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a b s t r a c t

The applicability of recommendations of the Eurosion project to define a policy to manage coastal
erosion has been tested at the “beach” scale in the Mediterranean coast. Thus, a favourable sediment
status has been defined for these beaches taking into account their main functions: recreation and
protection. Because they act at two different seasons, this status needs to be seasonally defined. For the
protection function, the favourable sediment status depends on the level of safety fixed by the manager
taking into account the importance of existing infrastructures and, for recreation it depends on the use
density of the beach. The concept has been formalized for beach management within a framework where
benchmarking plays a crucial role to determine the need of intervention. This has been illustrated for
open cell beaches where one of its boundaries can permit variations in the sediment budget and for
pocket beaches that act as closed sediment cells.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. The context

The recently signed “Protocol on Integrated Coastal Zone
Management in the Mediterranean” (PAP/RAC, 2007) specifies that
(sic) “the Parties, with a view to preventing and mitigating the
negative impact of coastal erosion more effectively, will undertake
to adopt the necessary measures to maintain or restore the natural
capacity of the coast to adapt to changes, including those caused by
the rise in sea levels. The Parties shall endeavour to anticipate the
impacts of coastal erosion through the integrated management of
activities, including adoption of special measures for coastal sedi-
ments and coastal works. The Parties undertake to share scientific
data that may improve knowledge on the state, development and
impacts of coastal erosion”.

This follows the findings of the Eurosion project (European
Commission, 2004) funded by the European Commission with the
aim to provide quantified evidence on coastal erosion in Europe, on
the problems caused by it and on the successes and failures of
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mitigation measures. It recommends four main elements to define
a policy to combat coastal erosion:

� Increase coastal resilience by restoring the sediment balance
and providing space for coastal processes.

� Incorporating coastal erosion costs and risks in existing plan-
ning and policy instruments.

� Make responses to coastal erosion accountable.
� Strengthening the knowledge base of coastal erosion
management and planning.

However, these elements have not yet been formalized in
a framework to be applicable by coastal managers nor their appli-
cability to European coasts have been validated. To solve this gap
and to adapt such strategy to the reality of the European coasts, the
Conscience research project (Marchand et al., 2011, in this issue)
was launched with the main strategic objective of developing and
testing concepts, guidelines and tools for the sustainable manage-
ment of erosion along the European coastline. In this work we
analyze the applicability of these concepts and the proposed
approach to a coastal typology very common along the European
Mediterranean coastline, the urban beaches.
1.2. Mediterranean urban beaches

Urban beaches have been selected as a case study because they
represent a large percentage of theMediterranean coastline and are
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the main resource for coastal tourism, i.e., they are common and
they are important in social and economical terms. Thus, they are
the most frequented and exploited coastal types and they can be
represented by beaches with the following characteristics: (i)
relatively narrow beaches backed by waterfronts and (ii) heavily
used during the bathing season and, in consequence, they support
(or have to) services for beach users (see, e.g., Valdemoro and
Jiménez, 2006). The typical length scale of these beaches varies
from 100s of meters to a few kilometers with one or two lateral
obstacles (semi-enclosed and pocket beaches, respectively).

These beaches play two main functions: protection and recre-
ation. Protection refers to the function played by the beach to
protect the hinterland (usually occupied by a promenade/water-
front) from wave action during storms. On the other hand, recrea-
tion makes reference to the function played by the beach to
properly offer an environment for leisure (e.g., beach surface to
accommodate users).

Regional climatic conditions determine the intensity of the
interaction between coastal dynamics and beach functions. Under
typical Mediterranean weather conditions, the season with the
highest beach occupation (originally the summer, but now
extending from EastereAprile to September) is the periodwith the
lowest wave energy, while the period with the highest wave energy
usually occurs during periods of very low beach use. In conse-
quence, if themainmanagement priority is to ensure the protection
and safety of the hinterland, the beach should be at its optimum
during themonths with the highest wave energy content. However,
if the target of the management is to promote/enhance the recre-
ational function, the beach has to be at its optimum during the
summer, since this is the period of highest use.

To illustrate how important management of coastal erosion in
these beaches is, it has to be considered that about 72% of the
Catalan beaches (NE Spanish Mediterranean) are subjected to
erosion at an average retreat rate of 1.9 myr�1 (CIIRC, 2010). If all
the beaches are considered, the overall behaviour can be repre-
sented by an average erosion rate of 1 myr�1 (CIIRC, 2010).

1.3. Objective and structure

Within this context, the main aim of this paper is to contribute
to the implementation of the ICZM Protocol for the Mediterranean
by analysing the applicability of recommendations of the Eurosion
project (PAP/RAC, 2007) to define a policy to manage coastal
erosion at the “beach” scale. In this case, we only focus on technical
aspects which imply to define and apply the main concepts intro-
duced in the Eurosion recommendations, i.e., coastal cell, favour-
able sediment status, coastal resilience and strategic sediment
reservoir (Marchand et al., 2011, in this issue).

The work is structured as follows: (i) in the second section we
discuss the applicability of the concept of coastal resilience at the
studied scale, and of the concepts favourable sediment status and
coastal cell, (ii) in the third section erosion processes and problems
at the study site are presented to illustrate in real terms their
magnitude along the Mediterranean coast, (iii) in the fourth
section, the management of processes and problems are discussed
by presenting the actual situation and how a sustainable approach
could be implemented and, (iv) finally, the fifth section presents the
main conclusions of the study.

2. Coastal resilience in the context of urban beaches

Coastal resilience has been defined in the framework of the
Eurosion project (European Commission, 2004) as the inherent
ability of the coast to accommodate changes induced by sea level
rise, extreme events and occasional human impacts, whilst
maintaining the functions fulfilled by the coastal system in the
longer term. These three processes or agents can be easily associ-
ated to three different time scales: long-term (centuries), episodic
(random) and medium-term (decades), respectively. In this study
we focus on two scales: episodic (associated to the impact of coastal
storms) and decadal (associated to the human impact plus back-
ground enaturale evolution) ones.

The first step consists in defining what “the inherent ability to
accommodate changes” is. Thus, to define and assess beach resil-
ience to the impact of extreme events we can use two main
approaches: (i) by measuring the capability of the beach to recover
(rebuild) after erosion due to the impact of the storm or, (ii) by
measuring the ability of the beach towithstand changes induced by
the storm.

In the first case, resilience would depend on the wave climate
and beach characteristics, which will control the magnitude of
post-storm onshore sediment transport rates and, thus, the
velocity and intensity of natural beach reconstruction. We can
denominate this as “basic resilience” because it is mainly controlled
by the natural system and, in practical terms, the response asso-
ciated with this resilience (beach recovery) is lagged with respect
to the storm impact. The preferred beach management response
making use of this resilience is indirect and it should consist in
diminishing the erosion intensity in such a way that the ratio
accretion/erosion increases although natural recovery processes
will not vary. Other possible measure is shoreface nourishment,
where an stock of sediment is placed in the submerged part of the
beach profile to be transported shorewards by wave-induced
dynamics enhancing the recovery of the beach (e.g., Hamm et al.,
2002; Walstra et al., 2010).

In the second case, the resilience depends on beach character-
istics (width and volume) that will control the resulting configu-
ration after the impact of a storm. Thus, the wider the beach is, the
larger the resilience will be. Here, the resilience is measured in
terms of the remaining post-storm beach, which will continue
playing the usual functions. The preferred beach management
response making use of this resilience e in addition to acting on
erosion intensity e is by increasing its width, which can be done by
advancing the shoreline (e.g., by means of beach nourishment) or/
and by retreating the landward beach limit (e.g., retreat or
realignment). The efficiency of promoting this resilience is instan-
taneous, i.e., the storm impact verifies on a beach wide enough to
accommodate the changes.

These two approaches are also applicable at the medium-term
scale by replacing the erosion induced by the impact of a storm
by, e.g., decadal-scale erosion due to the existence of a (natural or
man-induced) longshore sediment transport gradient.

Finally, to support the objective of coastal resilience, Eurosion
introduces the concept of a ‘favourable sediment status’ for coastal
systems, which is defined as the situation of ‘coastal sediments’
that will permit or facilitate meeting such an objective in general
and of preserving dynamic coastlines in particular. To properly
apply it to management of erosion processes and problems in the
considered beaches, the type of sediment cell as a function of the
sediment budget needs to be considered. Here we analyze the case
of a closed sediment cell for a pocket beach and the case of a non-
closed sediment cell for an open beach. Its application in the study
area is detailed in Section 4.

3. Costa Brava beach processes and problems

3.1. General description

The Costa Brava is located on the NE Spanish Mediterranean
coast (Fig. 1). It is a highly indented coast with most of the coastline



J.A. Jiménez et al. / Ocean & Coastal Management 54 (2011) 907e918 909
composed of cliffs, especially in the northernmost area. Bayed and
pocket beaches are the dominant beach type, with most of them
composed of coarse sands which are here represented by s’Abanell
and Lloret de Mar beaches.

s’Abanell is a 2.5-km long sandy semi-enclosed beach located in
Blanes (Fig.1), which is bounded at its northern part by a small rocky
headland, Sa Palomera, whereas its south end is dynamically sup-
ported by the Tordera delta. The beach can be zoned into two areas as
a function of the urban development of its hinterland: (i) a N urban
area, about 1.5 km long, with a promenade running along the back of
the beach and (ii) a S semi-urban area, about 1 km long, where the
hinterland is occupied by camping areas with the southernmost
500 mwithout any promenade in the backbeach. This southern part
supports some small installations from a desalinization plant located
upstream of the Tordera river. This spatial variation in the hinterland
is also reflected in the degree of beach use, with the N area being
intensively usedwhereas the S one presents a much lower density of
use. Thesubaerial beachhasanaveragewidthof27 m(summer2008)
and it is composed by a sediment size of about 1.2 mm.

Lloret de Mar is a 1.3-km long and 50 m wide sandy bayed
beach (Fig. 1) embedded between two low cliffs. The shoreline is
almost linear with the exception of the areas surrounding the two
ends, where it adopts a curved form due to the effects of wave
diffraction at the cliffs. The beach is backed by a promenade with
its crest level placed at approximately 4.5 m above the sea level
and it is protected at the ends by a revetment of quarry stones. A
total of 6 short groins, of about 30 m long, are placed along the
beach at regular distances and are partially or totally covered
by the sand when the beach presents its “normal” alongshore
uniform plan shape configuration. The emerged area is charac-
terized by a sediment size of 0.95 mm, very well sorted and
without significant fine fractions.

3.2. Beach processes

3.2.1. s’Abanell beach medium-term behaviour
As mentioned before, s’Abanell is a semi-open beach at its

south end that is delimited by the presence of the Tordera delta.
Fig. 2 shows shoreline evolution rates of the beach calculated
during the last 5 decades (from 1957 until present). As it can be
seen the beach presents two different evolutive periods: (i) an
accretive behaviour during the period 1957e1973 and (ii) an
Fig. 1. Area o
actual erosive one from the end of the 70s until present. During
the first period the beach was accreting due to the supplies of the
Tordera river. Although most of sediments were transported
towards the south by the net longshore sediment transport
pattern, part of the sediment was redistributed towards the
beach by diffusion and by the action of secondary southern
waves. At the end of this period the beach reached its maximum
width.

During the second period, the evolution trend changed due to
human action. In this case, the erosive behaviour is related to the
sharp decrease in river sediment supplies (Jiménez et al., 1998).
Several millions of m3 of sediment were dredged for construction
from the riverbed mainly from the end of the 60s to the end of the
70s (Rovira et al., 2005). This created a sink for new river supplies
and, in consequence, the balance between riverine sediment supply
and removal due to littoral dynamics determined the Tordera delta
to be reshaped and eroded. This delta front erosion affected the
beach stability since the delta was acting as a dynamical support at
its southern end. As in the previous period, two differentiated parts
can be distinguished in the beach: (i) a northern part where the
beach is almost stable and (ii) a southern one extending along 1 km,
where the beach is erosive with recession rates increasing towards
the S. The southern end in the Tordera delta the area shows the
largest retreat.

These shoreline changes were converted to sediment volumes
by assuming the hypothesis usually applied in shoreline change
models, i.e., associated beach profile changes extend down to the
depth of closure and changes in the beach extends up to the berm
height. The depth of closure in the area has been estimated to be
7 m using the Hallermeier (1981) formula fed by wave data recor-
ded at a wave buoy off the Tordera delta during the period 1984/
2007. With this, the averaged annual sediment loss resulting in the
observed shoreline changes (beach erosion) has been calculated to
be 30,000 m3 yr�1 which should be removed from the coastal cell
(the beach) by the southwards directed net longshore sediment
transport. In order to estimate its potential annual variability, we
have estimated the potential longshore sediment transport rate by
using the CERC formula with the K-coefficient adjusted for the local
sediment grain size following the dependence law proposed by (del
Valle et al., 1993). Using wave data recorded in the area from 1984
up to date, we find an average annual net longshore sediment rate
of 21,000 m3 yr�1 directed southwards, with a standard deviation
f study.
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Fig. 2. Long-term shoreline rates of displacement along the s’Abanell beach.
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of 21,000 m3 yr�1. Calculated transport rates varied between
a maximum value of 69,000 m3 yr�1 and a minimum one of
�5,500 m3 yr�1 (directed northwards). Assuming, that this
computed climatic variability can be transferred to sediment
budget estimations, the s’Abanell beach annual sediment budget
can be approximated by an average loss of 30,000 m3 yr�1 varying
between a maximum loss of 99,000 m3 yr�1 and a potential gain of
8000 m3 yr�1. This range of variation was obtained by applying the
ratios obtained in the calculations of annual potential longshore
sediment transport between the maximum and minimum rates
with respect to the mean value to the calculated sediment budget
from shoreline data.

3.2.2. Lloret de Mar beach medium-term behaviour
Opposite to the previous case, Lloret de Mar is a pocket beach

with two headlands delimiting a closed sediment cell. Due to this,
shoreline changes do not reflect a sediment volume change of the
coastal cell, but volume changes around the waterline. The latter
can be interpreted as coastline fluctuations around an equilibrium
shape, depending on the direction of the incoming waves.

Fig. 3 shows the range of shoreline configurations that Lloret de
Mar beach can present. The most frequent configuration corre-
sponds to a shoreline exposed towards the SSE (May 2008 in
Fig. 3) which corresponds to the direction of the integrated energy
flux of effective waves in the area (Jiménez et al., 2003; Gracia
et al., 2008), associated to the beach equilibrium shape. The
other two configurations correspond to: (i) a situation generated
by the cumulative action of Eastern storms during a long time
without the action of secondary S waves resulting in an extreme
reorientation towards the South (May 2004 in Fig. 3) and; (ii)
a situation generated by the cumulative action of Southern storms
without the action of E waves resulting in an extreme reor-
ientation towards the North (May 2001 in Fig. 3). This beach
configuration is not very frequent in the area because due to the
coastal alignment (Fig. 1) the beach is protected from SW waves.
An analysis of beach shoreline changes from 1986 until present
has shown that net sediment losses from the beach zone are
negligible and, in consequence, it can be considered as a closed
sediment cell (Gracia et al., 2008).
3.2.3. Beach changes due to storm impacts
In addition to decadal scale processes, both beaches are also

affected by the impact of storms which induce a series of sudden
changes superimposed to the above described ones. Depending on
the beach pre-storm configuration, resulting changes locally may
involve the nearly total disappearance of the subaerial beach
(Jiménez et al., 1998, 2003).

In order to estimate the potential magnitude of storm-induced
changes, the beach profile erosion model SBEACH (Larson and
Kraus, 1989) has been used. To do this, beach profiles typical of
the analyzed beaches (they have similar reflective profile charac-
teristics since they are composed by coarse sands) were used
together with storm wave conditions typical of the area (Jiménez
et al., 2002). Fig. 4 shows the calculated shoreline retreat induced
by the impact of storms with different associated return periods.
This has been obtained by using wave storm defining parameters
(Hs, Tp and duration) associated to given return periods obtained
from the extreme wave climate of the study area following the
methodology outlined in (Sánchez-Arcilla et al., 2008, 2009). Thus
calculated values represent an order of magnitude of the expected
erosion due to cross-shore sediment transport under the condition
that waves are not significantly modified by coastal morphology. In
the case of Lloret de Mar, the northeastern part of the beach is
sheltered from the action of E storms due to the diffraction on the
headland, whereas the S part remains exposed. For S storms, the
entire beach is homogeneously exposed (Jiménez et al., 2003). In
the case of s’Abanell, almost the entire beach is equally exposed to
the action of storm waves. However, it has to be mentioned that
longshore sediment transport under the action of S storms feed the
beachwith sediment from the Tordera delta in such away that after
the action of these storms, the Northern part of the beach is usually
recovered in terms of sediment volume.

3.3. Beach problems

In essence, a coastal problem can be defined as a situationwhere
a given coastal process (or a set of them) negatively affects existing
resources or uses, i.e., when a coastal function of interest is affected
negatively. Due to the characteristics of the studied Mediterranean



Fig. 3. Shoreline reorientations along the Lloret de Mar beach (after Gracia et al., 2008).
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beaches, problems should mainly be related to beach malfunctions
regarding protection and recreation.

3.3.1. Protection function
Fig. 5 illustrates different problems related to beachmalfunction

regarding the protection of the hinterland. These problems vary in
typology and intensity depending on storm characteristics and
beach morphology at the time of the impact.

Minor problems should occur when the beach is overtopped by
waves during the storm and the promenade and the hinterland is
overwashed by water and sediment removed from the beach (Fig. 5
top). Theseeventsusuallyoccurwhen the totalwater levelduring the
storm(stormsurgeþwave run-up) exceeds thebeach crest level and
the promenade. Under these conditions waves induce a temporal
inundation of the hinterland resulting in a post-storm situation
usually characterized by a promenade and adjacent areas full of
sediment. This will cause small damages for instance to gardens and
drains, with the municipality being the main affected stakeholder
and suffering all the expenses incurred to clean the area and to put
the sand back at the beach. When sand and water transported
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Fig. 4. Calculated storm-induced shoreline retreat for typical Costa Brava beach profile
associated to given return periods.
landwards during the storm arrive to private properties (Jiménez
et al., 2003), part of the damages are transferred to the private sector.

When waves directly impact on the promenade, failure of the
infrastructure frequently occurs (Fig. 5middle). Inmost of the cases,
this is due to the fact that most of the existing beach promenades
along the Spanish Mediterranean coast were built in the 70s during
the tourismboom.At that time, beacheswerewide andpromenades
were generally builtwithout considering theprobability of suffering
the expectedwave action. As a consequence theywere not designed
as coastal structures but as architectural elements. As erosion has
become dominant, beaches protecting these infrastructures got
progressively narrower and stormwaves started to directly impact
on them. Depending on the structural design, this can result in
major damages and the incurred costs are related to the recon-
struction and further protection of the promenade.

If other infrastructures are present in the beach, they could be
also affected. Fig. 5 (bottom) shows the damages on existing desa-
linization plant facilities (wells and a pumping station) at the S end
of s’Abanell beach. Because these facilities were built in the most
erosive stretch, few years after their construction they were
severely affected by storm impacts. As a consequence of this, the
station was protected by riprap and by emergency beach nourish-
ment (see Section 4). Along this southern end, the limit of the
existing campsite has also been affected by storm-induced erosion
(Fig. 5 bottom). The storm-induced damages have forced the
campsite to retreat since no hard protection to stop this beach
retreat did exist (Fig. 5). As a result, the camp installations closest to
the sea have been destroyed and abandoned.

All these problems occurring in the s’Abanell beach are a clear
example of the synergetic action between storms and medium-
term evolution. Thus, under original accretive-stable conditions
only extreme storms were able to exceed the capacity of a wide
beach to dissipate their energy. However, when medium-term
erosion began to affect the beach, smaller storms became able to
exceed the dissipation capacity of a narrower beach. This means
that for a steady wave climate, the frequency of storm-induced
problems became more frequent due to the progressive narrow-
ing of the beach (Jiménez et al., 1998, 2002).

In the case of pocket beaches without background erosion,
protection-related problems can be present even in the case when



Fig. 5. Coastal protection problems in s’Abanell beach. Top: minor problems due to beach and promenade overtopping. Middle: severe problems affecting promenade stability.
Bottom: severe problems affecting infrastructures of a desalinization plant and the limit of campsites at the S part of the beach.
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the average beach width exceeds the storm-induced retreat. This
might occur when a storm impacts on a beach presenting an
extreme shoreline reorientation (cf. Fig. 3). Under these conditions,
the subaerial surface locally tends to be ill shaped, because the
beach at one of its ends will be narrower than the storm-induced
retreat. Thus, there will be a part of the beach very sensitive to
the impact of a storm and, if infrastructures are not designed to
resist wave action, they can be damaged in a similar way to that
described above. Fig. 6 (top) shows the results of the impact of a S
storm along the Lloret de Mar beach when it was re-orientated
towards the N (configuration of May 2001 in Fig. 3).

3.3.2. Recreative function
Beach recreational malfunctioning is related to those processes

and responses affecting the recreational carrying capacity. This
would mainly occur due to (i) a decrease of the available beach
surface per user and/or (ii) the loss of functionality of existing beach
services for users (Fig. 7).

The decrease in the available beach subaerial surface for users
will be mainly due to the existence of long-term erosion processes
acting on open sediment cells. This will occur when long-term
shoreline retreat determines the beach width to be narrower than
the optimumrecreationalwidth,which is the part occupied byusers
(for the Spanish Mediterranean beaches assumed to be about
30e35 m (MOP, 1970)). Under this condition, the combination of
a steadyaffluenceof userswith a progressivenarrower beach results
in a proportional increase in users’ density that could affect the
beach recreational carrying capacity. Thus, high quality beach
tourism destinations are usually associated with large available
surface per user whereas mass tourism accepts larger densities.
Different threshold values recommended for users’ density can be
seen in (Roca et al., 2008). In extreme cases, the persistence and
cumulative actionof erosionprocesses candetermine the increase of
the occurrence of overcrowding events and/or the collapse of the
beachdue to thenearly full disappearanceof space for leisure (Fig. 7).

In addition to the medium-term erosion processes, storm-
induced erosion can also affect the beach recreational carrying
capacity. Although as it was mentioned before, there is a time lag
between the storm and the recreational seasons in Mediterranean
beaches during “normal” climatic years, some exceptions could
occur. This would happen for stormy seasons longer than usual
and/or when late storms occur in AprileMay just before the start of
the bath season. Under these conditions natural recovery processes
would not have enough time to rebuild the beach (Valdemoro and
Jiménez, 2006).

Regarding the loss of functionality of existing beach services,
this will occur when shoreline retreat determines existing beach
services to be exposed to wave action (Fig. 7). Within this category
we can include the cases where existing accesses become useless
due to the local disappearance of the beach. This can be the result of
a long-term retreat in open sediment cells and/or extreme shore-
line reorientations in pocket beaches (Fig. 7).



Fig. 6. Coastal protection problems in Lloret de Mar beach. Top: promenade stability problems at the S end due to direct wave impact under extreme shoreline reorientation.
Bottom: full overtopped beach and promenade and massive overwash sand transport.

J.A. Jiménez et al. / Ocean & Coastal Management 54 (2011) 907e918 913
4. Management of erosion-induced problems

4.1. Introduction

Once the erosion-induced problems have been introduced, the
different elements to be considered in a beachmanagement process
are presented in what follows. As for any coastal problem, different
solutions can be formulated resulting in a series of alternatives that
Fig. 7. Recreation malfunctions due to large erosion of the subaerial beach (top) and due
(bottom).
have to be comparatively evaluated according to some criteria
(economic, environmental, social, etc.). It is not the objective of this
work to make such an analysis of alternatives but to check whether
the general EU recommendations for managing coastal erosion can
be downscaled to be applicable at the scale of our study.

This has been done by using the Conscience Frame of Reference
(Marchand et al., 2011, in this issue; Van Koningsveld and Mulder,
2004), which is an analysis framework that has been successfully
to affectation of beach accesses and services due to extreme shoreline re-orientation
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applied to coastal management problems such as stability, recrea-
tion and navigation (Kroon et al., 2007; Jiménez et al., 2007;
Medina et al., 2007). In what follows, first we introduce the
approach implemented until today in the area to manage existing
problems and, later we apply the Conscience approach (Marchand
et al., 2011, in this issue) to the study area.

4.2. Present management

At present, the management implemented in these beaches to
cope with erosion-induced problems has been purely reactive, i.e.,
any timewhen a problem appeared a practical solution to deal with
the specific problem has been executed. This means that no
medium/long term strategy has been defined for the beach and,
implicitly, this is equivalent to have an action plan instead of
a management plan.

In the case of s’Abanell beach, because most of the problems
have been related to the failure of the beach regarding the
protection function, actions taken until now categorized in two
groups: (i) decreasing the need of protection by the beach and (ii)
increasing the protective capacity of the beach.

Actions to decrease the need of protection by the beach have
been aimed at increasing the structural strength of existing infra-
structures. In the case of the beach promenade, broken or collapsed
sections have been redesigned to behave as seawalls. For those
sections not fully destroyed, the existing structure has been pro-
tected by placing riprap at the toe of the promenade and collapsed
parts have been fully redesigned as a seawall with an inverted T-
profile and a toe protection. At the south of the beach the auxiliary
station associated with the desalinization plant has been protected
by placing a riprap seawall surrounding the building to resist the
direct wave impact.

Actions to increase the protective capacity of the beach consisted
of occasional beach nourishment operations designed to instanta-
neously solve an emergency situation. During the last twoyears up to
Fig. 8. Emergency beach nourishment at South s’Abanell beach duringat December 2007. Top
of station with respect to the shoreline just after the works. Bottom: beach just after the w
threedifferentbeachnourishmentshavebeenexecuted. Thefirstone
took place in December 2007 to protect the auxiliary station at the
south of the beach because it was directly exposed to wave action.
About 180,000 m3 of sediment were dredged from the submerged
part of the Tordera delta between 15 m and 20 mwater depths and
placed along the southernmost 600 m of the beach (Fig. 8). One
month later about half of the placed sediment had disappeared from
the area and the stationwas again at the waterline (Fig. 8).

In May 2008 the beach was nourished with about 144,000 m3

of sediment along 700 m at the northernmost part. According to
the project, these works were designed to enhance the safety of
the promenade. The sediment was also obtained by dredging the
submerged deposits in front of the Tordera river mouth. Six months
later, almost all the sediment had disappeared from the area and the
riprap protecting promenade was again exposed to wave action.
Finally, during the summer of 2009, about 250,000 m3 of sediment
were supplied to the beach to recover it from the erosion induced by
the impact of winter storms, one of them being the largest recorded
in thearea in the last 50years. In this case, the sedimentwasobtained
from a submerged deposit located about 20 km to the south.

In addition to this, along the southern part of the beach, which is
the most eroded part, the owners of the campsites have been forced
to retreat theouter limitsof the installationsdue to thedisappearance
of the emerged beach and the exposure to direct wave action (Fig. 5).

In summary, present management of erosion-induced problems
is based on emergency actions without any long-term perspective
or planning, i.e., there is not a strategy to cope with processes but
a collection of actions driven by problems.

4.3. Towards sustainable erosion management in Costa Brava
beaches

4.3.1. Strategy
The application of the frame of reference to the study area for

the considered beach functions (protection and recreation) is
left by courtesy of Google Earth. The arrow in top photos indicates the relative position
orks (left) and one month later (right).
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shown in Fig. 9. Once governing processes are determined behind
a problem affecting the beach basic functions, the need of inter-
vention should be justified (Ministry of Environment, 2008). At the
top level, the strategic objective is set to get a sustainable beach
properly maintaining protection and recreation functions. This
objective is based on the fact that coastal tourism is the main
economic activity in the area and, in consequence, beaches are the
basic resource for economic development of coastal municipalities
and, due to this, the beach carrying capacity must be preserved or
enhanced. On the other hand, since all these beaches support
different infrastructures, they need to provide protection and/or
safety. The introduction of the term sustainable implies that any
policy to be implemented must be efficient in environmental,
economic and social terms. In this sense, it has to be stressed that
the (local) social perception about the present management of the
s’Abanell beach is quite bad, with continuous complaints from the
different affected stakeholders.

4.3.2. Favourable sediment status
The strategic objective should be achieved by defining an

optimum configuration able to permit the beach to support both
functions, which is the core of what is called the tactical level in
Fig. 9. In order to define this optimum configurationwemake use of
the concept of “favourable sediment status”. This optimum beach
status will seasonally vary because each target function needs
a given configuration in order to be supported. Thus, there will be
two main configurations:

� A winter (stormy period) favourable sediment status for
enhancing/preserving the protection function that will be
defined by the volume of sediment required to generate
a beach wide enough to dissipate the energy supplied by
a storm of a given return period.

� A summer (calm period) favourable sediment status for
enhancing/preserving the recreation function that will be
defined by the volume of sediment required to generate
a beach wide enough to accommodate users and required
services.
To maintain be
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Fig. 9. Application of the Frame-of-Reference for protection
This favourable sediment status should be given by a beach
configuration with a width equal to the required width in order to
support the corresponding function plus an additional safe area.
With respect to the protection-oriented status, the target beach
configuration will depend on the level of safety required by the
manager according to the importance of the hinterland. Thus, a risk
level, R, will be selected and then, we shall estimate the corre-
sponding critical return period, Tr, of the storm to induce beach
erosion within a selected time period or beach “life”, L. Following
Borgman (1963) the relationship between risk, R and lifetime, L, can
be expressed by

R ¼ 1�
�
1� 1

Tr

�L

(1)

According to recommendations of the Spanish Ministry of Public
Works (Puertos del Estado, 1990), the minimum time period of
concern, L, for coastal protection and nourishment works should be
25 years. Because in most of Mediterranean beaches the failure of
the protection capacity is not likely to cause human losses, it will
have an economic repercussion ranging from low to medium; the
maximum admissible risk, R, should range between 0.5 and 0.3,
respectively, (Puertos del Estado, 1990). By substituting these
values into (1), the critical return period of the storms to be
analyzed varies between 37 and 71 years, respectively. These values
are used to calculate the storm-induced beach retreat (Fig. 4), DWTr,
and then, the minimum configuration to ensure the protection
function of the beach can be defined, Wprot. Here we have selected
this width to be 1.5 times the storm-induced beach retreat, DWTr,
which implies to assume that after the impact of a storm of the
selected return period, there must remain at least a beach width
equal to the half of the induced erosion in order to let the beach to
keep on being operative (to offer a partial protection).

With respect to the recreational status, the target configuration
will depend on the density of use of the analyzed beach. If the
starting point is a situation inwhich the density of use is low, beach
surface losses are acceptable provided they do not determine an
excessive increase in users’ density, i.e., to remain below the
ach configuration for
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saturation level (about 4e5 m2/user in beaches of intensive use, see
Roca et al. (2008)). In spite of this, here we establish the optimum
beach width from the recreational standpoint, Wrecr, in 30e35 m
which is the value usually accepted for Spanish Mediterranean
beaches (MOP, 1970; Yepes, 2002).

4.3.3. Implementation at the operational level
At the operational level, the first step consists in selecting

a series of indicators to monitor the state of the beach. These
indicators will be used in a benchmarking process by comparing
the present beach status against the favourable sediment status to
decide when intervening to maintain its functionality. This
benchmarking is especially important because, in a coastal
management process, there is a time lag between the identification
of the need to do something and the doing itself. This lag includes
all the time expended in the normal administrative procedure since
the problem is identified up to the point when the solution is
executed. It can have a duration of up to several years.

For open cell beaches, the selected state indicator is the “pro-
jected beach width”. This is obtained by projecting the actual beach
width (which is measured and updated at least at yearly basis) at
time T taking into account the present evolution trend (rate of
displacement obtained from shoreline data analysis). The
minimum time frame to estimate beach evolution should be equal
to that used in the risk analysis for beach protection (1), i.e., the
time period of concern, L.

Fig. 10 shows the application of the benchmarking procedure for
the protection function to different parts of the s’Abanell beach,
which are characterized by a different beach width an evolution
rates. Thus, if we just consider the storm-induced beach retreat,
DWTr, the south part of the beach will be below the favourable
sediment status since year 1, whereas this situation will happen in
the central part at year 7 and in the north part at year 19. However,
if the favourable sediment status is strictly applied by using
the minimum width required for the protection function,
Wprot(¼1.5DWTr), most of the present beach are below the required
configuration at present. The only exception will be the north part
that will reach this level at year 11. In any case, these results indi-
cate that the present status of the s’Abanell beach, regarding the
protection function, is quite delicate and, in consequence, existing
infrastructures can be easily exposed to wave action. This is
Fig. 10. Benchmarking process for protection in s’Abanell beach. The shown return periods in
same value than the expected storm-induced beach retreat (bottom) and minimum value f
reflected in the present frequent occurrence of damages along the
s’Abanell beach as reported in the previous section.

The application of the benchmarking procedure for beach
recreation is illustrated in Fig. 11. In this case, instead of dividing the
beach in different parts as it was done for protection, we have used
an average beach width and user density because if one part of the
beach is overcrowded, users would tend to move to other less used
areas, i.e., spatial variations in users’ density tend to smooth out. In
this example, we have used the data on beach use reported by Roca
et al. (2008) and the beacheusers interaction model proposed by
Valdemoro and Jiménez (2006) starting from the summer 2008
configuration. Thus, assuming that beach width changes will be
directly transferred to users’ density (when the actual width is
narrower than the optimum value), the beach will experience
a systematic decrease in its carrying capacity, reaching the satura-
tion level (4 m2/user) by year 8. Because this is an urban beach of
intensive use, the favourable sediment status is fixed to a beach
configuration supporting a density of use of 5 m2/user and, this will
occur (if evolution trend does not change) in about six years. In any
case, obtained results indicate that present evolution is seriously
affecting the beach carrying capacity.

4.3.4. Intervention
The main result of the benchmarking process is the identifica-

tion of the need of intervention (and the moment to actually
execute it) in the beach to enhance its functionality in terms of
protection and/or recreation. This intervention implies to develop
a strategy to maintain the required configuration corresponding to
the favourable sediment status according to the type of beach and
governing physical process. Although different options exist to
cope with erosion, here we illustrate the application of the
framework (Fig. 9) solving identified problems by sediment
management based techniques. This should allow maintaining
the beach functionality without significantly modified beach
characteristics.

In the case of open-cell beaches showing an erosive behaviour,
the main technique to be used is beach nourishment. Other
possible action such as shoreface nourishment should not be an
efficient option for the site and problem because we need to
instantaneously increase the beach width. The designwill be based
on the definition of two volumes of sediment to be supplied to the
dicate the time when the beach width at each part (south, central, north) will have the
or beach protection (top).
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beach: (i) the volume required to maintain beach functionality and
(ii) the volume required to compensate medium-term losses.

Since the beach is going to be managed to support the two
functions, the first task is to evaluate the volume required to
maintain each function: (i) volume required to reach the favourable
sediment status for protection, Vprot, and recreation, Vrecr. These
two volumes will not be the same because the optimal status for
each function is different. The volume required to maintain beach
functions, Vfunc, will be the maximum of the two volumes,
[Vfunc¼max (Vprot,Vrecr)].

In addition to this volume, in erosive beaches we have to add
a volume of sediment to compensate expected losses, Vero, due to
the action of medium-term processes during a given life period, Tlf.
This period will be selected according to two main criteria: (i) the
manager decision about the durability of the solution and, (ii) the
yearly variability in the estimated sediment losses. The first one
is just a choice and it should be in order of 5e10 years (to avoid
re-nourishing very frequently, at the same time maintaining the
beach width within reasonable bounds). The influence of the
second one will increase for beaches with higher variability. The
idea is to compensate “unexpected” losses above the estimated
value due to the presence of an energetic year. Thus, if variability is
high, it is recommended to select life periods relatively large (in the
order of 10). Table 1 shows the calculations done for designing
a sediment-based solution for maintaining the s’Abanell beach
functionality for protection and recreation. In this case, it has been
assumed that the borrowed sediment will be fully compatible with
the native one and it will respond to littoral dynamics in the same
way as under present conditions. If this is not the case, the esti-
mated volume must be corrected to account for the difference in
sediment behaviour.
Table 1
Calculation of required sediment volumes for maintaining the protection and
recreation functions at the s’Abanell beach.

Initial average width (2008) Wini¼ 20 m
Recreational optimum width Wrecr¼ 35 m
Storm return period Tr¼ 71 years
Storm-induced erosion DWTr¼ 17 m
Protection optimum width Wprot¼ 25 m
Averaged sediment loss Vero¼ 30,000 m3 yr�1

Life period Tlf¼ 10 years
Volume for recreation Vrecr¼ 375,000 m3

Volume for protection Vprot¼ 192,000 m3

Volume for beach functionality Vfunc¼max(Vrecr, Vprot)¼ 375,000 m3

Volume for compensating erosion Vero$Tlf¼ 300,000 m3

Volume for beach nourishment Vtot¼ Vfuncþ Vero$Tlf¼ 675,000 m3
In the case of bayed beaches with a closed sediment budget, the
intervention should mainly consist in redistributing the existing
sediment to re-shape the beach towards that associated with the
favourable sediment status. This might be an instantaneous action
generally based on the back-passing technique in which the sedi-
ment is artificially transported from the deposition area (thewidest
part of the beach) towards the erosive one (the narrowest part)
without implying a variation in the sediment budget.
5. Summary and conclusions

In this paper we have analyzed the applicability of recommen-
dations from the Eurosion project to define a policy to manage
coastal erosion, tested at a number of “beach” scales in the Medi-
terranean coast. To do this, we have defined a favourable sediment
status for these beaches taking into account their main functions:
recreation and protection. Because these two functions are domi-
nant in two different seasons, i.e., summer and winter, respectively,
the favourable sediment status for Mediterranean beaches needs to
be seasonally defined.

With respect to the protection function, the favourable sediment
status depends on a given safety level, which is fixed by the
manager taking into account the importance of existing infra-
structures. On the other hand, the recreational favourable sediment
status depends on the density of use of the beach that depends on
the quality and type of tourism.

The concept has been formalized for beach management
through the frame-of-reference in the benchmarking process by
using the “projected width” as the main coastal state indicator. This
projected width is calculated taking into account the type of sedi-
ment cell where the beach is. For open cells, where one of its
boundaries can permit variations in the sediment budget, the beach
width is projected at a given time horizon by applying the present
evolutive trend to the actual width. The manager can act at this
level of the management process by defining the time horizon of
the projection. This projected width is then compared with the
required value to achieve the favourable sediment status for the
considered functions in order to detect the need to make any
intervention.

For pocket beaches which act as closed sediment cells, the
projected width is given by extreme shoreline reorientations
within the bay with respect to the average (equilibrium) configu-
ration. These maximum reorientations will represent the largest
deviation with respect to the optimum beach state at both ends of
the beach, which will locally affect the protection (local exposure of
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the infrastructures) and the recreation (local affectation of beach
services and decreasing carrying capacity) functions.

In spite of the quasi-generalized erosive behaviour of Catalan
beaches, the concept of favourable sediment status neither has been
used, nor defined in the area. In most of the cases, the implemented
management of erosive processes can be classified as purely reac-
tive. Thus, instead of establishing a management process in which
the required actions to maintain an operative beach are identified
well in advance, they have been taken when problems have
appeared. This reactive action has been based on the use of beach
nourishment and, due to the lack of long-term policy, no estimations
for the long-term sediment requirements have been done.

Due to the dominant recreational use of these beaches, the need
of quality sediment is one of the cornerstones of any measure to
manage erosion. At the regional level, this implies that a long-term
erosion management plan should include the identification of
strategic sediment reservoirs. They will be used as borrow sites
with sediment of enough quality to be used in nourishment oper-
ations located in areas where such operations will not significantly
affect the environmental status of surrounding areas.

Finally, it has to be mentioned that although here we have
illustrated the management of erosive process by using beach
nourishment, the other way to increase the beach resilience to
erosion (i.e., by retreating the landward beach limit), could also be
applied and, if done, will usually increase the durability of the
solution. Thus, although apparently, basic design of beach nour-
ishment is well known (e.g., Dean, 2002), in some cases, the post-
nourishment beach behaviour is not the expected one. As an
example, the s’Abanell beach has been nourished with about
580,000 m3 in three operations fromNovember 2007 to September
2009. However, this added sediment volume has disappeared from
the beach and, this should be equivalent to a sediment loss of
290,000 m3/a that is about 9 times the estimated annual average
sediment loss.

Acknowledgements

This work has been done in the framework of the Conscience
and VuCoMA research projects, funded by the EU (Contract No.
044122 SSPI) and the Spanish Ministry of Science and Innovation
(CTM2008-05597/MAR), respectively. The authors would like to
thank to Departament de Política Territorial i Obres Públiques of the
Government of Catalonia for supplying some of the data used in
this study. The authors also thank the two anonymous reviewers for
their comments and suggestions on the original manuscript.

References

Borgman, L., 1963. Risk criteria. J. Waterw. Port Coast. Ocean Div. 89 (WW3), 1e35.
CIIRC, 2010. Estat de la Zona Costanera a Catalunya. Dept. Política Territorial i Obres

Públiques, Barcelona.
Dean, R.G., 2002. Beach Nourishment. Theory and practice. World Scientific,

Singapore, 399 pp.
del Valle, R., Medina, R., Losada, M.A., 1993. Dependence of coefficient K on grain

size. J. Waterw. Port Coast. Ocean Eng 119, 568e574.
European Commission, 2004. Living With Coastal Erosion in EuropedSediment and
Space for Sustainability. Part I eMajor Findings and Policy Recommendations of
the EUROSION Project. Office for Official Publications of the European
Communities, Luxembourg, 54 pp.

Gracia, V., Valdemoro, H.I., Mendoza, E.T., Sánchez-Arcilla, A., Jiménez, J.A., 2008.
Coastal protection issues in bayed beaches. The importance of shoreline tilting.
In: Proceedings of the Littoral 2008. A Changing Coast: Challenge for the
Environmental Policies. Venice, CD-ROM, pp. 1e9.

Hallermeier, R.J., 1981. A profile zonation for seasonal sand beaches from wave
climate. Coast. Eng. 4, 253e277.

Hamm, L., Capobianco, M., Dette, H.H., Lechuga, A., Spanhoff, R., Stive, M.J.F., 2002.
A summary of European experience with shore nourishment. Coast. Eng. 47,
237e264.

Jiménez, J.A., Valdemoro, H.I., Sánchez-Arcilla, A. 2002. Estudio sobre la estabilidad
de la margen izquierda del Tordera (T.M. Blanes, Girona) y la creación de
accesos a la zona. Laboratori d’Enginyeria Marítima, Technical report, Barcelona.

Jiménez, J.A., Valdemoro, H.I., Sánchez-Arcilla, A., 2003. Bayed beaches behaviour
under storms. Effects of storm direction, intensity, duration and water level on
beach erosion. In: Proceedings of the Int. Conf. Coastal Sediments ’03. World
Scientific Publishing Corp.

Jiménez, J.A., Valdemoro, H.I., Gracia, V., Sánchez-Arcilla, A., 1998. Estudio sobre la
erosión de la Platja de s’Abanell (Blanes, Girona). Análisis y propuesta de sol-
uciones. Laboratori d’Enginyeria Marítima, Technical report TR-AMC-98-C3107,
Barcelona.

Jiménez, J.A., Osorio, A., Marino-Tapia, I., Davidson, M.A., Medina, R., Kroon, A., et al.,
2007. Beach recreation planning using video-derived coastal state indicators.
Coast. Eng. 54, 507e521.

Kroon, A., Davidson, M.A., Aarninkhof, S.G.J., Archetti, R., Armaroli, C., Gonzalez, M.,
et al., 2007. Application of remote sensing video systems to coastline
management problems. Coast. Eng. 54, 493e505.

Larson, M., Kraus, N.C., 1989. SBEACH: numerical model for simulating storm-
induced beach change. Technical report CERC-89-9, CERC, US Army Corps of
Engineers, Vicksburg.

Marchand, M., Sánchez-Arcilla, A., Ferreira, M., Gault, J., Jiménez, J.A., Markovic, M.,
et al., 2011. Concepts and science for coastal erosion management - An intro-
duction to the CONSCIENCE framework Ocean & Coast. Manage 54 (12), 859e866.

Medina, R., Marino-Tapia, I., Osorio, A., Davidson, M.A., Martin, F.L., 2007.
Management of dynamical navigational channels using video techniques. Coast.
Eng. 54, 523e537.

Ministry of Environment, 2008. Directrices Sobre Actuaciones en Playas. Madrid,
41 pp.

MOP, 1970. Playas. Modelos Tipo y Sugerencias Para su Ordenación. Ministerio de
Obras Públicas, Madrid, 64 pp.

PAP/RAC, 2007. ICZM Protocol in the Mediterranean (as signed in Madrid on 21
January 2008).

Puertos del Estado, 1990. ROM 0.2e90. Actions in the Design of Maritime and
Harbor Works. Spanish Ministry of Public Works, Madrid, 264 pp.

Roca, E., Riera, C., Villares, M., Fragell, R., Junyent, R., 2008. A combined assessment
of beach occupancy and public perceptions of beach quality: a case study in the
Costa Brava, Spain. Ocean Coastal Manage. 51, 839e846.

Rovira, A., Batalla, R.J., Sala, M., 2005. Response of a river sediment budget after
historical gravel mining (the lower Tordera, NE Spain). River Res. Appl. 21,
829e847.

Sánchez-Arcilla, A., Jiménez, J.A., Peña, C., 2009. Wave-induced morphodynamic
risks. Characterization of extremes. In: Proceedings of Coastal Dynamics ’09,
Tokyo, CD-ROM, pp. 1e11.

Sánchez-Arcilla, A., Mendoza, E.T., Jiménez, J.A., Peña, C., Galofré, J., Novoa, M., 2008.
Beach erosion and storm parameters. Uncertainties for the Spanish Mediter-
ranean. In: Proceedings of the 31st ICCE. ASCE, pp. 2352e2362.

Valdemoro, H.I., Jiménez, J.A., 2006. The influence of shoreline dynamics on the use
and exploitation of Mediterranean tourist beaches. Coast. Manage. 34,
405e423.

Van Koningsveld, M., Mulder, J.P.M., 2004. Sustainable coastal policy developments
in the Netherlands. A systematic approach revealed. J. Coast. Res. 20, 375e385.

Walstra, D.J.R., Hoyng, C.W., Tonnon, P.K., van Rijn, L.C., 2010. Experimental study
investigating various shoreface nourishment designs. In: Proceedings of the
32nd ICCE. ASCE, pp. 1e13.

Yepes, V., 2002. Ordenación y gestión del territorio turístico. Las playas. In:
Blanquer, D. (Ed.), Ordenación y Gestión del Territorio Turístico. Tirant lo Blanch,
Valencia, pp. 549e579.


	 Managing erosion-induced problems in NW Mediterranean urban beaches
	1 Introduction
	1.1 The context
	1.2 Mediterranean urban beaches
	1.3 Objective and structure

	2 Coastal resilience in the context of urban beaches
	3 Costa Brava beach processes and problems
	3.1 General description
	3.2 Beach processes
	3.2.1 s’Abanell beach medium-term behaviour
	3.2.2 Lloret de Mar beach medium-term behaviour
	3.2.3 Beach changes due to storm impacts

	3.3 Beach problems
	3.3.1 Protection function
	3.3.2 Recreative function


	4 Management of erosion-induced problems
	4.1 Introduction
	4.2 Present management
	4.3 Towards sustainable erosion management in Costa Brava beaches
	4.3.1 Strategy
	4.3.2 Favourable sediment status
	4.3.3 Implementation at the operational level
	4.3.4 Intervention


	5 Summary and conclusions
	 Acknowledgements
	 References


