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ABSTRACT

The near-bottom wave-induced cross-shelf sediment transport is one of the main mechanisms to maintain
morphologically inner shelves. In opposition to suspended sediment transport by currents that controls
fine sediment dispersal (and in consequence sediment deposits) in the shelf according to the ambient
current direction, when waves actively resuspend and transport sediment in the inner shelf, their contribution
is generally shoreward. In this paper, the wave-induced cross-shore sediment transport in the Ebro delta
inner shelf is analysed and a method to predict their importance is presented. The obtained results show
that the efficiency of the waves can be predicted in terms of the Ursell number that indicates how non-
linear the waves are. Thus, it was estimated that the annual frequency of occurrence of efficient waves to
promote cross-shelf sediment transport in the Ebro delta is about 4.8% and that the integrated cross-shelf
sediment transport is about 4.7 m3/mjyr.
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RESUMEN

El transporte transversal de sedimento inducido por olas es uno de los principales mecanismos actuantes
en el balance de sedimentos de la plataforma interna. En el caso del transporte en suspensién por corrientes,
la direccién de éstas determinard la dispersién del sedimento fino en la plataforma (y, en consecuencia,
de los depdsitos existentes). Sin embargo, cuando las olas resuspenden y transportan el sedimento ya
existente en la plataforma interna, su contribucién neta es generalmente hacia tierra. En este articulo, se
analiza el transporte de sedimento a través de la plataforma interna del Delta del Ebro y se propone un
método para predecir su importancia. Los resultados obtenidos muestran que la eficiencia de las olas en
cuanto al transporte se puede predecir utilizando el nimero de Ursell que indica el grado de no-linealidad
de las olas. Asi, se ha estimado que la frecuencia de presentacién anual de las olas que contribuyen a
dicho transporte es de sélo un 4.8%, y que dicho transporte integrado en una afio climético medio es del
orden de 4.7 m*/m/a.
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Introduction

Cross-shelf sediment trans-
port is one of the key processes
to be considered when long-
term / large-scale coastal evo-
lution is analysed, being the
main responsible for sediment
deposits in continental shelves.
When this transport is associa-
ted to the role of ambient cu-
rrents (of any origin), the
resulting effect is the dispersal
of fine sediments in the shelf
according to the direction of
the currents. On the other hand,
when the coarser material
(sand) already deposited in the

self is considered, one of the
main interests is the role of the
waves to resuspend and to
transport such sediment. This
wave-induced cross-shelf sedi-
ment transport is generally
very weak (1-10 m¥m/yr) but
as the period of integration in-
creases (decades to centuries),
it becomes of larger importan-
ce due to their cumulative
effects. This can be reflected in
their role to feed some coastal
zones (specially when rivers
are absent or do not supply se-
diment). In fact, long-term sho-
reface evolution models
include this wave-induced

transport as the only agent
(with exception of rivers) to su-
pply sediment to the upper in-
ner shelf and, in consequence,
to “maintain” the shoreface
(e.g. Niedoroda et al. 1995; Sti-
ve and de Vriend, 1995).
Although the role of such
transport in oceanic inner
shelves has been extensively
analysed (e.g. Wright, 1995)
this is not the case for enclosed
basins such as the Medite-
rranean Sea. Within this
framework, the main aim of
this paper is to analyse the
relative importance of the
wave-induced cross-sediment

transport at the Ebro delta inner
shelf and to characterise the
wave conditions able to
promote such transport.

Wave-induced sediment
transport at the Ebro delta
inner shelf

To analyse the potential
contribution of the wave-indu-
ced cross-shelf sediment trans-
port in the Ebro delta inner
shelf an *“event” approach was
followed. This was done by
schematising the meteo-ocea-
nographic climate 1in
“events”, each one defined by

223




GEOGACETA,27, 2000

specific dynamic characte-
ristics. If the inner shelf be-
haviour for each condition
is known, adding the contri-
butions of the different
events can assess the inte-
grated response of the inner
shelf during a certain pe-
riod. This implies to “know”
the sediment transport un-
der the different events du-
ring a year to be afterwards
integrated.

To start with, sediment
transport at the inner shelf
was studied at a small scale
by means of some field cam-
paigns where near-bottom
velocity, pressure and sus-
pended sediment concentra-
tion were measured under
different meteo-oceanogra-
phic conditions (Jiménez et
al., 1999). Once the measu-
rements were acquired, the
contribution of waves to se-
diment transport at the inner
shelf was estimated and tho-
se situations under which
transport rates were signifi-
cantly different from zero
were identified.

According to Jiménez et
al. (1998), Simén (1999) and
Gracia ef al. (1999), the wave
induced sediment transport at
the Ebro delta inner shelf pre-
sents a pulsating behaviour,
Under fairweather conditio-
ns, with small wave heights
and short wave periods, cu-
rrents govern most of the se-
diment transport in the shelf.
However, under wave storms
~high waves and with relati-
vely long periods- the near-
bottom sediment transport is
mainly governed by wave ac-
tion and it is directed sho-
reward (net contribution to
the upper inner shelf). Jimé-
nez et al. (1998) related this
to the fact that only under
such storm conditions the
wave-induced velocity field
is effectively modified (from
symmetric to asymmetric ve-
locities) in the Ebro delta in-
ner shelf.

However, the Ebro delta,
as most of the Mediterranean
coasts, is a fetch-restricted
area where long period waves
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(swell) are hardly found (e.g.
Jiménez ef al. 1997), Due to
this, the main question is
which are the waves able to
produce such transport at the
inner shelf and how frequent
they are.

Transport-efficient wave
conditions in the Ebro
delta shelf

In general, the wave-in-
duced sediment transport un-
der non-breaking waves (ty-
pical conditions of the inner
shelf except under very large
storms), §, is assumed to be
proportional to some power
of the near-bottom wave-in-
duced velocity field, u, as

g=K+lu" :J
where < > means - time
averaging, K is a propor-
tionality constant and the
most common value of n is 3
(e.g. Ribberink and Al-
Salem, 1994). Cross-shore
sediment transport time se-
ries close to the bottom were
analysed to test the validity of
this expression and, to find
the “proper” value of n.
Results showed that the stan-
dard third-order velocity
(n=3, which represents the
wave velocity asymmetry) is
a good predictor for sediment
transport, i.e. the higher the
i is, the larger the transport
will be (Simon, 1999; Gracia

et al., 1999). However, to
forecast the wave-induced
sediment transport using such
expression, detailed hydro-
dynamics calculations for all
the wave conditions have to
be done (e.g. Jiménez, 1996).

To avoid this cumber-
some procedure, a simple pa-
rametric predictor of the po-
tential transport capacity due
to wave action based on u?
was investigated. As this ve-
locity moment is indicative of
the degree of non-linearity of
the waves, a parameter cha-
racterising such non-linearity
should potentially predict its
magnitude and, in conse-
quence, the induced trans-
port. Two non-linearity para-
meters, the Ursell number, Ur
(e.g. Doering and Bowen,
1995) and the IT number
(Goda, 1983), were investiga-
ted. The analysis of recorded
time series of near-bottom
velocity under different ener-
getic wave conditions gave as
main result that significantly
different from zero asymme-
try only occurred for wave
states with relatively high va-
lues of Ur and IT numbers
(Fig. 1). Under “linear” wave
states (with low values of Ur
and IT), # is very low and, in
con-sequence, the transport
capacity of such waves will
be insignificant (zero). On
the other hand, the larger the
parameter is (Ur or IT), the
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Figure 1. Near-bottom third order velocity momen

et al. 1998).

higher the moment will be
(Fig. 1), and as a result, the
transport capacity will in-
crease.

Considering the so found
relationship between Ur-IT
and the third-order velocity
moment, these parameters
could be used to “predict” the
sediment transport capacity
for wave states. Simon (1999)
and Gracia ef al. (1999)
found a linear relationship
between near-bottom wave-
induced sediment transport
and the Ursell number when
Ur exceeds a certain
threshold. This relationship
was used to analyse the
potential transport capacity
of the wave climate off the
Ebro delta and to build a
probability distribution of the
cross-shelf sediment trans-
port in the area. By analysing
six years of wave data
recorded in the Ebro shelf, it
is concluded that the
frequency of occurrence of
efficient wave conditions off
the Ebro would be only about
the 4.8% (Fig. 2). Thus, in
average, the yearly-integrated
wave induced near-bottom
sediment transport at the
inner shelf of the Ebro delta
verifies in only 2.5 weeks and
it amounts about 4.7 m*/m/
yr. This transport rate is of
the same order of magnitude
of existing computations
based on detailed hydro-
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Figure 2. Frequency of occurrence of transport-efficient wave condi-
tions based on the use of the Ursell number (statistics based on six
years of wave data).

Figura 2. Frecuencia de aparicion de condiciones de ola de transporte
eficiente, basadas en el empleo del Ursell (estadistica basada en seis
aiios de datos de olas)

dynamics (3-5 m¥/m/yr, see
Jiménez, 1996; Jiménez et
al., 1997; Stive et al., 1999).

Conclusions

Detailed measurements
of water and sediment fluxes
in the inner shelf of the Ebro
delta have permitted to de-
tect the existence of near-bo-
ttom cross-shelf sediment
trans-port induced by wave
action. This transport is only
significant under wave stor-
ms and under such conditio-
ns the near-bottom sediment

transport is directed sho-
reward. It was found that this
transport is due to the exis-
tence of a near-bottom asym-
metric velocity field that can
be parameterised by using
the third-order wave-indu-
ced velocity moment (7).
Since this asymmetry is sig-
nificant under non-linear
waves, a simple non-lineari-
ty predictor was investigated
to predict the cross-shelf se-
diment transport induced by
waves. Results showed that
the Ursell number, Ur, can
be used to predict 1’ and, in

consequence, the induced
transport. From this, it was
estimated that the frequency
of occurrence of efficient
wave conditions to promote
near-bottom sediment trans-
port in the Ebro delta inner
shelfis about 4.8% (17 days)
and that the yearly-
integrated transport amounts
to 4.7 m3/m/yr. This trans-
port rate is of the same order
of magnitude of existing
predictions done by using
detailed hydro-dynamic
commutations.
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