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ABSTRACT 

Found on the NW Mediterranean, the Catalan coast is not only subjected to morphological changes 
driven by physical natural processes but also by significant changes in local dynamics that result 
from the  numerous coastal structures that are found on its realm. The armoring of coastal 
stretches is a common selected option for protecting valuable infrastructure and the hinterland. 
Nonetheless, the induced effects of these kinds of structures are still an open question that can be 
only answered by local means and remain unrevised for the area.  

In the present study an inventory of all the armored structures found along the Catalan coast was 
carried out. An approximate estimation of 110km of total armoured coast that accounts for 19% of 
the total Catalan coast was found and synthesized into eight associative structure-beach pattern 
groups by considering: morphological classification of beach and seawall characteristics. 

Los Vascos at the northern Ebro hemi delta and Sant Pol de Mar in the Maresme region were 
selected as representative sites of two of the associative structure-beach proposed groups for in 
depth analysis. A review of the reported effects accrued to structures on the adjacent beach found 
on literature was updated and tested at each representative site.  

The effects of found structures at each site were analyzed in the longshore and crosshore 
dimension through numerical simulations. For the longshore dimension, GENESIS (Generalized 
Model for Shoreline Changes) was used to simulate the changes in the plan shape due to longshore 
transport accounted for wave angle of approach and longshore gradient in wave height at both 
sites. Seasonal, yearly and long term analysis were performed, exhibiting differences in magnitudes 
of sediment transport rates and dominant mechanisms between sites as denoted by the different 
parameter values found during calibration .At Los Vascos the average net sediment transport was 
estimated in 37095.16m3/year where finer sediments are distributed by an almost unidirectional 
longshore current towards the northern part of the hemi delta. While for the case of Sant Pol de 
Mar, the sediments are redistributed in both north and south directions along the year,  producing 
a relatively lower net average transport rate obtained in  14785.47m3.  

Through simulations with and without the presence of structures, the effects in the longshore 
transport and shoreline response accrued to the structures only were found. Maximum beach 
erosion and areas of influence were obtained. Expected effects in the long term were found through 
10 years simulations. Furthermore, variations in 0.25m and 0.5m water level increments, 5% and 
10% Hs and Tp increments, and 5% and 10% storm frequency increments were tested individually 
and in combination for the year 2057 as possible future conditions.  

An additional sensitive analysis was gained during the future condition simulations. Increments in 
storm frequency as the main driver for shoreline change resulted in higher shoreline variability 
than water level increments. As expected, combinations in 10% increments of wave parameters 
(i.e., 10% Hs and 10% Tp ) simulations produced larger shoreline responses and it was proved that 
the Hs plays a dominant role in the longshore sediment transport. Furthermore, it was found that in 
places as Sant Pol de Mar where significant diffraction effects governs wave transformation, 
increments in wave period result in higher shoreline variability than increments in wave heights.  
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As for the cross-shore dimension, the SBEACH model (Storm Induced Beach Change Numerical 
Model) was used to analyze the effects in the beach in front of the structures at each site. Formation 
of scour and beach width diminishing were successfully obtained in a qualitatively basis and 
proved to be the cross-shore induced effects when comparing theoretical non walled final profiles 
obtained through simulation. 

Moreover, higher insight was achieved regarding the obtained GENESIS responses by setup 
performing tests of the two available solutions of the one line analytical model developed by 
Hanson and Krauss (1987) fed by the most representative wave for Los Vascos site in 
morphological terms. The solution for a semi infinite wall where no flanking effect possible 
resembled in higher accurate manner the obtained GENESIS responses proving that this was the 
solution offered by the model. Finally, it was proven that if the erosion behind the structure and 
downdrift erosion are subjects to be quantitatively analyzed the solution for a semi infinite wall 
where flaking effect is possible can is very useful aid in addition with GENESIS simulations.  
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1. INTRODUCTION. 
 

Coastal zones are highly dynamic environments where not only interactions between land 
based, oceanic and atmospheric processes occur over different time scales, but also human 
related activities come into play inducing additional effects. Rapid increment on industrial, 
commercial, touristic, urban and recreational activities over the last 50 years have resulted in 1.2 
billion people living on the coast. In other words, 23% of the world population live within this 
narrow fringe of the planet, representing a population density that is three times higher than the 
global mean; this, just accounting for the reported values until the year 1990 (Small & Nichols, 
2003). Moreover, a higher growth rate than the global mean for coastal populations is reported 
since that time.  
 

In addition, coastal environments have been stressed with an increment in sea level 
exerted by climate change on a global basis. Different estimations exist, the IPCC 
(Intergovernmental Panel on Climate Change) have derived from considering several tidal gauges 
and altimetry records an increment rate of 1.8 ± 0.5mm/year for the period 1961-2003 and 
forecast an increment trend of the sea level rise for upcoming years. A broad range from 0.18 m 
to 0.59 m is shown among the different SRES (Special Report on Emission Scenarios) projections 
between the present and the end of this century. Furthermore, if climate change continues, both 
Greenland and Antarctica could eventually become additional sources of water volumes, 
contributing significantly to sea level rise (IPCC, 2007). Hazards such as floods of coastal 
lowlands, erosion of sandy beaches and destruction of coastal wetlands (depending on their 
natural ability for adaptation by vertical accretion and/or horizontal migration) are potential 
straight forward effects, not to mention the impacts from increments in the frequency and 
intensity of extreme events (Nichols & Lowe, 2004).  
  

Hard coastal engineering alternatives (i.e., use of rock, steel or concrete structures) have 
been classical approaches as protective measures towards those potential hazards and will be 
still likely employed, in order to extend the present uses of coasts into the future. Possibly 
providing valuable time, until more conclusive knowledge regarding climate change, its 
consequences and decisions on coastal human development are generated.  
   

In the case of the Catalan coast, the use of hard coastal engineering alternatives has been a 
common practice since the last 50 years. Its selection is partially related to the great availability 
of natural rock for construction and it has been triggered mainly by the need of services and 
infrastructure to compensate the increased influxes of inhabitants and tourists as one of the most 
rapidly developing regions in Spain. For the year 2001, 27% of the total foreign tourism of Spain 
was accounted for the Catalan coast, and 44% of its population was reported to be allocated 
within its boundaries (IDESCAT, 2005). Wide variety on type and form of coastal structures are 
found within its domain that account for differences in approaches, causes and magnitudes of 
investments for their construction throughout different periods of time. When considering all, the 
typical distinction between perpendicular and parallel oriented structures (respect to the 
shoreline) can be made. But perhaps, another distinction that results more practical for the scope 
of the present study can be envisioned as follows:   

 



 

15 
 

• Coastal structures located on the seaward domain, aimed to modify the local hydrodynamic 
forces and erosive processes such as groins, jetties and breakwaters. 
  

• Coastal structures located in the beach front or landward domain, aimed to prevent 
inundation and stabilize or set the shoreline into a fix position, preventing the loss of 
hinterland material into the sea. This group accounts for seawalls, revetments and bulkheads; 
which are commonly referred as the generic term “seawalls” for simplification.  

 
 Interestingly, the effects caused by the first type of structures are, into some basic extent, 
well documented and known (although exceptional cases do exist); while the effects accrued to 
the last type of structures (both in literature and for the area) are not so clear and still, subject for 
debate. The possible effects of coastal armouring on the adjacent beach have been first compiled 
and listed by Dean (1986) as: 
 

• Profile steepening 
• Increment on the longshore transport 
• Sand transport far offshore 
• Increase in long term average erosion rate 
• Frontal effects (i.e., scour troughs, reflection bars) 
• Flanking effects (i.e., end of wall scour) 
• Groin effects (up-coast accretion, down-coast erosion, far down-coast shoals) 
• Delayed post storm recovery 
• Diminishing in the fronting beach armouring width.  

 

The number, magnitude and possible inter relations of these effects are highly variable when 
considering different studies. This ambiguity has lead into such controversy, that the use of 
seawalls has been prohibited or strictly limited in some places, including several ocean bordering 
states of USA.  

Particularly for the Mediterranean coasts, some reviews of isolated storm surge effects and 
drastic failure events on particular beaches with the presence of this type of structures have been 
realized in the past. Nevertheless, foreseen specific induced morphological changes have not been 
fully established. Consequently, this partial ambiguity and lack of firm knowledge constitutes the 
main motivations and justifications for the present study.     

 

1.1 OBJECTIVES.  

The present work aims to gain some understanding into the seawall-beach interaction 
effects through the analysis of morphological changes experienced by armoured beaches, located 
in the Catalan coast.  

Associative structure/beach patterns are identified and simplified for the area 
considering: morphological classification of beach, seawall characteristics and reflected effects.  
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The use of a shoreline change model (GENESIS or SBEACH or SWAN.) is implemented in 
order to provide comparison between the simplified patterns identified with and without the 
structure. Further empirical relations between drivers and effects, valid for the area, are gained 
through the numerical simulation. 

Finally, expected long term effects caused by seawalls on the area are developed, taking 
into account different increments in water level, Hs, Tp and percentage of storm frequency as 
hypothetical scenarios for the next 50 years. 

2. COASTAL ARMOURING IMPACTS & RELATED CONCEPTS.  

2.1 SEAWALLS.  
 

For practical purposes, the general term seawall will be employed for all type of 
structures mentioned from this point on but before, some important differences between them 
must be described. 
 
Seawalls are free standing structure related to flood or shoreline retreat prevention. Are 
commonly made by concrete material in order to over stand sliding and overturning moments. 
The main element for design is the crest elevation, being wave overtopping and wave runup the 
main driver parameters considered for estimation.      
 
Revetments are a cover of heavy material piled on the lower or higher dune face of the beach in 
order to protect existing valuable infrastructure (i.e., roads, train rails, etc) from waves and 
currents and avoid coastal damage.  
A typical cross section of a revetment includes: a filter cloth to allow the drainage of water 
without creating erosion channels that could weaken the structure; a core layer made with 
smaller material than the following layers, to provide a stable base to built upon; subsequent sub 
layers of graded material, variable in number to increase stability; and an exterior armor layer, 
composed by the largest and heaviest material. In the case of the armor layer, lose rock or 
concrete elements are used where the weight of the armor unit is an essential element for design 
in order to width stand impacts and uplift forces from wave attack. Additional reinforcements at 
the toe and in each side end of the structure are also essential, not only to provide support for all 
the layers but also, to avoid bottom scour (removing of sediments at the base of the structure by 
wave action) and flank erosion (removing of sediments behind the structure by the redirection of 
wave energy at the sides) respectively.  
 
Bulkheads are also essentially vertical walls but used mainly to provide stability of the material at 
the beach front avoiding its loss into the sea. This can be easily pictured in the case of cliffs or at 
very steep land-water boundaries (bluffs, fiords, rias, etc), where the erosion at the base of the 
land front can result in the collapsing or sliding of land. Usually, anchored sheet piles or gabions 
are used to fix them into the soil and stones or concrete for the exposed section.                 
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2.2. IMPACTS ON THE ADJACENT BEACH. 

2.2.1. CONCEPTUAL FRAME OF REPORTED EFFECTS. 

 

Figure 1 Sketch of reported effects of seawalls. 

(Modified from: Dean, 1987; In Basco, 2006) 

As mentioned before, the first robust research that provided important insight on how 
likely reported effects on adjacent beaches can be really accrued to the presence of seawalls was 
made by Dean (1986), who also recognized areas where lack of substantial knowledge for  
conclusive remarks was existent (i.e., increment in the longshore sediment transport).  
The assessment was based on theoretical, field data and empirical tests. The mechanisms behind 
the reported effects can be classified and described as follows: 

2.2.1.1. Effects on the Adjacent Beach in Front. 

1a) Toe Scour: When placed on a beach under erosional stress, a seawall inhibits the supply 
of sediment from the back dune and therefore all the stress relies on the section that exposed to 
the wave action. Local hydrodynamic shear stresses developed by waves and currents act on a 
constrained area of the beach front, increasing their capability to initiate sediment transport. This 
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effect is in close relation with physical characteristics of the structure such as geometry, location, 
orientation, roughness and permeability since these properties interact with local hydrodynamic 
forces. Some of these interactions are the increments in peak orbital wave velocities, flow 
acceleration near the structure, initiation of wave breaking and high levels of turbulence.  

2)  Beach Width Diminishing: When a given beach is dominated by erosion processes, the 
section in front of a seawall will continue to erode just as the non walled sections. Nevertheless, 
the beach width on the walled sections will be reduced since the dune line retreat is not possible 
due to the structural obstruction. In consequence, the stable beach width will not be maintained 
as opposed to non wall sections where dune line retreat is possible, maintaining a stable beach 
width that migrates progressively towards land.  

6) Beach Profile Steepening: According to the author and recent studies, this effect cannot be 
supported by any known data or argument.  

7) Serves No Purpose if Located Well Back on Stable Beach: This is denied by the author 
since it can provide protection to the back land under extreme events, even if the structure does 
not have any interaction during normal conditions. 

9) Sand Transport Substantial Distance Offshore: According to the author and recent 
studies, this effect cannot be supported by any known data or argument. 

2.2.1.2. Effects on the Laterally Adjacent Beach. 

1b)  End of Wall Effects (Flanking Effect): wave refraction and diffraction is expected to 
occur on the corners of the seawall (sides and behind the structure), causing local erosion. 

4) Downdrift Erosion (Groin Effect): if the seawall presents relative angles respect to the 
shoreline or seawards from the shoreline position, downstream accretion and downstream 
erosion is likely, since the structure will act as a shore normal structure. This will also be 
achieved when the shoreline retreats due to littoral drift and the seawall protrudes seawards      

8) Increment in Sediment Transport Rate: From the moment when the seawall is directly in 
the shoreline boundary until further shoreline retreat, the nearshore cross sectional length can 
be diminished in the walled sections, possibly generating an acceleration of the longshore 
current. Nevertheless, this effect still is unknown.    

2.2.1.3. Effects on the Time Evolution of the Adjacent Beach. 

3) Acceleration in Beach Erosion Rate: This is believed when combining previous 
mentioned effects in the medium and long term time scale. Nevertheless Dean denotes this case 
as probably false.   

4) Delay in Post Storm Beach Recovery: The presence of the structure as a difficulty for the 
profile evolution to recover as in normal conditions. This is also denoted as probably false by 
Dean since no substantial evidence and relation between known effects is existent.  

Since Dean’s compilation, different revisions and contributions have been developed. The 
chronological literature reviews made by Kraus (1988) and by Kraus & McDougal (1996) on a 
later stage, are of particular relevance since the new contributions and persistent controversies 
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among all studies can be extracted from their content. Also, as addressed by the authors, the need 
for more conclusive research efforts on the subject can be clearly grasped and justified.  

 As most of the coastal scientific background, the existent knowledge regarding the 
seawall-beach interaction has been developed through three main approaches: analytical models, 
empirical models and direct observations. In some cases, the different approaches appear to have 
general consent while in other specific seawall effects, conflicting results and differences may 
arise between them as explained below. The following table lists the controversial subject 
regarding seawalls effects, highlighting those works that have been related to its development: 

Table 1 Main subjects, approaches used for analysis and performed studies.  
The author(s)’ contribution regarding each specific subject is highlighted (Blue: in agreement; Red: in 

disagreement; and in Green: No effect occurred during the study). 
SUBJECT APPROACH 

“Seawalls…” Analytical/Numerical 
Models 

Field Measurements & 
Statistical methods. 

Empirical/Physical 
Models 

Induce Frontal 
Scouring  

Dean(1986) 
Uda (1989) 
McDougal et al (1996) 
 

Birkemeier et al, (1991) 
Griggs et al (1994) 
Miselis (1994)  
 

Nishimura et al (1978) 
Barnett & Wang (1988) 
Hughes & Fowler (1990) 
Krauss  et al (1992) 
Moody(1996) 
Zheng et al (2007) 

Induce End of Wall 
Effects  
(Flanking and Down 
Drift Erosion) 

 McDougal et al (1987) 
Griggs et al (1991)  
Plant and Griggs(1992) 
Miselis (1994)  
Basco (2006) 

Walton & Sensabaugh (1979) 
Toue & Wang (1990) 
 

Do Not Induce 
Increased Profile 
Change in a Long 
Term Basis. Although 
Greater Seasonal 
Variability Is Likely.    
 

McDougal et al (1996) 
Rhaka & Kamphuis (1997) 

Griggs et al (1991) 
Birkemeier et al, (1991) 
Nelson (1991) 
Miselis (1994)  
Fitzgerald et al (1994) 
Fletcher et al (1997) 
 

Barnettt  & Wang (1988) 
Moody (1996) 
 

Do Not Have Direct 
Influence In Beach 
Recovery Rates.   

 Griggs et al (1991) 
Birkemeier et al, (1991) 
Nelson (1991) 
Basco (2006) 

Barnett & Wang (1988) 
Moody (1996) 
 

Induced Frontal 
Effects Are Not 
Significantly Related 
to Increments in 
Wave Reflection on 
Walled Sections. 

McDougal et al (1996) 
Rhaka & Kamphuis (1997) 
Ruggeiro & McDougal 
(2001) 

Miles et al (2001) Barnettt & Wang (1988) 
Toue & Wang (1990) 
Krauss  et al (1992) 
Rhaka & Kamphuis (1997) 
 

 

Regarding Scouring: drivers, magnitudes and parameters:  

Two elements on scouring that appear to be non controversial within all studies are:  

1) The maximum scour (when formed) is always produced during the peak storm surge level and, 

 2) The scour formed by regular waves is always larger than the one produced by irregular waves 
on experimental studies (Miselis, 1994; Moody, 1996; etc).  
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In general, the formation of scour, whether at the toe of the seawall or in the profile sea 
wards front of the structure, is commonly accepted although not always have been reported:  

Nishimura et al (1978) first revealed that, the rate at which the flow of water that have 
flooded the hinterland above a seawall returned into the sea and the thickness of the water level 
at the toe of the structure, were the main drivers for scouring. Later on, Uda (1989) recognized 
that not only cross-shore processes were involved on the failure of structures, but also the 
longshore transport (first lowering the profile and then in combination with crosshore, 
overtopping and scour).  In contrast, Griggs et al (1994) founded no scour trough on any seawall 
during seven years of surveys (including presence of large storm events) for the Monterrey bay in 
California.  

Dean (1986) proposed an “approximate principle” to estimate the toe scour formed in 
front of a wall as a volume of loss that is less than or equal to the volume that would have been 
provided by the erosion of the upland if the armoring was not present. This approximation was 
verified (in its applicability) by the results offered by Barnettt & Wang (1988), although the 
provided upland volume was found to be not less than or equal to, but much less (in the order of 
60%). Some examples obtained from reality as surveyed profiles after Hurricane Hugo 
(Birkemeier et al, 1991) and physical experiments (McDougal et al, 1996) have proved Dean’s 
approximation as consistent, while others have considered it vague into some extent (Miselis, 
1994; Moody, 1996). In fact, establishing mathematical expressions to determine maximum 
depths of scour at seawalls has been a strong topic for research. Different methods can be found 
to undertake a proper design of structures and avoiding scouring by estimations. As a rule of 
thumb, the limiting scour depth is approximately to be found equal to the deep water wave height 
(Krauss, 1988). On further empirical studies, both Fowler (1992) and McDougal et al (1996) 
propose empirical equations for estimation. Both expressions describe the depth of scour Sw as 
directly related to the deep water wave height H0 and initial depth of the still water at the wall hw. 
Nevertheless, the dependency on the deep water length L0 is opposite between both studies: 

 

                  

(Fowler, 1992)                  (McDougal et al, 1996) 

Where:   m = initial plane beach slope D50 = grain size. 

The experimental results given by Fowler (1992) are evaluated by McDougal et al (1996) 
using the Fowler equation on a modified version of SBEACH (rewritten to include wave reflection 
at vertical walls) and no agreement is founded. In counterpart, the expression proposed by 
McDougal et al is consistent on both, the numerical SBEACH results and physical results from the 
SUPERTANK experiments made by Krauss et al (1992). The expression is rewritten by the 
authors in terms of the breaking wave height Hb where the dependency on the deep water length 
L0 is avoided: 

           (McDougal et al, 1996) 
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Furthermore, a contribution made by the authors is that wave reflection appears not to 
have any influence on the formation of scour or beach profile change when no longshore 
gradients are present. This had been already suggested by the previous work of Barnettt & Wang 
(1988) but no enough empirical or observational evidence was available.  

Rakha & Kamphuis (1997) developed a numerical model, validated by wave flume and 
wave basin tests; for wave induced currents, wave transformation and morphology modules of an 
infinite beach backed by a continuous seawall. The model outputs reveal no significant 
differences on longshore current and volume of erosion as the one founded for the same 
theoretical beach without the seawall. Also, the previous contribution regarding the no effect of 
the wave reflection on longshore gradients is supported and extended. Through the sensitivity 
analysis of their model, the authors state that the influence of the reflection coefficient is very 
small. In fact, the authors show that the effect of using different reflection coefficient is smaller 
than the effect of using different formulations for the undertow. Suggestions of neglecting this 
coefficient in hydrodynamic modules for simulation (i.e. wave transformation module, wave 
induce current module, sediment transport module, etc) are given although prior sensitivity 
analysis is advisable.   Nevertheless, these suggestions are not consistent with later results 
offered by Miles et al (2001) where the influence of the seawall on suspended sediment and 
longshore currents was reported to induce increments of the order of one magnitude in the 
sediment transport rate. This study was based on detailed field measurements of sediment 
transport processes in front of a seawall in southern England.    

In a later work, the influence of longshore and crosshore processes are further revealed 
by Ruggiero & McDougal (2001).  Highlighting the lack of sufficient data and inconclusive physical 
and theoretical models surrounding the subject, the authors develop an analytical model for 
crossshore and longshore hydrodynamics prediction (currents and transport) considering a 
planar beach backed by a seawall. Their findings suggest that the magnitude of effects is strongly 
related to the modulations of the radiations stresses enhanced by the number and properties of 
the partial standing waves that occur in front of the seawall. Consequently, the behavior of the 
longshore processes can be explained in terms of resonance where the location of the seawall, the 
slope of the beach and resulting surf zone width are dominant parameters. Moreover, the 
reflection coefficient is again considered to have some influence when combined with those 
parameters. The authors emphasize further research into the subject. Finally, punctual seawall 
effects are reported as a reduction of the total sediment transport for steep beaches and either, a 
reduction or increment (depending on the location of the seawall), for milder sloped beaches. 

On recent works, the idea that the reflection coefficient can contribute (in variable 
different magnitudes) in the local longshore processes has …appears to be gaining. Experiments 
of an undistorted moveable bed on a wave flume to determine the most suitable seawall design 
for the coast of Northern Jiangsu Province in China were conducted by Zheng et al (2007). Three 
different slopes for the seawall are tested with validated scales criteria representing a 50 year 
return period wave regime. The authors report that under erosive wave conditions, a bar-trough 
system (bar in the proximity to the wave breaking point and trough near the still water 
shoreline) and frontal scouring due to wave breaking and reflection were dominant features in all 
tests. Recommendations regarding suitable seawall designs are given for the area where larger 
in-land distances for the locations of the seawall and decreased face slopes are advisable.  
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Regarding End of Wall Effects:     

Erosion of material at the ends of the walls is reported on most of the field studies such as 
Walton & Sensabaugh (1979), McDougal et al (1987), Griggs et al (1991), Wang et al (1990), Plant 
and Griggs(1992), etc. Toue and Wang (1990) find on wave basin tests that in the case of incident 
oblique waves, down drift erosion was enhanced by the presence of a seawall in the orders of 
three to four times the wall length. This down drift erosion is explained by the authors as a 
longshore transport impoundment due to the presence of the wall (groin effect).  In counterpart, 
Plant (1990; Plant & Griggs, 1992) remarks that a seawall alters the swash up rush and back 
wash flows. And relates this alteration to seawall end effects since differences in their amplitudes, 
velocities and durations, between walled and non walled sections of a given beach, are likely. The 
author(s) calls for more in depth analysis on this particular topic since flanking effects found to 
be more related to return flows (i.e., rip currents) enhanced by overtopping and increased water 
table elevations during storm conditions.   

During recent years, efforts to clarify the misconception’s origins regarding the effects of 
seawalls in USA have been carried out by Basco (2006). More specifically, the author analyzes all 
the mechanisms that generate end-of-wall flanking effects, reported on the literature as follows:  

• Sand trapping 
• Seaward return flows (including rip currents) 
• Blockage of littoral drift or groin effect 
• Seawalls acting as a headland on a parabolic bay like behavior.  

The study reveals that flanking effects on the Sandbrige, Virginia case have never been 
presented and supports the idea that the effects are only potential.  It also reassures that the long 
term erosion rates for the walled and non walled sections of the monitored beach present no 
differences, even when seasonal variability of sand volume in front of walls is slightly higher. 
Furthermore, it promotes that the use of seawalls must be applied selectively and certainly not 
banned or used in all cases.  

 Regarding Profile Change, Erosion and Beach Recovery: 

Griggs et al (1991) reports that even when seasonal differences between profiles with walled 
and non walled structures were present during winter (the berm was lost before on the walled 
sections), the beach recovery is the same since the general profile during summer showed no 
differences (same berm height and width). This is in concordance with the obtained results from 
Moody (1996). On both Birkemeier et al, (1991) and Nelson (1991) studies, the presence of 
seawalls on beach profiles showed no erosion increments or profile changes different to non 
walled sections, after Hugo Hurricane’s storm conditions. In contrast, the Fitzgerald et al (1994) 
report for beaches in Massachusetts after Bob Hurricane states that more profile changes where 
found for the walled sections although, these sites where the less affected by the hurricane.  

Further difference arises between the results reported by Fletcher et al (1997), as an induced 
beach width narrowing by the armouring of beachfronts in the Oahu coasts subjected to passive 
erosion from sea level rise; and results obtained by the long-term field studies of Griggs et al 
(1994), Hearon et al (1996), and Basco et al (1997), where no significant long term impacts 
associated to seawalls are reported in the coasts of California, Oregon and Virginia, respectively. 
Ruggiero & McDougal (2001) attribute the later disagreement to differences in both, 
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frequency/intensity of the impacts by waves and position of the seawalls on the profile, among 
those particular studies. 

Finally, it is clear that the knowledge of the seawall effects on the local hydrodynamics and 
beach morphology is still a non exhausted and not entirely coherent subject as founded on the 
literature. Nevertheless, some updated conclusive remarks can be extracted from its review: 

• If a walled beach profile is close to its equilibrium shape, no profile changes or erosion are 
likely, even in the presence of a storm. The profile in front of a wall retains about the same 
amount of sand and about the same general shape as a beach without a wall. Furthermore, no 
significant scour is expected since there is no demand of sand from other sections of the 
profile and hence “erosion of the dune can occur independent of the approximate principle” 

(Krauss & McDougal, 1996). 
 

• Wave reflection can increase turbulence induce sediment suspension. If this happens, no net 
movement of the sand is expected across shore but alongshore and out of the walled area. 
Therefore, local scour and profile changes are more related to the longshore transport or to 
the longshore and cross shore transport processes combined.  
 

• In general, the reflection coefficient alone can have little effect on the beach profile evolution 
and hydrodynamic processes.  

 
• A sensibility analysis should be undertaken when performing any particular case of study, in 

order to see if the reflection coefficient can be neglected. Since, the reflection coefficient in 
combination with a particular configuration of seawall position (within the surf zone) and 
beach slope can produce local maximum longshore currents and sediment transport. This is 
caused by the modulation of the radiation stress and related forces due to the development of 
partial standing waves in front of the seawall in a resonant condition.  

3. ARMOURING IN THE CATALAN COAST. 

3.1. GEOGRAPHICAL DOMAIN. 

The Catalan coast is located between 40° 45′ N to 42° 25′ N of latitude and 0° 45′ E to 3° 
15′ E of longitude (see Figure 2) covering an approximate length of 580 km and composed by 
different coastal systems. Found on the NW Mediterranean, it is said to be a fetch limited coast 
due to its semi-enclosed sea configuration with duration-limited wind-wave events and micro 
tidal conditions. Important orographic features influence the spatial wind patterns and pressure 
systems such as the Pyrenees which act like a physical barrier enhancing the Mistral and 
Tramontane winds, directing cold and dry air offshore into the Mediterranean Sea and reported 
as one of the main contributing factors to Mediterranean storms. Predominant winds from the 
North-west and North directions are typical during December and January when the most 
relevant storms occur, while southerly and easterly winds are experienced during February, 
March, April and November (Bolaños et al, 2009). 
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Figure 2. Shaded relief map of the Catalan coast.  
In blue green: los Vascos and Sant Pol de Mar location, selected sites for evaluation.  

 

Although highly variable, the Catalan coast can be synthesized in several characteristic 
geomorphologic regions. The most northern part known as the Costa Brava, under the eastern 
Pyrenees geological setting, consists in its majority of metamorphic and granite rocky coasts and 
alluvial coastal plains composed of recent sediments from the Fluvià, Muga and the Ter Rivers. To 
the south of the Costa Brava, the Maresme coast is a 40km long continuous beach of sand 
supplied mainly by the Tordera River, interrupted only for series of groins and harbours. The 
next coastal segment comprehends the Barcelona city area, characterized by artificial sandy 
beaches. It is also where the delta plain of the Llobregat River is found, and the 15km long 
harbour area is located (on the northern part of the delta plain). To the south of the Llobregat 
River, 18 km of sandy coastline composed by sediments of the river are followed by the Garraf 
coast which is characterized by low calcareous cliffs. The following segment, consist of the Costa 
Dorada where numerous groin fields and harbors are found over long open beaches with small 
calcareous reliefs. Finally, the most southern coastal segment corresponds to the Ebro delta, 
characterized by a delta plain area of 320 km2 with extensive sand beaches (Bowman et al, 2009).   

 

3.2. INVENTORY OF STRUCTURES IN THE CATALAN COAST.  
 

As mentioned before, the Catalan coast does not only present a wide variety of coastal 
systems, but also and for the purpose of the present study, a high number of coastal structures 
and varieties can be found within its domain. Therefore, if the intention of knowing the effects of 
a given structure is pursued, the scope of the analysis must be case specific and local as much as 
possible. Nonetheless, in the present study, a more generic and regional analysis was envisioned. 
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Therefore, a detailed inventory of found structures along the whole Catalan Coast was realized, 
seeking to create a data base from which possible characteristic seawall-beach interaction groups 
could be derived.  
 

The inventory was developed by analyzing orto photographs and topographical maps 
available in the Cartographic Institute of Catalunya (ICC) web database and some visual tools for 
measuring the dimension of structures and adjacent beaches. All of the measurements were 
realized as much precise as possible, although no analysis of the existent uncertainties was 
performed whatsoever, since the purpose of the inventory was defined only to as in generic terms 
in order to extract overall information of the coast. The contents of the inventory are presented in 
the Appendix 5 along with its corresponding figures and legends. It is must be pointed out, that if 
the inventory is used for purposes that go beyond the present study, the user must be aware of 
the shortcomings and generic nature of its content and obtained classifications.  

 
From the inventory, possible physical mechanisms and structure-beach configurations 

enhancing possible effects were analyzed for each site, and a final classification of existent 
characteristic cases for the Catalan coast was proposed as follows: 

   
1) Armouring in an Extensive Beach with Background Erosion. The isolated armouring has 
been reached by the erosion protruding into the active beach zone and acting almost like a 
headland, thereby may cause downdrift erosion. Wave reflection and dominant longshore 
transport currents combined, can produce local resuspention and sediment flow outside the area 
(loss). Local scouring may be present in front of the structure and erosion at the ends (end effect), 
erosion at the lee side when combined with persistent longshore transport (groin effect) and 
flanking effects (scouring at the ends) may occur.      
Representative Site and identification Number:  

Platja de la Marquesa, Los Vascos (8) / Sant Vicenç de Calders, Platja del Francàs North (33)  
 
2) Bulkhead Acting as a Headland on a Non Sandy Beach with Differential Erosion. The 
armouring lies at the toe of a cliff or very steep profile where possibly the energy rays from 
waves are focused. The adjacent beach is dominated by coarse material impacted by high energy 
waves, showing minimum beach widths. The structure may induce erosion at the lee side if 
dominant and persistent longshore sediment transport occurs.  
Representative Site and identification Number:  

La Martorella, El Tancat de Codorniu South (1) 
 
3) Diffraction and Upstream Longshore Blockage in a Non Equilibrium Shape Beach: Waves 
from a dominant direction diffract around the upcoast or downcoast headland (natural or 
perpendicular structure) and refract into the bay. Waves breaking at angles to the shoreline 
causing sediment transport and shoreline shape adjustment (non equilibrium shape). The 
armouring is outside the shadow area of the headland where the energy of refracted waves and 
local erosion is focused. The structure is placed to prevent further erosion of the hinterland. 
Scouring in front of the structure and end of wall effects are considered for analysis.       
Representative Site and identification Number:  

Costa Mar, Platja de Cabrera North (54) / Arenys de Mar, Punta de la Pietat (60) / Platja de 
Sant Pol de Mar (66)  

 
4) Equilibrium Shape beach with Dune Revetment:  The structure is present to prevent the 
landward zone from storm events. The beach shows equilibrium shape although the beach width 
is less than 30m; erosive processes may occur during seasonal storm surge events and natural 
beach recovery is likely. During seldom extreme storm events, loss of material is possible since 
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there is no available material behind the structure due to vegetation or artificial sediment 
fixation. A wide swash zone promoting profile stability can be identified. 
Representative Site and identification Number:  

Platjas dels Pilans & de Rifà (16,17) / Premià de Mar South (51) 

5) Spatial delimitation in an equilibrium shape beach: The structure is present only to fix the 
boundary of the landward zone and the beach zone domain by a concrete corridor, vertical 
seawall or fence. The beach width is sufficient (>30m) to think that the structure do not interact 
with coastal processes but only on seldom extreme events and that it is at  an equilibrium shape 
phase. Waves break simultaneously around the entire periphery, longshore currents and littoral 
drifts are dominant but no net loss occur within the embayment (i.e., it is stable until there is a 
shift in the dominant wave direction). Minimal amounts of additional sediments enter or leave 
past the headland boundaries or littoral cells.  
Representative Site and identification Number:  
Platja de Calafell (36) / Platja de Castelldefels (42) / Platjas de Calella & Pineda del Mar (69) 

 
6) Extensive Beach in Equilibrium with Seasonal Rotation: The beach shows overall 
equilibrium shape. Changes in the dominant longshore current direction induce beach rotation 
which can produce local points of minimum widths that varies according to the center of rotation 
where the structure is placed. During normal conditions, the structure does not interact with the 
adjacent beach but during extreme conditions, the structure may promote scouring and lack of 
sediment supply from behind the structure (in the hinterland). 
Representative Site and identification Number:  

Lloret de Mar, Platja de Fenals (82) 
 
7)  Armouring in a non equilibrium shape beach: A revetment or vertical wall (protected by a 
revetment) is fronting a large fringe of land that might be artificially gained to the sea, showing 
no beach in front (i.e. structure located in the active zone). The dominant mechanism inhibiting 
beach formation is high sediment resuspension from waves breaking directly on the structure 
(possibly being reflected) and dominant longshore currents, transporting the sediment outside 
the area.    
Representative Site and identification Number:  

Platja de la Pixerota South (22)  
 
8)  Extensive Beach with Diminished Widths: Lack of sediment supply from near rivers or other 
systems enhancing background erosion, showing beach widths of less than 15m. The structure 
may interfere with sediment supply from the back dunes during storm events possibly promoting 
a steeper profile and increased wave reflection that, in combination with dominant longshore 
sediment transport, can produce local troughs or scouring. This case exhibits the same 
characteristics as case 4 described above but with further erosion, not experiencing an 
equilibrium phase due to a possible diminish in sediment supply.     
Representative Site and identification Number:  

Platja del Callao North & Port del Balís South (55, 56) 
 
From the characteristic groups mentioned above, two representative cases showing different 
hypothetical mechanisms were selected for the present work based on their suitability for 
analysis with the chosen methods describe in section 4.     
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3.3. SELECTED SITES FOR EVALUATION.  

3.3.1. CASE 1: LOS VASCOS (Northern Ebro Hemi Delta). 

Los Vascos site is located at 40° 45' 46.0" N of latitude and 00° 47' 52.9" E of longitude,  is 
accrued to a revetment located in the northern Ebro hemi delta which has been placed in order to 
protect a local infrastructure from the background erosion exhibited by the system. The Ebro 
delta is one of the most studied sites of the Spanish Mediterranean sites, comprehends a total 
subaerial area of about 320km2, possessing a costal fringe of about 46km long.  

Maldonado (1986; In: Jiménez et al, 1997) describes evolutive changes of the deltaic evolutive 
trend in the last decades, triggered by serious sediment supply reductions of the system when a 
dam was constructed in its lower part. This sediment reduction has been noticeable especially in 
the coastal sub system, where strong erosion is exhibited. Despite of this, Sanchez- Arcilla(1993) 
and other studies have proved that the system is in equilibrium with respect to the decadal 
sediment budget since no significant volumes of sand have migrated out of the system in the last 
decades but on the contrary, slight increments of the net surface have occurred over the last 50 
years. These observations have been considered by Jiménez et al (1997) to redefine the Ebro 
Delta as a wave-dominated system in present times and no longer an intermediate river-wave-
dominated system, denoting that wave processes are the dominant mechanisms determining the 
Delta behavior by reshaping it. 

 

Figure 3 Topographical map of Los Vascos site. Scale 1:5000.  
(Source: Cartographic Institute of Catalunya) 

 

The area is characterized by the eastern, southern and northwestern wave components; the last, 
set into motion by the so called “Mestral” winds in the corresponding direction. Jiménez et al 
(1997), report this northwestern wave direction as not relevant in morphodynamic terms since 
they propagate seawards and representative of calm conditions.  Consequently, the eastern and 
southern waves are the effective directions for morphological processes. In concrete, the eastern 
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wave direction is also reported as the most energetic and influential for longshore sediment 
transport with dominant net direction to the north in the northern hemi delta.  

The dominant mechanisms and effects for the area have been described in the previous section 
and are depicted in figure 4 above.   

 

Figure 4 Scheme of dominant mechanisms and effects at Los Vascos (Case 1). 
 

3.3.2. CASE 2: SANT POL DE MAR (Canet de Mar, Maresme). 

 

Figure 5 Topographical map of Sant Pol de Mar. Scale 1:5000.   
(Source: Cartographic Institute of Catalunya) 

 

The case of Sant Pol de Mar is a very interesting one, since it is not only a representative 
case in coastal morphological sense but also, it gathers emblematic elements in the way how 
human developments infiltrate and reshape the natural behavior of a coastal system. Sant Pol de 
Mar is located at 41° 36' 06.1"N and 02° 37' 21.1"E coordinates in the municipality of Canet de 
Mar within the Maresme region of the Barcelona provincial domain, with fisheries as its main 
traditional and economical activity.  
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Throughout its history, several human developments have enhanced notorious changes in 
the local morphodynamic processes: the railway construction in 1859, measures to maintain the 
sediment from storms and to fix the boats on shore (wood sheet piles and sand bags) at the end 
of 1890 and beginning of 1900, the incorporation of two tram rails beside the railway line in 
1932, the construction of a groin in 1950 and its extension in 1965 to protect the coast from 
storm events and make the grounding of boats possible. Interestingly, the construction of the 
revetment (see figure 6) was reported in 1890, long before the construction of the groin, built to 
protect the railway line in the segment of beach that the local fisherman used to ground their 
boats. Nonetheless, damage at the coast was still experienced during storms after the groin was 
first built in 1950 and the decision of extending it for another 40m was taken in order to generate 
more ground space for fishing boats. The risk of producing localized erosion in a downstream 
area of the beach was known and projects for extending the coastal armouring were planned. 40 
years later, the railway company has been obliged to close the line during some storm events, 
followed by additional revetment extensions and reinforcements works (Folch, 2007). 

 

 

Figure 6 Storm and calm events images of the site. 
 

Sant Pol de Mar present similar wave characteristics as the ones described for Los Vascos, with a 
dominant Eastern component, less dominant but significant Southern component and North West 
component for calm conditions. Nevertheless, due to the coastline orientation and narrower 
bathymetric contours, Sant Pol de Mar is more exposed to storm events and direct impact from 
extreme events. The proposed dominant physical mechanism and effects of the revetment are 
displayed below:  
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Figure 7 Scheme of dominant mechanisms and effects at Sant Pol de Mar site (Case 2). 

4. APPROACHES FOR SIMULATION.  
 This section provides detailed descriptions of the programs and models used for the 
analysis which has been divided into longshore processes and crossshore processes.    

4.1. LONGSHORE PROCESSES. 
Mathematical models can provide concise, qualitative and quantitative means for 

understanding and predicting shoreline evolution, especially when governing processes are in 
close interaction with presence of coastal structures such as groins, revetments, seawalls and 
detached breakwaters.  

4.1.1.1. One line analytical model of shoreline change. 

Larson, Hanson & Krauss (1987) developed a mathematical analytical model of shoreline 
change in order to describe the basic physics involved, where essential features may be isolated 
and better comprehended than in complex approaches such as numerical and physical modeling. 
With the use of this type of approach, it is possible to estimate in a rapid and economical way, 
characteristic quantities associated with the phenomenon in question and to obtain equilibrium 
conditions from asymptotic solutions if, as remarked by the authors, special attention in the 
interpretation of results and in awareness of the underlying assumptions, is given.  

The “one line” nature of the model is denoted because the shoreline is assumed to be a line where 
the beach profile maintains an equilibrium shape, implying that all bottom contours are parallel 
and in consequence, any movement of the shoreline will represent its change.  

The One Line Model of Shoreline Change is relevant for this study since it contains the basic 
assumptions and theoretical background in which the GENESIS model is based on.  
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4.1.1.2. One line model theory & analytical solution for shoreline change at a seawall. 

The first assumption of the model is that longshore sand transport occurs uniformly over 
the whole beach profile down to a critical depth represented by the depth of closure DC from 
which no sand is presumed to move alongshore beyond it, in the seaward direction. As mention 
before, the profile maintains its shape moving only parallel to itself, so a change in shoreline 
position ∆y is related to the change in cross-sectional area ΔA at that particular point: 

C  EQUATION 4.1.1.1 

The second assumption is the mass conservation principle by considering a control 
volume of sand and performing a mass balance during an infinitesimal interval of time between 
the longshore variation in the transport rate and the changes in the shoreline position: 

  EQUATION 4.1.1.2 

 Where, 

Q = longshore sand transport rate (m3/s) t = time (s) 
A = cross-sectional area of the beach (m2)  
x = space coordinate along the axis parallel to the trend of the shoreline (m)  

   

In line sand sources or sinks can be considered in the equation by adding the 
corresponding ±q term (m3/m/s) in the right hand side of the equation 4.1.1.2.  

To solve the previous equation, the longshore sand transport is formulated in close 
relation to the longshore current which is generated by waves obliquely incident to the shoreline: 

   EQUATION 4.1.1.3 

Where,             
Qo = amplitude of longshore sand transport rate (m3/s)  
αb = αo – arc tan(∂y/∂x) =  angle between breaking wave crests and shoreline  

 
The considered formulation for QO given by the authors is the reported in the Shore 

Protection Manual (1984) although various expressions for this term have been developed, 
denoted as: 
 

  EQUATION 4.1.1.4 

 
Where,  
  ρ = density of water (kg/m3) g = acceleration of gravity (m/s2) 
  Hsb = significant breaking wave height (m) 
  Cgb = wave group velocity at breaking point (m/s) 
  K = non dimensional empirical constant 
   Ρs = density of sand (kg/m3) λ = porosity of sand  
 

The third assumption made, is that for beaches with mild slopes the breaking wave angle 
relative to the shoreline and the shoreline orientation are small. Therefore, when αb = αo – arc 
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tan(∂y/∂x)  is substituted into equation 4.1.1.3, and rewritten by a first order Taylor series 
expansion, the linearized expression is achieved: 
 

  EQUATION 4.1.1.5 

 
  And, if the longshore sand transport rate and the incident breaking wave angle are independent 
of x and t, then is obtained from equations 4.1.1.1, 4.1.1.2 and 4.1.1.5: 
 

  EQUATION 4.1.1.6     EQUATION 4.1.1.7 

 
 

  Where, the term ε is referred as the diffusivity (m2/t) expressing the time scale of shoreline 
change following a disturbance by a wave action, similarly as found for heat conduction and 
diffusion processes.   
 

In the other hand, if the amplitude of the longshore sand transport rate is a function of x, 
then an assumption of the depth as closure is considered and the governing equation is: 
 

   EQUATION 4.1.1.8 

 

Additionally, if  is also x dependent, then the term   must be applied to the right hand side 
of equation 4.1.1.8.  

Now, if solutions with the presence of structures are to be applied, further assumptions need 
to be considered. For the case of the analytical solution at a seawall, the following is described: 

• Details of nearshore circulation are neglected. 
• The angle between the breaking wave crest and the shoreline is small.  
• The angle of the shoreline with respect to the x-axis is also small.  
• Sand is always available for transport unless explicit restriction by boundary and/or 

initial conditions is formulated.  

Within the analytical solution of the one line model, two possibilities are envisioned: solution of a 
semi-infinite seawall where flanking is not possible and where erosion at the side and behind the 
seawall is possible.  

Case 1: No flanking effect is possible.  

The equilibrium beach experiments the same breaking wave angle at any longshore point 
with the seawall placed at x = 0 at t = 0 will be described and generate the same behavior as a 
groin or thin shore-normal structure but with opposite response (i.e., erosion instead of 
accretion) not by blocking the longshore transport but by diffracting the wave energy into the 
adjacent beach. The first boundary condition stating that the shoreline at the seawall is parallel to 
the wave crests at every instant is formulated as follows: 

   AT  x = 0 EQUATION 4.1.1.9 
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When the wave is at an angle  with the x-axis, generates longshore sand transport in the 
negative x-direction. Diffraction of the wave energy at the tip of the seawall is concentrated just at 
the side causing erosion at the updrift side: 

  

FOR T > 0 AND X ≥ 0  EQUATION 4.1.1.10 

 

Case 2: Flanking effect is possible. 

In this case, the solution is achieved by considering the incident breaking wave angle 
outside the seawall and another by the wave angle  behind it, towards where the energy 

is transported. Then a coupling between the two solution areas is performed by introducing the 
ratio between both of the amplitudes of the longshore sand transport rate   and 

formulated as follows: 

  FOR  X ≤ 0 EQUATION 4.1.1.11 

  FOR  X ≥ 0 EQUATION 4.1.1.12 

    EQUATION 4.1.1.13 

  FOR X = 0 EQUATION 4.1.1.14 

       FOR X = 0 EQUATION 4.1.1.15 

 AND     WHEN  X =>∞  EQUATION 4.1.1.16 

Finally, the border between the solution areas at x = 0 is assumed to be stationary in time 
although it moves somewhat in the x-direction as time evolves, resulting in the solutions: 

  

FOR T > 0 AND X ≤ 0   EQUATION 4.1.1.17 

 

  

FOR T > 0 AND X > 0   EQUATION 4.1.1.18 

 

4.1.2.1. GENESIS Model. 

The Generalized Model for Simulating Shoreline Change (GENESIS) was developed by 
Hanson (1987) as part of a joint research project between the University of Lund, Sweden, and 
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the Coastal Engineering Research Centre (CERC), US Army Engineer Waterways Experiment 
Station. The full technical description of the model are provided in reports developed by Hanson 
& Kraus (1989), while the user’s manual workbook was developed by Gravens, Kraus and Hanson 
(1991).  

 
The GENESIS model is a “generalized” one-line model since the shoreline change 

simulations produced by spatial and temporal differences in longshore sand transport, can be 
performed in a wide variety of user-specified beach and coastal structure configurations 
implemented by the modeler (i.e., offshore wave inputs, initial beach configurations, coastal 
structures and beach fills. Its development was developed and planned mainly for aiming coastal 
engineering projects, shoreline movement produced by beach fills or river discharges and 
shoreline response to the presence of structures in the nearshore are main utilities for its 
application. If the cross-shore processes are of interest, GENESIS will not provide useful 
information since this processes (changes associated to storm and seasonal variations in wave 
climate) are assumed to be average out over a sufficiently long simulation interval or, in the case 
of a new project, be dominated by rapid changes in shoreline position from a non equilibrium to 
an equilibrium configuration. 
 
The model requirements are general available or estimated input data, listed above: 
 

Table 2 Required Data for Shoreline Change Model. 
TYPE OF DATA COMMENTS 

Shoreline Position At regularly spaced intervals longshore with which the historic trend of 
beach change can be determined. 

Offshore Waves Time series or, at a minimum, statistical summaries of offshore wave 
height, period, and direction.  

Beach Profiles & 
Offshore 

Bathymetry 

Profiles to determine the average shape of the beach. Bathymetry for 
transforming offshore wave characteristics to values in the nearshore.  

Structures & Other 
Engineering 

Activities 

Location, configuration, and construction schedule of engineering 
structures (groins, jetties, detached breakwaters, harbour and port 
breakwaters, seawalls, etc.). Structure porosity, reflection, and 
transmission. Location, volume, and schedule of beach fills, dredging, and 
sand mining. Sand bypassing rates around jetties and breakwaters.  

Regional Transport Identification of littoral cells and transport paths. Sediment budget. 
Locations of inlets. Wind-blow sand transport.  

Regional Geology Sources and sinks of sediment (river discharges, cliff erosion, submarine 
canyons, etc.). Sedimentary structure. Grain size distribution (native and 
of beach fill). Regional trends in shoreline movement. Subsidence. Sea 
level change.  

Water Levels Tidal range. Tidal and other datum.  
Extreme Events Large Storms (waves, surge, failure of structures, etc). Inlet opening or 

closing. Earthquakes.  
Other Wave shadowing by large land masses. Strong coastal currents. Ice. Water 

runoffs.  
  

Depending on the stage of the project study, amount and quality of data available, and 
level of modelling effort required, GENESIS can be applied at two different levels: the scoping 
mode and the design mode. In the scoping mode, the model is an exploratory tool for obtaining 
estimates of relative trends in shoreline change for different plans. On the other hand, in the 
design mode, the objective is to obtain correct shoreline change as well as magnitude and 
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direction of the longshore sand transport rate. The design mode of operation proceeds 
systematically through data collection, model setup, calibration and verification, and then to 
intensive work to evaluate alternative designs, and finally being used to optimize the final project 
design. 
 
In the Shore Predicting Model, the littoral transport is dominated by wave height and direction, 
wave refraction and diffraction equations are considered with the next general assumptions: 

• The beach profile shape is constant and moves parallel to it-self. 
• The shoreward and seaward limits of the profile are constant. 
• Sand is transported longshore by the action of breaking waves. 
• The detailed structure of the nearshore circulation is ignored. 
• There is a long-term trend in shoreline evolution. 

 

4.1.2.2. Theory of GENESIS. 

The modelling system GENESIS is composed of two major sub models: one calculates the 
longshore sand transport rate and shoreline change, and the other calculates, under simplified 
conditions, breaking wave height and angle longshore as determined from wave information 
given at a reference depth offshore. 
For the first sub model case, a general basic assumption assumed by GENESIS is that the beach 
profile is always in equilibrium moving landward and seaward parallel to itself, while retaining 
the same shape. The sand is moving over the profile between a defined shoreward limit, the berm 
elevation DB and a certain limiting depth or closure depth DC beyond which the profile does not 
change significantly in time. For formulation, a right hand Cartesian coordinate system is 
considered where the “y-axis” points offshore denoting shoreline position, and “x-axis” is parallel 
to the trend of the shoreline denoting distance alongshore (see figure 9).    

 
Figure 8 Sketch for Shoreline Calculation. LEFT: Cross section view. RIGHT: Plan view 

       (Taken from Kraus & Hanson, 1991) 
 
The equation governing shoreline change is formulated by conservation of sand volume> 
 

 EQUATION 4.1.2.1 

 
The change in volume is determined by the net amount of sand that enters or leaves the section 
or domain from its four sides. One contribution to the volume change results if there is a 
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difference ΔQ in the longshore sand transport rate Q at the lateral sides of the cells. This net 
volume change is: 
 

 EQUATION 4.1.2.2 

 
Another contribution can arise from a line source or sink of sand q = qs + qo , which adds or 
removes a volume of sand per unit width of beach from either the shoreward side at the rate of qs 
or the offshore side at the rate of qo. This produces a volume change of qΔxΔt. By adding these 
contributions to the volume change equations, the following is obtained> 
 

  EQUATION 4.1.2.3 

 

Therefore, if the right hand Cartesian coordinate system is considered (as depicted in figure 9), 
the partial differential equation governing the shoreline position is: 
 

  EQUATION 4.1.2.4 

Where, 
y = shoreline position  DB=average berm height above mean water 
x = longshore co-ordinate DC = depth of closure 
t = time    Q = longshore transport  
q = line sources and/or sinks along the coast.  

 
Using the Bagnold model for sand transport and the definition (Komar 1975; In Komar, 1998) of 
the longshore current, Vl, driven by a combination of obliquely breaking waves and longshore 
variations in wave heights, an expression for the longshore transport of sand which accounts for 
the dependence of the longshore gradient in wave height δH/δx, as well as the dependence on the 
breaker angle α is obtained. In GENESIS this is expressed as: 

 EQUATION 4.1.2.5 

 
 
     
 
Where,  

H = wave height Cg = group speed given by liner wave theory 
b = subscript denoting breaking wave condition  
a1 = non dimensional parameter 1 
a2 = non dimensional parameter 2 
Øbs = angle of breaking waves to the local shoreline. 

 
The contribution of the second term was introduced into the shoreline change modelling by 
Ozasa and Brampton (1980) (Horikawa,1988). The non-dimensional parameters al and a2 are 
given by, 

 EQUATION 4.1.2.6 

 

 EQUATION 4.1.2.7 

Steady 
alongshore 
current 

Lonshore 
variation in 
wave height 
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Where,  
k1 and k2 = transport calibration parameters  
S=ρs/ρ= density of sediment (taken for quartz sand as 2.65 x 103 kg/m3 )  
ρ = density of water (1.03 x 103 kg/m3 for seawater) 
tan β= average bottom slope. 

 
Although the values K1 and K2 have been empirically estimated, (Komar and Inman,1970, 
Gourlay, 1982; in Horikawa, 1988) due to the multitude of approximations and assumptions used 
in the shoreline model, as well as the limitations of the predictive formulas for estimating 
longshore sediment transport, it is appropriate to treat k1 and k2 as site specific parameters to be 
determined through the shoreline model calibration. 
It must be emphasized that the transport parameter k1 controls the magnitude of the longshore 
sand transport rate and the time scale of the simulated shoreline change in addition with the 
1/(DB + DC) factor (see eq. 4.1.2.4). While the value k2 accounts for the importance of the δH/δx 
term (see eq. 4.1.2.5).  
For sandy beaches, experience has shown that 0.1< k1 <1.0 and 0.5 k1 < k2 <l.5 k1. Three cases of 
gradients in the longshore transport are considered by GENESIS: 
   

No morphological change >   Qin  =  Qout  
  Accretion of Shoreline >  Qin  >> Qout 
  Erosion of Shoreline >  Qin << Qout 
 
Besides the wave height (H), the size of Q is largely dependent on Øbs (eq. 4.1.2.5) which changes 
accordingly with the trend of the shoreline, hence large changes in morphology are expected 
where bends are found in the coast.  
 

Table 3 Capabilities & Limitations of GENESIS model 
(From Hanson & Kraus, 1989) 

Capabilities Limitations 
Almost arbitrary number of coastal defense schemes  No wave reflection 
T-shaped, Y-shaped and spur structures No tombolo development 
Bypassing of sand through groins and jetties 
 

Minor restrictions on placement shape 
and orientation of structures 

Diffraction at structures No provision of changing tide level 
Coverage of a wide spatial extent Basic limitations of shoreline change 

modelling theory 
Offshore input waves of arbitrary height period and 
direction 

Basic limitations of shoreline change 
Modelling 

Multiple wave trains (sea and swell waves)  
Sand transport by oblique angles and δH/δx  
Wave transmission at detached breakwaters  

 

4.2. CROSSSHORE PROCESSES. 

4.2.1. NUMERICAL PROFILE EVOLUTION MODEL. 

To evaluate the possible effects of the structures in the cross-shore dimension, the model 
SBEACH was used. SBEACH stands for Numerical Model for Simulating Storm-Induced Beach 
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Change, and it was developed by Magnus Larson and Nicholas C. Kraus (1989). The model 
consists of three modules that are executed consecutively at each time step in a simulation. The 
modules calculate wave height across-shore, net cross-shore sand transport rate, and profile 
change, respectively. Wave height is used to calculate the transport rate from which profile 
change is calculated. The bathymetry is then revised, and these modules are stepped through 
successively to calculate profile change for the simulation period. 

The basic principle behind the model are based on the equilibrium profile concept developed first 
by Bruun (1954) is defined as “…a statistical average profile that maintains its form apart from 
small fluctuations, including seasonal fluctuations”. Bruun carried out surveys of profiles seaward 
of the breaker zone and found that all the profiles demonstrated approximate congruence with 
the expression: 

 EQUATION 4.2.1. 

Where D is the still water depth at a horizontal distance from the shoreline y, and A is a 
dimensional shape parameter. Later, Moore (1982; In: Komar, 1998) proposes that the scale 
parameter A depends on the beach grain size and established a relation between A and sediment 
size d50. 

 

Figure 9 Typical sandy beach profile morphology. 
 

Cross-shore sediment transport is defined in the SBEACH model as the phenomenon, which 
explains the behavior of the beach due to a change of the wave-energy level. If a beach profile is 
not in equilibrium with the existing wave climate, sediment will be redistributed along it to 
produce an equilibrium profile shape in which state the incident wave energy will be dissipated 
without causing further significant net sediment movement.  

The cross-shore sediment transport is the responsible mechanism for the changes in beach 
profile in response to the wave conditions. Beaches may achieve equilibrium morphology in a 
laboratory wave tank where waves of constant height and period are maintained, but on natural 
beaches the changing wave and tidal conditions give rise to an elusive equilibrium that the beach 
attempts to achieve but seldom does. However the best way to understand beach profiles is in 
terms of quasi equilibrium and how it is determined by waves, tides and beach sediment (Komar, 
1998) It has been established that as sediment is transported across the shore certain 
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characteristic net transport rate distributions occur, and these distributions have specific 
properties in time and space. By determining the transport rate from profile change, an average 
net distribution of the cross-shore transport rate is obtained for the elapsed time between two 
surveys. 

 

4.2.2. SBEACH THEORY. 

The average net cross-shore transport rate is obtained by integrating the equation of 
mass conservation between two beach profiles in time. The transport rate q(x) across the profile 
is thus calculated from the mass conservation equation written in difference form with respect to 
time as: 

 EQUATION 4.2.2. 

Where,  

  t1, t2 = times of profile surveys   
  xo = shoreward location of no profile change, where q(xo)=0 
  h1 , h2 = profile depths at survey times 1 and 2. 
  q(x) = cross shore transport rate 
Changes in the beach profile are calculated at each time-step from the distribution of the cross-
shore transport rate and the equation of mass conservation of sand. The equation of mass 
conservation is written as 

  EQUATION 4.2.3 

In the model the idea that no sand transport shoreward of the runup limit and seaward of the 
depth where significant sand movement occurs is taken as boundary condition. The depth of 
significant sand movement is determined through the exponential decay of the transport rate 
with distance seaward from the break point. If the transport rate decreases to a small re 
determined value, the calculation stops, and the transport rate is set to zero at the next cell, 
making that cell the seaward boundary. 
In calculation of the wave height distribution across shore at a specific time-step, the beach 
profile from the previous time-step is used, and the transport rates are calculated explicitly. The 
mass conservation is written in difference form as 
 

 EQUATION 4.2.4 

And it is discretized over two time levels using transport rates evaluated at the present and 
previous time-step. For a beach profile exposed to constant wave and water level conditions, the 
profile shape predicted by the model approaches a steady state, resulting in an equilibrium 
profile. The approach to equilibrium is controlled by the rate at which energy dissipation in the 
surf zone attains the equilibrium value Deq. A bar, if formed, causes the break point to translate 
in the seaward direction as it grows, making the offshore boundary of the surf zone move 
accordingly. 
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5. METHODS FOR SIMULATIONS & ANALYSIS. 

The following section describes the followed steps for analysis during the present study.  
In most of the detailed explanations and figures, the site of Los Vascos has been selected and it 
should be underline that the same methodology has been followed to analyze the Sant Pol de Mar.   

5.1. BERM HEIGHT & DEPTH OF CLOSURE ESTIMATIONS.  

A beach berm is defined as the nearly horizontal portion of the beach of backshore formed 
by the deposition of sediments by waves. Some beaches have more than one berm at slightly 
different levels, separated by scarp. For the present study, the berm height at Los Vascos was 
determined by visual estimation of the available beach profiles, while in the case of Sant Pol de 
Mar, an arbitrary berm height was assumed since no beach profiles were available.  

 
The closure depth is defined as the limit of the zone of extreme bottom changes for sand beaches 
(Komar, 1998). Krauss et al. (1998) define the closure depth as follows: “The depth of closure DC 
for a given or characteristic time interval is the most landward depth seaward of which there is 
no significant change in bottom elevation and no significant net sediment transport between the 
nearshore and the offshore”. In other words, if the depths offshore of a beach are measured 
repeatedly, there appears to be an offshore depth beyond which the depths do not change with 
time. This is the depth of closure and it is obviously deeper than that portion of the beach profile 
that changes seasonally or due to storms. 
The closure depth can be determined based upon the following factors: 

1. Visual estimation of the measured beach profiles (only for Los Vascos site) and, 
2. Relations derived by Hallermeier and Birkemeier. 

 
Hallermeier (1981) gave an expression for the depth of closure as being the "effective" wave 
height, He , which is the wave height that is only exceeded 12 hours per year. This one can then be 
related to the mean wave height and its standard deviation.  
The relation derived by Hallermeier for DC was found to be given approximately by 

  with   
EQUATION 5.1 

Where, 
 Dc = closure depth (m). 
He = effective significant wave height, exceeded only 12hrs per year (m). 
Te effective mean wave period, corresponding with He (s). 
Hyear = annual mean significant wave height (m). 
σH = standard deviation of significant wave height (m). 

 
Later on, Birkemeier (1985) approximated this expression to: 

  EQUATION 5.2 
 

5.2. SETUP OF ANALYTICAL SOLUTIONS FROM THE ONE LINE MODEL. 

 In order to better understand the simulation and results obtained by the GENESIS model, 
a previous analysis was performed using the solution of the one line model at a seawall 
developed by Larson, Hanson & Kraus (1987). This was performed only for the case of Los Vascos 
since the simplicity of the system was ideal to undertake the analysis, while the case of Sant Pol 
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de Mar exhibits a higher degree of complexity (groin and seawall interaction) for the application 
of the available solutions reported in the one line model.  
 
 The corresponding formulations for both types of cases, with and without flanking effect 
described in section 4.1.1.2 were implemented, selecting the following variable as inputs for the 
model: 
 

Table 4 Selected inputs and obtained outputs of the One Line Model.   
Inputs for Calculations Units Outputs Units 
Berm Height                                           Db m Group Wave Celerity at Breaking Cgb m/s 
Depth of Closure                                   DC m Amplitude of longshore sand 

transport rate                                      Qo    
m3/s 

Density of sea water                            ρw kg/m3 Longshore sand transport rate       Q  m3/s 
Density of Sediment                            ρs kg/m3 Diffusivity                                              ε  m2/t 
Non dimensional Constant                K - Shoreline position                               y                                     m 
Porosity of Sand                                   λ -   
Wave Height at Breaking                   Hb m    
Incident Wave Angle at breaking    αo2 Rad   
Wave Angle behind the structure   αo1 
(Only for Case 2: Flanking effect 
possible)  

Rad   

Revetment Longitud                          LREV m   
Time                                                       t s   
Alongshore Positions                        x m   

 
The selected wave height for input was determined by analyzing an available wave record from 
an offshore buoy in front of Cap Tortosa and extracting the most representative wave in 
morphological terms. The corresponding analysis of wave data is detailed described at section 
5.3.4 (page 46) below and the resulting values of the dominant characteristic wave are 
summarized as follows:  

 

5.3. GENESIS SETUP. 

The degree of success in the GENESIS modelling effort is accrued into a large extent on 
preparation, analysis and nature of the input data. Being the preparation of the input data the 
more consuming time for GENESIS and it may take several months, depending on the project 
requirements, availability and type of data, and level of modelling to be performed. The various 
types of data required to run the model, contained in several input files, which are generated in 
most of the cases with the aim of additional external programs.  
 

5.3.1. EXTERNAL WAVE TRANSFORMATION MODEL: STWAVE. 

 GENESIS is composed of two major sub models: one for longshore sand transport rate and 
shoreline change estimations, and another for breaking wave height and angle longshore from 
wave information given at a reference depth offshore (Gravens, et al., 1991). The later is called 
the “internal wave transformation model” which is applicable to a sea bottom with approximately 
straight parallel contours. Hence, if the area of interest does not present this characteristic 
bathymetry as the analyzed sites of the present work, an external wave transformation model 
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must be used to calculate wave refraction until a nearshore boundary from which the GENESIS 
model must be able to read to simulate breaking of waves and transport estimations. In the 
NEMOS version GENESIS, two external wave models can be used namely, the RCPWAVE model 
(Regional Coastal Processes Wave model) which is a solution of the steady-state Monochromatic 
Wave Mild-Slope equation for wave transformation, or STWAVE model (Steady State Wave 
Spectra model) which is also a steady-state solution but based on the spectral balance equation 
for wave transformation. For the present analysis, STWAVE was chosen since preference to base 
wave transformation on energy spectral information was given and also because more additional 
features were offered by the model (radiation stresses and wave breaking indices as outputs).  

  STWAVE considers time-independent advection, refraction shoaling, and wave growth 
with or without wind contributions, and it is said to be a half-plane model in the sense that it only 
includes spectral energy directed into the computational grid at the seaward boundary. 
Computationally, the model produce solutions at all grid points within the domain having as 
required inputs basic configuration data (constant or variable wind, current and water level files 
if applied), a uniform rectilinear grid, a directional spectra given at the seaward boundary and a 
file containing the grid positions of a nearshore station to overwrite wave transformation 
information. The general workflow followed for operating the external STWAVE model is shown 
below. 
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Figure 10 General workflow chart for the external wave transformation STWAVE model. 

5.3.2. SHORELINE SETUP. 

 Available data from different years, including seasonal field campaigns, ortoimages and 
satellite images, were used to establish the shoreline positions for the model. 

Table 5 Shoreline available data, nature of data and observations. 

SOURCE TYPE DESCRIPTION 
Field Campaigns Direct depth profile measurements in European Datum 1950 

UTM Zone 31 coordinates developed by LIM Institution.   
Orto Images Raster Orto photographs at 1:5000 scale, developed by the 

Cartographic Institute of Catalunya (ICC). 
Satellite Images Available satellite images from the Cartographic Institute of 

Catalunya (ICC) records. 
 

Firstly, satellite and orto images were introduced and referenced in appropriate Geographic 
coordinates in ARCGIS for digitalization.  Next, the DSAS software (Digital Shoreline Analysis 
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System) developed by the U.S. Geological Survey and created by Thieler, E.R., Himmelstoss, E.A., 
Zichichi, J.L., and Ergul, Ayhan (2009) was launched into ARCGIS seeking not only to produce rate 
of change statistics of the shoreline change, but to obtain reliable and precise shore position 
information. Once a baseline line feature is created in the ARCGIS workspace and the shorelines 
have been also introduced as line features, DSAS generates perpendicular transects at a constant 
given interval (in the baseline direction) and provides the distance from at which the 
perpendicular transect intersects a given shoreline from the baseline (see figure 11 below). In this 
way, equally spaced shore points (every 100m) in European Datum 1950 UTM Zone 31 
coordinates where obtained for all shore images. 

 

 
Figure 11 Schematization for obtaining shoreline positions at Los Vascos site in ARGGIS 

LEFT: Transect generation by DSAS for estimating shore intercepts. 
RIGHT: Visualization of a DSAS selected transects (in light blue) and different shorelines from orto images 

(colored lines). 
 

Secondly, since the GENESIS model requires a specific coordinate system in which a line parallel 
to the general trend of the coastline represents the x-axis, and the y-axis perpendicular to that 
line in the offshore direction as depicted in figure 12, a program was made in MATLAB in order to 
rotate the obtained DSAS shoreline points in European Datum 1950 UTM Zone 31 coordinates 
into the GENESIS coordinates.  
 

 
Figure 12 GENESIS coordinate system. 

 
The SHORLOT.m MATLAB routine carried out rotations of the coordinate system by applying the 
following equations: 
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EQUATION(S) 5.0 

Where,   

XROT = is the rotated eastern coordinate  XDIG = is the digitized eastern coordinate 
YROT = is the rotated northern coordinate  YDIG = is the digitized northern coordinate 
ΘROT = is the rotation angle = 180-(90-α)  α = Shoreline Orientation with respect to North 
 
To translate the origin to the GENESIS system the minimum east and northwards values of the 
rotated baseline coordinates, were subtracted to all the rotated coordinates to make the origin 
coordinates (0,0) as represented below for the Los Vascos site: 
 

 

Figure 13 Schematization of rotation procedure from UTM to GENESIS coordinate systems. 
Finally, the rotated shoreline coordinates were introduced into another MATLAB routine called 
CUINTP.m, created to perform cubic spline interpolation between points at any desired interval 
(i.e., 50m).   

 

5.3.3. GENERATION OF BATHYMETRY AND GRIDS FOR RCPWAVE & GENESIS. 

 Offshore bathymetry is required for the STWAVE model in order to transform waves from 
the transitional depth boundary until the limits of the nearshore zone. For the case of Los Vascos 
no available bathymetry was obtained, therefore the 1990 of March field campaign (also in 
European Datum 1950 UTM Zone 31 coordinates) was introduced into ARCGIS as point features. 
This campaign was selected since it represented the closest available profiles to the initial wave 
record used for the simulation (1990-06-15). After the field campaign were correctly introduced, 
a raster topographic image from the ICC (Cartographic Institute of Catalunya) was used to add 
50m depth points to each profile as depicted in figure 14. For the site of Sant Pol de Mar, a 
digitized nautical chart was used since no field campaigns were available.   
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Figure 14 Field Campaign profiles (in black) and added 50m depth points in ARGIS. 
 

Next, the files containing the UTM coordinates and depths information were generated 
and rotated to the GENESIS coordinates with the SHORLOT.m program as explained in the 
previous section. From this point forwards, the Grid Generator utility program within the NEMOS 
version of GENESIS was used to generate the bathymetry and grids by triangulating the rotated 
depth points introduced in the required specific format.  Once the STWAVE grid has been 
generated by putting special attention into the desired region, origin, cell dimensions (dx and dy), 
a file containing the location within the grid of nearshore stations can be produced. This is highly 
important since this file will represent the link between the STWAVE and GENESIS coupling. 
Therefore, a nearshore station at each longshore cell and at a fixed depth must be specified as 
required by GENESIS, in order to force the STWAVE model to produce the wave information 
output at that specific nearshore stations. Another important attribute of the Grid Generator is 
that the GENESIS spatial configuration can be created by selecting the origin of the GENESIS 
spatial domain within the STWAVE grid in order to avoid spatial swapping or matching errors 
since both models present a 90°coordinate orientation difference (the x-axis coordinate direction 
in STWAVE is in the y-axis coordinate direction in GENESIS, see Figure 15 below). Also, the initial 
shoreline can be introduced for visualization in both STWAVE and GENESIS models. For this, the 
STWAVE grid dimensions must satisfy the stability condition of being an exact multiple of the 
GENESIS grid dimension.   
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Figure 15 Los Vascos STWAVE GRID configuration as visualization example. 

Initial shoreline, transitional and nearshore stations are displayed. The origin of the coordinate 
systems of the STWAVE and GENESIS models is shown. 

 

5.3.4. OFFSHORE WAVE PROPAGATION & NEARSHORE TRANSFORMATION.  

As represented in figure 15 available buoy wave record for both sites in the Catalan coast 
were used (OFF_WAVES.DAT file). These records were taken from the XIOM (see references) 
network. The records covered a time span of 17 years (1990-2007) for the cap Tortosa (Los 
Vascos site) and from 1984 until 2007 for Cap Tordera (Sant Pol de Mar site) and it was produced 
in an offshore location, enough to be representative of both analyzed sites and gathered at 
different depths at both sites for propagation. The later, was performed by the NEMOS utility 
program WISP3H which performs a time independent point-to-point steady-state spectral 
transformation of waves from deeper water to an arbitrary shallower water depth.  From basic 
parametric wave descriptions (H, T, theta), WISP3H generates theoretical directional spectra, 
performs shoaling and refraction, and if needed it can also consider shore-induced sheltering (in 
a simplified fashion) at a nearshore location. WISP3H was used to propagate waves from offshore 
until the transitional boundary contours if needed.  This boundary was selected by applying the 
Snell-s law to evaluate the wave refraction for the longest wave in the record and found that the 
bottom influence became important after this depth. 

As shoreline change simulation is typically carried out using a time step of 3 or 6 hours, over a 
period over years, for several kilometers of coast, and tends to consist of a long series of wave 
calculations, it is impractical to run a wave transformation model such as STWAVE for each time 
step due to its enormous execution time involved. Instead, the time series of offshore waves was 
resumed in a number of period and angle bands (wave events) to define representative wave 
conditions that are fed into the model. This procedure of getting the wave conditions from the 
time series can be accomplished by using the WSAV program which is a utility program of the 
NEMOS GENESIS version that computes various statistical properties of the input time series of 
wave conditions. WSAV is a utility program within the NEMOS package and was design to aid in 
the selection of representative wave period and classes by introducing the 30m depth transitional 
boundary propagated waves (Trans_wav.nc file). This wave file was then classified into different 
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events as it can be seen in Table 6 in order to be transformed by the STWAVE. For each band, the 
average wave period and angle were selected to represent the wave parameters of all the derived 
events.   

The wave conditions, defined by the modeler, consist on representative period and angle bands 
and unit wave height. This is due to the wave height non dependency of the wave refraction and 
shoaling governing equations. Nearshore transformation simulations can be performed using a 
unit wave height as the offshore input, leaving only two independent variables (offshore wave 
period and wave angle).  

 
Table 6 Wave angle and period band classification for Los Vascos site as example. 

 In orange : Effective wave directions considered for wave transformations and simulation 

DEFINITION OF ANGLE BANDS  DEFINITION OF PERIOD BANDS 
ANGLE BAND 

NUMBER 
RANGE WITH 
RESPECT TO 
NORTH (°) 

RANGE WITH 
RESPECT TO 

SHORE 
NORMAL (°) 

 PERIOD BAND NUMBER RANGE OF 
WAVE 

PERIODS 
(s) 

1 00:30 53:23  1 0<T≤4 
2 30:60 23:-07  2 4<T≤6 
3 60:90 -07:-37  3 6<T≤8 
4 90:120 -37:-67  4 8<T≤10 
5 120:150 -67:-97  5 10<T≤12 
6 150:180 -97:-127  6 12<T≤14 
7 180:210 -127:-157  7 14<T≤16 
8 210:233 -157:-180  8 16<T≤18 
9 233:240 180:173  9 18<T≤20 

10 240:270 173:143  10 20<T≤22 
11 270:300 143:113    
12 300:330 113:83    
13 330:360 83:53    

 
Nonetheless, instead of using a unit wave height for each directional band, estimations of 

representative wave heights associated to each wave event (defined by a characteristic direction 
and period) were considered. The considered representative wave height for each event was the 
so called morphological representative wave height Hmor obtained as: 

 EQUATION 5.1. 

Where,   Hi = wave heights arriving from the selected direction and wave period class. 
   fi = frequency of occurrence of the Hi  waves  
   p = parameter related to type of used waves (offshore or propagated)  

       for longshore transport rates. Used value = 2 (offshore waves).   
 

Once the transitional boundary wave time series was classified into wave events 
characterized by directional bands, different periods within each band and with their associated 
morphological wave height Hmor (file Trans_wav_perm.nc); the SPECGEN program was used to 
generate the spectral density of each event.  SPECGEN stands for Spectral Generator model and 
creates half-plane energy density spectra suitable for use in STWAVE by rewriting additional 
spectral information for each analyzed wave event (output file: Trans_wav_spec.nc).  



 

49 
 

STWAVE stands for Steady State Spectral Wave model and computes energy density 
spectral transformation, including energy directional spreading, of wave events at an offshore 
line(in this case, transitional) or grid points until a Nearshore Reference Line (NSRL) through an 
arbitrary bathymetry. From this NSRL boundary, the internal wave transformation model in 
GENESIS was used to bring wave breaking (see Figure 16). The definition of the NSRL is based on 
the selection of the pre-breaking depth and is highly important to define such boundary 
sufficiently offshore to avoid wave-breaking conditions, as GENESIS will not calculate the sand 
transport if waves are already broken and an error message will be emitted.  

 

 
Figure 16 NSRL and Internal transformation scheme of GENESIS 

(Taken from Gravens et al., 1991) 
 
One way of defining the NSRL is to calculate the breaking depth for the highest wave in the 
record. Komar & Gaughan proposed a relationship that allows the calculation of the breaking 
wave height Hb from known deep water wave height Ho and deep water wave length Lo: 

    EQUATION 5.2 

 
From which the Mc Cowan (1894; In : Komar, 1998) equation for initial breaking wave height on 
a mild slope can be applied:  
 

     EQUATION 5.3 

Where,                                                                                                                                                                                 
 = 0.78 = wave breaking parameter   = is the breaking depth 

 
Other commonly used equations as the one suggested by CERC (1984), include the slope effect 
and wave breaker type in their formulation: 
 

    EQUATION 5.4 

Where,                                                                                                                                                                                 
       =beach slope 

Or Kamphuis’ formulas (1991) for irregular waves: 

  EQUATION 5.5 
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Alternatively, the NSRL can be based on the closure depth calculations using the Hallermeier and 
Birkemeier approaches, described in section 5.1.  

When the NSRL has been identified, using either approach, it must be added into the STWAVE 
model as file containing depth stations positions along every cell in the longshore direction of the 
STWAVE grid (see Figure 16, Depth_sta.nc file). This file, will be read by STWAVE and rewritten, 
adding wave directional energy spectra, wave breaking coefficients, radiation stresses and wave 
parameters (Hs, Tp, Direction) for each analyzed wave event and at each nearshore station (one 
at every cell in the longshore direction).  Furthermore, this file will be the link between the 
STWAVE and GENESIS for coupling the models. When the transitional depth boundary waves will 
be introduced into GENESIS, each wave will be identified in the transformed wave information 
provided by STWAVE at the NSRL in order to bring wave breaking and sand longshore transport 
estimations.  

It must be mentioned that only effective wave directions for each site were considered 
determined by the shoreline orientation. In this way, only +90° until -90° in shore reference 
coordinate waves were introduced into the STWAVE model for transformation. Furthermore, the 
transitional wave boundary file Trans_wav.nc had to be modify since if the wave file introduced 
in GENESIS contains any non-defined wave condition, the program will stop running and will 
send an error message. These types of modifications included: 

Modify all wave directions according to the GENESIS/RCPWAVE format.  

Set with negative period all the data from irrelevant directions or periods since GENESIS will not 
perform calculations for negative periods. 

For a given relevant direction, the values of wave period were fixed according to those defined in 
the wave conditions.    

5.3.5. GENESIS CONFIGURATION.  

 Once all the required files for GENESIS were created as explained in past sections, the 
revetment coordinates where introduced in the GENESIS structure editor. Also, the final 
measured shorelines for calibration and analysis were introduced using the GENESIS shoreline 
editor, a process that is very simple and straight forward once that the user has been familiarized 
with the process and identified the way in which GENESIS imports the initial shoreline when 
introduced in the STWAVE grid as a starting point.  

  The last step before running the model is to select important variable for configuration 
resumed below:  

Table 7 Configuration information required by GENESIS for simulation. 

VARIABLES COMMENTS 
Grid Information Total number of calculation cells and cell length. 
Time Step Time step of the simulation. 
Dates Dates when the simulation stars and ends. 
Calibration Coefficients Values for the K1 and K2 calibration coefficients 
Offshore Waves  Information of the wave file for input 
Wave model Used External or Internal 
NSRL  NSRL Station file (If an external wave model is used)  
Beach Values of berm height, closure depth and effective grain size. 
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Boundary Conditions Select the type of lateral boundary conditions used. 
Seawall Information about the position of the seawall 
Structures Layout of structure or beach fills (if any) 

 
 Finally, the GENESIS model will start the simulation considering the conditions 
established under the configuration process, longshore sand transport rates and shoreline 
changes will be estimated.   

5.3.6. GENESIS CALIBRATION.  

Calibration refers to the procedure of determining values of adjustable coefficients K1 
and K2 that allow the model to reproduce changes in shoreline position measured over a certain 
time interval. The term verification refers to the procedure of applying the model with the 
coefficient values determined in the calibration to reproduce changes measured over a time 
interval different from the calibration interval (Gravens et al, 1991). 

The Calibration error (Cerror) used by GENESIS is a mean of the absolute difference 
between the calculated and the measured shoreline, and it provides an objective measure of the 
goodness of fit. However, the result should always be checked by visual inspection of shoreline 
positions plots as cancellation of errors could happen producing a misleading measure of 
goodness of fit (Hanson and Kraus, 1989). 

5.3.7. SENSITIVITY ANALYSIS OF GENESIS SIMULATIONS.  

Sensitivity testing refers to the process of examining changes in the output of a model 
resulting from intentional changes in the input. If large variations in model predictions are 
produced by small changes in the input, calculated results will depend greatly on the quality of 
the verification, which is usually in some degree of doubt in practical applications. A second 
reason for conducting sensitivity tests concerns the natural variability existing in the nearshore 
system. No single model prediction can be expected to provide the correct answer, and a range of 
predictions has to be made and judgment exercised to select the most probable or reasonable 
result. 

The sensitivity analysis was carried out varying some parameters such as the effective 
grain diameter D50, the depth of closure DC, and the berm height DB, to know the influence of 
these parameters on the shoreline behavior. Variation of the wave period, T, and wave height, H 
was not carried out in the sensitivity analysis since this kind of variations were considered as 
possible future scenarios for simulation as described in section 5.3.8.  

5.3.8. PERFORMED SIMULATIONS.  

First, in order to understand the local morphodynamic behavior of both coastal stretches, 
simulations at the short term (seasonal), medium term (yearly) and long term (10 years) scales 
were performed once that the model was calibrated. For the case of los Vascos, these simulations 
were performed during periods where no interaction of the structure was ensured. For the case 
of Sant Pol de Mar this could not be ensured since both structures (revetment and groin) were 
already interacting at the periods when the available shoreline information was extracted.   

Second, to analyze the effect of revetments in the adjacent beach, simulations of yearly 
response (one year) and long term response (17 years) were carried out. These simulations were 
performed with and without the presence of revetments for each site.   
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Third, since the objectives of the present work also aims to analyze the shoreline 
response with presence of revetments at possible future conditions, additional simulations 
encompassing a sensitivity analysis of possible future conditions for the next 50 years were 
performed as described in Table 8: 

 
Table 8 Description of future conditions used for simulation. 

NOTE: the “Index” denotes the simulation name for identification. 
 

Increment 
in: 

0.25m 
Water 
Level 

0.5m 
Water 
Level 

5% of 
Storm 
Events 

Frequency 

10%  of 
Storm 
Events 

Frequency 
Hs(%) -- -- -- -- 
Tp(%) -- -- -- -- 

INDEX WL1.0.0. WL2.0.0. SF1.0.0. SF2.0.0. 
Hs(%) 5 5 5 5 
Tp(%) -- -- -- -- 

INDEX WL1.1.0. WL2.1.0. SF1.1.0. SF2.1.0. 
Hs(%) -- -- -- -- 
Tp(%) 5 5 5 5 

INDEX WL.1.0.1. WL.0.1. SF1.0.1. SF1.0.1. 
Hs(%) 10 10 10 10 
Tp(%) -- -- -- -- 

INDEX WL1.2.0. WL2.2.0. SF1.2.0. SF2.2.0. 
Hs(%) -- -- -- -- 
Tp(%) 10 10 10 10 

INDEX WL1.0.2. WL2.0.2. SF1.0.2. SF2.0.2. 
Hs(%) 5 5 5 5 
Tp(%) 5 5 5 5 

INDEX WL1.1.1. WL2.1.1. SF1.1.1. SF2.1.1. 
Hs(%) 5 5 5 5 
Tp(%) 10 10 10 10 

INDEX WL1.1.2. WL2.1.2. SF1.1.2. SF2.1.2. 
Hs(%) 10 10 10 10 
Tp(%) 5 5 5 5 

INDEX WL1.2.1. WL2.2.1. SF1.2.1. SF2.2.1. 
Hs(%) 10 10 10 10 
Tp(%) 10 10 10 10 

INDEX WL1.2.2. WL2.2.2. SF1.2.2. SF2.2.2. 
 
 
5.4. SBEACH SETUP. 

In order to test the effects of found structures at both sites in the crosshore dimension, 
available crosshore profiles for both sites were used and introduced in SBEACH as the 
corresponding model reaches. For the case of Los Vascos, the nearest direct field campaign 
available was used also for the period March of 1990. For the case of Sant Pol de Mar, an available 
cross shore section of the revetment reported in Folch (2007) depicted in figure 22 under the 
Sant Pol de Mar preliminary results for simulation (section 6.2.1).  

The crosshore dimension analysis was performed first by introducing the highest storm recorded 
on the available wave records for each site. Secondly, to test the possible effects of the revetments 
in the cross-shore dimension, each site was tested with already build up storm wave climates for 



 

53 
 

the sites of interests. The source of the extremal wave conditions were taken from the 
Departament de Politica Territorial i Obres Públiques (2010) which is the governmental 
department of territorial administration and public works of Catalunya. The extremal wave 
conditions consisted in Hs estimation of 5, 10, 20 and 50 years return periods and are included 
under the section Annex 1. Within the analysis, a correlation between the extremal Hs values and 
corresponding Tp were also available. Regarding the storm duration for each condition, no 
information could be extracted therefore an arbitrary duration of 60 hours was selected for the 
analysis. Since the present crosshore analysis is only to observe the effects of the revetments in a 
qualitative basis, no further treatment of data was performed. The storm conditions were 
constructed as a triangular distribution for simplicity. The revised extremal wave conditions used 
to test the revetment response in the crosshore dimension are summarized as follows: 

Table 9 Los Vascos storm wave configurations for SBEACH analysis.  

Return 
Period 
(years) 

5  10  20  50  100 
 

 Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) 

Initial 2 6.61 2 6.61 2 6.61 2 6.61 2 6.61 

Peak  469 10.48 5.57 11.02 6.11 11.55 6.84 12.22 7.39 12.7 

Final  2 6.61 2 6.61 2 6.61 2 6.61 2 6.61 

 

Table 10 Sant Pol de Mar storm wave configurations for SBEACH analysis. 

Return 
Period 
(years) 

5 
 

10 
 

20 
 

50 
 

100 
 

 Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) Hs (m)  Tp (s) 

Initial 2.00 8.31 2.00 8.31 2.00 8.31 2.00 8.31 2.00 8.31 
Peak  4.69 12.72 5.11 13.28 5.53 13.82 6.07 14.47 6.47 14.94 
Final  2.00 8.31 2.00 8.31 2.00 8.31 2.00 8.31 2.00 8.31 
 
The same values of sediment grain size used in the GENESIS simulations were considered for the 
SBEACH, being 0.210mm and 0.500mm for Los Vascos and Sant Pol de Mar respectively as 
reported and suggested in literature.   

In both sites, the revetments were introduced as hard bottom during the SBEACH simulation 
since the analysis aims to revise only possible effects in the beach profile in front and behind. 
Furthermore, no risk or structural failure analysis was pursued during the present analysis.   

6. PRELIMARY RESULTS FOR SIMULATION.   

6.1. LOS VASCOS.  

6.1.1. BERM HEIGHT & DEPTH OF CLOSURE. 

The berm height was estimated visually by analyzing the beach profiles taken in different 
sections of the beach at Los Vascos site in March of 1989 and 1990. From figure 17 it can be 
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noticed that most of the profiles presented berm heights between 0.25 and 1 for year 1989 and 
between 0.25 and 0.75 for the year 1990. From these plots, an arbitrary final value of 0.5 m was 
assumed as the berm height for all simulations and for both sites, since no field campaigns for 
Sant Pol de Mar were available.   

 

 
Figure 17 Measured profiles for the 1989 and 1990 field campaigns at Los Vascos. 

TOP: X, Y, Z Plots of the profiles. BOTTOM: Y, Z Plots and visualization of the berm height ranges. 
 

For the Depth of Closure, both Hallermeier and Birkemeier equations were applied to the 
available wave record for the period 1990-2007 taken from the XIOM network. This record was 
generated in an offshore buoy with coordinates of 40°43.29’N and 00°58.89’E where the water 
depth is 60m near Cap Tortosa. The effective wave height He and period Te were first estimated as 
explained in section 5.1, and presented in figure 18, while the results from estimations are given 
in table 11.  

 

Figure 18 Effective wave height He and period Te denoted as Hs12 and Tp12 obtained as 
the parameters that are exceeded only for 12 hours in a year for the entire record. 
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Table 11 Depth of closure estimation results. 

Approach Depth of Closure (m) 

Hallermeier 6.8452 
Birkemeier 5.0691 
Average 5.95715 
Used  7.0 
  

 
Finally an arbitrary Dc of 7m was selected for simulation, representing an 18% increment of the 
averaged Dc. This was decided due to the fact that the depths, at which the highest waves of the 
record were estimated to break, lied around this arbitrary depth. Furthermore, maximum 
increments of 10% in Hs, Tp and frequency of storms are considered as representative future 
conditions to be simulated during the present study, therefore, a conservative value for the Dc 
was considered as more reliable and suitable.      

6.1.2. SEASONAL WAVE ANALYSIS. 

Seasonal wave analysis was performed to know the changes in the wave parameters along 
the year. Data was classified per season for each year from June 1990 till December 2007 and a 
wave analysis was developed for the fours season of the year. Wave roses were obtained in order 
to compare the differences in wave directions among seasons considering the whole wave record 
(17 years) for higher reliability.   

From the figure 19 and table 12 it is shown that during autumn and winter, highest wave heights 
were present, while the lowest wave heights were dominant during summer. The predominant 
wave direction also shows seasonal variation. Most of the waves during spring and summer 
arrive to the coastal zone show bidirectional dominant directions from the E and S. During 
autumn, also a bidirectional dominant wave directions is occurs, accrued to the E and NNW. 
Finally, during winter the direction shifts to a unidirectional predominant wave direction from 
the north. This is in accordance with found values in the literature into some extent, although 
small differences do exist. Jiménez et al (1997) reports a mild period from June to September 
with lowest wave heights and shorter periods with a dominant S direction, while an energetic 
period is reported for October until March with highest wave heights, longer periods and 
dominant direction from the E and NW. For the March-June period, reported by the authors as a 
transitional period, is characterized by a shift to the S again as the dominant direction and milder 
wave conditions. The differences are mainly in the reported S dominant direction for the mild and 
transitional periods since during the analysis, the E directions was found as predominant 
although in both cases, spring and summer, the S direction is also very significant.  

 



 

56 
 

 

Figure 19 Wave roses for the period 1990-2007. 
 

Table 12 Seasonal mean wave height Ĥs (m) and % of occurrence for each directional band  at Los 
Vascos. 

 SPRING SUMMER AUTUMN WINTER DIRECTION 
Ĥs 0.64 0.86 0.56 0.58 N 
% 0.51 0.34518 0.45 0.58  
Ĥs 0.46 0.58 0.51 0.61 NNE 
% 0.09 0.20455 0.15 0.25  
Ĥs 1.27 1.06 0.84 1.24 ENE 
% 5.17 5.5485 5.04 4.72  
Ĥs 1.04 0.89 0.74 1.02 E 
% 26.71 24.38 22.20 27.93  
Ĥs 0.65 0.55 0.50 0.64 ESE 
% 1.92 2.7574 3.44 2.28  
Ĥs 0.53 0.47226 0.47 0.58 SSE 
% 7.53 12.951 18.76 7.97  
Ĥs 0.72 0.62 0.57 0.82 S 
% 17.15 22.296 21.63 17.79  
Ĥs 0.69 0.56 0.55 0.76 SSW 
% 3.14 6.9931 6.52 4.07  
Ĥs 0.48 0.58 0.43 0.46 WSW 
% 0.27 0.1662 0.15 0.14  
Ĥs 0.58 0.77 0.56 0.65 W 
% 0.26 0.19177 0.15 0.15  
Ĥs 0.99 1.05 0.84 0.95 WNW 
% 11.08 5.0371 2.89 8.10  
Ĥs 1.17 1.08 0.92 1.13 NNW 
% 20.01 10.905 8.68 19.37  
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6.1.3. YEARLY WAVE ANALYSIS. 

The definition of the wave conditions was designed to aid in the selection of 
representative wave period and angle classes for the offshore waves (see Section 6.2.3) but first, a 
yearly analysis was performed for the available wave record. The WSAV makes a selection of 
period and angle bands and characterize the wave time series within these bands.  

 

Figure 20 Yearly dominant wave directions.  
In black: Wave period width legend. 

 

 
Figure 21 θ, Hs and Tp percent of occurrences from the yearly wave analysis. 

 

From figure 20 it can be seen that the E, S and NW sectors are the most dominant directions, 
where the NW directions are not relevant for the analysis since they propagate in the offshore 
direction due to the coastline orientation for both, Los Vascos and Sant Pol de Mar sites. And for 
the same reason, at Los Vascos site, the E direction is the most important direction in 
morphological terms while in Sant Pol de Mar both E and S directions are significant. Additional 
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information can be extracted from figure 21, where the most relevant features for each wave 
parameter are displayed. 

6.1.4. REPRESENTATIVE WAVE CLIMATE.  

The representative wave conditions that were fed into the STWAVE model to produce 
nearshore information of wave transformation and for simulations that extended beyond the 
year 2007 were generated as described in section 5.3.4. Due to the nature of the data, the period 
classes 0.4, 0.4≤6, 0.4≤6, 6≤9, 9≤23 of mean wave period Tm were selected, and the morphological 
representative wave height assigned to each class Hmor estimated.  

 

Table 13 Representative wave conditions of the entire Tortosa wave record (1990/2007).  
Classified into bands of Tm and θ, and described by a morphological wave height Hmor , peak 

period Tp and percentage of occurrence %. 
 Tm   0-4       6       9       23   

Dir 
Band 

Hmor Tp %   Hmor Tp %   Hmor Tp %   Hmor Tp % 

N 0.59 3.05 0.40  1.52 4.77 0.06  NR NR 0.00  NR NR 0.00 
N30E 0.58 3.04 0.16  1.01 4.46 0.02  NR NR 0.00  NR NR 0.00 
N60E 0.56 3.44 0.80  0.91 5.11 1.56  1.43 7.26 1.95  2.01 10.05 0.81 

E 0.48 3.56 1.64  0.81 5.23 8.68  1.19 7.18 11.99  1.61 9.92 2.97 
E30S 0.41 3.59 1.44  0.61 5.10 5.43  0.77 7.03 2.88  1.00 9.92 0.64 
E60S 0.40 3.57 2.40  0.53 5.03 7.53  0.80 6.75 1.93  0.89 9.19 0.04 

S 0.45 3.43 5.56  0.69 5.10 10.26  1.20 6.79 3.85  2.03 9.55 0.08 
S30W 0.53 3.24 3.41  0.79 5.03 1.55  1.52 6.52 0.26  NR NR 0.00 
S60W 0.52 2.96 0.17  0.70 4.25 0.01  NR NR 0.00  NR NR 0.00 

W 0.68 3.16 0.18  1.05 4.30 0.01  NR NR 0.00  NR NR 0.00 
W30N 0.77 3.46 4.53  1.49 4.69 2.13  2.62 6.52 0.04  NR NR 0.00 
W60N 0.81 3.48 7.71  1.48 4.71 6.88  2.51 6.28 0.06  NR NR 0.00 

  

The wave record classified into representative bands and associated Hmor was then used to create 
a representative wave climate. The obtained percentage of occurrence for each band, reported in 
table 11, was traduced into a proportional number of time steps during one year. Each band is 
read by STWAVE as an event and transformed until the nearshore boundary. In this way, the 
representative yearly wave climate was used and repeated by GENESIS the number of defined 
years for each simulation.    
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Table 14 Resulting wave climate summarized in wave events and number of steps. 
In light orange: persistent waves with higher influence in morphological terms.  

In dark orange: persistent waves with not so relevant influence due to coastal orientation.   
Dir_Band Hmor 

(m) 
Tp 
(s) 

Θ 
(°) 

Time 
Steps 

Dir_Band Hmor 
(m) 

Tp 
(s) 

Θ 
(°) 

Time 
Steps 

N 0.59 3.05 357.38 12 S 0.69 5.10 181.49 300 
NNE 0.58 3.04 32.20 5 SSW 0.79 5.03 201.11 45 
ENE 0.56 3.44 65.04 23 WNW 1.49 4.69 309.85 62 
E 0.48 3.56 90.44 48 NNW 1.48 4.71 323.99 201 
ESE 0.41 3.59 120.19 42 ENE 1.43 7.26 70.62 57 
SSE 0.40 3.57 152.33 70 E 1.19 7.18 89.38 350 
S 0.45 3.43 181.73 162 ESE 0.77 7.03 117.55 84 
SSW 0.53 3.24 206.05 99 SSE 0.80 6.75 149.32 56 
WSW 0.52 2.96 236.65 5 S 1.20 6.79 180.99 112 
W 0.68 3.16 274.64 5 SSW 1.52 6.52 199.75 8 
WNW 0.77 3.46 307.64 132 WNW 2.62 6.52 312.50 1 
NNW 0.81 3.48 325.97 225 NNW 2.51 6.28 320.70 2 
N 1.52 4.77 351.37 2 ENE 2.01 10.05 6.62 24 
ENE 0.91 5.11 68.69 45 E 1.61 9.92 5.93 87 
E 0.81 5.23 91.38 254 ESE 1.00 9.92 4.67 19 Time steps 3hrs 

ESE 0.61 5.10 119.14 159 SSE 0.89 9.19 4.41 1 N_time_steps 2920 

SSE 0.53 5.03 150.96 220 S 2.03 9.55 6.66 2 Hours 8760 

     
   TOTAL 2920 Days 365 

 

6.1.5. NEARSHORE WAVE ANALYSIS.  

The longest wave in the wave record presented a wave period of 14.3 s, and it was found 
that the depth at which this particular wave breaks lies between the 7m and 8m contour when 
applying the equations described in section 5.3.4. This validates the arbitrary Dc used for 
simulations. Furthermore, the nearshore reference boundary was selected as the 10m depth 
contour for both sites as a suitable pre-breaking depth.  
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Figure 22 STWAVE output example for a given wave event at Los Vascos. 
Wave direction vectors over wave height contours and bathymetric isolines. Nearshore stations 

depicted as blue triangles. Plot of the event under transformation at the nearshore boundary  
(10m depth). 

 

6.2. SANT POL DE MAR.  

In the following section the preliminary results of parameters and wave climate needed 
for Sant Pol de Mar simulations are presented. This where obtained in the same fashion as 
described for the case of Los Vascos (unless differences are described) therefore, no detailed 
information concerning their estimation is presented but only their numerical results.  

6.2.1. BERM HEIGHT & DEPTH OF CLOSURE.  

 For the case of Sant Pol de Mar no field campaigns where available therefore an arbitrary 
value of 0.5 m berm height was assumed as the same value obtained for the los Vascos site. In the 
crosshore analysis, an available cross section of the revetment was used to build up an arbitrary 
profile where the landward limit is given by the presence of the railways of the local train station 
as depicted in figure 22.  
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Figure 23. Cross section of the revetment at Sant Pol de Mar. 
(Taken from: Folch, 2007) 

Regarding the values of DC for the site, available wave records from the Blanes buoy of the XIOM, 
with coordinates of 41°38.81’N and 02°48.93’E where the water depth is 74m, was used in order 
to estimate the DC in the same fashion as reported for los Vascos. 

Table 15 Depth of closure estimations at Sant Pol de Mar. 

Approach Depth of Closure (m) 

Hallermeier 7.0458 
Birkemeier 5.2454 
Average 6.1456 
Used  7.0 
  

 

6.2.2. SEASONAL WAVE ANALYSIS. 

The characteristic seasonal waves obtained at Sant Pol de Mar presents important 
differences when compared to Los Vascos results. A dominant wave direction for all seasons was 
obtained for the case of SSW waves and less seasonal variability among seasons. For the spring 
and summer, secondary relevant directions are accrued to the S and ESE, whereas in the autumn 
and winter, there is a shift to the NNE, ENE and E directions as significant wave directions.      
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Figure 24. Wave Direction vs Wave Period Roses for Sant Pol de Mar. 

 

This low variability is highlighted also in the table below, where the largest percent of occurrence 
are accrued to the SSW direction for all seasons. Regarding the distribution of wave heights, the 
highest waves were found during winter and autumn and accrued to the east directions. During 
spring this condition also holds with smaller waves. Finally, during summer, the smallest waves 
are present with a slight shift into southern wave regimes.   

Table 16 Seasonal mean wave height Ĥs (m) and % of occurrence for each directional band at Sant 
Pol de Mar. 

 SPRING SUMMER AUTUMN WINTER DIRECTION 
Ĥs 0.62 0.44 0.66 0.71 N 
% 2.80 2.00 2.60 2.70  
Ĥs 0.62 0.47 0.66 0.76 NNE 
% 11.90 9.60 15.30 18.20  
Ĥs 0.65 0.49 0.74 0.92 ENE 
% 10.00 11.50 12.50 15.10  
Ĥs 0.92 0.49 1.06 1.17 E 
% 9.00 8.00 13.00 14.30  
Ĥs 0.76 0.57 0.83 1.08 ESE 
% 11.30 13.00 12.20 7.90  
Ĥs 0.54 0.49 0.73 0.79 SSE 
% 8.80 12.70 8.70 4.40  
Ĥs 0.55 0.46 0.67 0.77 S 
% 13.00 15.10 7.20 5.80  
Ĥs 0.63 0.47 0.79 0.84 SSW 
% 27.20 24.60 21.30 23.50  
Ĥs 0.62 0.46 0.71 0.77 WSW 
% 3.00 2.20 4.30 5.00  
Ĥs 0.53 0.36 0.64 0.76 W 
% 0.90 0.30 0.90 0.80  
Ĥs 0.51 0.47 0.64 0.75 WNW 
% 0.70 0.40 0.70 0.80  
Ĥs 0.59 0.43 0.61 0.70 NNW 
% 1.30 0.60 1.30 1.40  
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6.2.3. YEARLY WAVE ANALYSIS. 

In congruence with the obtained low seasonal variability, the most dominant direction in 
a yearly basis for the site was found for the SSW direction. It can be noticed that since the 
shoreline orientation of Sant Pol de Mar is that of 236° from North, wave directions from the 
ENE, E, ESE and SSE are also of high importance in longshore transport terms, possibly producing 
bidirectional longshore transport.   

 
Figure 25. Yearly dominant wave directions.  

In black: Wave period width legend. 
 
Additional results of wave height and period percentage of occurrence was obtained as follows: 

 

Figure 26. θ, Hs and Tp percent of occurrences from the yearly wave analysis. 
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6.2.4. REPRESENTATIVE WAVE CLIMATE. 

As obtained for Los Vascos, a representative wave climate was generated for Sant Pol 
which is summarized in the table below: 

Table 17 Representative wave conditions of the entire Blanes wave record (1984/2007). 
Classified into bands of Tm and θ, and described by a morphological wave height Hmor , peak 

period Tp and percentage of occurrence %. 
 Tm   0-4       6       9       23   

Dir 
Band 

Hmor Tp %   Hmor Tp %   Hmor Tp %   Hmor Tp % 

N 0.45 3.53 0.16  0.55 5.20 0.69  0.71 7.28 1.37  0.86 9.70 0.26 
N30E 0.49 3.54 0.96  0.58 5.27 4.52  0.75 7.22 7.65  0.97 9.86 1.14 
N60E 0.46 3.44 0.97  0.54 5.24 4.24  0.83 7.22 5.45  1.66 9.98 1.19 

E 0.46 3.49 0.61  0.55 5.23 3.28  1.08 7.34 5.13  2.17 10.12 1.70 
E30S 0.43 3.42 0.79  0.52 5.25 3.90  0.99 7.18 5.76  1.94 9.77 0.87 
E60S 0.43 3.52 0.98  0.53 5.19 4.33  0.88 7.04 3.23  1.36 9.72 0.20 

S 0.44 3.43 1.68  0.54 5.11 5.36  0.85 7.05 3.59  1.24 9.57 0.22 
S30W 0.45 3.46 3.49  0.61 5.13 10.71  0.96 7.08 9.04  1.61 9.69 0.70 
S60W 0.50 3.54 0.27  0.64 5.09 1.57  0.89 7.10 1.35  1.21 9.69 0.11 

W 0.49 3.58 0.06  0.52 5.19 0.29  0.79 7.03 0.33  0.86 9.82 0.05 
W30N 0.46 3.64 0.08  0.51 5.04 0.25  0.79 7.29 0.28  0.99 9.52 0.03 
W60N 0.41 3.57 0.08  0.54 5.12 0.37  0.71 7.28 0.57  0.81 9.69 0.12 
 

It can be noticed that for the case of Sant Pol, most of the directions have some minimum 
percentage to be considered for simulation. This generates a wide spread wave climate where 
long periods of mild conditions (not relevant directions) are present and more evenly distributed 
relevant wave directions for longshore transport generation.  
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Table 18 Resulting wave Climate summarized in wave conditions and associated number of steps. 
In light orange: persistent waves with higher influence in morphological terms. 

In dark orange: persistent waves with not so relevant influence due to coastal orientation. 
Dir_Band Hmor 

(m) 
Tp 
(s) 

Θ 
(°) 

Time 
Steps 

Dir_Band Hmor 
(m) 

Tp 
(s) 

Θ 
(°) 

Time 
Steps 

N 0.45 3.53 4.42 5 N 0.71 7.28 3.91 40 
NNE 0.49 3.54 34.06 28 NNE 0.75 7.22 34.09 223 
ENE 0.46 3.44 58.25 28 ENE 0.83 7.22 59.74 159 
E 0.46 3.49 88.59 18 E 1.08 7.34 89.08 150 
ESE 0.43 3.42 122.60 23 ESE 0.99 7.18 121.32 168 
SSE 0.43 3.52 151.31 29 SSE 0.88 7.04 149.23 94 
S 0.44 3.43 183.10 49 S 0.85 7.05 182.24 105 
SSW 0.45 3.46 208.19 102 SSW 0.96 7.08 208.07 264 
WSW 0.50 3.54 233.78 8 WSW 0.89 7.10 235.71 39 
W 0.49 3.58 268.67 2 W 0.79 7.03 269.63 10 
WNW 0.46 3.64 301.19 2 WNW 0.79 7.29 303.13 8 
NNW 0.41 3.57 331.31 2 NNW 0.71 7.28 331.95 17 
N 0.55 5.20 2.42 20 N 0.86 9.70 3.39 8 
NNE 0.58 5.27 34.28 132 NNE 0.97 9.86 32.85 33 
ENE 0.54 5.24 59.18 124 ENE 1.66 9.98 62.21 35 
E 0.55 5.23 89.58 96 E 2.17 10.12 87.41 50 
ESE 0.52 5.25 121.97 114 ESE 1.94 9.77 117.88 26 
SSE 0.53 5.19 149.95 126 SSE 1.36 9.72 149.72 6 
S 0.54 5.11 182.40 157 S 1.24 9.57 183.48 7 
SSW 0.61 5.13 208.57 313 SSW 1.61 9.69 207.24 20 
WSW 0.64 5.09 234.85 46 WSW 1.21 9.69 234.78 3 
W 0.52 5.19 270.26 8 W 0.86 9.82 271.81 1 Time steps 3hrs 

WNW 0.51 5.04 299.19 7 WNW 0.99 9.52 304.50 1 N_time_steps 2920 

NNW 0.54 5.12 331.89 11 NNW 0.81 9.69 332.28 4 Hours 8760 

     
   TOTAL 2920 Days 365 

 

6.2.5. NEARSHORE WAVE ANALYSIS. 

Also as for the case of Los Vascos, at Sant Pol de Mar the nearshore boundary was set in 
the 10m depth contour since, although the average Dc estimations resulted in 6.145m depths, 
waves up to 4 m where present on the wave record that could break before the estimated Dc 
when propagated and transformed into the nearshore domain. Also, an example of a 1.71m wave 
height from the ENE direction approaching to the nearshore boundary (denoted by blue stations) 
is given below, where significant wave diffraction can be noticed.  
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Figure 27. STWAVE output example for a given wave event at Sant Pol de Mar.  

Wave direction vectors over wave height contours and bathymetric isolines. Nearshore stations 
depicted as blue triangles. Plot of the event under transformation at the nearshore boundary  

(10m depth).   
 

7. MORPHOLOGICAL RESPONSE ANALYSIS.  

7.1. GENESIS SIMULATIONS AT LOS VASCOS.  

As described before, short term (seasonal), medium term (1 year) and long term (10 
years) simulations were performed for analysis. During the calibration, the process of 
determining values of adjustable coefficients that allow the model to reproduce changes in 
shoreline position measured over a certain time interval, through different runs is performed. In 
concrete, the selection of k1 and k2 of equations 4.1.2.6 and 4.1.2.7, are used for this purpose. 
Kraus and Hanson (1989) proposed the use of 0.5 for k1 and k2 0.25 for as starting point values, 
which have to be modified to obtain the minimum calibration error (Cerror). 

7.1.1. CALIBRATION. 

The performed calibration covered a one year simulation from 01/03/1989 to 
01/03/1990. Something to underline is that for the calibration, the introduced waves were those 
generated as the yearly representative wave climate described in section 6.2.3. Several runs 
where performed to determine the values of the calibration parameters k1 and k2, summarized in 
table 19, the final values used for the yearly analysis are underlined (in orange).    
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Table 19 Values used for the Los Vascos calibration analysis. 

Run          K1 K2 CERRO

R 

1 0.5 0.25 4.9216 
2 0.5 0.75 5.0208 
3 0.86 1 5.2902 
4 0.86 0.43 4.8341 
5 0.76 1 5.0332 
6 0.76 0.38 4.7989 
7 0.66 0.33 4.7904 
8 0.6 0.3 4.8014 
9 0.68 0.34 4.7879 

10 0.69 0.35 4.7911 
11 0.68 0.36 4.7948 
12 0.67 0.34 4.7881 

 
 

 

 

The difference between the measured and calculated shoreline is shown in figure 23 below.  

 

 
Figure 29 One year difference between calculated and measured shoreline change for the period 

1989-1990 at Los Vascos. 
Units are given in meters. 
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Figure 28 Initial, measured and final (calculated) shoreline change for the March 1989-
March 1990 calibration period at Los Vascos.  

Units are given in meters. 
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7.1.2. SENSITIVITY ANALYSIS. 

An attempt to perform a sensitivity analysis of the basic sand and beach configuration 
parameters was pursued. Variations of the berm height, closure depth and effective grain size 
were tested. Although some influence was experienced, the model showed no significant 
sensitivity to these parameters. Several results of this analysis are given below:   

Table 20 Summary of variation of parameters for sensitivity analysis. 

 

Figure 30 Comparison among results of the sensitivity analysis. 

7.1.3. SEASONAL (SHORT TERM) RESPONSE. 

Once the model was calibrated, several runs covering the whole record of waves accrued 
to each season were performed. Figure 31 displayed below shows the seasonal behavior of the 
averaged net sediment transport rate, exemplifying the changes in the intensity of the average 
transport of sand along the coast and the influence of the seasonal period along the year. It can be 
noticed that the winter season is the more influential followed by autumn and spring seasons, 
while the summer season represent the mildest period with less influence in the net sediment 
transport rate.  

RUN VARIATION IN 
PARAMETER: 

MAGNITUDE 
OF 
VARIATION: 

1 Effective Grain 
Size 

+0.29mm 

2 Effective Grain 
Size 

-0.11mm 

3 Berm Height +1.5m 

4 Berm Height -0.4m 

5 Depth of 
Closure 

+5m 

6 Depth of 
Closure 

-3m 
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Figure 31 Net sediment transport rate for all seasons at Los Vascos. 
 

Table 21 Obtained seasonal average net transport rates for Los Vascos. 
SEASON SPRING SUMMER AUTUMN WINTER 

Average net Transport Rate (m3/year) 27839.73 
 

1200.054 
 

47466.98 
 

63539.06 
 

 

Figure 32 shows variability of shoreline change for each season where different magnitudes of 
shoreline change are found. The largest shoreline change values are those accrued to the winter 
season (range between 0.6m to -1.4m), followed by autumn, spring and the smallest change for 
summer which shows minimum ranges between -0.3m and 0.25m at different points along the 
beach. It is noticeable how in the center stretch of the beach (between 3000 and 6500m 
alongshore coordinates) an overall shoreline retreat is experienced while in the northern and 
southern part, accretion of the beach is likely.    

 

Figure 32 Average shoreline change for all seasons at Los Vascos. 
 

In order to compare the fluctuation between the different seasons, a maximum seasonal 
variability difference was plotted as displayed in figure 33.  
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It can be noticed that the center region, around the 4000 and 5000m alongshore coordinates 
some 500 m southwards from the revetment, shows the higher variability. The northern part 
exhibits less variability, which can be related to the presence of finer sediment near the Ebro 
mouth of Cap Tortosa.  

 

Figure 33 Maximum seasonal variability difference at Los Vascos. 

7.1.4. YEARLY (MEDIUM TERM) RESPONSE.  

One year simulation was tested in order to see the annual change of the coastline. From 
this analysis it was possible to detect the zones that presented erosion and accretion, showed in 
figure 34.  

 

Figure 34 Total shoreline change for a 1 year simulation as the difference between the initial and 
final shorelines at Los Vascos.  

Units are given in meters. 
 

From figure 34 above, it can be noticed that the yearly behavior of the beach presents some 
differences with the seasonal overall behavior of the beach. Maximum erosion areas are found 
between the 3100m and the 4000m coastal stretch with a range of -3.35m to -1.3m of shoreline 
retreat. Interestingly this area is where the revetment is located (3440m to 3575m). In 
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counterpart, the maximum shoreline advance is experienced in the more northern part, 
presenting a highest value of 2.81m of shoreline accretion.      

 

 
Figure 35 Yearly gross and net sediment transport rates (in m3/year) at Los Vascos.  

Additional plots of the sediment transport accrued to the right and left directions (with respect to 
the seaward-landward orientation) are displayed. Units are given in meters. 

 

Regarding the magnitude of the sediment transport it can be noticed that the dominant direction 
is accrued to the right in the seaward to landward orientation, or in other words to the North of 
the beach. This is in congruence with reported in the literature and also in morphological sense 
since at the north of Los Vascos is where the long sand salient of el Fangar develops.   

The net average sediment transport was estimated in 37095.16 m3 of sand for the area which is 
in the order of magnitude reported by Jiménez & Sánchez-Arcilla (1993). 

7.1.5. 10 YEARS (LONG TERM) RESPONSE. 

Long term simulation (10 years) was developed in order to see the impact of the shoreline 
along this period under the wave climate developed for one year.  As the 1 year simulation, the 
highest erosion areas were developed on the coastal stretch between 3100m and 4000m 
alongshore coordinates with a maximum shoreline retreat of -29.034 m at the 3700m coordinate. 
Nevertheless, it seems that in the long term this erosive behavior tends to spread into a larger 
area at both sides of the original erosive stretches. It can be seen that at this time scale, the 
erosion area starts around the 1700m and ends at approximately 5800m alongshore coordinate 
(4100m wide), whereas in the medium scale, this erosive stretch was about 1800m wide.      
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Figure 36 Shoreline Change for a 10 year simulation.  

Units are given in meters at Los Vascos. 
 

If it is true that the erosive stretches are wider at the long term scale, the accretive stretches of 
the beach exhibit also this pattern of expansion, spreading into wider areas as it can be noticed in 
the northern and southern regions. Is then, fair to say that in the long term scale, the 
morphological behavior of a coastal stretch is more evident, erosive and accretive processes are 
accentuated on larger and more defined coastal areas.  

 

7.2. GENESIS SIMULATIONS AT SANT POL DE MAR.  

7.2.1. CALIBRATION. 

For the case of Sant Pol de Mar, the calibration parameters k1 and k2 were found to be 0.23 and 
0.17 respectively. Although relatively low, the found values are still on the valid proposed range 
on literature and it may be related to the fact that the used sediment grain size (0.500mm) lies on 
the boundary between medium and coarse sand limit. Also, due to the high diffraction present on 
the system, having significant influence in the longshore sediment rates. In counterpart the 
calibration error Cerror was found to be 2.866m suggesting more accuracy than the Los Vascos 
simulation. The calibration run is shown below on figure 37. The location of the groin is at 188m 
until 285m in the x coordinate, and 276m until 299m in the y coordinate. While the location of the 
revetment is 386m until 638m in the x coordinate, and 130m until 138m in the y coordinate.   
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Nonetheless, it was found that for this complex case, where the system includes a diffracting 
groin and revetment combined, the model could not produce a reliable response in the entire 
domain. Therefore, a selection of a sub domain within the system where the model could respond 
accurately was made for calibration. As it can be seen in figure 37, the calibration output gives a 
high accurate response in the revetment area of influence (360m until 1000m alongshore 
coordinates). While in the groin area of influence (0m until 300) the response is highly 
inaccurate, excessive accretion is returned by the model in the updrift region of the groin (0m 
until 280m). This can be clearly seen when comparing the measured and calculated responses at 
figure 38.  
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Figure 37. Shoreline positions for the 2000-2004 calibration period in 
meters at Sant Pol de Mar. 
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7.2.2. SEASONAL (SHORT TERM) RESPONSE. 

Once calibrated, runs to observe the seasonal variability and contributions in the longshore 
sediment transport were performed.  

 

Figure 39. Net sediment transport rate for all seasons at Sant Pol de Mar. 
 

For Sant Pol de Mar the highest contribution of net sediment transport was found for the autumn 
season. This can be linked to the results from wave analysis, where less directional variability is 
found for this season, producing more sediment transport into a single direction.  
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Figure 38. Difference between calculated (final) and measured shorelines for 
calibration at Sant Pol de Mar.  
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In terms of average net transport rate, the difference found between autumn and winter is very 
low, while the summer season exhibited the lowest average net transport rate in the order of half 
in magnitude as estimated for the remaining seasons.  

Table 22 Seasonal average net transport rate. Estimations at Sant Pol de Mar.  
SEASON SPRING SUMMER AUTUMN WINTER 

Average net Transport Rate (m3/year) 11906.19 6357.494 13040.59 12491.11 

 

Accordingly, results obtained for the average shoreline change exhibited the same trend.  

 

Figure 40. Estimated shoreline change for all season at Sant Pol de Mar. 
 

Furthermore, the estimated average shoreline changes from the 260m alongshore coordinate 
until 100m, which is the domain where GENESIS has proved to be reliable, where found as -
0.69968 m, -0.35031m, -1.78584m and -1.63294m for the spring, summer, autumn and winter 
season respectively. It is also noticeable that the autumn season induces slightly more overall 
change in the shoreline than the winter season which is supported by the seasonal estimated 
transport rates.  
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Figure 41. Maximum seasonal variability difference at Sant Pol de Mar. 
 

From the figure above, the poor response of the GENESIS on the Northern part of the beach 
(north of the groin) is accentuated. At the central and southern part of the beach where the 
simulation is reliable, maximum variability is found between the 400m and 600m alongshore 
coordinates which is the exact location of the revetment.  

 

7.2.3. YEARLY (MEDIUM TERM) RESPONSE. 
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Figure 42. Total shoreline change for a one year simulation as a 
difference between the initial and final shorelines at Sant Pol de Mar. 

Units are given in meters.  
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For the case of the yearly change of Sant Pol de Mar, it can be clearly seen that the region 
with highest variability can be found in the left area of the revetment where still the 
model accuracy is under doubt. Another region of some negative variability is at the right 
end of the structure (around the 700m alongshore coordinate).  

 

 

The net yearly sediment transport was estimated in 14785.47m3 Less dominance of one 
transport direction over the other is observed, resulting in almost half of the magnitude found for 
Los Vascos although the difference in gross sediment transport between sites is not so high.  

7.2.4. LONG TERM RESPONSE.  
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Also as for the case of los Vascos, when performing a long term simulation, the areas where 
erosion occurs in the yearly analysis are magnified and extended into neighboring alongshore 
cells or location at the beach. From figure 42 and figure 44 it can be noticed that the maximum 
shoreline change migrates from the 240m to the 380m alongshore coordinates after longer 
periods of simulation (seven years).  

8. EFFECTS OF STRUCTURES ANALYSIS.  

8.1. EFFECTS IN THE LATERALLY ADJACENT BEACH. 

8.1.1. REVETMENT AT LOS VASCOS. 

To test the effect of the existent revetment at los Vascos, a simulation covering a 17 years 
period from 01/03/1990 until 01/03/2007 was performed considering the same values of the 
parameters k1 and k2 as the ones found during the calibration. The resulting output of the 
simulation showed a higher but still acceptable Cerror magnitude. Nonetheless, the shoreline 
change comparison plots showed significant difference between the measured and the calculated 
shoreline positions, as shown below: 
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Figure 44. Long term analysis shorline change at Sant Pol de Mar. 
Difference between initial and calculated shoreline for the simulation 

period: 2000-2007 
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Figure 45 Comparisons between initial, calculated and measured shoreline positions at Los Vascos 
for the period 1990-2007. k1 and k2. values of with values of 0.68 and 0.34. 

Coordinates are given in meters. 
 

As it can be seen, the revetment is located at the 3400-36880 X shoreline coordinate. From the 
revetment to the north, the calculated beach change exhibit an overall similar response as the 
measured shoreline while the southern stretch of the calculated response, exhibited a significant 
over estimation at the side of the revetment. Therefore, a new calibration that considered the 
presence and effects of the revetment as computed by GENESIS was performed.  

Table 23 New calibration values of parameters for Los Vascos simulations. 

Calibration K1 K2 Cerror 
Original Calibration 0.68 0.34 7.59      
New Calibration 0.47 0.31 3.23 

 

With these values, the shoreline change for the period of simulation resulted in:      
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Figure 46 Comparisons between initial, calculated and measured shoreline positions at Los Vascos 
for the period 1990-2007. k1 and k2 values of 0.47 and 0.31.  

Coordinates are given in meters. 
 

As it can be seen, the overall behavior of the calculated beach response to the presence of the 
revetment is similar to the measured response. At the south stream of the revetment, from the 
3680m alongshore coordinate towards 7000m, the response is well represented by GENESIS. 
Nevertheless, at the north stream of the structure, from 2100m to 3400m alongshore 
coordinates, the response computed by GENESIS cannot reproduce the seawall effect so 
accurately as in the southern part. This can be noticed in a more detailed manner in figure 47. 

 

An estimation of the difference in average sediment transport rate between the response with the 
revetment and without the revetment in order to test the reported effect of increment in 
sediment transport rate. The obtained difference was of -45.68m3 being the higher transport 
accrued to the response without the presence of the revetment as opposed to the reported effect.  
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Figure 47 Difference between calculated and measured shoreline position at Los Vascos.  
Coordinates are given in meters. 

 

Once the model was calibrated with the presence of the revetment, a simulation covering the 
same period was performed with and without the presence of the structure in order to compare 
the different shoreline responses.  

   

Figure 48 Shoreline responses with and without the presence of the revetment for the period 1990-
2007 at Los Vascos. 

 

Something to notice in the last figure 48, is that both of the shoreline positions are the responses 
calculated by the model, showing almost no difference in the total volume. This was analyzed in a 
more detailed manner by estimating the shoreline difference of both, the calculated shoreline 
with revetment and measured shoreline, with respect to the calculated shoreline without 
revetment.   
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Figure 49 Shoreline response differences of both, calculated shoreline with the presence of 
revetment and measured shoreline, with respect to the estimated shoreline response if the 

revetment was not present at Los Vascos. 
 
An estimation of the total volume of sand loss that can be directly accrued to the presence of the 
revetment was finally obtained by subtracting the net volume of sand of the 2007 measured 
shoreline from the calculated beach response without the revetment. This is:    
 

 = Calculated shoreline without revetment - Net volume of measured shoreline 

 = -326042 m3 of sand. (m*mlength*mwidth) 

Table 24 Difference in volume of sediment for calculated and measured shoreline responses with 
respect to the estimated shoreline without the presence of revetment at Los Vascos.  

Response GAIN (m3) LOSS (m3) NET (m3) TOTAL (m3) 
Calculated 113656.8 -113643 13.88275 227299.6 
Measured 83946.63 -409989 -326042 493935.6 
Difference 
(Absolute) 

29710.1 296346 
 

326056.3 
 

266636 

 

As it can be seen, differences arise in the volumes of sand changes between the calculated and the 
measured shorelines. For the calculated response, there is a net gain of sediment, this is strongly 
related to the fact that during the calculated simulations, the lateral boundaries of the domain are 
fixed as “pinned”, meaning that no sediment can leave or enter into the domain. Whereas in 
reality, the measured shoreline exhibits more than two times the total sediment budget of the 
calculated shoreline, reflecting that sediment exchange on the side boundaries occurs, where 
more sediment is leaving the domain.   

Although, this difference makes the model unreliable to estimate sediment changes accrued to 
the presence of the structure to the entire domain, estimations of the “end of wall” effects can be 
reproduced at the downstream side with reliability as shown in the following table: 
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Table 25 Shoreline retreats of measured and calculated responses at different upstream and 
downstream points from the end sides of the revetment at Los Vascos.  

Simulations are compared to the initial shoreline for the period (1990-2007. Revetment alongshore 
length = 260m.   

END SIDE 

Calculated 
Shoreline 
Difference 

(m) 

Measured 
Shoreline 
Difference 

(m) 

Difference 
(m) 

Average 
Difference 
Per Year 
(m/year) 

20m UPSTREAM -19.011 -15.448 -3.563 -0.210 
120m UPSTREAM -23.256 -16.964 -6.292 -0.370 

20m DOWNSTREAM -38.110 -38.867 0.757 0.045 
120m DOWNSTREAM -34.114 -36.957 2.843 0.167 

 

8.1.2. REVETMENT AT SANT POL DE MAR.  

For the case of Sant Pol de Mar, a simulation covering the period from the year 2000 until 
the year 2007 was performed. This period was selected since the input shorelines at these years 
(initial and measured, respectively) where the most reliable for the analysis since they were 
extracted in the same fashion through digitalization of ortoimages. In this way, possible errors 
that may be accrued to the difference in shoreline data extraction from different methods (i.e., 
ortoimages, field campaigns and satellite images) was avoided. The parameters used were the 
ones reported during the calibration since no further changes where needed. The corresponding 
output of the simulation for the comprehended period is shown below.  

 
 
 

 

From the figure above, it can be seen that the model response is, as mentioned before, highly 
reliable in the coastal stretch between the 280m and 1000m alongshore coordinates which is the 
region where the revetment effects are likely. This is also emphasized in the following figure: 
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Figure 50. Comparisons between initial, calculated and measured shoreline 
positions for the period 2000-2007at Sant Pol de Mar 
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The north upstream where the sediment transport is highly influenced by the presence of the 
groin exhibits a simulated response that is highly inaccurate while the south downstream where 
the transport can be influenced by the presence of the revetment is sufficiently accurate to 
consider it for analysis. Therefore from this point on, the analysis of the revetment will only be 
focused on the south downstream region.  

Also as for the case of Los Vascos, a simulation with and without the revetment for the same 
period was performed for comparison purposes as depicted below: 

 
Figure 52. Shoreline positions of initial,  measured, walled and non walled responses for the 2000-

2007 simulation period at Sant Pol de Mar. 
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Figure 51.Difference between calculated and measured shoreline 
position for the period 2000-2007 at Sant Pol de Mar. 
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In the figure above, a slight larger retreat of the estimated response without the revetment can be 
seen around the 500m alongshore coordinates. This is likely since the estimated and measured 
shorelines present a maximum retreat that is given by the presence of the revetment.  

The estimated response without the presence of the revetment was subtracted from both the 
calculated (final) and measured shorelines in order to explore their difference in a more detailed 
manner.  

 
Figure 53. Differences of calculated and measured shorelines with respect to the estimated 

shoreline without the revetment for the period 2000-2007 at Sant Pol de Mar. 
 

As remarked before, in the area where the revetment is located, no further shoreline retreat is 
experienced which represents the basic objective for the structure implementation. Nevertheless 
just at the southern end of the structure from the 600m until 700m alongshore coordinates, a 
shoreline retreat is visible that can be directly accrued to the presence of the revetment.  

Estimations of the differences in volumes of sediment for the measured and calculated responses 
with respect to the shoreline without the revetment were also performed. In both cases, there is 
an overall net gain of sediment volumes.  

Table 26 Obtained differences in sediment volumes of measured and calculated shorelines with 
respect to the estimated shoreline without the revetment at Sant Pol de Mar. 

Response GAIN (m3) LOSS (m3) NET (m3) TOTAL (m3) 
Calculated 933.4066 

 
-739.656 
 

193.7501 
 

1673.063 
 

Measured 3115.758 
 

-2008.78 
 

1106.974 
 

5124.542 
 

Difference 
(Absolute) 

2182.35 
 

1269.127 
 
 

913.224 
 

3451.48 
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Figure 55. Shoreline responses for a 20 year simulation, with and without the presence of the 

revetment. 
 
For the 20 years simulation with and without the revetment as depicted above, an overall net 
gain of sediment is obtained with the presence of the revetment, estimated in 16797.35 m3. Of 
larger importance is the presence of the revetment between the 380m and 600m alongshore 
coordinates where no shoreline retreat is experienced as in contrast with the response without 
the revetment. This coastal stretch is where the train station and important infrastructure of Sant 
Pol de Mar is located which enlarges the importance of the structure. Maximum differences 
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Figure 54. Shoreline positions of initial, measured and calculated 
shorelines at years 2000, 2007 and 2010 respectively. 
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between both responses at this coastal stretch are found in 21.4m with an average of 13.81m, 
which again represents an importance cross sectional area due to the present infrastructure.  
At the southern side of the revetment, some erosion is also found as part of the induced effects of 
the structure, whereas at the northern part, the response exhibits significant accretion of the 
shoreline as induced effects of the groin and revetment effects combined.  
 
In terms of sediment transport rate, an average difference between estimated transport rates for 
the walled and non walled responses, was estimated in -273.101 m3 suggesting that the transport 
is higher for the response without the presence of the seawall.  
 

8.2. EFFECTS IN THE BEACH IN FRONT. 

8.2.1. REVETMENT AT LOS VASCOS. 

The highest storm in the record was selected to revise the changes of the cross-shore profile 
under extreme conditions. An additional storm surge water level of 2m was considered for all of 
the simulations. It must be underlined that, the cross-shore analysis was performed only to 
recognize possible effects while no attention into refine the analysis for quantitative accuracy 
was given due to the nature of the available data and scope of the proposed objectives. The 
characteristics of the highest storm found for the Tortosa wave record are depicted in the figure 
above:  

 

 

 

 

 

 

 

 

 

 

Figure 56. Hs, Tp and water level distribution of the highest storm from the 1990/2007 Tortosa 
wave record. 

 

The resulting output of the SBEACH simulation with the described storm showed a clear scour in 
front of the toe of the revetment. An additional simulation of the theoretical response without the 
presence of the revetment was undertaken for comparison purposes.  For both responses bar 
migration occurs in the seaward direction but the profile maintains its overall shape. In the case 
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of the simulation without the revetment a clear shoreline retreat results, while in the case of the 
simulation with revetment, the scour is formed.   

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
A rough estimation of the maximum depth scour accrued to the presence of the revetment 
resulted in 0.60m when compared to the initial profile and of 0.73 when compared to the 
theoretical response without the revetment. Although these values are expected to be accurate 
only in the order of magnitude terms, it is clear that a scour effect is induced by the structure and 
that the revetment fulfills its function of protecting the hinterland from further erosion.  
 
Also, it can be seen that to test the beach width diminishing was not possible since the revetment 
is not located on the hinterland but on the beach front, therefore no recession of the beach can be 
tracked.  

8.2.2. REVETMENT AT SANT POL DE MAR.  

For the case of Sant Pol de Mar the highest storm found on the Blanes wave record was 
introduced for simulation in similar fashion. The storm showed an overall more even distribution 
with a period where three peaks can be recognized.  
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Figure 57. Cross-shore responses at Los Vascos for the highest storm from the Tortosa wave record. 
Performed simulations with and withouth the presence of the revetment. 
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The obtained crosshore response did not exhibited such a clear scour in front since the structure was 
placed deep enough to cope with the wave action. Nevertheless, for this case, the beach width 
diminishing was observed when compared to the response without the revetment. In figure 59 it is 
clearly seen that although beach recession occurs, available sediment from the back dune is 
placed in the beach front generating a wider beach than the initial, whereas in the case of the 
revetment, no supply from the back dunes is possible.  
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Figure 58. Hs, Tp and water level distributions of the highest storm from the 1984/2007 Blanes wave 
record. 

Figure 59. Cross-shore responses at Sant Pol de Mar for the highest storm from the Blanes wave record. 
Performed simulations with and withouth the presence of the revetment 
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As mentioned, although for this case no formal scour occurs, estimations of the maximum 
differences of the bottom depths in front of the revetment resulted in 0.51m when compared to 
the initial profile and of 1.52m when compared to the theoretical response without the 
revetment.  

9. FUTURE CONDITIONS ANALYSIS. 

9.1 EXPECTED EFFECTS AT LOS VASCOS. 

9.1.1. EFFECTS IN THE LONGSHORE DIMENSION.  

As described in table 8, several simulations where performed to test the expected effects 
of the revetment for a period of 50 years. The used indicator to denote the magnitude of the 
revetments effect was then, based on the long term analysis,  the shoreline difference at 120m 
downstream between the initial shoreline (at year 2007) and final or calculated response (at year 
2057). This indicator was selected due to its reliability when comparing the calculated and 
measured shoreline responses as showed in the previous section. Also because at 20m downdrift 
from the structure, no differences resulted among the future conditions responses since the 
maximum retreat is fixed by the base of the revetment.    

The obtained results were divided by taking into account the main considered driver of shoreline 
change for visual practical purposes.  

 

Figure 60 Los Vascos shoreline responses at year 2057 for each considered future condition of 
0.25m water level increment. 
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Figure 61 Los Vascos shoreline responses at year 2057 for each considered future condition of 
0.50m water level increment. 

 

 

Figure 62 Los Vascos shoreline responses at year 2057 for each considered future condition of 5% 
increment in storm frequency. 
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Figure 63 Los Vascos shoreline responses at year 2057 and for each considered future condition of 
10% increment in storm frequency. 

 

As expected, the resulting shoreline responses show a gradual increment in the shoreline retreat 
as the main driver (water level or storm frequency) magnitude also increments. Also, in 
congruence with the previous analysis, the larger response given by the model is at the southern 
region of the revetment at alongshore coordinates larger than 3700m.      

The corresponding differences between the initial and the calculated shorelines, and between the 
expected normal and calculated shorelines, at 120m downdrift and updrift the revetment are 
reported in table 27.   
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Table 27 Difference between initial/normal and calculated shorelines measured at 120m updrift 
and downdrift from the revetment.   

Values are given for each considered future condition. 
0.25m WATER LEVEL INCREMENT 
Position 
at: 

Diff. 
between: 

WL1.0.0 WL1.1.0 WL1.0.1 WL1.2.0 WL1.0.2 WL1.1.1 WL1.1.2 WL1.2.1 WL1.2.2 

120 m 
Updrift  

Initial -5.56 -6.07 -5.14 -5.80 -4.84 -5.42 -5.11 -5.41 -5.08 
Normal -11.08 -11.58 -10.65 -11.32 -10.35 -10.93 -10.62 -10.92 -10.59 

120 m 
Downdrift 

Initial -87.96 -98.43 -99.29 -106.36 -100.30 -103.21 -104.07 -111.22 -112.07 
Normal -47.30 -57.77 -58.63 -65.70 -59.64 -62.55 -63.41 -70.56 -71.41 

0.50m WATER LEVEL INCREMENT 
Position 
at: 

Diff. 
between: 

WL2.0.0 WL2.1.0 WL2.0.1 WL2.2.0 WL2.0.2 WL2.1.1 WL2.1.2 WL2.2.1 WL2.2.2 

120 m 
Updrift 

Initial -5.52 -5.97 -5.04 -5.69 -4.74 -5.33 -5.04 -5.29 -4.95 
Normal -11.03 -11.48 -10.55 -11.20 -10.25 -10.84 -10.56 -10.80 -10.46 

120 m 
Downdrift 

Initial -91.30 -102.07 -102.90 -110.29 -103.89 -107.06 -107.87 -115.24 -116.07 
Normal -50.64 -61.41 -62.24 -69.63 -63.23 -66.40 -67.21 -74.58 -75.41 

5% STORM FREQUENCY INCREMENT 
Position 
at: 

Diff. 
between: 

SF1.0.0 SF1.1.0 SF1.0.1 SF1.2.0 SF1.0.2 SF1.1.1 SF1.1.2 SF1.2.1 SF1.2.2 

120 m 
Updrift 

Initial -1.08 -5.22 -10.04 -4.83 -4.36 -8.65 -8.74 -5.57 -10.01 
Normal -8.86 -5.22 -17.83 -12.61 -12.14 -16.43 -16.52 -13.35 -17.79 

120 m 
Downdrift 

Initial -21.64 -23.53 -24.40 -23.50 -22.44 -27.66 -28.16 -23.94 -27.85 
Normal -14.17 -16.06 -16.92 -16.03 -14.97 -20.19 -20.68 -16.47 -20.37 

10% STORM FREQUENCY INCREMENT 
Position 
at: 

Diff. 
between: 

SF2.0.0 SF2.1.0 SF2.0.1 SF2.2.0 SF2.0.2 SF2.1.1 SF2.1.2 SF2.2.1 SF2.2.2 

120 m 
Updrift 

Initial -8.79 -9.60 -8.43 -9.61 -8.06 -9.22 -8.90 -9.03 -8.72 
Normal -14.30 -15.11 -13.94 -15.12 -13.57 -14.74 -14.41 -14.54 -14.23 

120 m 
Downdrift 

Initial -105.88 -109.27 -110.68 -118.29 -111.48 -114.00 -114.26 -123.41 -123.65 
Normal -65.22 -68.60 -70.02 -77.63 -70.82 -73.34 -73.61 -82.75 -83.01 

 

In the table 27 above, a range between -47.30m and -83.01m of additional shoreline retreat at 
120m south of the revetment is reported as the direct additional effect of the structure for the 
year 2057. This represents a 7.55% and 104% of additional retreat from the normal expected 
shoreline retreat 2007-2057, respectively. While in the updrift region at 120m north of the 
revetment, the additional shoreline retreat directly related to the structure ranges between -
11.08m and -14.23m, although the model accuracy in this region has been proven inefficient.  

  



 

94 
 

9.1.2. EFFECTS IN THE CROSS-SHORE DIMENSION. 

In the cross-shore dimension, the same overall effects that resulted during in the revetment 
effects were present in higher orders of magnitude as expected.  

 

 

No visible profile steepening could be noticed for the final profile with revetment for any 
simulation and the transport of sediment offshore do occurs but showing no difference with 
respect to the final profiles without the presence of revetments.  

Additional scour for each wave conditions were estimated by comparing the response with the 
revetment with respect to the initial and the theoretical response without the revetment profiles.  

Further estimations of the depth of scour with the Fowler and MacDougal et al empirical 
formulations were undertaken. For all cases, the later was found to be more close to the obtained 
values in all simulations. For the case of Los Vascos a general sub estimation was observed for the 
McDougal et al formulation, while a significant over estimations were found for the Fowler 
formulation.  

Table 28 Scour Depths estimations from SBEACH simulations at Los Vascos. 

Scour Depth Respect to:  Scour Depth as Estimated 
by: 

 Initial Non walled  Fowler McDougal et al 

5 0.55 0.69   3.111752 0.41 
10 0.58 0.73   3.387399 0.46 
20 0.62 0.76   3.662206 0.50 
50 0.63 0.77   4.032671 0.57 

100 0.69 0.83   4.311173 0.62 
Average Diff., with respect to output:  3.09 -0.10 
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Figure 64. Los Vascos cross-shore response for a 50 year return period storm condition. 
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9.2. EXPECTED EFFECTS AT SANT POL DE MAR. 

9.2.1. EFFECTS IN THE LONGSHORE DIMENSION. 

For the case of Sant Pol de Mar, the indicator to measure the effect of the revetment on the 
adjacent beach was selected as the 40m up and downdrift alongshore coordinates as explained 
earlier. The obtained expected responses are shown below: 

 

Figure 65. Sant Pol de Mar shoreline responses at year 2057 for each considered future condition of 
0.25m water level. 

 

 

Figure 66. Sant Pol de Mar shoreline responses at year 2057 for each considered future condition of 
0.50m water level increment. 
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Figure 67. Sant Pol de Mar shoreline responses at year 2057 for each considered future condition of 
5% storm frequency increment. 

 

 

 

 

Figure 68. Sant Pol de Mar shoreline responses at year 2057 for each considered future condition of 
10% storm frequency increment. 
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Table 29 Difference between initial/normal and calculated shorelines measured at 40m updrift and 
downdrift from the revetment at Sant Pol de Mar. 

Values are given in meters and for each considered future condition. 
0.25m WATER LEVEL INCREMENT 
Position 
at: 

Diff. 
between: 

WL1.0.0 WL1.1.0 WL1.0.1 WL1.2.0 WL1.0.2 WL1.1.1 WL1.1.2 WL1.2.1 WL1.2.2 

40 m 
Updrift  

Initial 8.86 4.72 -0.11 5.11 5.58 1.29 1.20 4.36 -0.07 
Normal 1.07 4.72 -7.89 -2.67 -2.20 -6.49 -6.59 -3.42 -7.85 

40 m 
Downdrift 

Initial -7.29 -9.18 -10.05 -9.15 -8.09 -13.31 -13.81 -9.59 -13.50 
Normal 0.18 -1.71 -2.57 -1.68 -0.62 -5.84 -6.33 -2.12 -6.02 

0.50m WATER LEVEL INCREMENT 
Position 
at: 

Diff. 
between: 

WL2.0.0 WL2.1.0 WL2.0.1 WL2.2.0 WL2.0.2 WL2.1.1 WL2.1.2 WL2.2.1 WL2.2.2 

40 m 
Updrift 

Initial 10.10 5.38 0.82 5.81 6.94 1.34 1.28 4.97 -0.04 
Normal 2.32 5.38 -6.97 -1.97 -0.85 -6.44 -6.51 -2.82 -7.82 

40 m 
Downdrift 

Initial -7.26 -8.78 -9.42 -8.71 -7.73 -12.80 -13.13 -9.18 -13.22 
Normal 0.21 -1.30 -1.94 -1.24 -0.25 -5.32 -5.65 -1.71 -5.74 

5% STORM FREQUENCY INCREMENT 
Position 
at: 

Diff. 
between: 

SF1.0.0 SF1.1.0 SF1.0.1 SF1.2.0 SF1.0.2 SF1.1.1 SF1.1.2 SF1.2.1 SF1.2.2 

40 m 
Updrift 

Initial -1.08 -5.22 -190.17 -4.83 -4.36 -8.65 -8.74 -5.57 -10.01 
Normal -8.86 -5.22 -197.95 -12.61 -12.14 -16.43 -16.52 -13.35 -17.79 

40 m 
Downdrift 

Initial -21.64 -23.53 -158.24 -23.50 -22.44 -27.66 -28.16 -23.94 -27.85 
Normal -14.17 -16.06 -150.76 -16.03 -14.97 -20.19 -20.68 -16.47 -20.37 

10% STORM FREQUENCY INCREMENT 
Position 
at: 

Diff. 
between: 

SF2.0.0 SF2.1.0 SF2.0.1 SF2.2.0 SF2.0.2 SF2.1.1 SF2.1.2 SF2.2.1 SF2.2.2 

40 m 
Updrift 

Initial -2.66 -7.37 -11.94 -6.94 -5.82 -11.41 -11.48 -7.79 -12.79 
Normal -10.44 -7.37 -19.72 -14.73 -13.60 -19.20 -19.26 -15.57 -20.58 

40 m 
Downdrift 

Initial -23.85 -25.36 -26.00 -25.30 -24.31 -29.38 -29.71 -25.77 -29.80 
Normal -16.38 -17.89 -18.53 -17.82 -16.84 -21.91 -22.24 -18.29 -22.33 

 

Also as for the case of Los Vascos, the downdrift estimated differences in shoreline positions are 
highlighted since more reliability of the model was found for this region. While in the updrift, 
interactions between the groin and the revetment system dynamics cannot lead to a clear 
estimation of the effects by the revetment alone. 

From table 29 above it can be noticed that, as opposed to Los Vascos, increments in wave periods 
resulted in higher erosive stretches than increments in wave heights. This can be related to the 
fact that in Sant Pol de Mar, wave transformations are more influenced by diffraction effects, 
possibly inducing a higher sediment transport due to concentration of wave energy.  
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9.2.2. EFFECTS IN THE CROSS-SHORE DIMENSION. 

. 

 

 

Also for the case of Sant Pol de Mar, the expected effects were amplified for each wave condition 
of higher return period. The estimated scour depths formulated by McDougal & Dean were also 
closer to the obtained scour depths from simulations.  

Table 30 Scour Depths estimations from SBEACH simulations at Sant Pol de Mar. 

Scour Depth Respect to:  Scour Depth as Estimated 
by: 

 Initial Non walled  Fowler McDougal-Dean 

5 0.54 1.49   2.933637 0.70 
10 0.60 -1.54   3.148568 0.77 
20 0.65 -1.56   3.362876 0.83 
50 0.70 -1.61   3.637677 0.92 

100 0.72 -1.63   3.840795 0.99 
Average Diff., with respect to output: 2.74 0.20 

 

Furthermore, the beach width diminishing is more visible and although there is some transport of 
sediment offshore, this is the same amount as found for the case where the revetment is not 
present.  

Finally the overall profile do not exhibits any steepening that can be attributed to the presence of 
the revetment as it was also noticed for the case of Los Vascos.  
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Figure 69. Sant Pol de Mar cross-shore response for a 50 year return period storm condition. 
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10. INSIGHTS FROM THE ANALYTICAL APPROACH. 
The analytical theoretical back ground in which the GENESIS model is based on, was 

revised in order to gain some further knowledge of the obtained responses that resulted from the 
analysis. The one line analytical model offers two solutions when interaction with a seawall 
exists, both were revised. The input wave condition for both solutions was the most dominant 
representative wave for the case of Los Vascos, having the following characteristics: 

Offshore:  Hmor = 1.19m  Tp = 7.18s  θ = 89.38°(East direction) 

At 1.23m Breaking Depth: Hb = 1.01m Cgb = 3.56 s/m  αb = 1.078° 

Where the angle convention at breaking αb  is denoted as the angle between the breaking wave 
crest and the shoreline as explained in equation 4.1.1.3 (see section 4.1.1.2).  

The one line model solutions were tested for 1, 5, 10, 17, 30 and 50 years with the same wave 
condition since the morphological effects of the structure are expected to be more representative. 
Furthermore, additional analysis on extreme storm conditions could also be performed by 
introducing the extremal wave climate as it was done for the cross-shore dimension analysis, 
nevertheless the effects would not represent the morphological trend but only isolated 
responses.  

10.1. SOLUTION FOR A SEMI INFINITE WALL WITH NO FLANKING EFFECTS 
POSSIBLE. 
 
The solution of the one line model where no flanking effect is possible returns an area of erosion 
at the lateral side where the waves approach near the structure. In this case the structure is 
located at the 0m alongshore coordinate where the most significant erosion occurs.  

  
Figure 70. One line model output: solution for a semi infinite wall with no flanking effect possible. 
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10.2. SOLUTION FOR A SEMI INFINITE WALL WITH FLANKING EFFECT 
POSSIBLE. 
If erosion at the lateral and back side of the structure is considered, the corresponding solution 
exhibits also larger erosion at the location of the structure (0m alongshore coordinate) as 
expected in the same order of magnitudes as the solution without flanking effect. Nevertheless, an 
area of accretion is formed in the downdrift region with respect to the direction of wave 
approaching (negative alongshore coordinates), while the retreat in the updrift region (positive 
alongshore coordinates) is larger and extends into a wider area.  

 
Figure 71. One line model output: solution for a semi infinite wall with flanking effect. 
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11. OUTCOMES AND LIMITATIONS OF PERFORMED ANALYSIS. 

 The present chapter includes a revision of the input data quality, treatment of data and 
the relation of the numerical model assumptions in relation to the conditions present at the 
analyzed sites. Outcomes of the obtained results from simulations are highlighted, limitations of 
the application of used models and results is given and remarks for further in depth research that 
could lead to higher degree of applicability are suggested.  

11.1. BEACH CHARACTERISTICS.  

As describe earlier, the main beach characteristics such as effective grain size, berm height and 
closure depth were not obtained through exhaustive analysis since no direct field measurement 
were performed. Despite this fact, the overall results were found not to be so sensitive to the 
nature of this parameters as it was proven during sensitivity analysis runs. Nonetheless, it is 
suggested that further in scope analysis would return higher degree of accuracy of the models 
applied.  

For the case of the effective grain size, no analysis was performed whatsoever but rough values 
were taken from literature. No spatial alongshore or cross-shore variability was described since 
the used models are generic in nature and do not offer this possibility, nonetheless this generic 
sense is unlikely. Just for Los Vascos site, grain coarsening have been reported as 0.008mm/year 
for 1988-1991 periods (Guillén & Palanques, 1996) that are related to sedimentary deficits from 
the Ebro river that may represent a different configuration of the beach when analyzed for 
upcoming years. Also, for sea level rise scenarios conditions this is important to consider since 
the depth of influence could extend into finer sediment sections as mentioned by Jiménez et al 
(1997).  

For the berm height assumed values, the analysis was performed only for the case of Los Vascos 
since no field measurements were available for Sant Pol de Mar. It is suggested that the use of 
direct field measurements for the last site may return better results for the performed 
simulations. Also, for the case of Los Vascos, the berm height value was considered a good 
approximation (obtained through profile comparisons). However, to realize comparisons of berm 
height from more profile seasonal measurements and years may return into more reliable results. 

Also, as for all the cross-shore profiles used for SBEACH, significant stretches were artificially 
created since no direct measurements were present beyond the 15m depths for the case of Los 
Vascos and beyond the -2m depth for the case of Sant Pol de Mar. The methodology used of 
extending the profiles from the last measured depth until the first available contour line from 
topographical maps (Los Vascos) or low resolution bathymetric images (Sant Pol de Mar) with a 
constant slope is unlikely in reality and put into question. Nonetheless, no other strategies for 
implementing bathymetric information could be envisioned and it must be highlighted that both 
of models used, are highly dependent on the bathymetric resolution for both, wave nearshore 
transformations and time development of the beach.  Evidently, higher bathymetric resolution is 
always desirable at any study of this nature.  

Regarding the closure depth approximations, both methods (Birkemeier & Hallermeier) shown 
similar results. The assumption of considering only one closure depth along the NSRL can cause 
some under or over-estimations. In reality, the depth of closure has some spatial variations along 
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and across the shore that depend on the wave conditions. For instance, if higher waves approach 
into the coast, the depth of closure is likely to increase and consequently the nearshore zone 
becomes wider. This is something very important to keep in mind when performing simulations 
over future scenarios or long term scales, not only by the possible increment in wave heights but 
also due to the sea level rise itself since a new water level may cause a migration of both the 
closure depths and the NSRL. 

11.2. WAVE CONDITIONS.  

As shoreline position is mainly influenced by wave angle, period and wave height as seen in the 
performed sensitivity analysis for Los Vascos, the quality of the wave input data and its 
pretreatment to be fed into the GENESIS model is crucial. As for the nature of the wave data used 
during the present study is considered to be of high quality since both wave records 
comprehended sufficiently long periods and good resolution for the analysis. Also, since the 
location at which waves were measured are in relatively close waters from each corresponding 
shoreline, diminishing the risk of losing quality when propagating them towards the analyzed 
sites.  

11.3. SHORELINES SIMULATIONS.  

Estimation of long-term shoreline movement and its variability remains a difficult open problem. 
The ability to predict changes in coastal morphology is hampered by a lack of observational data, 
and by the prohibitive computational complexity of applying deterministic dynamical equations 
for fluid flow and sediment transport (De Vriend et al, 1993).  

For the performed simulations, the calibration parameter K1 was always found to be larger than 
K2 which highlights the importance of the wave angle of incidence in the longshore sediment 
transport rate as estimated by the GENESIS model. As for the different values encounter for each 
site, Sand Pol de Mar is more complex in nature than Los Vascos since it possess a narrower and 
steeper overall bathymetry with diffraction effects as the main driver in wave transformation. 
This site represented a higher challenge to simulate since additional complexity was introduced 
by the presence of the northern groin and interaction with the introduced waves. Also, the 
interpretation of results was not so straight forward on this site and it is suggested that although 
the same analysis of the revetment effects was achieved as the one for Los Vascos, the interaction 
of the groin and the extent at which it also influence the effects that were assumed to be only for 
the revetment, remains under question. Perhaps a more exhaustive analysis by performing 
simulations with and without the groin would bring some light into the subject. Nonetheless this 
was considered to be far from the scope of the present study and represents an interesting 
analysis to pursue as a future study by its own.  

Also, for the case of Sant Pol de Mar, the relatively low values of the calibration parameters reflect 
the diffraction influence on the longshore variation since lower wave heights than those at Los 
Vascos resulted in higher transport than the expected. This is expressed in the increment of 
importance of the k2 since more alongshore wave height variations at the NSRL are likely when 
wave diffraction is dominant due to focusing of wave rays, whereas the angles at which they 
approach become less variable and important also due to this fact.  

An additional GENESIS sensitivity analysis was also gained through the performed future 
condition simulations since variations in Hs and Tp were realized. This was achieved by 
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estimating the average difference (at all alongshore coordinates) between the shoreline 
responses of each simulation, summarized in the table below.  

Table 31 Average variability of GENESIS responses to Hs and Tp increments for both analyzed sites. 
Note: label “Diff.”, stands for the average difference between the 5% and 10% estimated responses.   

GENESIS Response Average Difference at Each Alongshore Coordinate (m)  
Increment  5% Hs 10%Hs Diff. 5%Tp 10%Tp Diff. 5%Both 10%Both Diff. 
Los Vascos 3.83 8.04 4.34 4.28 4.90 0.62 6.07 10.72 4.83 
Sant Pol de 

Mar  
2.80 3.86 

 
1.97 2.84 5.79 

 
1.93 6.97 7.81 0.84 

 

The obtained results show an important difference between both sites. For Los Vascos responses 
the GENESIS model response is more influenced by increments in wave heights than in wave 
period which denotes the importance of the wave height on sediment transport. Whereas for Sant 
Pol de Mar, larger variability among shoreline responses was obtained for increments in wave 
periods, suggesting that in sites where diffraction is significant wave period becomes important 
in the longshore transport rate due to the experienced wave transformation as they travel 
towards the coast.  

Table 31 also suggests that larger shoreline variability in the future will be encounter if larger 
increments in wave heights occur than in the same increments in wave period occur. 
Nevertheless, at sites that posses a bathymetric configuration where high diffraction is likely, 
increments in wave periods is also of significance. In reality increments in both Hs and Tp are 
more likely which will produce even larger shoreline variability at both sites. Furthermore, the 
variability and associated effects of the structure were found to be more significant when 
increments in frequency of wave storm events occur than in increment in water levels alone.  

From the setup of the one line model solutions, important insight was gained for the obtained 
GENESIS responses and structures interactions. When observing both solutions, it is clear that 
the responses obtained in GENESIS are more closely resembled by the one line model solution 
where no flanking effect is possible. This is clearly noticed in the analysis of the revetment effects 
in the longshore dimension (sections 8 and 9) at Los Vascos, where the regions at which the 
simulations were found to be reliable were only at one side of each of the revetments, concretely 
at the southern part of both of the revetments. For the case of Sant Pol de Mar, this is not so 
clearly seen since the interaction of the groin in the overall responses exert a higher degree of 
complexity for interpretation.  

Also, additional information can be extracted from the one line model solution where flanking 
effect is possible if a quantitative description of the erosion behind and at the other end of the 
revetment is of interest.  

11.4. PROFILE EVOLUTION SIMULATIONS.  

As highlighted before, in the cross-shore dimension, no high level of accuracy was foreseen since 
restrictions in the nature of data made the former difficult. Nonetheless, important insight was 
also gained from the SBEACH simulations where visible scour effects and beach width 
diminishing was achieved.   

Comparisons between walled and non walled simulations some other of the reported effects for 
seawalls could be observed. A beach width diminishing resulted at Sant Pol de Mar where the 
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revetment limits the recession of the shoreline and back dune sediment compensation. As for 
both sites, no steepen of the profile was visible.  

When comparing the both of the reviewed formulations for scour depth, it was found that the one 
proposed by McDougal & Dean was closer to the obtained values from simulations than the one 
proposed by Fowler.  

Additional future analysis is suggested to refine its reliability with higher quality of data, 
especially in terms of beach characteristics and crosshore profiles.  

Finally, suggestions for testing if reported effects on the time evolution of the beach can be 
analyzed are proposed. Possibly by introducing larger simulation periods with intense storm and 
mild beach recovery wave conditions some further insight in beach recovery delay can be 
achieved. 

 

 

11.5. REVIEW OF REPORTED AND OBSERVED EFFECTS.  

The present study was aimed to gain some knowledge in the interaction of seawalls in the 
adjacent beaches for the study sites. After the performed simulations and analysis most of the 
reported effects could be tested  

No. Possible Effect Deans’ Assesment Present Assesment 
1.a. Causes local toe scour  True True 
1.b. Causes local end of wall erosion (flanking) True True 
2 Causes beach fronting seawall to diminish 

in width 
True True 

3 Causes acceleration of beach erosion rate Probably False Not Tested 
4 Causes downdrift erosion  True True 
5 Causes delay in post-storm beach 

recovery 
Probably False Not Tested 

6 Causes beach profile to steepen Probably False False 
7 Serves no purpose if located well back of 

stable beach 
False False 

8 Causes increase in longshore sediment 
transport rate 

Unknown False 

9 Causes sand transport substantial 
offshore 

Probably False False 

 

For the case of the increase in longshore sediment transport rate, the obtained results showed 
that higher sediment transport rates occur when the simulations are carried out without the 
presence of revetments, suggesting that not only the reported effect is false but also opposite to 
the observed behavior. This does not represent that the observed behavior is neither valid for the 
whole area and as a general rule, since more in depth analysis is suggested in order to provide 
more conclusive evidence.  
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12. CONCLUSIONS AND RECOMMENDATIONS. 
 

Morphological changes in the Catalan coast can be attributed to longshore and cross-shore 
transport since the tidal flow and tidal currents are considered negligible for the region. Extreme 
storm induce changes are also of great importance for the area in the local short term evolution of 
the cross-shore beach profile. Additional induced changes can be attributed to sea level rise that 
for the Mediterranean coast has been suggested as relatively low when compared to other coastal 
regions of the world. Nonetheless, important infrastructure, human settlements, agricultural 
fields and invaluable natural features are allocated in the Catalan coast that are susceptible to 
endure, which makes the coastal engineer discipline a challenging one. 

Because of the great variability in the nearshore system, any prediction of shoreline change and 
cross-shore profile evolution cannot be accepted as correct answers. However, GENESIS and 
SBEACH can serve as tools to understand coastal system behaviors. It is clear that a single answer 
obtained by a deterministic simulation model must be viewed as a representative result that has 
smoothed over a large number of unknown and highly variable conditions. Once this has been 
underlined, relevant insights are gained through their use as numerical models is the only tool 
that scientist and engineers possess to produce forecasting of coastal systems.  

During the present work, the use of the numerical model of Shoreline change GENESIS has been 
proved to provide very useful insight in the assessment controlling the longshore sediment 
transport processes at Los Vascos and Sant Pol de Mar. The applicability of GENESIS was found to 
be suitable for the analysis of shoreline change at Los Vascos and Sant Pol de MAR if special 
attention during the configuration process is given for the coastal stretches where reliability of 
the model is desired.  The spatial scale of shoreline (12km) and the time scale (seasonal to 10 
years) were in the limit ranges of those recommended by the authors.  

Especially at Los Vascos high accuracy has been gained where the model estimation of net 
average sediment transport rate (37095.16 m3/year) and its distribution was in close congruence 
with reported values for the site. Furthermore, it has been proved that both of the analyzed sites 
are wave dominated shores with significant inter-seasonal, yearly and decadal variability. 

With the use of the GENESIS the SBEACH models, relevant insight regarding observed and 
foreseen longshore and cross-shore effects accrued to the presence of structures has been gained, 
which provided qualitative understanding of the main drivers and mechanisms of the effects on 
both, the laterally adjacent beach and the beach in front of the structures. With the use of the one 
line analytical solution where flanking effect is possible, the effects at both sides of the structure 
can be determined once the expected retreat has been estimated in GENESIS. 

Further generic information for expected effects in upcoming years and for similar sites at the 
Catalan coast can be extracted from the present study that may be helpful in the use and design of 
armored coastal stretches.  
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14. APPENDIX 1. Extremal Storm Wave Climates for Crosshore Analysis.  
Source: Departament de Politica Territorial i Obres Públiques(2010). 
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15. APPENDIX 2. INVENTORY OF COASTAL ARMORING STRUCTURES 
ALONG THE CATALAN COAST.  
See next page.  
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