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Yacine Hemdarte

Abstract

Tidal sand banks are common along the coast oddlstern English Channel and southern North Sea wheyegform
linear shore-parallel or slightly obliqgue sand lesdin a wide range of water depths, from shalloastal areas to
depths of several tens of meters. Analyses of lbadiry changes revealed different behaviors in heaes bank
evolution that led to contrasting shoreline chaalgeg the coast. These analyses showed thatratsstiale of several
decades, sand banks undergo significant morpha@bgicanges and commonly experience longshore aks asel
onshore migration. The longshore migration of theks can be explained by the action of shore-gtédlal currents,
while their landward movement is attributed to stowaves that are responsible for onshore sedimetibmacross
the bank crests. Wave propagation and sedimerggoainmodeling and in situ hydrodynamic measuremghow that
nearshore sand banks strongly influence circulatinod sediment transport in the coastal zone, amtralowave
energy distribution along the coast. Our obserwnatidearly show that nearshore sand banks canvaayedifferent
effects on coastal hydrodynamics and sediment digsamiepending on the depth, orientation and distari the bank
to the coast. The changing position of sand baoksexuently results in progressive modificationsave refraction,
circulation and sediment transport in the coasiakz
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1. Introduction

Tide-dominated shorefaces may exhibit importantodép of fine sand to gravel, especially where-tide
controlled bedload partings and convergences apdkrriset al, 1995), as in the southern North Sea
and the eastern English Channel (Grochowskil, 1993; Anthony, 2002). These sediments are géyera
reworked into a diverse suite of bedforms and etamgidal banks (Dyer and Huntley, 1999). Examples
abound in the southern North Sea (Trentesat, 1999; van de Meene and van Rijn, 2000; Héquettke
Aernouts, 2010) and in the East China Sea étial, 2007). Such tidal banks may be active or relite
latter are generally shown to be associated withivded shoreline environments, but such tidal balkd
may be enriched by newly formed banks, or may négia response to modern hydrodynamics and
attendant sand transport gradients (Kenyon etl@B]1; Dyer and Huntley, 1999). Although it is wigel
recognized that these shallow nearshore sand bodiesave important effects on coastal hydrodynsimic
and associated sediment transport (MacDonald a@b@ior, 1996; Thomast al, 2011), only a few
studies have been conducted on their influencenerekchange of sand between the nearshore zone and
adjacent coast (e.g., Shawal, 2008), which strongly controls shoreline evalati In this contribution,
we present a series of investigations carried owgeseral sites along the macrotidal coast of month
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France to study the morphodynamics of nearshoré&sband assess their possible effects on coastal
dynamics at different time scales.

2. Sudy area

Sand banks are particularly widespread in the gagiaglish Channel and the southern North Sea where
they form linear shore-parallel or slightly obligsend bodies about 10 to 30 km long and 1 to 3 lale w
(Fig. 1). They generally occur as groups of bamka wide range of water depths, from shallow cdasta
areas near beaches, estuaries and headlands (B¢sdie1999; Aernouts and Héquette, 2006) to depths of
several tens of meters (Anthony, 2002). These begesent massive sediment bodies, ranging from 10
to 25 min height above the surrounding seaflo@c{&t al, 1991; Trentesaust al, 1999), in which large
quantities of sediment are stored. The nearshane and the sand banks are generally characterized b
medium to fine, poorly to very well sorted sili@stic sands, especially at depths of 5-10 m, and by
medium to coarse sands at greater depths (Aagek, 1990; Anthony and Héquette, 2007).

Although several theories have been proposed taiexihe formation and maintenance of sand banks,
it is generally agreed that they were created duttie postglacial sea-level rise, but they may Hzeen
subsequently modified by changing currents and saaeentually becoming moribund (or inactive) due t
rising sea-level (Dyer and Huntley, 1999). In tlstern English Channel, sand banks are essentdilty
Holocene sediment bodies, which became strandsdafevel rose rapidly during the initial phaseef
Holocene transgression, and are overlain by modanmu waves that migrate actively under the present
current regime (Beckt al, 1991; Reynaud et al., 2003). In the southerrtiNSea however, the nearshore
sand banks are much more mobile and are activelyatimg onshore and/or longshore (Tesseml,
1999; Héquette and Aernouts, 2010).
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Figure 1. Location of the major nearshore sand $amkhe eastern English Channel and southwesterth$ea
The sand bank environment of the southern NorthiSeaposed to short-fetch, relatively low-energy

waves punctuated by storm activity. The offshoreeveegime is dominated by waves from southwest to
west, originating from the English Channel, follavgy waves from the northeast to north, generated i
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the North Sea. Most waves have periods and sigmifibeights of less than 5 s and 1.5 m, respegtibat
may episodically exceed heights of 4 m during majorms (Ruzt al, 2009). Wave heights are much
lower at the coast, however, due to significantagtfon and shoaling over the sand banks, botlnén t
eastern Channel and southern North Sea (Héqeetk, 2009). The tidal regime in the region is semi-
diurnal and macrotidal, the tidal range increadiogn the North Sea to the English Channel, witheam
spring tidal range of more than 5 m at Dunkirk pp@ximately 6.9 m at Wissant (Fig. 1). Due to ldrge
tidal amplitude, tidal currents are strong along tiorthern coast of France, reaching maximum near-
surface speeds of 1.5 it during flood tide and 1.35 ni'sduring ebb in the narrow interbank channels
(Augris et al, 1990). Tidal currents are alternating in thestalazone, flowing almost parallel to the
coastline. Along the North Sea coast, flood cusemte oriented towards the east-northeast and ebb
currents towards the west-southwest, whilst aldmg €hannel coast the ebb and flood are directed
southward and northward respectively. Measuremantarious sectors of the coastal zone show that th
speeds of flood currents exceed those of the @shjting in a flood-dominated asymmetry responsibte

a net regional sediment transport to the nortthindoastal zone of the English Channel and to &lsé e
northeast along the North Sea coast (Héqusttd, 2008). In detail, however, sediment transpottepas

are complicated by the presence of the sand bahichvocally modify bottom circulation and resutt i
opposite transport directions on both sides obtueks (Gaet al, 1994).

The coast of northern France largely consists @ 80600 m wide multi-barred beaches and coastal
dunes that are interrupted by urban areas and tsa(B@. 1). Beach and dune erosion is common along
the coast, with shoreline retreat rates up to s¢vaeters per year at several locations duringsdwnd
half of the 20th century (Vasseur and Héquette 02@@rnouts and Héquette, 2006). Several stretohes
coastlines are relatively stable, however, while #fhoreline has also been advancing seaward at some
locations during the last decades (Chavetatl, 2008; Héquette and Aernouts, 2010).

3. Methods

The morphological evolution of sand banks and adlgi seafloor was studied using hydrographic field
sheets from the French Hydrographic Servigergice Hydrographique et Océanographique de laiivar
SHOM) spanning from the early 2@entury to the beginning of the 2tentury, allowing the mapping of
bathymetry changes down to depths of approxima@bym. These data were also used for calculating
changes in sediment volume across the nearshore, aacluding volume change of sand banks. The
spectral wave model SWAN (Bodg} al, 1999) was used for simulating wave propagatier the present
day and previous bathymetries in order to evaltiaeeffects of changing seabed morphology on wave
refraction and on the pattern of wave energy distion at the coast. The model was run for sewseale
conditions representative of the wave regime ofrdgion, using a 50 m grid cell spacing. Simulation
were carried out for waves from the west, whichregpond to the dominant wave direction, and waves
from the northeast, coming from the North Sea,aspnting the second major wave direction in thdystu
area. The SWAN model was used for simulating ttepagation of high-energy deep-water wavds §.7

m, T: 8 s) corresponding to a one-year return pefldéquette and Aernouts, 2010), as well as more
frequent moderate-energy wavek:(2 m, T: 6 s).

In addition to this work that was aimed at evalugitthe potential effects of sand bank movements on
the adjacent coast, hydrodynamic measurements eegried out on or in the vicinity of nearshore sand
banks and on adjacent beaches using electromagveat&-current meter in order to assess the infle@fc
these shallow sand bodies on coastal hydrodynaries instruments were programmed to measure wave
parameters at a frequency of 2 Hz for 540 conseegiconds (9 minutes burst record duration), etBry
minutes. Spectral analyses of the raw data yielMdes of significant wave heighH{), period and
direction. The current meters also recorded vefoc@mponents during 1 minute every 15 minutes,
providing values of mean flow speed and directlarthe example shown in this paper, the instrurmeas
located 0.65 m above the bed, so the mean curoenp@nents correspond to time-averaged near-bottom
flows. The use of the SEDTRANS96 sediment transpartlel for wave-current combined flows (Li and
Amos, 2001) allowed us to estimate the magnitude direction of sediment transport in the
nearshore/shoreface zone for the observed wavecamdnt conditionsTotal time-averaged sediment
transport rate per unit width of bed (kg'®") was calculated using Engelund and Hansen (198#jrent
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transport equation for non-cohesive bed, modifigdlitand Amos (2001) for continental shelf conditio

4. Results
4.1. Morphological evolution of the sand banks

Analyses of nearshore sand bank evolution wergechiwut at different locations along the coast of
northern France. East of Dunkirk, a shallow sanmkk#lills Bank), up to more than 15 m thick, extend
over a distance of about 9 km along the coast.cFbst of the bank may be exposed at spring lovstide
forming a shoal at a distance of about 1400 m feobeach and dune shoreline that underwent variable
phases of erosion and accretion during the lashdbesc (Maspataudt al, 2011). The bank is separated
from the beach by a 10 to 15 m deep channel, stdikplato the coastline. Comparison of bathymetayad
collected in 1911; 1962 and 2000 revealed significhanges in nearshore morphology, including ceang
in bank morphology and bank displacement. The leplerienced a landward migration ranging from 300
to 500 m between 1911 and 1962, and from approrimna0 to 150 m between 1962 and 2000 (Fig. 2A),
which corresponds to rates of 6 to 10 nf gnd 2 to 4 m yt respectively. This onshore movement of the
bank is likely due to the action of incident wavesponsible for an onshore sand transport over the
shallow crest of the bank. The landward displacdnoérthe bank resulted in a shoreward shift of the
channel located between the bank and the shorénaaddecrease in channel depth. The bank was also
affected by a longshore migration to the northe&store than 1000 m between 1911 and 2000, whinh ca
be explained by the action of strong northeastetiigk longshore tidal currents that can be reinfbiog
wind forcing.
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Figure 2. Changes in bathymetry between 1911 afA@ albng shore-perpendicular (T1) and longshor¢ ff@files
across the Hills Bank, east of Dunkirk (see Figorllécation). Depths are relative to Hydrographatubn.

In Wissant Bay (Fig. 1), a banner-bank calBathc a la Ligneextends obliquely across the bay from a
rocky headland, forming a 3.5 km long and 500 mewidear sand body. The bank is approximately 10 m
thick and stretches out seaward to a distance aftébkm from the shore. The bank is relativelylishg
as its crest lies at about 5 m below Hydrographatun (which roughly corresponds to the lowest
astronomical tide), and can thus be responsiblesifgmificant wave energy dissipation. TBanc a la
Ligne experienced a complex evolution during th& 28ntury. Comparison of bathymetry charts revealed
that the length of the bank increased towards ththeast and underwent vertical accretion in thaesa
direction, presumably due to the dominant northdastted tidal currents. Although some sediment
deposition took place near the distal end the baigkificant erosion also occurred on both the sadw
and landward sides of the bank. Overall, the baonktiy underwent erosion between 1911 and 2002. In
addition to the bank, extensive areas of the banevaffected by seabed erosion, notably near theesho
where seafloor erosion reached more than 4 m weplarhis resulted in a significant sediment lasess
the bay, estimated at approximately 1.2 & @ for the 2¢' century. Associated with this sediment deficit,
most of the coast of the Bay of Wissant has beedieg during the second half of the™6entury, the
shoreline having retreated by more than 250 memtiddle of the bay since 1949 (Aernouts and Héguet
2006).

Onshore bank migration was also observed, notaddy & Calais (Fig. 1) where a prominent nearshore
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sand bank, calleRidens de la Radeventually welded to the shore in only a few diesa This shore-
attached bank favored the formation of a wide dtaidhat constitutes a deflation surface for whldwn
sand that are transported to the upper beach vautiree dune development takes place (Anthehswl,
2006). As a result, extensive shoreline progradatiocurred along this coastal sector, locally edivae
300 m during the second part of thd"2@ntury (Héquette and Aernouts, 2010).

4.2. Impacts of sand bank and nearshore bathymetry changes on wave propagation

Simulation of wave propagation using the SWAN wawedel shows that the observed changes in
nearshore bathymetry, which are largely due to gbarnn sand bank location and morphology, may be
responsible for significant variations in wave pagption that lead to major changes in the longshore
distribution of wave heights. East of Calais, faample, onshore bank migration resulted in a deered
wave energy in the nearshore zone through timejingato more dissipative conditions that were
increasingly favorable to shoreward sand transpgrtwaves (Héquette and Aernouts, 2010), partly
explaining the progradation of the shoreline irt tr@a during the last decades.
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Figure 3. Simulation of changes in significant waegght (H) for westerly waves propagating over 1911, 197 an
2002 bathymetries in Wissant Bay using SWAN modelvér diagrams (B) show the variations igdtbng a shore-
perpendicular transect (shown on upper right diajji@s waves propagate towards the coast over ffieeedit

bathymetries.

Offshore of Wissant (Fig. 1), modeling of wave pagption also shows a decrease in wave height
towards the coast, but the reduction in wave heigjdifferent over the bathymetries obtained in 1,91
1977 and 2002. Modeling of waves propagating framwest, which corresponds to the dominant wave
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approach direction in that area, shows higher wesights at the shoreline in the central part oftthg in
1977 and 2002 compared with 1911 (Fig. 3A), thimdpdikely due to the decrease in size of the banne
bank extending across the b&afc a la Ligng and to nearshore seabed erosion, resulting ;niese
energy dissipation. This increase in wave heighthatcoast is obvious on Figure 3B showing chariges
wave height along a shore-normal transect for lnatlderate (K 2 m) and higher energy wavesgs(H4.7
m), the increase being particularly pronounced dher 1977 bathymetry. It is noteworthy that wave
modeling suggests that wave height at the coasifisigntly decreased between 1977 and 2002 (Fig, 3B
while during the same time period shoreline retieahe central part of the bay decreased from %™
before 1977 to about 4 m{after 1977 (Aernouts and Héquette, 2006).

4.3. Influence of nearshore sand banks on coastal circulation and sediment transport

Wave and current measurements were carried owdvatral sites between nearshore sand banks and the
coast in order to evaluate the effects of thesénwmad bodies on coastal hydrodynamics and sediment
transport. In the example presented here, diregtiovave and current data were obtained using an
InterOcean S4 electromagnetic current meter dedloyeing 6 days in about 6 m water depth offshdre o
Calais (Fig. 4C). The instrument was moored neatdke of the landward flank of a 1.4 km wide nearsh
sand bankRidens de la Radleextending over almost 13 km along the coast. ddywth of the bank crest
varies alongshore, decreasing from about 5 m bélgdrographic Datum west of Calais to +1 m east of
Calais where the bank is attached to the shore.
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Hydrodynamic measurements revealed large fluctngtio current velocity, with peaks occurring at a
semi-diurnal frequency (Fig. 4A), which is typiaa the tide-induced circulation prevailing in theastal
zone of the region. Flow velocity exceeded 0.6 hdaring all but one tide during the field experirhen
with flood currents setting alongshore to the neadt and ebb currents to the southwest. Althougin- ne
bed currents are essentially tidally-driven, ouram@ements showed that wind action can signifigantl
affect circulation over the shoreface. During thistftwo days of the experiment, northeasterly wimdth
speeds up to 13 m<onsiderably reinforced southwesterly flowing ebiorents which reached a speed of
0.9 m & on 23 October (Fig. 4A). Conversely, flood cureerffowing in the opposite direction, were
strongly reduced, hardly exceeding 0.5 hos the same day. Lower intensity wind events aecliduring
the rest of the experiment, reducing or reinforamegrshore currents depending on wind directicativel
to currents. Winds were also responsible for sulbistasurface agitation with significant wave hdigbf 2
m or more on several occasions and even exceedng &n 23 October (Fig. 4A).

Estimations of sediment transport rates using SEBAN®96 numerical model (for a representative
seabed grain-size of 0.37 mm) demonstrate that sandport does not solely depend on a singlergrci
factor such as current velocity or wave height, isua response to the combined influence of wawnels a
currents. Figure 4B clearly shows that total sedimftux varies with mean current speed, sediment
transport being negligible when current speedsranémal while increasing when flow velocity magrit
increases. The results of sediment transport madedlso show that the higher sediment fluxes fadkee
when tide- and wind-induced currents are associatitid wave orbital currents that cause significant
sediment remobilization due to enhanced shear.tsssording to the model, the maximum sediment
transport rate that almost reached 0.2 kghoccurred during the northeasterly wind event of23ober
which was characterized by high amplitude waves).(4Be peak in sediment transport did not takeeglac
when waves were at their maximum height, howevwaryhen more moderate waves were combined with
relatively strong mean currents. Such combinatiomaderate wave heights and high mean current speed
is observable for each peak in sediment transpaghlighting the fact that even if waves are resilole
for a significant increase in bed stress and sasdspension, the magnitude of sediment transportcy
depends on the strength of the mean flow.

Numerical modeling of sediment transport also shbwleat sediment was essentially transported
alongshore (Figs. 4B & 4C), even during high wawergy conditions that result in enhanced onshore-
directed bed stress due to the action of shore-@lowave oscillatory motions. Our results suggest th
wave orbital currents were not strong enough tawkelm longshore tidal currents that were flowirtg a
speeds of several tens of centimeters per secomkfds of several hours during each tide, thwsiing
shore-parallel rather than shore-normal transp®eicause cross-shore transport appears insignificant
onshore sediment supply from the shoreface to digcant beaches seems minor at such depths, at leas
for the conditions observed during this experiméfire significant onshore transport may possiblgusc
during low-frequency storm events characterizedhlgh onshore-directed orbital velocities, but these
conditions are by definition restricted to very iied periods of time. The presence of numerous sand
banks offshore, which cause significant wave eneliggipation, is probably an additional factor limg
the action of waves in the nearshore zone thatapge be strongly dominated by longshore tidavfio
The supply of nearshore sediments to beaches neagftihe be limited to shallower water depths where
wave orbital currents become more efficient in ihgvsediment onshore as tidal flow velocity magmétu
decreases and wave asymmetry increases shoreward.

5. Discussion and conclusion

Analyses of bathymetry changes revealed differattabiors in nearshore bank evolution that led to
contrasting shoreline change along the coast. Taiealyses showed that at a time-scale of sevecaldds,
sand banks underwent significant morphological gearand commonly experienced longshore as well as
onshore migration. A large body of literature hagib dedicated to the origin and evolution of lingand
banks, usually emphasizing the role of tidal cusdn their formation and morphological maintenance
(Kenyonet al, 1981; Collins et al., 1995; Dyer and Huntley93® Although the elongation and longshore
migration of the nearshore sand banks of the southorth Sea and Dover Strait can certainly be
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attributed to tidal currents, their landward moveinis very likely due to the action of storm wavbat

can be responsible for onshore sediment motiorsadie bank crests. When waves reach these nearshor
banks, their direction is always close to shorgeprdicular, regardless of the offshore wave dioegti
because of significant wave refraction over thaloffe sand banks. The decrease of water depthttover
shallow bank crests induces the shoaling of indideaves, and eventually their breaking during s&rm
which should lead to an increase in wave asymntesylting in onshore-directed orbital velocitieatthre
favourable to shoreward sediment transport (Aagegad, 2004).

Even if all nearshore banks are presumably affelsjednshore-directed wave-induced transport during
high energy events, the fate of the sediments piatesd landward across the banks likely varies deiog
on the depth of the bank and its distance fromstiwreline. Historical data show that shore-attaczedl
banks may represent major sediment sources fadjaeent beaches, as east of Calais where sedmagnt
been transported onshore, contributing to the dgveént of the sand flat and aeolian dunes on therup
beach (Anthony et al., 2006). Simulation of wavepgagation using the SWAN wave model suggests that
the onshore movement of this sand bank during @fec2ntury resulted in a decrease of wave energy in
the nearshore zone, leading to more dissipativalitons through time which would be favorable to
shoreward sediment transport by waves (Héquettéanbuts, 2010).

When sand banks are not attached to the shoreatkegeparated from the coast by a channel that may
constitute a major barrier limiting onshore seditteansport. East of Dunkirk, for example, the pree
of a relatively deep channel (>10 m) between thésHBank and the coast (Fig. 2) probably favors
longshore rather than cross-shore transport. Snahtarpretation is based on the existence of ivelit
high-velocity tidal flows in the channel, compavaty to wave orbital currents that are reduced tduine
dissipation of wave energy over the bank, espgcallow tide (Héquette et al., 2009). Thereforestrof
the sand that can be driven landward by onshoeswid wave oscillatory flows across the bank is
probably transported alongshore in the channaksponse to shore-parallel tidal currents, andheadly
be transported onshore to the beach, which mayaexfihe apparent sediment deficit and coastal dune
erosion observed behind the bank (Maspataud., 2011). Numerical modeling of sediment transport
carried out at several locations on the shorefdté¢he coast of northern France, which indicateat th
transport directions are essentially alongshorej(idée et al., 2008), is additional evidence sufippthis
interpretation. Eastward of the Hills Bank, howegke shoreline has experienced progradation fegraé
decades associated with aeolian dune developmethteompper beach (Maspataud et al., 2011). Sand can
more likely be transported onshore by waves overdlv gradient nearshore slope eastward of the,bank
potentially resulting in a higher sediment supmthie beach. As shown in several studies, gerblyirsd
dissipative shoreface profiles increase onshomectid transport and are commonly associated wiktab
dune development (Aagaard et al., 2004; CooperNadhs, 2004). Based on shoreline change analysis
and sediment budget, it appears that onshore wansgpecially occurs at the downdrift terminusahks
where more gentle shoreface slopes favor shoreseiinent transport by onshore-directed asymmetrical
wave oscillatory flows that can overwhelm shoreafiaf tidal currents in shallow water depths.

Nearshore sand banks do not only influence neagshwculation and sediment transport, but also
strongly control wave energy distribution along ttoast, as wave propagation modeling shows. Because
the shape and location of sand banks change throngh the resulting patterns of wave energy
distribution also vary along the coast. In WissBay, for instance, the changes in bank morphology a
crest elevation that occurred during thé"2@ntury resulted in modifications of wave refrantipatterns
(Fig. 3) that were important enough to cause siggnit changes in the spatial distribution of cdasta
erosion and accumulation along the shore of thjs ba

Our observations clearly show that nearshore samksbcan have very different effects on coastal
hydrodynamics and sediment dynamics, depending@depth, orientation and distance of the bankeo t
coast. The changing position of sand banks consgigueesults in progressive modifications of wave
refraction, circulation and sediment transporthia toastal zone. The results of our investigatauggest
that the migration of sand banks may possibly spwead to a continuum of nearshore bank evolutios, t
welding of sand banks to the coast representingasiestage of the continuum. Through the different
stages of bank evolution, the coast would underggous phases of erosion and accretion due to the
sheltering effect of the bank, followed by periadssediment deficit caused by the close proximityhe
beach of bank-associated channel, and would evgntxperience progradation once the bank becomes
attached to the shore, providing sand to the beach.

808



Coastal Dynamics 2013

Acknowledgements

This study was partly funded by European funds (ERPthrough the INTERREG IlIA project “Beaches
At Risk”. The 1911, 1962 and 1977 bathymetry datarewobtained from the FrencBervice
Hydrographique et Océanographique de la Mar{i81OM). The 2000 bathymetry data east of Dunkirk
were provided by the Port Authority of Dunkirk atite 2002 bathymetry data of the Bay of Wissant was
obtained from th&Centre d’Etudes Techniques Maritimes et Fluvigl@ETMEF). The authors would like
to thank Vincent Sipka for his help during curreméter deployments and Denis Marin for preparing the
figures.

References

Aagaard, T., Davidson-Arnott, R., Greenwood, B. &lielsen, J., 2004. Sediment supply from shorefacdunes:
linking sediment transport measurements and lorg-t@orphological evolutionGeomorphology60(1-2): 205-
224,

Aernouts, D. and Héquette, A., 2006. L'évolution riltage et des petits fonds en Baie de Wissant peridaXX®
siécle, Pas-de-Calais, FranG2omorphologie : relief, processus et environneené9-64.

Anthony, E.J., 2002. Long-term marine bedload sgien, and sandy versus gravelly Holocene shaelin the
Eastern English Channéllarine Geology187(3-4): 221-234.

Anthony, E.J. and Héquette, A., 2007. The grair siharacterisation of coastal sand from the Somsheagy to
Belgium: sediment segregation processes and socwosiderationSedimentary Geologg02(3): 369-382.

Anthony, E.J., Vanhee, S. and Ruz, M.H., 2006. Stesrb beach-dune sand budgets on the North Seaaasance:
Sand supply from shoreface to dunes, and the falénal and fetchGeomorphology81(3-4): 316-329.

Augris, C., Clabaut, P. and Vicaire, O., 192@. domaine marin du Nord-Pas-de-Calais — Nature, rholqgie et
mobilité des fond<Edition IFREMER — Région Nord-Pas-de-Calais, 93 pp.

Beck, C., Clabaut, P., Dewez, S., Vicaire, O., Chajtey Augris, C., Hoslin, R. and Caillot, A., 1991.n8abodies
and sand transport paths at the English ChannghN8®a border: morphology, dynamics and radioadtaeng.
Oceanologica Actall: 111-121.

Booij, N., Ris, R.C. and Holthuijsen, L.H., 1999. Arthgeneration wave model for coastal regions 1. &llod
description and validatiodournal of Geophysical Research C: Ocegt: 7649-7666.

Chaverot, S., Héquette, A. and Cohen, O., 2008. Gisairgstorminess and shoreline evolution alongnibrthern
coast of France during the second half of the 26tiury.Zeitschrift fiir Geomorphologie&Suppl. 52(3): 1-20.
Collins, M.B., Shimwell, S.J., Gao, S., Powell, Hewiston, C. and Taylor, J.A., 1995. Water and sedinmovement
in the vicinity of linear sandbanks: the Norfolk Bansouthern North Seklarine Geology123(3-4): 125-142.
Cooper, J.A.G. and Navas, F., 2004. Natural bathyemehange as a control on century-scale shordieteavior.

Geology 32: 513-516.

Dyer, K.R. and Huntley, D.A., 1999. The origin, déigation and modeling of sand banks and ridgasntinental
Shelf Resear¢i9(10):1285-1330.

Engelund, F. and Hansen, E., 196Y.monograph on sediment transport in alluvial strsa Tesnisk Vorlag,
Copenhagen, Denmark: 62 pp.

Gao, S., Collins, M.B., Lanckneus, J., De Moor, Gl &an Lancker, V., 1994. Grain size trends assediatith net
sediment transport patterns: An example from th@iBelcontinental shelMarine Geology121(3-4): 171-185.

Grochowski, N.T.L., Collins, M.B., Boxall, S.R. and &alon, J.C., 1993. Sediment transport predictionstter
English Channel, using numerical moddisurnal of the Geological Society of Londts0: 683-695.

Harris, P.T., Pattiaratchi, C.B., Collins, M.B., andl®mple, R.W., 1995. What is a bedload parting? Briv
Flemming, A. Bartholoma (edsJidal Signatures in Modern and Ancient Environmehtiernational Association
of Sedimentologists Special Publication 24: 1-18.

Héquette, A. and Aernouts, D., 2010. The influenEaearshore sand bank dynamics on shoreline éoplin a
macrotidal coastal environment, Calais, Northerm&eaContinental Shelf ResearcB0(12):1349-1361.

Héquette, A., Hemdane, Y. and Anthony, E.J., 2@&liment transport under wave and current comkiogadg on a
tide-dominated shoreface, northern coast of Fravlaeine Geology 249(3-4): 226-242.

Héquette, A., Ruz, M.H., Maspataud, A. and Sipka2®09. Effects of nearshore sand bank and asedat&iannel on
beach hydrodynamics : implications for beach aradedme evolutionJournal of Coastal ResearcBl 56: 59-63

Kenyon, N.H., Belderson, R.H., Stride, A.H. and Jam3M.A., 1981. Offshore tidal sand banks as inmicaof net
sand transport and as potential deposits. In: S\ND, R.T.E. Schtittenhelm and Tj.C.E. van Weerimglq.),

809



Coastal Dynamics 2013

Holocene Marine Sedimentation in the North Sea BaSpecial Publication International Association of
Sedimentology 5: 257-268

Li, M.Z. and Amos, C.L., 2001. SEDTRANS96 : the upmta and better calibrated sediment-transport mtmel
continental shelve€omputers & Geosciencez7(6): 619-645.

Liu, Z., Berné, S., Saito, Y., Yu, H., Trentesaux, Behara, K., Yin, P., Liu, J.P., Li, C., Hu, Gdawang, X., 2007.
Internal architecture and mobility of tidal sandges in the East China Se&2ontinental Shelf ResearcB7(13):
1820-1834.

MacDonald, N.J. and O’'Connor, B.A. Changes in waveaehpn the Flemish coast due to increased meagvsé |
Journal of Marine Systemg: 133-144.

Maspataud, A., Ruz, M.H. and Héquette, A., 2011rrBtdriven shoreline evolution on a macrotidal caashort- to
medium-term spatial variability. A case study oa ttorthern coast of Franderoceedings Coastal Sediments,'11
7" Int. Symp. Coastal Eng. Miami, Etats-Unis, 2-6 Ne@j1: 927-940.

Reynaud, J.-Y., Tessier, B., Auffret, J.-P., Berné,Batist, M. D., Marsset, T. and Walker, P., 200Be Toffshore
Quaternary sediment bodies of the English ChannglitanWestern Approachedournal of Quaternary Science
18: 361-371.

Ruz, M.H., Héquette, A., and Maspataud, A., 2008ntiying forcing conditions responsible for foreduerosion on
the northern coast of Franckurnal of Coastal ResearcBI 56: 356-360.

Shaw, J., Duffy, G., Taylor, R.B., Chassé, J. and &lrdb., 2008. Role of submarine bank in the longatewrolution
of the northeast coast of Prince Edward Island, @adaurnal of Coastal Research4(5): 1249-1259.

Tessier, B., Corbau, C., Chamley, H. and Auffret, 2899. Internal structure of shoreface banks redealy high-
resolution seismic reflection in a macrotidal eomiment (Dunkerque area, Northern Frandelrnal of Coastal
Research15(3): 593-606.

Thomas, T, Phillips, M.R., Williams, A.T. and JerkirR.E., 2011. A multi-century record of linked remre and
coastal changd&arth Surface Processes and Landfor8& 995-1006.

Trentesaux, A., Stolk, A. and Berné, S., 1999. Sedinlogy and stratigraphy of a tidal sand bankhi@ $outhern
North SeaMarine Geology159(1-4): 253-272.

van de Meene, J.W.H. and van Rijn, L.C., 2000. Hwreface-connected ridges along the central Dutelstc- part 1:
field observationsContinental Shelf Research0(17): 2295-2323.

Vasseur, B. and Héquette, A., 2000. Storm surgege®ion of coastal dunes between 1957 and 1988nakerque
(France), southwestern North Sea. In : K. Pye aRdLJ Allen (eds.):Coastal and Estuarine Environments
Geological Society, London, Special Publication§:199-107.

810





