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This paper presents a system that is capable of generating numerical models for water and
sediment motion, in which the level of precision is defined by the accuracy of initial and bound­
ary data. This provides a simulation in which the coat is concordant not only with the amount
and precision of available input information but also with the general objectives of the project

The system is divided into three units: (i) wave/current propagation, (ii) nearshore circulation
and (iii) shore-line evolution. Unit (0 is composed of two models of which the first is based on
linear tsinu soidalj theory and valid only for wave refraction. The second model uses a rather
general set of mass and momentum conservation laws and is able to reproduce wave and current
propagation, including their mutual interactions together with the effects of refraction, dif­
fraction and reflection. An original absorbing-reflecting boundary condition is also presented.
This condition, apart from being more accurate for 2D flow than most of the state-of-the-art
conditions, is also more general, allowing a unified treatment for all boundar-ies.

Unit (ii) is made up of two modules. The first, based on analytical solutions for wave-decay
and longshore flow, is used for alongshore uniform problems. The second is based on mass and
momentum conservation equations <including radiation stresses), using vertical and across­
shore integration. This technique, developed here to allow an efficient calculation of set-up and
transverse and alongshore velocities for a varying coast-line, provides hydrodynamic infor­
mation with the precision level required by bulk formulations for sediment transport. These
formulations are the basis of unit (iii) which, at the moment includes only a L-Hne shoreline
evolution model. This model is able to reproduce the effect of the most usual coastal works (per­
pendicular groynes. detached breakwaters, etc.v.

ADDITIONAL INDEX WORDS: Numerical models. bnundorv conditions. waves. sediment
transport, shoreline evolution, breaker eone. hydrodynamics. .

INTRODUCTION

The analysis of coastal engineering problems
(associated with water and sediment motion)
usually requires numerical or hydraulic,
reduced scale, models. The former are complex
and sophisticated due to the existence of
unknown boundaries, high turbulence and sto­
chastic forcing terms. The latter are very much
limited because of scale effects and distorted
sediment characteristics. Furthermore, meas­
urements in the breaker zone (in which the
most significant processes take place) are
scarce, expensive and not very accurate. This
generally precludes an accurate calibration of
the more sophisticated models.
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However, most coastal problems are associ­
ated with large costs (including environmental
impact) and therefore require quantitative
engineering so lutions. This explains why in
many of the numerical simulations of water and
sediment motion in the surf zone coexist rather
sophisticated models (e_g, hydrodynamics) with
semi-empirical formulations (e.g. sediment
transport),

This paper presents an integrated numerical
model for water and sediment motion in which
the level of precision is defined by the accuracy
of initial and boundary data. This provides a
simulation in which the cost is closely related
not only to the amount and precision of the
input values but also to the general objectives
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of the project. The proposed model is divided
into the following routines:

(i) Wave/current propagation
(ii) Nearshore circulation
(iii) Shore-line evolution

Most of the included models are rather well­
known and will not, thus, be treated in detail
here. The emphasis will be on two new items of
the integrated model:

(i) Boundary conditions for the wave/current
propagation module.

(ii ) Across-shore integrated nearshore circula­
tion module.

WAVE/CURRENT PROPAGATION
MODULE

This module is made up of two models:

(a) Standard wave-ray model, which is auto­
matically selected for the cases in which
only wave refraction (eventually also bot­
tom friction) is important.

(b) Wave propagation model based on the Bous­
sinesq approximation for the mass and
momentum conservation laws (e.g.(S.­

ARCILLA and MONSO, 1986»), This model
is automatically selected for the cases in
which reflection/diffraction effects are
important.

Hydrodynamic Model

The b model uses a set of non-linear mass and
momentum conservation laws, similar to the
ones proposed by other authors (ABBOTT,
1981), (S.-ARCILLA and MONSO, 1985):

term including various external
acting forces (Corio l i s, wind
stress, bottom friction and
atmospheric pressure effects) (8.­
Arcilla et al. 1986)
term including third-order deriv­
a tives arising from the vertical
acceleration included in the
momentum equations (and
which, in turn, induces a non­
hydrostatic pressure distribution
and a linear variation with depth
of the vertical velocity) (8.­
ARCILLA et al., 1986).
term including second order
derivatives associated to turbu­
lence effects, modeled as a func­
tion of an eddy viscosity coeffi­
cient, (S.-ARCILLA et al., 1986).

The y-momentum equation is entirely similar.

These equations are discretized with an
Abbott type finite differences scheme. The
centred and implicit algorithmic equations
obtained are solved by means of an alternating­
direction double sweep technique. The algo­
rithmic structure, though non-linear in the
problem variables (11, p, q) is linear in the var­
iables at the unknown time-level, with a second
order truncation error (S.-ARCILLA et al.,
1986).

(i) x-sweeping

(i i) y-sweeping

d'll ap oq- + - + - = 0 (mass equation)
at ax oy

op a p2 a pq aT!
- + -(-) + -(-) + gH­
at ax H oy H ax

F, + Gx + Ex (x-momentum equation)

in which
t:
x,y:
T):

p,q:

H = h + 11:

time
horizontal coordinates
free-surface elevation
x and y components of the mass
flux vector
total water depth (h : still water
depth)

in which A, B, C, D, E, F, G, I, R, S, U, V, W,
X, Y, Z are functions of various parameters and
the problem variables at known (past) time lev­
els. These coefficients include the non-linear
part of the equations at various time levels in
such a way that the truncation error associated
to the finite differences discretization is always
of order O(~S~, ~t2, ~S. ~t), (with ~S being some
representative mesh size) or smaller.

Horizontal sweepings are performed first,
providing values for p" + 1 and H" + 1/2. Vertical
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sweepings are carried out afterwards and are
used to estimate q" + I and H" + I.

Once horizontal and vertical sweepings are
completed the problem variables (H, p, q) are
known at time level n + 1 (starting from level n)
in a staggered mesh as shown in Figure 1.

The non linear version of the discretized
equations require, however, the three variables
(H, p, q) at each node point. This necessitates
an additional interpolation throughout the
domain to supplement the values obtained from
the sweeping operations. The order of the inter­
polation must be connected to the truncation
error of the discretized scheme. The overall
truncation error so obtained for the model is of
second order, both in space- and time-incre­
ments.

The resulting non-linear scheme is consistent
and stable except for large Courant numbers,
due to the presence of some explicitely esti­
mated values to elude iterations in the solution
procedure. This, however, does not severely
restrict the model applicability for short (wind)
waves cases.

Absorbing-Reflecting Boundary
Conditions

The main points which, in practical engi­
neering, define the model applicability are com­
puter requirements and boundary modules

available. The first point has been satisfactorily
solved (at least from the standpoint of practical
applications) with the selected algorithmic
structure and double sweeping technique. This,
together with a staggered information storage
and a numerical grid generation module (8.­
ARCILLA et al., 1986) provide a very efficient
wave propagation model.

With respect to the second point, the number
of boundary conditions m.c.) required by the
hyperbolic equations presented in the previous
section is determined by the number of char­
acteristic lines (l-Dl or surfaces (2-D) defined in
the considered area (DAUBERT and GRAFFE,
1967). These conditions must, also, define a
well-posed problem and allow the exit of waves
generated in the domain through the "open"
boundaries (i.e. lines separating the domain
from other sea areas). For practical application,
also partially reflecting B.C. are required, to
simulate partial reflection effects as, e.g., those
encountered in breakwaters, etc.

The existing non-reflecting B.C. are based on
the Riemann invariants for the 1D, linear,
hyperbolic equations (VERBOOM, 1983). These
conditions, however, are not locally a good
approximation to the physical problem when
waves are not planar and/or are obliquely inci­
dent to the boundary. The induced reflection is
not present in the physical problem even
though far from the boundary the model results

~P--H--P--H--P--H

:c
~
~
~

Figure 1. Staggered spatial disposition of the problem variables (H, P. q) after horizontal and vertical sweepings have been
performed. This information is then completed by quadratic interpolation.

Journal of Coastal Research, Vol. 5, No.3. 1989



606 Arcilla

may be acceptable from an engineering stand­
point.

The new B.C. module presented here permits
not only a reduction of the degree of reflection
in "open" boundaries but also allows a unified
treatment of conditions with variable reflec­
tion. This means that the same equations can
be employed for a reflecting vertical wall, for a
prtially reflecting breakwater or for a dissipa­
tive beach. This, in turn, means less boundary
modules for a specific application of the model,
with the subsequent savings in pre-processing
time.

The proposed B.C. is based on a linear super­
position of the in- and out-going mass-flux vec­
tors at the boundary. This may be written as:

in which:

J. s: sub-index denoting in-going or out-going
wa ves, respectively.

~

U: unit vector in the direction of wave prop-
agation.

C: wave celerity.

The free-surface elevation at some generic
boundary point, TJr, may be, likewise, written
as:

Considering that

~

P, = (p,q)
~ ~

U J = (cosfl, sin ll), U, = (cosfl"sinllJ

it is easy to obtain two equations for every
stretch of discretized boundary:

P Cn.cose, + CTJ,COS fl,

q CTJJsinflj + CTJ,sin!J,

TJr = TJ = TJ, + TJ,

The problem so defined has five unknowns at
the boundary: p, q, TJ, TJ" ll,. Two of the three
remaining equations required are the mass and
(corresponding) momentum conservation laws.

To calculate flJout-going wave direction) an
additional equation must be invoked:

Figure 2. Contour lines of the disturbed free-surface for a
square domain, with four open sides and oblique wave inci­
dence, to illustrate the performance of the absorbing-reflecting
condition. (a) n ~ 20 points per wave length, (b) n ~ 100 points
per wave length.

in which n R is the unit, normal to the boundary,
vector.

This approach to the problem means an
improvement over the conventional weakly­
reflecting boundary condition, based on the I-D
Riemann invariants. Furthermore, the conven­
tional solution usually requires the use of
linearised conservation equations in a finite
width strip, parallel to the boundary. The pro­
posed solution, on the other hand, only needs
linearised superposition at the boundary line.

The model has been calibrated with cnoidal
waves, which are the analytical solution of the
employed equations when no extra terms of
type F.. Ex are considered (S.-ARCILLA et al.,
1986). After this, the model was run for a
square domain with four open sides, in which
the direction of wave incidence coincides with
one ofthe diagonals (Figure 2). This case is par­
ticularly illustrative of the performance of the
new absorbing-reflecting B.C. Figure 2 shows
contour lines of the disturbed free-surface
which are nearly parallel and oriented perpen­
dicularly to the diagonal. This confirms the
accuracy of the proposed B.C.

Journal of Coastal Research. Vol. !i, No.3. 1989
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Application to Coastal Hydrodynamics

To illustrate the model output for a practical
coastal engineering problem the program was
applied to the analysis of long-wave propaga­
tion and resonance in the Bay of Mahon,
Minorca (Balearic Is., Spain).

The test run was done with a long, regular
wave train, since the main aim of the study was
the occurrence of resonance in some of the inner
basins of the bay. The wave period and ampli­
tude were, respectively, 240 sees. and 1.0 m.

The results shown were calculated by a rou­
tine primarily designed for irregular waves
and, thus, correspond to the ratio of the vari­
ance (a measure of the wave energy) at the con­
sidered point over the variance at the bay
entrance. The numerical results correspond to
360 points per wave length and 24 time steps
per wave period which means a high level of
accuracy. The time of run was calculated so that
at least 10 complete waves reach the farther­
most end of the bay. This is to give statistical
significance to the calculated variance.

Figure 3 shows the velocity field at time t =

7.500 sees. due to the long wave propagation.
The arrows indicate direction and modulus of
the induced velocity.

Figure 4 depicts the contours of iso-agitation
associated to this same long wave propagation
problem. The agitation coefficient has been

BAY OF MAHON
VELOCITY FIELD
T=1505
-: 10958 m1/s

defined as the afore mentioned ratio of vari­
ances.

The run was performed with the newly devel­
oped reflecting-absorbing B.C. This means a
more realistic simulation of the long-wave
problem in the Bay due mainly to the occur­
rence of seiching ("rissagas" in the local ver­
nacular) for which multiple reflections play an
important role.

NEARSHORE CIRCULATION

Nearshore circulation, from an engineering
point of view, is usually required to nourish a
shore-line evolution model. The basic input are
wave conditions near the breaker-line, obtained
either from direct measurements or, more often,
from deep-water wave data propagated with a
model such as the ones described in section 2.
Once the nearshore circulation has been deter­
mined, sediment transport and shore-line evo­
lution can be evaluated. The final aim is, thus,
shore-line evolution which is normally calcu­
lated with 1- or 2-line evolution models, based
on bulk formulations for sediment transport.
This means that the only hydrodynamic infor­
mation required by these simplified models is
an average or characteristic longshore and
transverse current velocities. With this, both
the alongshore and transverse sediment trans­
port may be evaluated.

The hydrodynamic model developed fulfills

Figure 3. Velocity field at t ~ 7.500 sec. induced by long-wave propagation into tho Mahon Bay rSpainl.

Journal of Coastal Research, Vol. 5, No.3, 1989
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Figure 4. Contours of iso-agitation for a long-wave propagation problem in the Mahon Bay. (Spain l.

these requirements, providing the alongshore
and transverse velocities at each profile
together with the corresponding set-up. It also
considers alongshore variability, nearly always
present in coasts with a high number of
groynes, revetments, etc.

with u the fluctuating component (and simi­
larly for the v).
h: water depth measured from the still water

surface.
Pd: average dynamic pressure on the bottom.

I'd = P l o t a ' - gth + Tj)

The total fluid velocity is, thus:

Hydrodynamic Model

u (x, y, Z, t) = U(x, y, t) + utx, y, Z, t)

denotes time averaging and U, V are the x and
y components of the averaged velocity, given
by:

Assuming the mean flow is stationary, and
thus there are no stresses acting on the free sur­
face (usually of a transient nature) and that
turbulent and oscillatory motions are uncoup­
led, the equations can be simplified (MEl,
1983>' Furthermore, the S'j terms are usually
evaluated from sinusoidal theory (LONGUET·
HIGGINS and STEWART, 1962) while Tilterms
are normally expressed as a function of the
mean flow variables (U,Vl by means of the clo­
sure hypothesis of Boussinesq (e.g. VON
SCHWIND, 1980).

The bottom friction term, Til, , is written as a
friction coefficient, Cr, times the square of the
total (mean + oscillatory) velocity. Assuming

S,,: (i j) component of the radiation stress ten­
sor, representing excess momentum fluxes
associated to the oscillatory motion.

Tij: (i.j) component of the viscous stress tensor,
representing excess momentum fluxes asso­
ciated mainly to the turbulent motion.

T
O- x: x-component of the tangential stress at the

free-surface.
"Til,: x-component of the tangential stress at the

bottom.

Il
T,

(mass)

aTj F
-n)- + Tx., ax
(x-rnomentuml

o

V=-q­
ll+ h

p

11 + h'

a -- i!
-(pV) + + rS" - Tx.lay ax

- ah
Pd- - g(h +

ax

a'll + ilp + aq
ilt ax ay

a
+ aylSxy - Tx,l

The model is based on the mass and momen­
tum conservation equations vertically inte­
grated and time-averaged, for an incompressi­
ble quasi-horizontal flow (e.g. PHILLIPS, 1977).

iJp a--
- + -(pU) +
at ax
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mean velocities are smaller than the amplitude
of the oscillatory motion, the following expres­
sions may be obtained (LIU and DALRYMPLE,
1978), (KRAUS and SASAKI, 1979), (S.­
ARCILLA et al., 1986):

T~ '" Cf r Vg(h + 1T) [U(1
1T

+ cosf«) - Vsinocoso]

in which:

-y: breaker index defined as the ratio of wave
height to water depth.

a: angle of wave incidence (angle between
crests and shoreline general orientation).

The problem is, thus, governed by three equa­
tions (depth and time-averaged mass and
momentum conservation laws) and is written in
terms of three unknowns: the two horizontal
velocities or mass fluxes (<V,V) or (p,q)) and the
mean water surface (~) due to the presence of
breaking waves. The model also requires, as an
additional input, a wave-height decay law,
which is calculated externally using the model
proposed by (GUZA and THORNTON, 1985).

Numerical Solution

The resulting system of 3 coupled non-linear
partial differential equations must be solved
numerically together with appropriate bound­
ary conditions.

Since the hydrodynamic information from
this model is going to be used to evaluate sed­
iment transport with bulk formations (e.g.
C.E.R.C. formula) only across-shore average
values of the three unknowns will be calcu­
lated. This means that just the across shore
mean of D, V, and ~ will be obtained. This
allows, in spite of the complexity of the equa­
tions, a very efficient solution procedure which
can be used even in rather small personal com­
puters.

Considering an alongshore varying coast-line
(Figure 5), the solution procedure can be sche­
matized as follows:

Divide the nearshore area into finite ele­
ments stretching from shore- to breaker-line
and with aspect ratios near 1.0.

Prescribe the across-shore variation of the

three unknowns in terms of linear shape
functions.

With this, all x-derivatives (x:local trans­
verse axis, Figure 5) in the conservation equa­
tions can be explicitly evaluated. Up to this
point, the model requires as input the wave con­
ditions at the mean breaker-line (wave height,
period, direction and set-down).

The resulting equations are only a function of
the cross-shore averages ofD, Vand ~ (u m , v., and
lJm) and their alongshore derivatives (iJ/iJy):

+ g(h m + lJm)lJ,,-lJm + T~ = 0
Xm

(x-momentum)

in which

Au: eddy viscosity coefficient.

131,,13",: coefficients obtained from the pre­
scribed shape functions for the across­
shore variation of the unknowns D, V,

lJ·

xh : distance from breaker- to shore-line of
which only the initial value (correspond­
ing to the still water level) is known.

xm : distance from the central node of each ele­
ment to the shore line.

lJm: mean water level (measured from the still
water level) at the central node.

h m : water depth at the central node.

(the y-momentum equation is entirely similar)

These equations are, next, discretized in the
alongshore direction by means of a second­
order, centred finite-differences scheme. The
algorithmic structure obtained only uses values
of the unknowns at the central node of each ele­
ment, expressed in the local axes of each ele­
ment (Figure 5). This lumping of the scheme
provides excellent stability and accuracy prop­
erties. Further information on the derivation
and characteristics of these equations may be
found in (S.-ARCILLA et al., 1986).

Journal of Coastal Research, Vol. 5, No.3, 1989
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Shore line

-"*,,* l<- Breaker line

Schematization of an alongshore varying coast-line discretized into finite clements.

The resulting system of 3N discretized equa­
tions (3 equations applied to the central node of
each element, with N being the number of ele­
ments) together with the 3N unknowns (Un"
Vm,Tlm at each central node) can be solved. To
minimize the number of iterations, due to the
non-linearity of the equations, the problem was
subdivided into three steps, inspired on the
analytical solution for uniform beaches:

Step 1: Starting from known (hypothesized)
values for U m, and Tin" (i = 1, ... N)
Vmi is estimated with the alongshore
(y-directionl momentum equation.
The starting val ues for U mand Tim are
obtained from the solution for uni­
form beach and normal wave inci­
dence.

Step 2: Using the assumed values for Tlmi and
the calculated values for Vmi (step 1),
U mi (i = 1,...N) is estimated with the
mass conservation equation.

Step 3: Using the calculated values for V""
(step 1) and U m, (step 2), Tlmi (i ~ 1,
... N) is estimated with the transverse
(x-directionl momentum equation.

The process is now repeated, using always the
two most recent values of the two "frozen" var­
iables to estimate a new value of the third
unknown. The formal structure of the resulting
discrete equations defines the number and type
of B.C. necessary to have a well defined prob­
lem. The structure of the equations, derived in
(S.-ARCILLA et al., 1986l, is:

(i ) mass equation:
a.U', + b, 0

(ii) x-momentum equation:

(iii) y-momentum equation:

d(b"V~,) d2(c
jVm) 0

a"Vm + ------;Jy + dy" + e3 =

in which abc e f are variable coefficients,
functions ~f ~he'~;~ ':frozen" variables in each
equation (that explains why only one unknown
appears explicitely in each equation).

It should be remembered that these expres­
sions are the result of discretizing the original
conservation laws with a prescribed transverse
variation for all three unknowns in terms of
given shape functions. Furthermore, various
B.C. have been already imposed at the breaker
line (see the preceeding sub-section).

From this formal structure for the conserva­
tion equations it is easy to obtain the number
and type of required B.C. The y-momentum
equation, which is first solved with the pro­
posed iteration scheme, permits two B.C. pro­
vided the second-order derivative term (arising
from the lateral turbulent mixing) is compara­
ble to the rest of terms. If this is not so, we have
in fact a first-order differential equation which
only accepts one B.C. Since in alongshore vary­
ing coasts it is usual to know Vmat both bound­
aries (e.g. Vm = 0 at the two limiting groynes
or natural barriers of a pocket beach) it is there-

.Journal of Coastal Research, Vol. 5. No. :1,1989
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fore important to maintain a true second-order
differential equation. This requires that the
order of magnitude of the second-order deriva­
tive (lateral mixing term) be comparable to the
rest of terms.

Performing an order of magnitude analysis of
the various terms of the discretized equations,
it is easy to obtain that all are of the same
order, except the turbulent mixing term which
is AH/x, times smaller (x.: characteristic across­
shore distance). The only possibility to retain
this second-order derivati ve term is to use an
eddy viscosity coefficient of order:

All = 0(1)

This solution, which allows to maintain two
B.C. for the unknowns Von and 'Tlon, has been
introduced from purely numerical considera­
tions. It is, however, easy to find that it pos­
sesses a physical meaning as well. The reason
is the additional circulation induced by the two
lateral boundaries wi th respect to the long­
shore-uniform problem. In this latter case All =
0(1) and it seems, thus, reasonable to assume
for a non-uniform coast an All value modified by
the length of the induced additional circulation.
Since this length appears to be of order x, (e.g.
GOURLAY, 1976) it is physically consistent to
use an eddy viscosity coefficient so distorted
(the extra length included is duly considered in
the equations to avoid trouble with the dimen­
sions).

The x-momentum equation, solved to obtain
'Tlm, shows the same formal structure and will
not be further considered here. It is, however,
important to mention that the model uses Neu­
mann B.C. for 'Tlon (the reason being that bound­
ary values for 'Tlon are not usually available):

iI'Tlon = 0
iln

in which n is the normal to the boundary.
The last equation to be considered is the mass

conservation law. Due to its particular struc­
ture no alongshore boundary conditions are
allowed (transverse conditions have been
already prescribed via the shape functions and
the values given at the breaker line). This sit­
uation presents practical advantages because
Doni' i = 1 and N, (values of the cross-shore

velocity at the central node of the two boundary
elements) are either unknown or hard to eval­
uate in most coastal problems.

The numerical solution is, then, obtained
using the iterative approach described. The
model now works with an error of 10- a for the
three variables, Un" V mr 'Tlon with the required
number of iterations being usually less than 5.

Calibration

The model has been first calibrated with the
existing analytical solution for longshore uni­
form beaches (e.g. BOWEN, 1969; LONGUET­
HIGGINS, 1970). The only free parameters of
the model are Cf (bottom friction coefficienti.A.
(eddy viscosity coefficient) and 'Y (ratio of
breaker wave height to water depth). Values for
'Yare usually obtained from measurements
which leaves the model with two free parame­
ters (Cf andA,,) as is the case for most analytical
models for the longshore current velocity. The
model appears to work satisfactorily for all test
problems run, showing a very low sensitivity to
the actual size of the elements used to discretize
the surf zone, provided the aspect ratio is not
too different from 1.0. All these test runs were
performed with data from Leadbetter beach
(WU et al., 1980) using for Cf the values pro­
posed in the original paper. To obtain the meas­
ured longshore current velocity the only free
parameter was, then, A". The required values
were alwaysA" = O(Ll, as expected, showing
deviations from 0.5 to 1.5.

After this, the model was calibrated with data
obtained from hydraulic tests for an alongshore
varying beach (GOURLAY, 1976), (GOURLAY,
1978). The beach considered (Figure 6) has two
distinct parts: a straight zone exposed to the
incident waves and a circular zone, sheltered by
a perpendicular groyne. The shoreline is nearly
parallel to the breaker line (after being affected
by refraction and diffraction). This test case,
therefore, basically reproduces the nearshore
circulation induced by an alongshore gradient
of wave height. The breaker line was obtained
from the measurements.

Wave-heights were recorded with capacity
sensors while the velocity field (Figure 7) was
evaluated using horizontal photographs (with
floating tracers added to the water) and pitot
tube recorders (GOURLAY, 1976>'

The resulting circulation pattern, extremely

Journal of Coastal Research, Vol. fl. No.3, 1989
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Figure 6. Schematization of the reduced-scale model test
done by Gourlay to obtain the nearshore circulation for an
alongshore varying coastline (Gourlay, 19761.

complex as may be seen from the figure, extends
well beyond the breaker line due to the two lat­
eral boundaries (groyne and model wall). Since
the numerical model only considers the surf

zone circulation these outer currents must be
subtracted from the surf zone measurements.
This correction introduces a further uncer­
tainty in the calibration which must be consid­
ered, in spite of the goodness of the fit obtained,
as only qualitative. Furthermore, the difficul­
ties associated to this correction only allow for
a calibration of the longshore current velocity,
vm , precluding any operations with the trans­
verse velocity, u., and the mean level variation,
11m' The latter two variables, therefore, have
only been calibrated in a very qualitative sense.

The surf-zone has been discretized with three
mesh sizes originating 28, 16 and 12 elements,
respectively. This has permitted an analysis of
the sensitivity of the model to the element
shape and size. The lower side of the elements,
corresponding to the shore-line discretization,
is shown in Figure 8 for the cases of 28 and 12
elements. The line has been rotated 35°, with
respect to the hydraulic model, to elude angles
greater than 90° between the shore-line and the
coordinate axes (to avoid some trigonometric
difficulties in the equations).

The overall circulation pattern obtained from
the hydraulic test is correctly reproduced by the
numerical model (longshore current flowing
towards decreasing wave heights and existence
of an eddy near the groyne which implies a neg­
ative longshore velocity and a limiting point of
zero velocity). A more detailed comparison of
the longshore current velocity appears in Fig-

CURRENT VELOCITY CONTOURS IN CM /S

MAXIMUM VELOCl"

RUN-UP L1MIT-----L---:

H:91 em T: 1.5 5
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Figure 7. Contours of equal current velocity and lines of breaking, plunging and run-up for the hydraulic model shown in Figure
6 (Gourlay, 1976).
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Figure 8. Schematization of the beach discretization (with a): 28 clements, and (b): 12 clements) performed for the problem shown
in Figure 6. Only the lower sides of the four-sided elements are shown.

ure g, These velocities have been calculated
with Cf = 0.01 and",," = 0.7, which are very rea­
sonable values for this particular problem.

The obtained fit is surprisingly good, partic­
ularly for the 28 element discretization, but
must be considered only as qualitative, due to
all uncertainties involved (correction due to the
outer circulation, plunging breakers for which
the assumed relationship H = vh is doubtful,
etc.). It is worthwhile mentioning the limited
effect of Cf on the velocity values. This appears
to be the case for currents generated by an
alongshore variability, in which convection and
longshore gradient terms are essential. For the
case of a uniform beach, in which the currents
are essentially generated by the oblique inci­
dence, the main retarding term is bottom fric­
tion, which also retains its importance in the
general (intermediate) problem.

The numerical model has been, therefore, cal­
ibrated with two cases (longshore uniform
beach and beach everywhere parallel to the
breaker line) corresponding to two distinct gen­
eration mechanisms for nearshore circulation,
viz. oblique incidence and alongshore gradient
of wave-height. Since the calibration has
proved to be satisfactory for these two problems

it is reasonable to expect the model will also be
adequate for a general intermediate case,
though no calibration has been performed due
to the lack of data.

The hydrodynamic information so obtained
can then be used as input for a 1- or 2- line
model of shoreline evolution (ARCILLA and
VIDAOR, 1986). These two modules (hydrody­
namic + shore-line evolution) have been
applied to a coast-line with extreme alongshore
variability due to the high number of groynes,
revetments, etc. built. This coast is located
north of Barcelona (Spain) in the Medi­
terranean Sea. A sample result of the predicted
evolution is shown in Figure 10. The informa­
tion required as input by the model was
obtained from a I-year field campaign which
included wave-heights, longshore currents and
aerial photographs of the shore-line.

CONCLUSIONS

The main advantage of the presented
numerical model for coastal hydrodynamics is
that it automatically selects the most appropri­
ate equations for each case. This means that,
for a uniform coastline with no obstacles
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Figure 9. Longshore current (VLC axis) variation along the
shoreline (COSD1S axis) of the problem shown in Figure 6. The
numerically obtained results with 28. 16 and 12 clements are
compared with measured values from the reduced-scale test.

(islands, groynes, etc.i, the linear refraction
model plus some analytical formulation for the
longshore current are automatically activated.
On the other hand, for a coast with reefs and
islands together with an alongshore variability
due to headlands (natural or artificial), groynes
or even some harbour, the more complex Bous­
sinesq model is selected. The surf zone circu­
lation is afterwards obtained with the near­
shore circulation model presented.

The conclusion is that, for each particular
application, the optimum model (from the point
of view of accuracy and cost) is selected based
on a simple input code associated to the avail­
able information and the aims of the project.
This, furthermore, implies that, in most cases,
the hydrodynamic problem and the associated
shoreline evolution can be solved with a per­
sonal computer at a reasonable cost.

The presented models also include two
improvements, advantageous both from a the­
oretical and a practical standpoint. The first is
the proposed absorbing-reflecting B.C., which is

614
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more accurate and versatile than most state-of­
the-art B.C. for this problem. The second is the
across-shore integrated nearshore circulation
model. The improvement in this case is of a
more practical nature, for it allows the resolu­
tion of a very complex physical problem with
high speed and low cost and a level of accuracy
appropriate to the precision of the standard
bulk formulations for sediment transport.
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r I RESUMEN I I
Este articulo presents un sistema. capaz de gencrar mode los numcriccs para c l movirnicrito de agua y scdimento, en los que el

nivel de precision esta definido por la exactitud de los datos inicialcs y de contorno. Esto proporciona una simulaci6n en la que el
coste concuerda no s610 con la cantidad y precision de la informacion disponiblc como input sino t.ambien con los objctivos generales

del proyecto.
El sistema esta dividido en trcs unidadcs: (i ) Propagaci6n de olas.corrrontes. ti i) Ci rculacion en zona de rompicntes y (iii) Evo­

lucien de la linea de orilla. La unidad (i) est.a cornpucsta por dOH rnodclos. de los que cl primcro est.a basado cn la teoria sinusoidal
(lineal) y es s610 va lrdo para refraccion del oleaje. EI segundo rnodc lo utiliza una version bastanle general de las ecuaciones de

conservacion de masa y momentum y CR capaz de reproducir la pr opagacion de 01a8 y cor r ientcs, su i ntcraccion y lOR efcctos de
refraccion, difracci6n y reflex ion. Tarnbien se present.a una cond icion de contorno original t.ipo absorbcnte-reflcjant.e. Esta con­

dicion, ademas de ser mas precisa para flujo 2D que las usuales, cs tarnbicn mas general, permitiendo un tratamiento unificado

para todo tipo de contornos.

La unidad (ii) est.a formada por dos modulos. EI primero csta basado en solucioncs anal it icas para la dism inucion de la altura

de ola y el flujo longitudinal y se utiliza para problemas longi tudi nalmentc uniformes. EI segundo Be basa en las ecuaciones de

conservacion de masa y momentum rincluye ndo tensions de radiacion i y est.a intcgrado vertical y transversalmentc. Esta tccn ica ,

desarrnllada aqui para perrnit.ir un calculo eficicnto del set-up y las ve locidades longitudina1cs y Lransversalcs para una costa

veriable, proporciona una informacion hidrod inarnica con cl n i vcl de precision requcrrdc por las Iormulaci oncs globalcs de trans­

porte de sedimentos. Estas formulacioncs son la base de la unidad (iii) que actualmente solo incluyc un modelo de I-linea de

evolucion eostera. Este modelo pucde rcproducir c l efecto de las obras y estruct.uras costcras mas usuales tcspigoncs perpendic­

ulares, surnergidos, etc.v.

11 ZUSAMMENFASSUNG r I

In diesem Aufsatz wird ein System vorgcstcllt, welches in der Lage ist numerische Modelle fur Wasser- und Scdtmentbcwcgung

zu erstellen, in denen der Prazrsionsgrnd definiert ist durch die Exaktheit dcr initalen und Grenzdaten. Dies erlaubt cine Sim­

ulation in der die Kosten nicht nur dcr Hohe und der Prnzision der vcrfugbarcn Input-Information cntsprechcn, sondern auch mit

den allgemeinen Zialsctzungen des Projckts in Ubcrcinstimmung stehcn.

Das System ist in drei Einhcitcn unterteilt: (II Wellen·/Striimunl'(sausbreitung. 12) Zirkulation im kustennahen Bereich, 13)
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Entwicklung der Kustcn li n ie. Einheit (1) besteht aus zwei Modellen von denen das erste auf einer linearen (si nusfbrrnigen) Theo­
r ie basiert und nur g ult.ig i st fur die Wellenrcfraktion. Das zwcitc Modell bcnutzt relativ allgemeine Gesetze zur Erhaltung des
Massenund Momentensatzes und i st in der Lage Wellen- und Strornungsausbreitung zu reproduzieren. Des Modell beinhaltet

weiterhin ihre wechselseitigen Interaktionen zusammcn mit den Auswirkungen der Refraktion, der Diffraktion und Reflektion.

Erstmals wird cine Grenzbedingung fur Absorbtion and Reflektion vorgestellt. Dicsc Bedingung, wie auch die-im Gegensatz zu
anderen jungercn Bedingungen vergleichbarer Modelle-genauere Bestimmung des zweid i mcnsionalen Fl usses, ist auch mehr

allgemeiner Natur und erlaubt eine vereinheitlichte Behandlung fur alle Grenzbcdingungen.
Einheit (2) besteht aus zwei Te i len Der erstc basiert auf e i ner analytischen Losung fur Gleichungen des Wellenzerfalls- und

kustenparal lcler St.rornungen und wird fur Kusten ben utzt, die e i n einheitliches Profil besitzen. Der zweite Te il basiert auf Mas­

senund Momenten-Erhaltungsglcichungen (incl. radialem Druck bzw. Beanspruchung) und benutzt eine Integration, die vertikal

sowic rechtwinklig zur Kuste ausgerichtet ist. Diese Technik wurde entwickclt urn eine effiziente Berechnung der Anfangsbed­
ingungen und dcr rechtwinkligen bzw. kuatenpara lle len Geschwindigkeiten fur wechselnde Kustcnl iruen zu errnogl ichen. Wei­
terhin liefert diese Technik Information zur Hydrodynamik mit einer Genauigkeit, die zur Berechnung des Sedimenttransportes

notwendig ist. Die Formeln der Bcrechnungen stcllcn die Basis der Einheit (3) dar, welche zur Zeit nur ein lineares Modell zur

Kustenl inienentstchung beinhaltet. Dieses Modell kann den Effekt der haufigst.en Kustenvcrbauungen reproduzieren.-Ulrich
Radtke, Geographisches Institut, Llniuersittit Dusseldorf, F.R .G.

n RESUME I

Le systcme present.e est capable de generer des modeles nurneriques du mouvement de l'cau et de particules, dont le niveau de

precision est defini par la concordance avec les donnees initialcs ct environnantes. Cette simulation a un cout en rapport, non
seulement avec le nombre et la precision des informations entrees, mais aussi avec les objectifs gerieraux du projet. Le systerne
est divise en trois unites; 1) propagation de la houle-courants; 2) circulation littorale; 3) evolution du littoral. L'unite I est

cornposee de deux modcles; le premier est base sur une theorio lincairc (si nusotdale) et n'est valable que pour la refraction des
vagues; le second utilise un ensemble de lois asscz generales sur la conservation des masses et des moments, et est capable de
reproduire la propagation des houles et courants, y cornpris leurs interactions mutuelles avec les effets de la refraction, de la

diffraction et de la rcflcxion. Vne condition de milieu particulier d'absoption-rcflcxion est aussi presentee. En dehors du fait que

cette condition est plus ex act.e pour un flux bidimensionnel que la plupart des conditions types, elle est aussi plus generale et
permet une unification du traitement pour tous les milieux. L'un itc 2 se compose de deux modules. Le premier, a base de solutions
analytiques de Ia decrossance des vagues et du flux para llel« a la cOte, est employe pour les prohlcmcs uniformes paralleles a la

cote. Le second module repose sur les equations de conservation des masses et des moments t incluant les "forces rayonnantes"),
et i ntegre les mouvements verticaux et transversaux a la plage. Cette technique, developpee ici afin de permettre le calcul efficient

des vitesses paral leles et transverses a la cote pour un littoral var ie, four-nit une information hydrodynamique avec la precision
necessaire aux formulations des charges sol ides pour le transport sedimentaire. Ces formulations sont les bases de l'unite 3, qui,
pour Ie moment ne comprend quun modele d'cvul u tion de cote lineairc. Ce dernier modele est apte a reproduire I'effet de la plupart
des ouvrages cot.iers (ep is perpendiculaircs, brise lames etc . . . ).-Catherine Breesolier, Laboratoire de Geomorphologie EPHE,

Mont.rouge, France.
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