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Abstract
Geo/d, ellipsoid, land levelling, mean sea level, lowest astronomical 
tide, are reference levels used by hydrographers. From survey to 

chart production, hydrography operational techniques, require precise levelling of 
chart datum with reference to one of these levels. This presupposes in one hand, 
precise definitions and, in the other, a critical assessment of consistency with gen
eral reference level requirements: stability, accessibility, precision.

Résumé
Géoïde, ellipsoïde, nivellement terrestre, niveau moyen, niveau des 
plus basses mers, sont autant de références utilisés en hydrogra

phie. Les techniques mises en œuvre lors des travaux hydrographiques, depuis les 
levés jusqu’à la confection des cartes marines, nécessitent la cotation du zéro hy
drographique par rapport à l’une ou l’autre de ces références. Cela suppose d’une 
part des définitions précises, d'autre part une évaluation critique des critères de 
conformité relatifs à toute référence, à savoir: stabilité, accessibilité, précision.

Resumen
Geo/de, elipsoide, nivelaciôn terrestre, nivel medio del mar, menor 
marea astronômica, son niveles de referenda utilizados por /os 

higrôgrafos. Desde el levantamiento hasta la producciôn de la carta nâutica, las téc- 
nicas hidrogrâficas operacionales requieren una précisa definicion del datum de la 
carta con referenda a uno de estos niveles. Esto presupone por una parte, précisas 
definiciones y, por la otra, una critica valoraciôn de la consistencia con los requerim- 
ientos de niveles de referenda generales: estabilidad, accesibilidad, precision.



1. Introduction

Surveys of subaqueous dunes and sandbanks were 
initiated by the Service Hydrographique et Océano
graphique de la Marine (SHOM) France. Since the 
19th century the organisation has noted changes in 
seafloor morphology in its bathymetric records and 
undertook to renew surveying in the areas of inter
est. Specialists who have been studying marine sedi
ments for several decades have established three 
factors at the origin of sedimentary structures: grain 
size, quantity of available mobilizable materials and 
the hydrodynamics generated by swell and currents. 
However predicting underwater dune displacements 
and variability remains a challenging task.
The objective of the work conducted by SHOM is to 
predict the evolution of the morphology of the sea
floor and to precisely determine the optimum recur
rence for re- surveying. Attention focuses on the North 
Sea since the combination of frequent passages by 
super tankers and the presence of mobile dunes

represents a serious threat for navigation safety. In
1998, a depth profile established during a survey by 
the Atlantic Hydrographic Mission on its way out and 
back to its base showed that while horizontal dune 
displacements in this area were undetectable in a 
one-week time interval and rather low over a period 
of 11 years (a few decimeters), by contrast vertical 
variations were quite sizeable.Depth variation had 
varied by one meter, that is a 15% deviation in a 
dune height in only one week. Therefore, a 10-year 
surveying strategy to measure the dynamics of such 
dunes is not optimum and to measure the most shal
low sounding, the characteristics of the dune and the 
hydrodynamic conditions which prevailed before sur
veying must be taken into account.

2. Sediment Dynamics

2.1. From initial studies to models
The study of depth differentials between several
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Figure 1: Circulation of sediments in the Straits of Dover for a tidal height fluctuation (French tidal coefficient) of 95, and a 
mean displacement direction of sand dunes in the navigation channel.



successive surveys is useful to characterize past 
changes as well as volumes of deposited and/or 
eroded sediments, but the quantity of sediments 
carried along in the system during the period be
tween surveys remains unknown. Hydrodynamic 
modeling techniques make it possible to establish 
average values for the orientations and directions 
of sedimentary transport but a quantification of 
such transport remains too vague for application to 
dunes (see Figure 1).

The transport of sediments generated by the fric
tional stresses on the seabed sets the elementary 
particles in movement; particles are then moved 
either in suspension in water or carried along the 
sea floor by the bed load transport. Depending on 
the velocity of the current, depth, fluid viscosity, 
shape and specific density of particles, a current 
will be strong enough or not to carry particles of 
a given diameter. Several studies showed that at 
depths to 100-meter depths, sandy sediments 
could be set into movement several hours per year 
under the action of tidal currents and storm swells. 
In the vicinity of the continental slope the action 
of internal tides and/or upwelling currents cannot 
be excluded and they can generate a sedimenta
ry dynamics that is still poorly characterized and 
quantified. Today, we are still short of data but it 
seems probable that certain continental shelves 
are integrally affected by sandwave sedimentary 
dynamics.

The modeling of sediment transport (i.e. bed load) 
remains imperfect and several recent studies com
paring models obtain a factor ranging from 1 to 10 
on the flow rate of solids. C. Mallet (1998) listed 
the simplifying assumptions which he thought could 
be the cause of the imprecision of models: swell 
and wind effects are ignored, grain size is assumed 
to be uniform, sedimentary material is estimated 
permanent and infinite, current velocities are uni
form vertically. There is no universal model and the 
variability of results obtained shows how important 
it is to take into account the hydrodynamic pro
cesses and variability of sea floors with precision. 
As a consequence, the modeling of bedform migra
tion must be based on a comparative study of suc
cessive surveys, with a sedimentary approach to 
dune observation so that their typical parameters 
may be defined and hydrodynamics modeling may 
be refined by a better comprehension of processes 
at work.

2.2. The dynamics of sedimentary structures
With respect to the dynamics of sedimentary en
vironments, weather and climate have a decisive 
role.Studying sand dunes should not be limited to 
instantaneous processes such as swell and tides 
but should also integrate event-related processes 
(storms). Due to the high resolution of multi-beam 
echosounders, it has been possible to increase 
navigation safety. However the question is for how 
long (how many week, months or years) can the 
morphology of a dune be estimated as in conform
ity with the hydrographic survey? Is it possible to 
predict the evolution of sea floor morphology or at 
least define the desirable frequency for survey recur
rence so that nautical charts remain reliable? Can 
new dunes emerge between two successive hydro- 
graphic soundings? If so, for how long can we have 
the guarantee that no new dune will appear?

2.2.1. An assessment of the present knowledge 
Over a hundred researchers from some twenty 
countries participated in the “Workshops Marine 
Sandwave Dynamics" which took place in Lille 
(MSD2000) and Twente in the Netherlands (MAR- 
102004). Lectures described case studies, param
eterizing of structures, sea and river dune modeling 
using analytical, digital or physical techniques.

Issues concerning the structures and phenomena 
of subaqueous sand dunes to be modeled are still 
at an early stage. What is the impact of grain size, 
of water depth? How do dunes and currents inter
act? Without answering all these questions, the two 
workshops were useful to further refine the know
ledge and compare problems and progress in the 
various fields from acquisition to modeling. Why 
are we only at such an elementary stage in the do
main of subaqueous sand dune modeling? Firstly, 
because the localization of sedimentary structures 
on the sea floor until the 1980s was not precise 
enough to enable scientists to measure displace
ments of the order of one meter or one to several 
decimeters. A second reason is that the data and 
studies on dunes were, and remain, still too scarce 
for reliable modeling. As A. Stolk (MSD2000) said 
“On the migration of sandwaves only a few datasets 
are available".

As far as observations were concerned, Le Bot et 
al. (MSD2000) observe that gravel in the North Sea 
dunes are mobilized for several hours at each phase 
of tidal currents. Currents generated by medium



strength winds and storms modify the asymmetry 
of tidal currents to the extent that they can reverse 
currents and the direction of dune progress. As re
marked by Schüttenhelm (MSD2000): “Sand waves 
in the southern North Sea are an enigmatic result of 
a dynamic equilibrium between sand, tidal currents 
and wave e n e rgyand Mosher et al (MSD2000) add: 
“The stability of the dune field remains unanswered. 
Repetitive multibeam bathymetric surveys and long 
term current flow monitoring are required to answer 
this question." For many authors, the dynamics of 
sand dunes and their modeling are complex because 
they are poorly understood. Powell et al (MSD2000) 
considered that The formation and disappearance 
of sediment bedforms occurring under the action of 
waves and currents is the result of a complex inter
action between the fluid and the underlying sediment; 
this is poorly understood, yet extremely important, in 
both physical and numerical models of coastal pro
cesses. Bedforms affect bottom roughness and shear 
stresses, wave attenuation, and sediment transport", 
Many questions remain unresolved “What are the 
physical mechanisms causing sand waves in 
shallow shelf seas to migrate and at what rate?". 
Thus, these workshops emphasize the lack of 
data and the limits of studies which are too local 
and instantaneous.

In 2001, SHOM conducted a survey for monitor
ing sea floor morphology and variations in near
bottom current measurements in the Straits of 
Dover. This survey showed that the short term 
dynamics of subaqueous dunes can be directly 
related to the dynamics of small superimposed 
structures (see Figure 5). The displacement 
velocities recorded, fast for superimposed 
structures and slow for the dune, indicate that 
hydrographic monitoring using high resolution 
equipment (recurrent surveys) are/is not the 
best answer to improve hydrographic knowledge. In 
order to warn navigators against dangerous shoal 
waters, it would be necessary to measure the sea 
floor area covered by a dune and its peak envelope, 
and above ail to keep a historical record of the dune 
and hydrodynamic conditions it was submitted to 
just before the hydrographic survey so as to deter
mine its historical high point, modeling being used 
to calculate its theoretical height.

2.2.2. The morphology of sand dunes
2.2.2.1. Dune formation and classification
In order to characterize the dynamics of dunes,

high-quality long-term data must be available on the 
velocity and direction of migration, crest shape and 
evolution, and grain size of the sediments. Because 
of the lack of data on dune formation and develop
ment, duration of the dune formation is obtained by 
modeling. Such dune formation models (Blondeaux 
et al. MSD2000), still do not provide relevant results 
in complex sectors such as the North Sea (Idier 
2002).

Dunes are sedimentary ripples, often periodical, fea
turing a crest, a gentle slope and a steep slope. The 
orientation of their crests is generally perpendicular 
to the main direction of currents, but angular varia
tions reaching up to 20° are frequently observed (Le 
Bot, 2001). When the current cannot set in motion 
all sedimentary particles or when there is a sand 
deficit, dunes are barchanoid-shaped, whereas they 
have a linear shape when the current is saturated 
with sediments. By their shape, dunes therefore re
flect hydrodynamic conditions (see Figure 2). 
Ripples, which are centimetric structures having

the same shape as dunes, are ubiquitous. Lenô- 
tre (1977) observes that ripples photographed in 
the ocean, at a depth of 7,535 m, are identical to 
ripples observed on the foreshore. The ubiquity of 
dunes is not yet established, they exist from rivers 
to the basis of the continental slope and in deserts; 
similar shapes seem detectable in deep ocean en
vironment.

2.2.2.2. Dune shape, nature and movements
According to several authors, dunes with linear 
crest have the slowest migration velocity. On the 
other hand, barchanoid dunes are characterised

Figure 2: Sand Structure Stability diagram; open outlines 

represent 30  dunes, closed outlines represent 2D dunes (Klein -  

hans, MSD2000).



by high velocities, and can 
reach an annual mean dis
placement of 70m/year 
(Berné et al (1989)). Dune 
shape is strongly correlated 
to their nature. Flemming 
(MSD2000?) gives, for me
dium grain sediments D, the 
characteristic values of dune 
maximum height (Hmax) and 
wavelength {X). For instance, 
for very fine sediments with 
«  0.028 m and X ~ 0.14 m; 
sediments with D = 0.5 mm, 
«  380 m.

Classes Wavelength (X) Height calculated with H0  mean

Small dunes 0.6 m < X < 5 m 0.075 m < H < 0.4 m
Medium dunes 5 m < X < 10 m 0.4 m <  H <  0.75 m

Large dunes 10 m <  X <  100 m 0.75 m <  H <  5 m

Very large 
(or giant) dunes

X > 100 m H > 5 m

Table 1: Classification of subaqueous dunes under the action of unidirectional and/ 

or bidirectional currents.

D = 0.063 mm, H
'  max

whereas for coarse 
H v «  24.0 m and X

m ax

Figure 3: Diagram showing Dune height (H) /  Wavelength 
(X)/Grain size relations (Flemming, MSD2000).

The compilation of the descriptive parameters of 
1,500 dunes from various environments in every 
sea in the world, enabled Flemming to establish a 
continuous statistical model ranging from ripples to 
giant dunes (see Figure 3), with the following char
acteristics:
- Dune height comprised between 0.001 and 20 

meters,
- Wavelength ranging from 0.01-1000 m
- The equation of the height of dunes with respect 

to their spacing H = 0.0677 X °-8098
■ °  m ean

- The equation of the maximum height of dunes is 
H . = 0.16 X °-84

M axim um

However, as indicated by Bartholdy et al. (MSD2000), 
the mere existence of superimposed dunes contra
dicts the dune size -  depth relation also proposed 
by Flemming.

The classification proposed by Ashley (1990), widely

accepted today (see Table 1), concerns the sand 
structures generated by unidirectional currents, bi
directional currents and the combination of both. 
Dunes are defined by their wavelength. The Hmean of 
the Flemming diagram allows obtaining the height of 
the corresponding dunes.

Such models constitute a very important basis for 
digital modeling. But Flemming has observed that 
four repetitive surveys performed along the coasts 
of South Africa, yielded different H/L models accord
ing to hydrodynamic conditions.

Up to about 1995, dune studies, due to techno
logical limitations, dealt only with large and giant 
dunes. With the resolution of the new MBES it is 
now possible to map medium size dunes with ac
curacy and to trace their evolution. This generated 
many recent studies on these small structures and 
their detection (Kleinhans et al., Idier et Astruc in 
MARID2004).

2.2.3. The nature of sand dunes
Our analyses of North Sea dune sediments show
grain sizes which are rarely homogenous on a dune
scale. In this regard, the following examples are
taken from the presentations of the Lille and Twente
workshops:
- On the sand dunes of the North Sea, the stronger 

currents in the vicinity of the crest generally yield 
coarser and better sorted sediments, but this 
becomes more complex in the presence of meg
aripples superimposed on the dune (Flemming, 
2000)

- Ernsten et al. (2004) note that barchanoid dunes 
exhibit coarse sediments and a maximum height 
in their centers whereas on their sides the grain 
sizes and the height of the dune decrease.

- Kleinhans et al. (2004) indicate that the relation
ship between the grain size and the dimension of 
sand structures can be observed even for small



dunes such as hummocks.
- Passchier & Kleinhans (2004) show that the bio- 

turbation of the Lanice conchilega polychete may 
cause decreasing grain size and non-uniform 
grading in the surface sediment, lowering down 
the size of sand structures with respect to neigh
boring sectors without such worm tubes.

- for medium to large dunes, superimposed on large 
and very large dunes near Denmark, Bartholdy et 
al. (2004) establish a relationship between the 
height and wavelength of superimposed dunes 
as a function of the mean grain size: H = 0.17 
MG1,68 and X = 7.90 MG068, whereas H = depth 
in metres, MG = mean grain soze diameter in phi 
units and X = wavelength in metres.

For instance, a dune in the Strait of Dover, (Figure 4), 
exhibits an increasing grain size from the trough to 
the crest, in which gravel and stones prevail at the 
crest of the dune.

The fact that formulas can be used to characterise 
the dimensions of superimposed dunes shows that 
megaripples and dunes could be assimilated to two 
sedimentary modes evolving differently while having 
the same morphology.

2.2.4. Dune displacement
In a desert environment, barchan dunes migrate 
by only a few meters per year, but their shape may 
change within days after a storm, and ripples may 
appear within hours (Michaut, 2003). Similar ob
servations are made in a marine environment, but, 
because of the variability of hydrodynamic factors,

there are no general data or statistical laws on the 
displacement velocity of sedimentary structures. 
However, the knowledge of near-bottom velocities is 
essential in order to validate digital models. Velocity 
integrates the depth, the slope, the nature of sedi
ments and the hydrodynamic factors (tidal currents 
and waves). Bibliographic/literature syntheses such 
as the synthesis carried out by Wever (MARID2004), 
come up against difficulties: having all the param
eters at the origin of displacement it is not easy 
and the number of publications on displacements 
is small. In addition, it appears that dune displace
ments vary in the course of time. Thus, Le Bot 
(2001) observed for a series of dunes in the North 
Sea that the average annual displacement is 7m, 
17m and 472m when the time intervals between 
surveys is respectively 10 years, 1 year and 7 days. 
Therefore, the shorter the time interval between 
mapping surveys, the more intense the dynamics 
appear to be. At the present time no robust formula
tion of dune dynamics is available. The annual rate 
of displacement of a dune based on hydrographic 
surveys can then mask movements having bigger 
amplitude.
Le Bot et al. (2001) explained this phenomenon by 
an analysis of environmental variations:
- on a scale of several months to several years, 

migration varies as a function of storms and to 
a lesser degree as a function of average winds. 
Both factors strengthen slow or reverse migra
tions of tidal origin;

- on a decade scale, the migration controlled by a 
residual tidal current is constant. This is due to 
the periodicity of 8 to 11 years of the number of

Pied du flanc raide Crête Pied du flanc doux
Figure 4: Diminishing s and proportions in the crest of a Strait of Dover dune, and gravel predominance (Idier, 2002).



the relatively stable number of storms during the 
last two decades.

In available literature, migration rates vary from one 
to several tens of metres/year for large dunes and 
giant dunes and rates of several tens to several 
hundred of metres/year for small and medium-size 
dunes. The actual dynamics of dunes is thus much 
more intense than that perceived by comparative 
studies of mapping surveys over a time interval of a 
few years (See Figure 5).

Modeling of sand dune dynamics 
As shown by Le Bot et al. (2000), predicting mor
phological dune changes require a good knowledge 
of hydrodynamic agents and of their capacity to 
mobilize sediments, and using the finest spatial 
and time scales possible. The measurements of 
near-bottom currents carried out in the south of 
the North Sea showed that wind was the prevail
ing factor over swell and pressure, capable of mod
ifying currents over the entire sea layer from sur
face to bottom, even capable of preventing tidal 
current reverse. The velocity of currents was still 
affected by a dune at a 150m distance away from 
it. Hennings et al. (MSD2000) emphasize that the 
velocity of currents is higher above dunes, and that 
the wave direction variation and the tidal current 
changes of directions must be taken into account 
for modeling hydrodynamic factors. These factors 
and a DTM (digital terrain model) of the best quality 
are therefore necessary to be able to model dune 
dynamics.

One of the problems met when modeling dunes is 
the role played by slope instabilities and suspen
sions; thus the dynamics of certain dunes would 
be governed by the bed load transport while others 
would be governed by suspended load transports, 
generating different morphologies (Van den Berg et 
Van Gelder (1998)).

2.2.5. Sand structures too complex to be modeled 
All dunes do not exhibit a simple morphology; it 
is true that “conventional” dunes are the major
ity but recent surveys carried out by SHOM led 
to the discovery of frequent exceptions, besides 
current classifications of current sedimentary 
structures.

C t„ ( ju s a n t) t„ + 5h (flot) t0 + 12h ( ju s a n t)

Figure 5: High resolution monitoring of a dune in the North Sea. a: pluriannual evolution of dune I from 1999 to 2001; 
b: oscillating dynamics of medium size dunes at the crest of dune I on a one-tide scale; c: evolution of the morphology 
of dune of figure b over a 12-hour time interval (Idier, 2002).



2.2.5.1. The hexagonal megaripples of the Corsi
can shelf

Hexagonal structures having a diameter of a few 
decimeters which had been described until now in 
ancient geological formations and analyzed as symp
tomatic of the impact of storms on sediments have 
been filmed at 50-m depths close to Punta Spano 
(Corsica) (Pluquet, 2006).

Figure 6  : D/a. 5 0  to 60-cm hexagonal sand waves, off 

Punta Spano (Corsica).

2.2.5.2. Dunes in the Norman Breton Gulf
During hydrographic surveys carried out between 
1998 and 2006 north of Brittany at depths ranging 
from 70 to 80m, SHOM evidenced meridian crest
ed dunes having heights of 1 to 13m and lengths 
which could exceed 10km. Among these hundreds 
of dunes, some areoverlapping sometimes bayonet
shaped and even intersecting crosswise, which 
seems to reflect a double hydrodynamic mode. Fig
ure 7d displays the most original stage with a struc
ture transversally cut in a series of hectometric sig
moid dunes at an angle of some 30 degrees to the 
structure centre line; the latter could form where 
currents separate in two directions.

The very poor H/A. correlation, and the distance 
between dunes characterize a deficit in sediment 
being carried down. The shape and dimensions of 
these dunes seem to show that they can be active.
While only one hydrographic survey is sufficient to 
map their distribution, near-bottom current measure
ments alone associated with modeling would enable 
researchers to know their dynamics.

The new shapes of dunes, exhibiting a 1,600-m 
wavelength and an angle of 50 to 60° with tidal cur- Figure 7: Complex dune fields in the north of Brittany 

rents, as described by Knaapen et al. (2001) off The (SHOM 1998-2006).



Netherlands, seem similar and could be an equiva
lent in a sand saturated area.

Figure 8: Bathymetry in the North Sea in the vicinity of 
Eurogeut (Nemeth et al., MSD2000).

2.2.5.3. Dune alignment in North Trégor
The reconnaissance of an unexplained morphologi
cal structure, discovered when extracting data from 
the SHOM Bathymetric data base (see Figure 9b) 
and confirmed by former bathymetric data, showed 
a series of dunes in skein -like alignment close to 
northern Brittany coastline (see Figure 9).

a

Figure 9: Over
lapping linear 
dunes North 

of Brittany, a) 
Extract from 
SHOM Bathy
metric data 
base b) 3D 

model derived 
from an SMF 

profile (MHA 
b 2000).

This 5-m high structure at depths ranging from 60 to 
70m, close to 11km in length is comparable to the 
"Seif dunes", described in desert environments and 
on the planet Mars. All sand structures in the open 
have much bigger dimensions (up to 10 times) than 
marine counterparts. This holds true for Saharan 
Seifs averaging heights of 100 metres and whose 
lengths can reach 100 kilometers.

Saharan Seifs are active linear dunes formed under 
the action of winds of variable directions as opposed 
to barchans and dunes submitted to the action of 
winds blowing in only one direction. In their modeling 
of desert dunes, Bishop et al (2002) describe Seifs 
or linear dunes as a dividing line between transverse 
dunes and star-shaped dunes (see Figure 10).

Figure 10: Distribution and modeling of the various types 

of dunes as a function of available sand quantities and 

wind variability (Bishop et al., 2002). T: Transverse dunes,
I: Isolated dunes, L: Linear dunes.

In the open air, McKee (1979) has listed and de
scribed existing dune structures:
- sand spots,
- circular domes,
- barchans or crescent-shaped dunes,
- barchanoid dunes,
- star-shaped dunes considered as stable in desert 

environments and reproducible by modeling with 
a sand mound and current action,

- Seif dunes.
Until then, the star-shaped dunes and Seif dunes 
were the only structures which had not been ob
served in the marine domain. It now seems that



star-like dunes are the only category in McKee’s 
classification which does not correspond to any de
scription in the marine domain.

2.2.5.4. Dunes in the English Channel central 
trench

At depths of some 100m on the edge of the English 
Channel deep, an alignment of symmetrical dunes 
was found; their length is of the order of 1 kilometre 
and their height from 5 to 6 metres (see Figure 11). 
The absence of dunes on the northern slope of this 
trench could be related to the circulation of currents, 
but because of the absence of measurements on 
currents in the trench and adjacent shelf, research
ers cannot establish the intensity of dynamics and 
the origin of the morphological dissymmetry. Here 
again, the morphological characteristics and the lo
cation of dunes seem to indicate that these dunes 
are currently subject to active dynamics.

it does not feature 
the typical angle 
between banks and 
currents. As in the 
case of Calais gullies 
(Garlan, 2004), we 
observe here the ro
tation of sand dunes 
over the flanks of a 
bank which remains 
stable.

3. Conclusion

Figure 12: Shaded Terrain 

digital model based on survey 

SMF EM1002S on Schôie 
bank (SHOM, 1999).

Dunes are effectively 
controlled by the ve
locity and the direc
tion of tidal currents, 
but are also affected 
by many other factors 
such as the avail
ability and grain size 
of sediments, cur
rents associated with 
swells and storms,
locally raised relief both natural and anthropic as 
well as the slope and ruggedness on a sediment 
and small morphological structure scale. Due to 
interaction, currents are also affected by the nature 
of sediments and the morphology of sedimentary 
structures. Thus, dunes can generate upwelling cur
rents which can be strong enough to modify surface 
currents, even when the dune crest lies at depths 
exceeding 10 metres (Hennings, MSD2000).
The analysis and modeling of sand dunes in the 
southern sector of the North Sea allowed the ac
quisition of a large amount of results requiring vali
dation on other dunes and in other environments; 
some results are pertinent for hydrography or bury
ing prediction, helping to establish a minimum recur
rence for hydrographic surveys or object burial;
- the saturation height of a dune is of the order of 

35% of depth,
- the time for dunes to form seem to be of the 

order of 25 years,
- isolated dunes in the North Sea move 1.5 times 

faster than dunes grouped in dune fields,
- storms have a major role in the displacement of 

dunes, speeding up or slowing their migration de
pending on whether they add up to the prevailing 
current or oppose it,

Figure 11: Dunes at the southern edge of the central 
trench in the English Channel (SHOM, 1998).

2.2.5.5. Dunes in the Schôie Bank
The Schôie bank, located between the Channel Is
lands is a 7km long x 1km wide x 35m high struc
ture lying at depths of some 40 metres, exhibiting 
a gentle slope, made of very large dunes migrating 
southward and a western abrupt and smooth flank 
at the foot of which a complex system of chevrons 
and V-shaped ripples can be observed, pointing to a 
northward displacement (see Figure 12). This bank 
is structured by a vortex of some 10 kilometres cen
tered on the northern tip of the bank; consequently



- dune displacement is relatively constant on a 
decade scale and allows researchers to predict 
evolutions provided the number of storms does 
not change.

Dune appearance and disappearance are not ob
served in the scope of our study and the question of 
a possible cyclic nature of North Sea dune dynamics 
emerges. Indeed such phenomena seem to exist 
on the Schôle bank, in the Gironde estuary (Mallet, 
1998) and in the approaches close to Arcachon Ba
sin (Michel, 1997), causing sizeable dynamics on 
dune scale and also a form of stability of the re
gional system in the longterm.
In order to answer such questions and define the 
displacement of more complex dunes, the use of 
models would be necessary because in the ab
sence of comparative surveys and near-bottom cur
rent measurements, it is not possible to determine 
whether dunes are relicts or active. But the very ex
ecution of such models necessitates an excellent 
knowledge of sediments and near-bottom currents. 
Therefore, scientific advances on dune migration 
hinge on looping the loop between hydrographic 
data acquisition and the development of appropri
ate models.
The original aspect of studying marine sand dune 
dynamics is that it relies only on a very high resolu
tion bathymetry and on the measurement of near
bottom currents. Thus this sedimentology domain 
depends on acquisition systems and technological 
progress in hydrology instead of the conventional 
systems used earlier in sedimentology. To these 
technological aspects, should be added the impact 
of exceptional events (storms, hurricanes, extreme 
tidal conditions) which had been disregarded so far 
in studies and had not been taken into account in 
digital models. The sedimentary dynamics cannot be 
defined by simply comparing survey values; results 
need to rely on long range time series integrating 
variable acquisition time intervals representative of 
the various meteorological conditions or on precise 
and exhaustive batches of data perfectly describing 
the phenomenon and used as basis for digital mod
els. There is still some distance to cover before one 
of these solutions functions satisfactorily; the next 
workshop MARID 2008 to convene in Leeds (UK) 
should be an opportunity for sharing new advances 
in this domain.
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