantly higher transport rates were observed during the most
energetic conditions, however, notably during the HA10, ZY09 and WI09 field experiments
(Figure 6B).

Figure 6. Range of LST for (A) all field experiments and (B) each field experiment.

Longshore sediment transport rates measured during this study are in the same order of
magnitude as other studies conducted on microtidal beaches [23, 31, 34-37] as well as on
macrotidal beaches [5] (Figure 7). The fact that ranges of values are similar whatever the ti‐
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dal conditions are, suggests that tidally-induced currents are not the main forcing and do
not act significantly on longshore sediment transport magnitude.

Figure 7. Maximum and minimum values of LST measured using streamer traps on microtidal beaches[35, 38] and
macrotidal beaches [5]. Numbers of samples are located just above the bar charts.

3.2.3. Relationship between longshore sediment transport and hydrodynamics

Comparisons of transport rates with hydrodynamic data showed that longshore sediment
transport increases with both significant wave height and mean current velocity (Figure 8).
Low sediment transport (< 1.0 x 10-4 kg.s-1.m-1) is mainly associated with small wave heights
(< 0.3 m), but only a small increase in wave height appears to induce significantly larger
sediment transport. However, high sediment transport values can also be associated with
low wave conditions, such as during the WI09 experiment when a sediment transport rate of
2.4 x 10-2 kg.s-1.m-1 was measured with a significant wave height of about 0.2 m for example.
The variability in sediment flux values obtained during conditions of equivalent wave
heights, and the fact that similar transport rates may be associated with different wave
heights, even on the same beach and during the same field experiment (e.g., WI09), suggest
that waves do not represent the only factor controlling sediment transport.

Least-square regression analyses show that longshore sediment flux is better correlated with
current velocity than with wave height as revealed by higher determination coefficients
(Figure 8). Similarly to what was observed with significant wave heights, high sediment
transport rates can also be observed with lower current velocities. Further analysis detailed
in Cartier and Héquette [20] highlighted that variations in LST are better explained by these
two forcing parameters in the surf zone, where currents generated by obliquely incident
breaking waves are acting, than in the shoaling zone.

Longshore sediment transport in the nearshore zone is commonly related to the longshore
wave energy flux (Pl) evaluated at the breaker zone, sand transport being expressed as an
immersed-weight transport rate (Il) and related to Pl [39]. Conversely to what was observed
in other studies [40], however, previous analyses of our data showed no relationship be‐
tween LST and wave breaking angle, which is directly involved in the computation of Pl [19,
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20, 22]. These results may be explained by the influence of tidal currents that interact with
wave-induced longshore currents on these macrotidal beaches

Figure 8. Relationship between LST and significant wave height (Hs), and with mean current velocity (Vm) at 0.2 m (tri‐

angle) and 0.4 m (circles) above the bed using all the samples collected near a current meter during all field experiments.

4. Sediment transport modelling

4.1. Methodology

The methodology used during field experiments did not allow us to compare sand transport
rates with well known formulae such as the CERC formula [41] or the Kamphuis’s formula
[42] for example. These formulations, which are essentially based on a wave energy flux ap‐
proach, provide estimates of total sediment transport rates across the entire surf zone. A
large amount of studies have compared that kind of numerical model with in situ measure‐
ments [29, 43-47], or with laboratory measurements [48-50], and even between several nu‐
merical models in order to understand their behaviour with virtual data [51-53]. However,
our measurements can not be compared with these numerical models because sand trap‐
ping took place at only one location in the surf or shoaling zone while these formulae esti‐
mate the total longshore sediment transport across the surf zone.

There is, nevertheless, a number of sediment transport formulae that can be compared with
localized measurements of sand flux. In the present study, calculations of sediment trans‐
port rates have been realized using a coupling of three codes [54]. The sedimentary evolu‐
tion is modeled under the action of the oblique incident waves and is coupled with different
numerical tools dedicated to the other process involved in the nearshore zone. We can men‐
tion the following modules:

The wave module takes into account the surge energy dissipation (hyperbolic equation of
extended Berkhoff). The Artemis code (Agitation and Refraction with Telemac2d on a Mild
Slope) solves the Berkhoff equation taken from Navier-Stokes equations with some other hy‐
potheses (small wave steepness of the surface wave, small slope...). The main results are, for
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every node of the mesh, the height, the phase and the incidence of the waves. Artemis can
take into account the reflection and the refraction of waves on an obstacle, the bottom fric‐
tion and the breakers. One of the difficulties with Artemis is that a fine mesh must be used
to have good results whereas Telemac2d does not need such a fine mesh.

The hydrodynamic module calculates currents induced by means of the surge of the waves,
from the concept of radiation constraints obtained according to the module of waves. Tele‐
mac2d is designed to simulate the free surface flow of water in coastal areas or in rivers.
This code solves Barré Saint-Venant equations taken from Navier-Stokes equations vertical‐
ly averaged. Then, the main results are, for every node of the mesh, the water depth and the
velocity averaged over the water column. Telemac2d is able to represent the following phys‐
ical phenomena: propagation of long periodic waves, including non-linear effects, wetting
and drying of intertidal zone, bed friction, turbulence…

The sedimentary module integrates the combined actions of the waves and the wave cur‐
rents (2D or 3D) on the transport of sediment [24].

The Sisyphe code solves the bottom evolution equation which expresses the mass conserva‐
tion by directly using a current field result file given by Telemac2d (Figure 9). Several of the
most currently used empirical or semi-empirical formulas are already integrated in Sisyphe.

Figure 9. Diagram of the model ATS (Artemis-Telemac-Sisyphe) used in our simulations, showing the principle of ex‐
ternal coupling to make a loop over one hydro-meteorological event time step (between t1 and t2).

A hydrodynamic simplified model (called Multi1DH) uses the following assumptions: a
random wave approach and a 1DH (cross-shore) direction. An offshore wave model (shoal‐
ing + bottom friction + wave asymmetry) is used with the break point estimation. The waves
in the surf zone are modeled with the classic model of Svendsen (1984) with an undertow
model (roller effect) [55, 56]. The longshore current model is the Longuet-Higgins’s model
[57]. The model is included in the Sysiphe code to calculate the sea bed evolution with sever‐
al sediment transport formulas.
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It is generally accepted that the estimate is acceptable when the flux is between 0.5 and 2
times the in situ measurement [58]. Thus, in the following figures, three lines symbolize the
extent of data that are significant at 0.5 Qsm<Qsc<2 Qsm. The standard error (Srms) was also cal‐
culated using the following equation to characterize the dispersion of data, where the higher
the values, the higher the data are scattered.

Srms =
∑i=1

N Log (QSc) − Log (QSm) ²
N − 2

where Qsc is the flux calculated, Qsm the measured flux and N the number value.

4.2. Results

4.2.1. Potential effects of water depth

Sediment flux measurements were performed in a water depth between approximately 1 m
and 1.5 m, but because of the excursion of the tide, these measurements were made at sever‐
al locations on the foreshore (Figure 4). Calculation of sediment load at the same location on
the field requires a lot of computer manipulations. So initially, the sediment loads are mod‐
elled in the middle of the digital domain. The water level in the middle of the simulated
field rarely matches the exact water level measured during sampling. A test was therefore
carried out to assess the potential effects of water depth on computed sediment flux using
the data measured during the two field experiments at Hardelot beach (2009 and 2010). For
the numerical simulations, bathymetry has been considered as stable during and between
the two field campaigns.

The following graphs show the control of the water level on the accuracy of modeled flux
(Figure 10). The example shows calculations based on the expression of Bijker [59], similar
observations having been observed for the other formulations.

The results show that sediment fluxes tend to be better estimated with decreasing water
depth, which is consistent with the depths at which measurements were made. The correla‐
tions are even better for water depths just below the water level of the in situ measurement
(<1 m). In a water depth between 2.70 m and 1.74 m, the computed values seem to line up
around 1x10-3kg.s-1.m-1. There is very little change in calculated flux in comparison with
those measured in situ. As soon as the water level is similar to that of measurement at the
time of trapping (1.51 m), the distribution of points tends to align the right Qsc = Qsm. How‐
ever, when the water column is much lower than reality, many errors appear in the calcula‐
tion and the estimation of sediment flux becomes completely erroneous. In fact, the RMS
errors are quite high when the water level is far from the actual water depth (Figure 10). It
should be emphasized, however with all the initial approximations, the mere fact of posi‐
tioning the water level at the same level as during the sampling resulted in relatively better
results. In particular, when h = 0.91 m, which resulted in a percentage of acceptable values of
32%. Overall calculated sediment fluxes are nevertheless generally overestimated.
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Figure 10. Comparison between measured (Qsm) and computed (Qsc) transport rates using Bijker's formula [59] for dif‐
ferent water depths (h).

The water level acts directly on the current profile and associated sediment transport mech‐
anisms. Thus, when the water column is higher than that at the time of measurement, the
transport in suspension is favoured in the modelling, leading to an overestimation of the in‐
tegrated flux in the water column. In contrast, a shallower water column could lead to high‐
er sediment fluxes due to increased bed shear. However, it appears that the formulas are
struggling to express sediment transport in very shallow water. Despite very simplified ini‐
tial conditions, the results obtained in this study show that the coupling of these three codes
is not so far from reality when we take into account the water level measured in situ. More
precise calibrations will likely improve the accuracy of the results in the future.

4.2.2. Calculated sediment flux against in situ data

Using the water levels measured during the field experiments, the calculations of sediment
transport were calibrated for each case to be as close as possible to the in situ measurement.
Sediment transport modeling was carried out on the beaches of Wissant and Hardelot, and
sediment loads calculated by several formulas have been extracted and compared to field
data. The calculations concerning the Zuydcoote field site are not presented because of prob‐
lems related to the computational domain. Because the bathymetry input was not broad
enough, the waves spread by the code Artemis underwent many artifacts and measurement
errors that did not allow reliable sediment transport calculations.
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Sediment fluxes were compared with the expressions of Bijker [59], noted BI68, and a cou‐
pling of Van Rijn formula [60] with an expression modelling the transport in suspension
[61], this coupling being called the Soulsby-Van Rijn formula noted SVR97 (Figure 11). The
reader is referred to [58, 62]for details on the different formulae.

Figure 11. Comparisons between in situ (Qsm) sand transport rates measured during HA09, HA10, WI09 and WI10,
with calculated sediment fluxes (Qsc) following Bijker and Soulsby – Van Rijn formulae.

The results were analyzed according to the study site and the mathematical expression used.
The results are better on the site of Hardelot for both formulas, the error Srms being less than
1.0 with a minimum of 0.53 with SVR97. Moreover, the percentage of significant values
reaches 32% and 46% for SVR97 and BI68, respectively. On the site of Wissant, it does not
exceed 30% whatever the formula. RMS errors are associated with a greater dispersion of
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data readily observable in the graphs (Figure 11). When considering all the data, the formula
for SVR97 is the expression that is most satisfactory with a Srms of only 1.04 and 36% of ac‐
ceptable values. The proportion of sediment flux of low intensities (<1 x 10-3 kg.s-1.m-1) is
higher during the campaigns carried out in Hardelot than those held in Wissant. Converse‐
ly, the flux measurements acquired during the field investigations in the Bay of Wissant
proved to be higher. Morphological changes were also more significant in Wissant than dur‐
ing the campaigns conducted in Hardelot.

5. Discussion

In the present study, measurements of sediment flux were carried out at successive posi‐
tions between the lower and the upper beach during rising or falling tide in order to meas‐
ure sediment transport in comparable water depths. Our results showed that sand transport
was mainly dependent on the mean flow, especially above a velocity threshold of approxi‐
mately 0.4 m.s-1 (Figure 8). Further results have shown that sediment transport was also con‐
trolled by wave action, but correlation analyses between LST and significant wave height
showed a better relationship in the surf zone than in the non-breaking zone [20]. These ob‐
servations highlight the mere fact that sediment transport processes are strongly different
from a hydrodynamic zone to another and it underlines the need to use appropriate formu‐
lae in order to model sediment transport properly. Although a large amount of studies com‐
pared sediment transport calculation against in situ data, few of them have been undertaken
using sediment transport measurements from macrotidal beaches.

Results obtained in a previous study by Camenen and Larroudé [62] showed that the Bijker
formula generally tends to underestimate the sediment transport when there is interaction
of waves and current, which is generally the case in the coastal zone. In this formula, the
swell is considered to be the only mechanism responsible for suspending sediment. There‐
fore, when wave height is low, the simulated sediment transport remains insignificant even
if the average current velocity is high. Although the strength of currents in the intertidal
zone is usually related to the conditions of agitation, it may sometimes be forced by wind or
induced by the combination of tidal currents and those generated by the incident swell [10].
The suspended particles are then provided by currents and waves. Our results show, how‐
ever, that the higher sediment fluxes (> 1 x 10-3 kg.s-1.m-1) are underestimated, which may be
due to low wave height and mean current that are powerful enough to induce substantial
sediment transport, which cannot be modeled by this expression. Conversely, the lowest
sediment transport rates occur when the swell and the mean current are of low intensity.
The direction of tidal currents is also directly involved in the magnitude of the sediment flux
since it can easily reduce or conversely increase wave-induced currents, depending on the
phase of the tidal cycle and the direction of the longshore current. Such types of case are not
considered in the model, however, which may explain a part of the variability observed be‐
tween measured and computed sediment fluxes.
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The formula of Soulsby-Van Rijn comes from the coupling of the Van Rijn formula [60] with
an expression modeling the transport in suspension. It takes into account many physical pa‐
rameters for estimating the bed load and suspended load. Even though the calculations are
more complicated and time consuming, the estimate is generally better, but significant er‐
rors may occur when the wave direction is opposite to that of the current [62].

In this study, the results are particularly satisfactory for the data obtained during the field
experiments at Hardelot (Figure 11) where beach morphology changes were more limited
than at Wissant. When taking into account all values, it clearly appears that the most signifi‐
cant fluxes can nevertheless be largely underestimated since some values may be up to four
times lower than the measured transport rates. During high wave energy conditions, beach
morphology and bed roughness change rapidly due to an increase in bed load sediment
transport. The impact of these bottom changes on the distribution of sediment in the water
column is crucial and plays an important role in the mechanisms of suspended sediment
transport. Because bed roughness is variable, largely depending on the local morphology of
the beach, it is necessary to incorporate changes in beach morphology in the process of cal‐
culation which has not been done yet in this first attempt to model longshore transport on
macrotidal beaches.

6. Conclusion

Despite several simplifications in the modeling procedure, comparisons of longshore sedi‐
ment transport fluxes measured on sandy macrotidal beaches with computed sand fluxes
gave encouraging results. It was shown that water depth is one of the major parameter af‐
fecting modeled sediment transport rates, as calculated sand fluxes were more comparable
with in situ measurements when simulated water depth was similar to the actual water
depth measured in the field. The height of the water column therefore represents a key term
to consider in modeling sediment transport on these beaches. The best modeling results
were obtained with the data collected during low energy conditions at Hardelot beach
where the beach morphology was the most stable. A limitation of the modeling approach
used in this study is related to the fact that beach morphology changes are not taken into
account in the calculations, which should be considered in future modeling studies. Because
sediment traps mainly collect sediments transported in suspension, future investigations us‐
ing this data set will be aimed at de-coupling suspended and bed load transport calculation
in the different sediment transport formulae in order to evaluate only the suspended sedi‐
ment flux, which should result in more accurate comparisons between modeled and meas‐
ured sediment transport rates.
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