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ABSTRACT

A new concept of beach morphodynamics is developed, based on the alongshore variations of the
arribing wave energy. A data set of beach face profiles from Las Canteras Beach (Canary Islands,
Spain) is used in this work to show the existing relationship between the profiles average shape, the
active sweep zone, the volume changes and the foreshore slope variability, Three homogeneous sectors
arc identified along the beach according with the governing processes and associated morphologies.
Both seasonal and long term changes are described and analized for each sector.
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INTRODUCTION

Beach morphology depends on two general aspects mutually dependent. Wave energy and boundary
conditions. The former refers to the type of waves present on the offshore zone, and specially accounts
for the changes on heigth, period and direction of waves as they move towards the shore. The latter
relates to any morphological or dynamical features that may affect waves on their approach to shoreline
(submarine topography, presence of lateral and offshore structures, headlands, river outflows and
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tides), as well as to any source or sink of sediments, like cliff recession, dune erosion and longshore
drift.

The study of beach morphodynamics has been classically based on the wave climate variability, which
determine temporal fluctuations of the incident wave energy. For that reason, several models have been
proposed to describe the morphodynamical evolution at a certain beach. Such models consist on a
certain sequence of beach stages, where the change from one stage to another depends on a certain
parameter closely related to wave energy.

Probably the first 3-D sequential model of beach change was proposed by Sonu (1973), which was
subsequently expanded by Short (1978, 1979), Wright and Short (1983, 1984) and Sunamura (1985).
All these models are useful in case of open and pocket beaches under different energy situations, but
they do not account for the effect of the boundary conditions on beach morphodynamics. Only Short
(1979) has refered to the alongshore variations of the arribing wave energy, while recently Masselink
and Short (1993) have proposed a conceptual beach model which takes into account the combined effect
of wave height and tidal range on beach morphodynamics, and Shih and Komar (1994) have considered
the effect of cliff erosion on longshore variations of grain size and beach morphology.

There are certain beaches throughout the world where the particular boundary conditions determine
a very strong longshore variability on the arriving wave energy, and in consecuence, the simultaneous
presence of reflective and dissipative conditions along different sectors of the beach. Many authors
(e.g., Bascom, 1951; Qertel ef al., 1989; Martinez ef al., 1990; Nafaa and Omran, 1993; Alonso and
Vilas, 1994) have pointed out that such alongshore variations on a certain area provokes spatial
changes on the foreshore slope, grain size, and volume of transported sediments along the beach, as
well as different characteristics on morphological features like bars, ridge-runnel systems, scarps and
cusps.

OBJECTIVES

Present research focusses on that alongshore variations and proposes a morphodynamical model based
on the spatial changes of the arribing wave energy. Temporal wave climate changes become included
in the model since the data set covers beach profiles surveyed during a five years period, and both
seasonal changes and stormy situations have been measured.

The main purpose of this study is to group profiles which behave in a similar way according with their
response to the arriving wave energy. Since it has been impossible to deploy any instrument to measure
wave height in the surf zone, present study has focussed on certain beach face characteristics which
can be considered criteria of the existing sediment transport. These characteristics are mainly
dynamical features such as the average profile considered as equilibrium profile, the respective
envelopes for each profile, the spatial and temporal volumetric variations, and the foreshore slope
changes. All them have been related in previous works with the amount of sediment available, the
wave conditions and the dominant beach type (e.g. Short, 1979).
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STUDY SITE

The study site is Las Canteras Beach, a nearly 3 km long sandy beach located at the north coast of
Gran Canaria (Canary Islands, Spain). The beach is delimited by a rocky headland on the north end,
and by an small breakwater at the south end, The boundary conditions are particularly interesting due
to the presence of a natural offshore sandstone bar. The top of this bar is very close to the MSL, which
determines the breaking of waves at that point. This bar is partially fragmented and extends parallel
to the shoreline 200 m off (fig. 1). Three different environments may be distinguished along the beach
(Alonso and Vilas, 1994):

- The north sector of the beach, which is very well sheltered from the prevailing northern
waves by the shoreline configuration, and the bar mentioned above. Edge waves are the
dominant waves except on case of stormy northwestern swell, which passes over the bar.

- The central sector is partially protected by the two main fragments of the offshore bar, but
the.opening between them is large and deep enough for waves to come in without breaking, but
dissipating part of their enery flux by diffraction and refraction. In this area dominant waves
are mixed between incident and edge waves. On profiles 6 and 7 there is a rocky substrate on
the lower part of the foreshore, which is only covered by sediments during accretionary
conditions. This substrate appears also on profiles 5, 8 and 9 during erosive situations.

- The south end of the beach is completely exposed to incident waves that break ~ 100 m from
the shoreline due to the gentle slope of the surf/swash zone.

The tidal range exceeds 2.5 m at spring tides, and it is around 1 m at neap tides. Wave climate is
characterized by an average significant wave height 1.42 + 0.6 m, with an spectral peak period of
10.21 + 2.62 s (Alonso, 1993). With regard to beach material, sediment mean size (Dyg) ranges from
0.54 10 2.56 ¢ (from coarse to fine sands according to the scale proposed by Krumbein, 1934), but
most grains are medium and fine sands (1.6 < Dy, < 2.3 ¢). The sorting () of the sediment samples
range from very well sorted to poorly sorted (0.3 < ¢; < 1.14) following the classification proposed
by Folk and Ward (1957).

FIELD DATA

The data set consists on 14 profile lines surveyed down to about MLW (see figure 1 for profiles
position). The profiles data set consists on 59 surveys conducted approximately at monthly intervals
from June 1987 until June 1992. In addition to that regular surveys, 8 extra ones were carried out on
certain seasons and/or just after selected storms, in order to record the foreshore changes happened
on shorter periods of time. Profile 1 was not surveyed during first 20 surveys.

The enlapsed time between consecutive surveys is very important, since the beach morphology is a
function of a certain amount of erosional and/or depositional conditions. Data based on larger enlapsed
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time have the effect of averaging-out many happened events, while data based on shorter enlapsed
times, more closely reflect event-related changes (Oertel er al., 1989). On the other hand, the time of
beach response to any change on wave power is relatively large, since whereas wave power can change
markedly in the order of 1-10 hours, morphology has a lag on the order of 10-100 hours (Short 1979,
Wright er al. 1984).

Sediment samples were taken from the top 10 cm on the foreshore zone along the beach. Sampling
campaigns took place at different seasons, in order to identify any possible variation on grain size and
grain composition which migth be related with wave climate. Deepwater wave height and period were
recorded from a waverider buoy installed at a water depth of 40 m off the beach. Recording interval
was 3 hours except when wave height exceeds 2 m, in which the recording interval was 1 hour.

The data set is completed with aerial photographs covering the period from 1960 until present, as well
as with visual observations of morphological features present on the beach. Same of this features were
implicit on the profiles, like scaps and subaerial sand bars, while other information like the uprush
limit and beach cusps spacing were registered during the surveys,

AVERAGE SHAPE AND VARIABILITY OF PROFILES

First difference between the different profiles is on its average shape and variability. Figures 2 and 3
show the average profile and the envelope for each of the different profiles of the data set. The average
profiles shown in figures 2 and 3 are an average of 67 surveys (47 for profile 1) carried out on any
season and under different wave conditions. Since they are the average of many erosional and
depositional events, it is reasonable to consider the average profiles as equilibrium profiles.

Dean (1991) has stated that any equilibrium profile should be planar on the beach face. It can be seen
from figures 2 and 3 that the average profile is concave downwards on profiles 1, 2, 3, 4 and 5; almost
constant on profiles 6, 7, 8 and 9, and concave upwards from profiles 10 to 14, Since no significant
variations on grain size along Las Canteras Beach have been reported (Martinez et al., 1988; Alonso,
1993), the shape of the average profiles has to be related with the erosion/deposition of sediments.
Bascom (1951) relates that even though the mean diameter of sediments remain constant, the beach
becomes steeper with deposion and milder with erosion.

Assuming that the deposition takes place mainly on the upper part of the foreshore, in order to increase
the slope, it results on a concave-up profite. In a similar way, the erosion tends to flatten the foreshore
slope, which becomes concave-down (figure 4).

It led us to conclude that any variation of the average profile shape from the uniform slope has to be
related with the long term sediment transport. The sector where the average profile is concave
downwards (profiles 1-4) should present a net erosive trend, while where the average profile is concave
upwards a long term accumulation has to take place.
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In that way, the concave downwards shape of profiles 1-5 is typical of dissipative beaches (Short,
1980; Jago and Hardisty, 1984), and it is a result of the net erosive pattern characteristic of this sector,
where the incident waves tend to transport the sediments offshore. On the other side, the average shape
concave upwards of profiles 10-14, is a consequence of the large amount of sediments accumulated on
the upper part of these profiles during summer periods, while the planar form of the average profile
on the central sector corresponds perfectly with an area of no change in the long term scale.

PROFILE 1 PROFILE 2

PROFILE 3
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Figure 2.- Average profile (dashed line) and envelope (solid lines) for profiles 1, 2, 3, 4, 5 and 6.
Note the concave downwards shape of the dashed line for profiles 1 to 5.
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Figure 3.- Average profile (dashed line) and envelope (solid lines) for profiles 7, 8, 9, 10, 11, 12,
13 and 14. Note the concave upward form of the dashed line on profiles 10 to 14,
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Figure 4.- Profile shape and foreshore slope as a result of erosion/deposition.

With regard to the profiles envelope, it represents the size and extent of the beach sweep zone during
the period of observation. It is clear from figure 2 that the active sweep zone on profiles 2, 3, 4 and
5 is higher at the mid swash zone due to the on-shore migration of subaerial sand bars during low
energy periods. It is indicative that the sediment transport in the sector is very active, particularly on
the cross-shore direction, since most of the sediment exchange occurs between the beach face and the
low-tide terrace, and on the bar as it migrates landward and seaward in response to falling and rising
waves.

The sweep zone at profiles 6, 7 and 8 is relatively narrow due to the small amount of sediment
exchange along this area, as well to the presence of the substrate on the lower part of the profiles. This
substrate particularly on profiles 6 and 7 reduces significantly the active sweep zone, Note that the
average profile is extremely close to the lower part of the envelope, which means that the substrate
is only covered by sand in certain occasions,

Profile 9 presents a completely different envelope, since the sweep zone is wider on the upper part of
the profile. It is due to the sediment exchange that takes place between profiles 9 and 5 depending on
waves direction during stormy periods (Alonso, 1993). Moreover, it has to be taken into account that
around 95% of the average profile length is below 2 m, which means that the profile is on the swash
Zone,

Finally, the envelopes of profiles 10, 11, 12, 13 and 14 (fig. 3) indicate that the sweep zone is wider
on the lower part of the profile, as it should be expected on an area where incident waves are not
important, and the sediment transport is funtion of edge waves (Alonso and Vilas, 1994). The
variability of the profiles is related with minor beach morphologies like cusps, and with the natural
tendency to acumulate sediments that takes place along this sector.
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VOLUMETRIC VARIATIONS

The sediment exchange during the surveying period was computed as the change of the cross sectional
area for each profile, instead of the change in shoreline position (Uda and Omata, 1990). The Beach
Profile Analysis System method (Fleming and DeWall, 1982) was employed down to a seaward limit
according to the shorter profile. It implies the waste of a some information from the lower part of the
profile. The volume per unit longshore distance on the first survey was considered as the initial
situation, and relating the following cross sectional areas for each profile to that initial situation, any
possitive changes are indicative of deposition, while negative values show erosions.

The evolution of the volume changes per unit shoreline length for all the profiles during the surveying
period is shown on figure 5, where it has been presented in a compact way both the spatial and
temporal evolution of the volume per unit longshore distance relative to the first survey, Since the
space between points in the grid is not regular, a krigin method has been used to compute the different
contours.

It can be noted that the area between profiles 2 and 5 is characterized by a very important erosion,
while the north end of the beach (profile 11 to 14) presents a significant accretion. Both erosive and
accretive areas becomes wider and more important on magnitude with time, which reveals the existance
of opposite trends on both ends of the beach. It agrees perfectly with that stated previously, since the
sector where the average profile is concave-down is characterizzed by an erosive trend on the long
term scale, while the area of concave-up average profiles is determined by a net accumulations of
sediments. The central area of the beach (profiles 6 to 10) presents a null trend on the volume change,
since most of the values ranges between -15 to 15 m*m. Such small volume changes are partially due
to the rocky sustrate on the lower part of the profile, which reduces the active sweep zone along this
sector.

BEACH FACE SILOPE CHANGES

The particular boundary conditions of the study site are the cause of the alongshore wave energy
gradient, since along the exposed sector waves impinge directly on the foreshore, while on the
sheltered sector waves arrive at the shoreline completely destroyed due to bottom friction, refraction
and difraction, As a result of such differences the uprush limit changes markedly along the beach, so
that on the exposed zone waves impinge on the whole profile, while on the protected area waves only
affect the inner part of the profile. Apart from that alongshore changes, the uprush limit also depends
on the wave climate at each survey time, particularly on the sector exposed to incident waves, For that
reason, the foreshore slope on each profile has been calculated between the low water level and the
uprush limit at each survey time.

The variation of the foreshore slope with sediment grain size and wave conditions has been
considerably studied (Bascom, 1951, 1954; King, 1972; Komar, 1976; Sunamura, 1984, 1989; Komar
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Figure 5.- Temporal vs. spatial representation of the volume changes for the whole beach relative to
the situation on the fist survey. Explanation on the text.
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and McDougal, 1994), and the general pattern is that the slope of the beach face increases with grain
size and wave energy. Las Canteras Beach may be considered a beach not following the general rule,
since, as it was mentioned above, the incident wave energy is much higher-on the zone of flatter slope
(profiles 1-4), and there are no significant variations on grain size along Las Canteras Beach. The only
reasonable explanation of such apparent opposite hehaviour has to be related with the erosions and/or
accretions.

The time evolution of the foreshore slope alongshore the beach is shown on figure 6, after using a
krigin method to compute the different contours, Once more, three different sector may be identificd
along the beach:

- The exposed area (profiles 1 to 5) presents a very mild slope of 4.54+0.64%. The relatively
high variability is a consequence of the subaerial sand bars formed on this sector during calm
periods, as a result of the important cross-shore sediment transport.

- The central zone (profiles 6-10) has a relatively constant foreshore slope of 6.37+0.56%.

- And the most protected area covered by profiles 11-14 presents an average slope of
7.22:-1.32%. That big variability is due to a very strong stacionality of the beach face slope
along this sector, where the foreshore slope is around 10% during summer periods, whereas
al winter time it drops at 5% or even less.

Focussing on that variability a cross-correlation study was performed. Only the group formed by
profiles 11, 12, 13 and 14 presents relatively high correlation coefficientes for the foreshore slope data,
which points out that there is not any dependence between different profiles, except for that of the
protected area, where 0.73 < r < 0.86. Such correlation coefficients show that the strong stacionality
along this sector takes place at the same time and with similar magnitude on the different profiles
(Alonso and Vilas, 1994),

Tha: seasonal pattern is closely related with the net accumulation of sediments on the protected area.
To illustrate the different processes that take place, figure 7 shows the average summer and winter
profiles at station 14,

Summer periods are characterized by the complete absence of incident waves, whereas edge waves are
completely developed. Both factors contribute to pull part of the sand up to the upper foreshore, while
some sand is removed toward the submerged beach. The result is a significant increase of the foreshare
slope. At winter time indicent waves are more energetic on the exposed sector, where sediments are
eroded. Part of these eroded sediments are deposited on the lower foreshore along the protected sector
of the beach, where wave energy is smaller. At the same time, sediments from the upper foreshore are
pulled down to the lower foreshore due to the small incident wave energy. As a result of these
processes, beach face slope decreases during winter periods, but a net accumulation of sediments take
place at a long term scale.

Alonso

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



180

LITTORAL 94

%

Figure 6.- Temporal vs,

500 Y0 1200 2040 2300

ALONGSHORE  DISTANCE (m)

spatial changes for the foreshore slope. Explanation on the text.

Alonso

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



LITTORAL 94 181

3_
Average summer periods
4 — — Average winter periods
2_.
E 4
Z 1
=L
L PROFILE
O_.
-1 T T T T
0 18

Cross—shore distance (m)

Figure 7.- ~Average summer and winter profiles at station 14 to illustrate the foreshore slope changes.

CONCLUSIONS

There are certain beaches throughout the world in which the boundary conditions are determinant of
a very strong longshore gradient of the arriving wave energy, and as a resultant effect, the
simultaneous presence of reflective and dissipative conditions along different sectors of the beach. One
of this beaches is Las Canteras Beach, where the presence of an offshore rocky bar determines very
important differences on the sediment dynamics along the beach, A data set consisting of five years
of monthly profiling has been used to characterized such differences.

Results derived from this work allow to conclude that there is a very important dependence between
the average profile shape, the active sweep zone, the volumetric changes and the foreshore slope
variability for the different profiles surveyed along Las Canteras Beach. Three sectors along the beach
may be distinguished according with the different processes that take place, and the derived
morphologies.

It has been shown that along the exposed sector the average profile is concave-down, which points out
an erosive trend on the long term scale and a very mild foreshore slope. The sweep zone is wider at
the mid foreshore due to the cross-shore movement of the subaerial sand bars developed during low
energy conditions. Since these bars are quite small on the longshore direction, only one or two profiles
use to be affected by a certain bar, but no the whole sector. That is the reason of the big variability
observed in the volume changes and the foreshore slope, as well as the very low correlation for the
foreshore slope data.
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The ceniral sector of the beach presents an uniform average slepe and a relatively narrow envelope as
a result of the small cross-shore transport along this sector, and due to the existance of a rocky
substrate on the lower foreshore. Nevertheless, the planar beach face agrees perfectly with the no
tendency in the long term shown by the volume changes. The fereshore slope steeper than that of the
exposed sector, and quite constant on time.

Finally, the protected sector ol the beach is characterized by average profiles concave upwards as a
result of a net accumulation of sediments on the long term scale. That accretion takes place due to the
sediments eroded from the expased sector during high energy conditions, and particularly during
stormy cvents. That sediments are stored on the lower profile until the wave climate changes and edge
wezves pull the sediments up to the upper foreshore during calm: periods. Since that on-shore transport
is related with wave climate, il resuits on a scasonal variation of the foreshore slope, which increases
during low energy periods and decreases at winter times. The sweep zone is wider at the lower
foreshore due to minor morphologies like beach cusps associateed with refiective areas, as well as to
the net accumulation of sediments.

REFERENCES

Alorso, 1. (1993). Procesos sedimentarios en la playa de Las Canteras (Grar Canaria), Ph.D. Thesis,
Dept. of Fisica, Univ. of Las Palmas de Gran Canaria, 333 pp. (in Spanish).

Alonso, 1. and Vilas, F. (1994). The influence of boundary conditions on beach zonation, Proc. Int.
Conf. Coastal Dynamics’94, ASCE, Barcelona. {in press).

Bascom, W.N. (1951). The relaticnship between sand size and beach-face slope, Trans. Am. Geopliys.
Union, 32, pp. 866-74.

Bascom, W.N. (1954). Characteristics of natural beaches. Proc. 4th Conf. on Coastal Eng. ASCE.
pp. 163-180.

Dean, R.G. (1991). Equilibrium beach profiles: characteristics and applications, J. Coastal Res., 7 (1),
pp. 53-84.

Fleming, M.V. and DeWall, A E. (1982). Beach Profile Analysis System (BPAS), Tech. Rep. N° §2-1
(VIID. U.S. Army Corps of Engineers, CERC.

Folk, R.L. and Ward, W.C. (1957). Brazos river bar; A study in the significance of grain parameters,
J. Sed. Petrol., 27, pp. 3-26.

Jago, C.F. and Hardisty, J. (1984). Sedimentology and morphodynamics of a macrotidal beach,
Pendine Sands, SW Wales. Mar. Geol., 60, pp. 123-154,

King, C.A.M. (1972). Beaches and Coasts (2nd ed). St. Martin’s Press, 570 pp.

Komar, P.D. {1976). Beach processes and sedimentation. Prentice Hall, Inc., 429 pp.

Komar, P.D. and McDougal, W.G. (1994). The analysis of exponential beach profiles. J. Coastal
Res., 10 (1), pp. 59-69.

Krumbein, W.C. (1934). Size frecuency distribution of sediments, J. Sed. Petrol., 4, pp. 65-77.

Martinez, I.; Gordo, C.; Jiménez, J.A.; Santana, J.A. and Veloso, I.J. (1988). Dindmica sedimentaria
en’la playa de Las Canteras (Las Palmas de Gran Canaria). Rev. Obras Publicas, Feb. 1988,
pp. 145-152. (in Spanish).

Alonso

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



LITTORAL 94 183

Martinez, I.; Alvarez, R.; Alonso, I. and Del Rosario, M.D. (1990). Analysis of sedimentary
processes on the Las Canteras beach (Las Palmas, Spain) for its planning and management,
Eng. Geol., 29, pp. 377-386.

Masselink, G. and Short, A.D. (1993). The effect of tide range on beach morphodynamics and
morphology: A conceptual beach model, J. Coastal Res., 9 (3), pp. 785-800.

Nafaa, M.G. and Omran, E.F. (1993). Beach and nearshore features along the dissipattive coastline
of the Nile Delta, Egypt, J. Coastal Res., 9 (2), pp. 423-433.

Oertel, G.F.; Ludwick, J.C. and Oertel, D.L.S. (1989). Sand accounting methodology for barrier
islands sediment budget analysis, Proc. Coastal Zone ‘89, ASCE, Charleston, pp. 43-61.

Shih, S.-M. and Komar, P.D. (1994). Sediments, beach morphology and sea cliff erosion within an
Oregon coast litoral cell, J. Coastal Res., 10 (1), pp. 144-157.

Short, A.D. (1978). Wave power and beach-stages: a global model, Proc. 16th Coastal Eng. Conf.,
ASCE, Hamburg, pp. 1045-1062,

Short, A.D. (1979). Three dimensional beach-stage model, J. Geol., 87. pp. 553-571.

Short, A.D. (1980). Beach response to variations in breaker height. Proc. I7th Int. Coastal Eng.
Conf., ASCE, Sydney, pp. 1016-1035.

Sonu, C.J. (1973). Three-dimensional beach changes, J. Geol., 81, pp. 42-64.

Sunamura, T. (1984). Onshore-offshore sediment transport rate in the swash zone of laboratory
beaches, Coastal Eng. in Japan, 27, pp. 205-212.

Sunamura, T. (1985). Morphological change of beaches, Lecture Notes 21st Summer Seminar on
Hydraulics, JSCE, B7, pp. 1-17. (in Japanese).

Sunamura, T. (1989). Sandy beach geomorphology elucidated by laboratory modeling, In: Applications
in coastal modeling, V. C. Lakhan and A. S. Trenhaile (Eds), Elsevier Oceanogrphy Series,
49, pp. 159-213.

Uda, T. and Omata, A. (1990). Process of berm formation and predominant factors determining
foreshore change, Coastal Eng. in Japan, 33, (1), pp. 63-72,

Wright, L.D. and Short, A.D. (1983). Morphodynamics of beaches and surf zones in Australia. In;
CRC Handbook of Coastal Processes an Erosion. P.D, Komar (Ed), pp. 35-64.

Wright, L.D. and Short, A.D. (1984). Morphodynamic variability of surf zones and beaches: a
synthesis, Mar, Geol., 56, pp. 93-118.

Wright, L.D., May, S.K. and Short, A.D. (1984). Beach and surf zone equilibria and time response,
Proc. 19th Int. Conf. on Coastal Eng., ASCE, Houston, pp. 2150-2164.

Alonso

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



