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ABSTRACT: An extension of one-line coastline models to include cross-shore beach profile dynamics is pre-
sented. The extension is in the same direction as the existing N-line models but the rationale is different. The
new model updates the bed levels by considering sediment conservation in two horizontal dimensions rather
than moving the contour lines or layers. In this sense it is like a 2DH model but is not fully 2DH because
sediment transport is directly parameterized from the wave field without solving for the mean hydrodynamics.
The model is tested against la Barceloneta beach (Barcelona) evolution during a 35-day period including two
storms. Preliminary results indicate that even though the model largely overpredicts the shoreline retreat, the
overall qualitative erosion/accretion tendencies are well reproduced.

1 INTRODUCTION
In spite of the complexity of 3D nearshore morpho-
dynamics, the so-called one-line modelling has had
some success in understanding and predicting the dy-
namics of sandy coastlines at large space and time
scales (Pelnard-Considère 1956; Larson et al. 1987;
Larson and Kraus 1991; Komar 1998). This is a severe
simplification and consists in averaging on the vertical
and the cross-shore directions so that the morphody-
namical active region collapses in a single line which
represents the coastline. The changes in coastline po-
sition are then given by convergence/divergence of the
total alongshore sediment transport rate Q which is
determined just by the wave forcing without account
of surf zone hydrodynamics (water inertia, mass con-
servation, etc.). Cross-shore sediment transport is not
explicitly considered although it is always implicit to
ensure the sediment redistribution that is necessary to
reach the equilibrium beach profile after the changes
which are driven by alongshore transport.

The standard one-line modelling has however a
number of important shortcomings. First, a stable
shoreline is always predicted in contrast with the find-
ing of Ashton et al. (2001) (see also, Falqués and
Calvete (2005) and Ashton and Murray (2006)) ac-
cording to which the shoreline may become unsta-
ble if the wave incidence angle is large enough. Even
in case where the coastline is stable, the standard
one-line modelling over-predicts the shoreline diffu-
sivity (Falqués 2003). Second, the governing equa-

tion for small deviations from a rectilinear shoreline
is a diffusion equation. This precludes the modelling
of shoreline sand wave propagation which are some-
times observed (Inman 1987; Thevenot and Kraus
1995; Ruessink and Jeuken 2002; Falqués and Cal-
vete. 2003; Falqués 2006). These two drawbacks are
caused by the fact that the traditional one line mod-
elling neglects the effect of nearshore bathymetric
changes associated to changes in coastline on the
wave transformation (Falqués and Calvete 2005).

Falqués and Calvete (2005) have developed a linear
stability model of the coastline based on the one-line
concept but including the bathymetric changes asso-
ciated to coastline changes in a simplified way. This
model describes shoreline instability and sand wave
propagation. It has nevertheless a number of limita-
tions. First, the cross-shore profile dynamics which
is proven to be crucial for that instability (Falqués
and Calvete 2005) is ignored and a fixed cross-shore
shape function is considered for the bathymetric sig-
nal of the shoreline disturbances. Second, as it is a lin-
ear stability model it only allows for small amplitude
departures of a rectilinear coastline. Since it is based
on an analysis of alongshore propagating harmonic
modes on an open coast it is not straightforward how
to adapt it to bounded beaches. Similarly, the model
is aimed at the free dynamic problem of the coastline
and, again, the adaptation to a forced problem (e.g.
propagation of sand waves along a sandy coast un-
der the forcing by an adjacent tidal inlet dynamics,

1



see (Falqués 2006)) is not obvious. Finally, the wave
driver is fixed, simply consisting of the wavenumber
irrotationality, wave energy conservation and disper-
sion relation.

The aim of the present contribution is setting up
an extension of one-line shoreline models with the
following characteristics: i) including the cross-shore
sediment transport in a parametric way, ii) keeping the
capabilities of the linear stability model of Falqués
and Calvete (2005) and iii) performing non-linear
time evolution (arbitrary geometry, no small ampli-
tude restriction). The sediment transport is consid-
ered in two dimensions on the whole nearshore, not
only at the coastline as the one-line models. Also, the
wave propagation on the evolving 2DH topography is
considered. By these two reasons it is a 2DH model.
However, the nearshore hydrodynamics is not consid-
ered because the sediment transport is computed di-
rectly from the wave field through parameterizations
as the CERC formula for the littoral drift. This as-
sumption filters out all the rich self-organized mor-
phodynamic processes of the surf zone associated to
rip currents and meandering longshore current (see,
for instance, Calvete et al. (2005) and Garnier et al.
(2006)). This is the most important limitation of the
model and poses an evident lower bound to the re-
solved lengthscales which is in the order of the surf
zone width. In this sense the new model is only quasi-
2DH. In other words, it is equivalent to the N-line
shoreline models (Steetzel et al. 1998; Dabees and
Kamphuis 2000).

Along with the model setup we here present a test
of the model against the changes of La Barceloneta
beach, in Barcelona, during October-November 2003.

2 THE MODEL
2.1 Geometry, integration domain and grid
The integration domain is inside the rectangular and
horizontal domain {0 ≤ x ≤ Lx; 0 ≤ y ≤ Ly}. The y
axis is chosen with an orientation similar to the mean
orientation of the initial shoreline and in such a way
that there is some distance between the axis and the
initial shoreline. A rectangular grid is chosen, running
from i = 0 up to i = n in the direction of the x axis
and from j = 0 up to j = m in the direction of the y
axis. A staggered grid is also defined, from ic = 1 up
to ic = n and from jc = 1 up to jc = m. If the grid
spacings are ∆x = Lx/n,∆y = Ly/m, the basic grid
is defined as:

x(i) = i∆x i = 0,1,2, ....n

y(j) = j ∆y j = 0,1,2, ....m (1)

and the staggered one is defined as:

x(ic) = x(i)−∆x/2 i = ic, ic = 1...n

x

y

i=0 i=ni=1

x=xs(y)

j=0

j=m

j=1

ic=ishore(jc)

x=Lx

y=Ly

zb > 0

zb < 0

Figure 1. Geometry of the domain and integration
grid.

y(jc) = y(j)−∆y/2 j = jc, jc = 1...m (2)

The topography is given by z = zb(x, y) and z = zs

defines the mean water level. The grid position of
the shoreline is defined by ic = ishore(jc) which
is the smallest ic such that D(x(ic), y(jc)) = zs −
zb(x(ic), y(jc)) ≥ 0. By linear interpolation between
zb(x(ic), y(jc)) and zb(x(ic − 1), y(jc)) the cross-
shore position xs(y) where D(xs(y), y) = 0 is com-
puted. The x = xs(y) line determines a smooth shore-
line. For certain applications, the wave set-up can be
incorporated. This may be done by computing the to-
tal approximated set-up at the shoreline zsu = 0.15Hb

(Short 1999).

2.2 Dynamical equation: sediment conservation
The dynamical equation in the model is the sediment
conservation in two horizontal dimensions

∂zb

∂t
+

∂qx

∂x
+

∂qy

∂y
= 0 (3)

where ~q is the horizontal depth-integrated sediment
flux (m3/m/s) along with the shoreline updating al-
gorithm which is described in Sec. 2.5. The porosity
factor is included in the expression of ~q as 1/(1− p).
This equation is discretized on all the wet cells, ic ≥
ishore(jc), by using an explicit second order Adam-
Bashforth scheme in time (Garnier et al. 2006) and
finite differences in space:

zbk
ic,jc = zbk−1

ic,jc − (
3

2
divk−1

ic,jc −
1

2
divk−2

ic,jc)∆t (4)
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with

1 ≤ jc ≤ m, ishore(jc) ≤ ic ≤ n , k ≥ 2

and

divk
ic,jc =

qx(i, jc)
k − qx(i− 1, jc)k

∆x
+

qy(ic, j)
k − qy(ic, j − 1)k

∆y

with

1 ≤ jc ≤ m, ishore(j) ≤ ic ≤ n ,

i = ic , j = jc , k ≥ 0

The sediment flux, ~q, can be parameterized with a
number of different formulations and this is described
in Sec. 2.4.

2.3 Wave driver
To compute the sediment flux, the wave height Hb and
direction θb at breaking are needed while wave char-
acteristics are given at the offshore boundary of the
domain, x = Lx. Thus, the wave transformation from
the offshore boundary up to breaking must be deter-
mined. This can be done in different ways, but the ex-
ternal RefDif model which solves a parabolic approx-
imation of the mild slope equation (Kirby and Dal-
rymple 1994) has been used for the application shown
here.

2.4 Sediment transport
The crucial simplification in the model which makes
it different from fully 2DH models is the compu-
tation of sediment transport. In fully 2DH models,
the mean horizontal hydrodynamics is computed from
the incident wave field and the sediment transport is
then evaluated. Here, the sediment transport is di-
rectly computed from the wave field by using pa-
rameterizations. This is in line with one-line and N-
line models. It implies a very drastic simplification
since the hydrodynamics (longshore current, sea sur-
face setup/setdown, rip currents, ...) does not need to
be computed. This is however the main limitation of
the model.

In view of the previous experience regarding one-
line and N-line models, the sediment flux in the model
reads as

~q = ~qL + ~qC (5)

The first term represents the alongshore wave-
driven transport (or littoral drift) which is due to the
longshore current driven by the breaking waves in
case of off-normal wave incidence. It is evaluated

here by first computing the total sediment transport
rate, i.e., cross-shore integrated flux with the so-called
generalized CERC formula (Komar 1998; Horikawa
1988):

Q = µH
5/2

b

(

sin(2αb)−
2r

β
cos(αb)

∂Hb

∂y′

)

(6)

where Hb(y) is the (rms) wave height and αb =
θb(y) − φ(y) is the angle between wave fronts at
breaking and coastline. The constant in front of it is of
order µ ∼ 0.1− 0.2 m1/2s−1 and β is the beach slope
at the shoreline. The value r = 1 has been used. Then,
the sediment flux is computed by multiplying the total
transport rate by a function f(x) which represents the
cross-shore distribution of Q:

~qL = f(x)Q(y)(sinφ(y), cosφ(y)) (7)

and by considering the deviation of the local orienta-
tion of the coastline with respect yo the y axis, φ(y).
Actually, the φ(y) angle is computed not as the an-
gle between the shoreline itself and the y axis, but as
the mean orientation of the bathymetric lines in the
surf zone and the y axis. This is the ’mean’ shoreline
orientation felt by the waves.

The second term in 5, ~qC , accounts for all the con-
tributions in sediment transport not included in the
first term. Although it is commonly weaker, its evalu-
ation is by far much more complex. This is the sed-
iment flux which is believed to build up the equi-
librium beach cross-shore profile in case of shore-
normal wave incidence. It primarily consists of the
down-slope transport due to gravity, the onshore
transport due to wave nonlinearities and the offshore
transport due to undertow. This part of the model is
still under development since many possible options
are to be explored. Up to now, two main options have
been explored: i) relaxation to a given equilibrium
beach profile and ii) the use of the Bailard formula-
tion (Bailard 1981).

For the first option, some equilibrium profile zb =
h(x) is assumed depending on sediment size and inci-
dent wave energy so as the equilibrium bathymetry is
zb = zbe(x, y) = h(x− xs(y)). Alternatively, in mod-
elling a particular beach, the equilibrium profile can
be defined from the observations at this particular
beach. The sediment flux is computed in this option
as:

{~qC}x = −γx(
∂(zb − zbe)

∂x
) , {~qC}y = −γy

∂zb

∂y
(8)

By inserting this expression into eq. 3 it is imme-
diately seen that γx, γy play the role of cross-shore
and longshore diffusivities. Again there are many op-
tions to describe such diffusivities which are the re-
sult of many complex and unknown processes. The
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alongshore diffusivity is primarily caused by downs-
lope gravitational transport and the cross-shore diffu-
sivity is caused by the combination of that transport
with undertow and wave nonlinearities. On the other
hand, the overall philosophy of the model and the
corresponding parameterizations do not make sense
at scales smaller that the surf zone width. In con-
trast, the numerics of the model drives the topographic
evolution at the grid spacing scale (∆x,∆y) and this
may cause the growth of small scale instabilities that
can not be controlled by the large scale physics de-
scribed by the model. To keep control of those pro-
cesses at the grid spacing scale there is the need for
a background diffusivity. Thus, rather than evaluat-
ing the diffusivity from the detailed description of
downslope transport and other processes, we follow
a heuristic approach and we assume for the time be-
ing that these diffusivity coefficients are proportional
to the momentum diffusivity in the surf zone com-
ing from the turbulence generated by wave breaking,
νt = M(D/ρ)1/3H , where M is a constant, ρ is water
density, H is rms wave height and D is wave energy
dissipation. Thus, γx(x), γy(x) are assumed to be pro-
portional to the mean νt in the surf zone, multiplied
for a shape function of x that makes it maximum at the
surf zone and makes it to decay beyond the breaker
line and with nondimensional factors, εxm, εym.

In the second option, some parameterizations of the
wave nonlinearities and undertow are used to feed in
the Bailard formula (Bailard 1981). The downslope
transport could also been computed by that formula,
but this gives unrealistically small bed-slope coef-
ficients (γx, γy) so that the expressions based on νt

where also used in this formulation. Much work has
been devoted to test model behaviour with this op-
tion. In many cases the beach tends to certain sensi-
ble equilibrium bathymetry but in some cases numer-
ical instabilities arise and the model crashes. This is
currently under investigation. By this reason, we have
selected the first option for the present application to
La Barceloneta beach. As equilibrium beach profile,
the alongshore average of the bathymetry observed on
October 1, 2003, has been used for the runs presented
here.

2.5 Coastline evolution
At each time step, t = k∆t, and starting from the
previous bathymetry, zbk−1

ic,jc, the discretized sediment
conservation eq. 4 is applied to all cells including
those next to the shoreline to obtain a first approxima-
tion to the updated bathymetry, [zbk

ic,jc]0. The result-
ing new position of the shoreline, i = [ishore(j)k]0,
is then found. After this, the bed level of the cells
neighboring the shoreline is changed in order to have
a prescribed slope β(y) at the shoreline and to con-
serve sediment. This modification is done by rotating

the bed surface around a horizontal axis which is tan-
gent to the local shoreline at each y(jc). This may
change the bed level at those cells giving rise to a new
bathymetry, [zbk

ic,jc)]1. The resulting new position of
the shoreline, i = [ishore(j)k]1, is again determined.
The procedure is repeated until no change is detected
so as the true bathymetry , zbk

ic,jc and shoreline posi-
tion, i = ishore(j)k, are obtained. Usually, only one
iteration is needed for each time step.

The prescribed slope of the swash zone may be
computed with the empirical expression of Sunamura
(Short 1999)

β = 0.12gDs

(

T

Hb

)2

(9)

where Ds is the sediment grain diameter, Hb is the
wave height at breaking and T is the wave period.

2.6 Boundary conditions
The governing equation, eq. 3, together with shore-
line evolution determine a non-local dynamical sys-
tem. However, disregarding shoreline changes and the
terms arising from ~qL, a second order parabolic equa-
tion results from where Dirichlet, Newman or mixed
boundary conditions seem appropriate. Thus we have
applied

{~qC}x = 0 (10)

at the shoreline which is equivalent to the Newman
condition, γx∂(zb − h(x))/∂x = 0. Notice that this
does not imply that there is no sediment transport at
the shoreline, since the readjustment of bed level at
the shoreline cells following the algorithm described
in sec. 2.5 to meet the prescribed swash zone slope
imply sediment exchange in the cross-shore direction.

At the groins, the condition {~q}y = 0 is considered.
At the lateral boundaries offshore of the groins and
at the offshore boundary, the relaxation towards some
equilibrium is imposed which results in mixed condi-
tions. For instance, at y = Ly,

{~qC}y = γyλ
−1

y (zb − h(x)) (11)

is imposed, which is equivalent to

∂(zb − h(x))

∂y
= −λ−1

y (zb − h(x)) (12)

where the relaxation distance is λy.

3 THE DATA SET
3.1 La Barceloneta Beach
The Catalan coast is a micro-tidal zone (range <
20 cm) where waves are the main stirring mecha-
nism controlling coastal evolution. The most ener-
getic storms approach from the East with a typical
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duration of few days and are typically associated with
the cyclonic activity in Western Mediterranean. The
annual mean significant wave height (Hs) is lower
than 1.0 m but storms can reach maxima Hs near
6 m, with occasionally reaching 10 m. The city of
Barcelona is located in the North-western Mediter-
ranean, flanked by two rivers -Besos in the north and
Llobregat in the southern part. It has approximately
13 km of coastline containing the city harbour in the
southern-most part of the city, three marinas and more
than three kilometres of beaches.

La Barceloneta beach is a bar/terraced beach of
about 1300 m length which is bounded by the
Barcelona Harbour dike to the south and by the So-
morrostro dike to the north (see Fig. 3). Its orientation
is approximately 20o. Beach sediment is composed by
sands with some proportion of gravels. The median
grain size (D50) shows high spatial and temporal vari-
ability with an average median grain size of about 1
mm.

3.2 Wave forcing during October-November 2003
We here apply the model to the evolution of La
Barceloneta beach during the period from October
1 till November 4, 2003. Deep water wave data are
taken from WANA model data set (Puertos del Es-
tado, http://www.puertos.es. See Ojeda and Guillén
(2006)) at 63 m water depth. During this period two
main storms occurred. The first one was an eastern
storm and lasted from 15th to 20th October (see Fig.
2). The peak Hs was 3.4 m, with Tp = 10.2 s and di-
rection from 83o. The second one was a S-SW storm
which lasted from October 30 till November 1. The
peak Hs was 4.0 m, with Tp = 9.2 s and direction
from 194o. The direction of the waves with respect
to the shore normal was −26o in case of the E storm
and +84o for the S-SW. The wave characteristics at
the offshore boundary of the model domain (20 m wa-
ter depth) were Hs = 3.1 m, θ = −20o during the E
storm and Hs = 1.6 m, θ = 55o during the S-SW one.
A striking reduction in wave energy occurred due to
wave refraction during the S-SW event.

3.3 Behaviour of the beach
The bathymetry of La Barceloneta beach was mea-
sured both on October 1 and on November 3. Figures
3 and 5 show that many complex changes occurred in
the bathymery, the most prominent being the follow-
ing:

1. In water depths between 0 and 3 − 4.5 m (de-
pending on alongshore location) there was gen-
eralized erosion except in the region 350 < y <
600 m. At some point the bed level decrease
reached 1.5 m. (e.g., around x ' 100, y ' 700
with initial bed level, zb0 '= −1.5 m).
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Figure 2. Significant wave height and wave angle at
the offshore boundary of the model domain during the
simulation period, from October 1 till November 4,
2003. The angles are with respect to shore normal (x-
axis), positive from S, negative from E.
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Figure 3. Surveyed bathymetry of La Barceloneta
beach. The shoreline is indicated by a thicker line.
Left: October 1, 2003. Right: November 3, 2003.
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2. In water depths between 3 and 7 m there was
mainly deposition except in the region 75 < y <
325 m. This resulted in a kind of terraced profile
(barred at some sections). This deposition area
attached to the shore in the region 350 < y < 600
m. At some places, the bed rose up to 1 m.

3. At the stretch of shore where the deposition at-
tached to the shore, a megacusp developed.

4. Shoreline changes are very minor, not larger than
about 15 m.

5. An area of strong deposition appears around x '
500, y ' 50 m which is very likely an artifact of
the gridding due to the proximity of the lowest
available bed levels in the bathymetric data.

4 MODEL RUNS
4.1 Parameter setting
The size of the integration domain was Lx =
1000,Ly = 1500 m and the grid was chosen as ∆x =
∆y = 10 m. The model was fed with the initial
bathymetry (t = 0 at October 1, 0 hr) and was run
for 35 days with the observed wave forcing. The mor-
phodynamic time step was dt = 0.0001 d and the time
step for running RefDif was dtw = 0.001 d (it may
seem unnecessarily small, but we observed that larger
values might originate numerical instabilities in the
morphodynamic model). It turned out that this com-
bination of dt and ∆x,∆y fulfilled the Courant nu-
merical stability condition for the chosen diffusivity
coefficients, εx, εy, even in the most critical situation
which is during the E storm (maximum diffusivity due
to maximum energy dissipation). A breaking index
γb = 0.5 was assumed, µ = 0.15 m1/2s−1 and r = 1.
The relaxation distances for the boundary conditions
were set to λx = λy = 2000 m. The grain size was set
to D50 = 0.001 m.

The most important parameter tuning affecting
model outputs is that of the morphodynamic diffusiv-
ity coefficients, εx, εy. Default values for the present
runs were εx = 0.02, εy = 0.03. This means, in di-
mensional terms, a peak diffusivity of γx = 0.038
m2s−1 for the E storm (i.e., Hs = 3.1 m, the diffu-
sivity scaling with H

11/6

b ). The criteria used for se-
lecting the sensitivity range are the following. First,
there is an upper bound for the morphodynamic diffu-
sivity which is the coastline diffusivity caused by the
longshore transport according to the standard one-line
modelling, γ = 2µH

5/2

b /D̄, where D̄ is of the order of
the depth of closure (Komar 1998; Falqués 2003). Our
γx must be quite smaller than γ, as otherwise it would
mask the large scale processes we are interested in. In
case of the eastern storm and assuming D̄ ' 8 m the
coastline diffusivity is γ ' 0.2 m2s−1, which is safely
larger than 0.038. Therefore, our choice is sensible in
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Figure 4. Model bathymetry. Left: initial one. Middle:
before the eastern storm, October 15, 2003. Right: af-
ter the eastern storm, October 21, 2003.

this regard. Second, a too low diffusivity gives rise to
the growth of small scale instabilities not related to
the large scale physics which spoil down the simula-
tion. Our choice εx = 0.02 is at the lower bound to
avoid this. Finally, a way to get a feeling for the cor-
rect range of the diffusivity is to consider that the time
scale τ for the relaxation to the equilibrium profile if
the profile is perturbed with a feature of lengthscale,
L, is τ = L2/γx. Our choice would give τ = 3 d in
case L = 100 m which makes sense.

4.2 Results

As seen in Fig. 4, the beach changes predicted by the
model are rather minor before the E storm. A slight
tendency to sand accumulation at the place where a
megacusp very often develops (y ' 500− 600 m) be-
comes apparent. With the start of the storm in October
15 a severe beach erosion occurs in the model result-
ing in a very pronounced regression of the shoreline
(up to 50 m) at the end of the storm (October 20).
As can be seen by comparing Figures 3 and 4, this
was not observed in the final observed bathymetry on
November 3. The reason for this is the following. The
tendency of the model to predict beach erosion during
a severe storm seems qualitatively correct according
to common observations and is consistent with Ojeda
and Guillén (2006) who describe some retreat in the
shoreline of La Barceloneta by using video images.
However, they also describe a subsequent recovery of
the beach after the storm and this is not reproduced
by the model in its present version. In contrast, the
changes in the model bathymetry after the E storm are
very small all the way to the end of the simulation, in-
cluding the S-SW storm. The latter is not surprising
as the wave energy arriving at la Barceloneta beach
was quite small due to strong refraction and the storm
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Figure 5. Differences in bed level between the final
(November 3, 2003) and the initial (October 1, 2003)
bathymetries. Dark colors mean erosion and ligh col-
ors deposition. The zero contour line is inicated by a
black thick line. Left: model. Right: observed.

duration was very short (about 1 day). This quasi ’in-
activity’ of the beach in the model during that period
could correspond to the observed recovery process.

It becomes also apparent that the bathymetric lines
in the model after the E storm become very smooth,
much smoother than the observed ones. This results
from the fact that the model replaces the complex surf
zone processes as rip current circulation and rhyth-
mic bars by the morphodynamic diffusivity and this
is most dramatic during high energy events where this
diffusivity is very large. This is however an expected
limitation that is harmless for the aims of the model.

A more favorable comparison of model results with
observed beach changes arises from the incremental
bathymetries, i.e., substraction of initial bed levels
to the final ones (Fig. 5). First, the generalized ero-
sion close to the shoreline in most of the alongshore
span of the beach is qualitatively reproduced by the
model. At the southern tip of the beach this erosion
area occurs farther offshore, in water depths −4 <
zb < −2 m, and this is also qualitatively predicted by
the model. The erosion is however significantly over-
predicted and this is specially dramatic at the shore-
line. The counterpart of this erosion is sand deposition
in a strip parallel to the coast at about x ' 250 m for
400 < y m that is apparent both in the modelled and in

the measured bathymetry. The shapes of this sand ac-
cumulation area in both the model and reality are not
identical. The main difference is that this ’incremen-
tal shoal’ in the surveyed bathymetry weakens at its
northern tip while in the model it is more alongshore
uniform and overall more prominent. Also, in the
southern part of the beach this accretion area is shifted
offshore with respect to observations. The shore at-
tachment of the deposition area corresponding with
the megacusp in nature is not exactly reproduced in
the model due to the exaggerated shoreline erosion.
However, a very pronounced sand accumulation close
to it (somewhat further south) is clearly apparent in
the model indicating that the model tries to repro-
duce the megacusp. Finally, the model also catches
the strong accretion area in deep water at the south-
ern end of the beach which is represented in the ’ob-
served’ incremental bathymetry. This is because the
initial bathymetry is very deep at this area (strongly
off-equilibrium) and the model tries to replenish this
region. In the final observed bathymetry, this region is
indeed less deep so that model and observations tend
to coincide. However, as it has already been noted,
the high water depths at this area could be (partially)
an artifact of the gridding so as both model and ’ob-
served’ bathymetry might overestimate this deposi-
tion tendency.

5 DISCUSSION AND CONCLUSIONS

An extension of one-line coastline models to include
cross-shore beach profile dynamics has been pre-
sented. The extension is conceptually in the same di-
rection as the N-line models but the rationale of the
new model is quite different from them. Essentially,
rather than moving the contour lines as those models
do, the present model updates the bed levels in a rect-
angular grid as the common 2DH models do. Thus, it
can be considered a quasi- 2DH model and it might
be quite easy in the future to build a unified model
capable of running alternatively as 2DH or as quasi-
2DH. The model has been tested against morpholog-
ical changes in an embayed beach. This is a rather
unfavorable case study for such sort of models be-
cause they are mainly meant to predict gross changes
in shoreline rather than detailed bathymetric changes.
This is specially so as no significant shoreline changes
were observed on that beach during the simulation pe-
riod. Nevertheless, we wished to do this first test of
the model in the worst performance conditions.

A period of 35 days which include two storms, one
from the E and another from the S-SW was simulated.
To keep the model running for such a long period and
producing reasonable bathymetry and waves was not
trivial at the beginning but was finally accomplished
(for instance, the Bailard formulation for cross-shore
transport was rather unstable from a numerical point
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of view). However, the comparison of the final mod-
elled bathymetry with the final observed one shows
significant differences in some respects. In particu-
lar there is a very strong shoreline retreat which was
not observed in the final bathymetry. This is very
likely due to the failure of the model to describe post-
storm recovery rather than an incorrect prediction of
beach erosion during a severe storm. Furthermore,
the contour lines in the model are smoother than in
nature although it is not surprising since the model
filters out surf zone morphodynamic medium scale
features. In contrast, an analysis of the incremental
bathymetries (differences in bed level between the ini-
tial bathymetry and the final one) reveals an encour-
aging qualitative similitude between the main tenden-
cies in the bathymetric evolution of both model and
observations. For instance, erosion close to the shore
and deposition further offshore is well reproduced by
the model. Besides, nearly in the alongshore location
where a megacusp develops in the observed shoreline,
the model predicts a significant sand accumulation.
This test is still very preliminary but it suggests that
the model has potential skill for beach change pre-
diction. Work is currently under way to investigate
the sensitivity of the model results to the parameters
describing cross-shore transport and shoreline evolu-
tion. In particular, the reasons for the too strong shore-
line retreat/inability of beach recovery are being in-
vestigated. Given the relatively good qualitative re-
sults of the model in predicting deposition/erosion out
of the shoreline, once the shoreline description will
improve the model will likely perform much better.
This will be hopefully discussed at the Conference.
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