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Abstract 

The Portuguese coast plays a 

fundamental part in the development of the 

country, and so, it is of paramount importance 

that such asset is maintained and managed in a 

sustainable manner. One of the most problematic 

aspects of said sustainability is the question of 

coastal erosion. The main focus of this study is to 

gain a better understanding of the wave 

conditions in the coastline from Caparica to cape 

Espichel. For the study, two sets of hindcast 

values were used to describe the offshore wave 

conditions, resulting in a wave height mean value 

of 1,9m with the predominant wave direction 

coming from northwest, with an occurrence of 

40%. A bathymetric model was also created and 

both sets of information (offshore conditions and 

bathymetry) were built into the software SMS. 

The offshore conditions were then, using the 

numerical model STWAVE, propagated to the 

nearshore, returning the values of wave direction 

and height. The results presented a wave 

scenario in which the nearshore wave direction is, 

predominantly, orthogonal to the shore and the 

wave height values increase from north to south. 

Keywords: STWAVE, nearshore waves, LiDAR, 

coastline, Caparica-Espichel, longshore 
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1 – Introduction 

Many studies have been made 

regarding the coastal erosion problem in the 

shoreline of the Caparica beaches, in Portugal. 

The main opinions can be divided in two: One, 

suggest that the longshore sediment transport is 

predominantly from south to north, giving form to 

the beach line of Caparica, defended by Dias 

(1987) and Taborda&Andrade (2014); the other, 

suggest the existence of an inflexion point, 

somewhere in the coastline, where the sediment 

transport shifts direction. To the south of that 

point the transport is from south to north, and 

vice-versa in the north side of the inflexion point. 

This last idea is defended by Teixeira (1990) and 

Sancho (2017). 

The main focus of this study is to gain a 

better understanding of the wave conditions of the 

nearshore waves in the coastline from Caparica 

to cape Espichel, referred to, in the present study, 

as Caparica-Espichel coastline. To that regard, 

the study will use the numerical model STWAVE, 

embedded in the software SMS, to calculate the 

transformations of waves propagating form 

offshore to nearshore regions. 

The topography of the study area will be 

built with the bathymetric information of the 

Portuguese coast provided by Instituto 
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Hidrográfico and the LiDAR information scanned 

by Direcção Geral do Território on 2011. 

2 – Offshore wave conditions 

The offshore wave conditions were 

defined using two hindcast sets, one the product 

of a scientific study by Dodet et al. (2010) and the 

other provided by Puertos del Estado, born from 

their Spain coastline surveillance program. 

A statistical study was made for each 

dataset, resulting in mean values of significant 

wave height, mean wave period and wave 

direction. Both studies were divided in tree cases: 

including the entire year and for the periods of 

summer (April to September) and winter (October 

to March). Histograms were also made depicting 

the occurrence of each of the parameters, so that 

the conditions most likely to happen could be 

identified. That way, besides having a better idea 

of the offshores wave conditions, a more realistic 

wave scenario could be created, afterwards, in 

the simulation software. One of the most 

important factors when discussion the longshore 

sediment transport is the direction with which the 

wave reaches the shoreline. In that regard, it’s 

shown in Figures 1, 2, 3, 4, and 5 the polar 

histograms of wave direction for each time 

interval. 

 

 

Figure 1 – Polar Histogram. Mean wave direction. Full 

year, hindcast Dodet et al.. 

 

Figure 2 – Polar Histogram. Mean wave direction. 

Summer, hindcast Dodet et al.. 

 

Figure 3 – Polar Histogram. Mean wave direction. 

Winter, hindcast Dodet et al.. 

 

Figure 4 – Polar Histogram. Mean wave direction. 

Full year, hindcast Puertos del Estado. 
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Figure 5 – Polar Histogram. Mean wave direction. Summer, hindcast Puertos del Estado. (left); Polar Histogram. Mean wave 

direction. Winter, hindcast Puertos del Estado. (right) 

From the polar histograms presented we 

conclude that the directions with the higher values 

of occurrence are the NNW (337,5ᵒ), NW (315ᵒ) 

and WNW (292,5ᵒ). Those are the angles that will 

be used for the simulations. In addition to the 

angles mentioned above, it was considered 

relevant to add two more angles: W, because of 

the unique relation between that wave direction 

and the direction of the shoreline (practically 

orthogonal); and SW, so that we could get an idea 

of the shore response to waves originated from 

the south. Each angle will be associated with a 

pair of significant wave height and peak period 

obtained from the respective hindcast dataset. 

3 – Bathymetry 

The bathymetry was built directly in the 

simulation software using the topography data 

available on the web page of Instituto 

Hidrográfico and the LiDAR data requested to 

Direcção Geral do Território. It was important that 

all the information was in the same coordinate 

system, therefore, some transformations had to 

be made. In the end, all the information was 

referred to the ETRS89/PT-TM06 coordinate 

system and all the bathymetry referred to the 

hydrographical zero (with positive values below 

the water level). 

Some of the data (especially the LiDAR 

set) had to be filtered, eliminating points irrelevant 

to the study area, some because of the location, 

other because of the point density. With all the 

information transformed and processed, we could 

proceed to merge all the datasets. Both actions 

(“filter” and “merge”) were executed directly on 

the SMS. The resulting bathymetry is shown on 

Figure 6. 

The assembled bathymetry was 

validated through isobathymetric lines also 

available on Instituto Hidrográfico website.
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4 – Nearshore wave study 

With all the information gathered and 

processed we could, at last, compute the 

transformations of the wave parameters (height 

and direction) in their propagation from offshore 

to nearshore regions. Those transformations 

were calculated with de numerical model 

STWAVE (Steady-state Spectral Wave model), 

which consists on a finite-difference, phase-

averaged spectral wave model based on the 

wave action balance equation. 

Thirty simulations were made, one for 

each direction and for each time set of both 

hindcast datasets. Ten control points were 

chosen along the shore, in order to further 

analyse the simulations results. The location of 

the mentioned points is shown in Figure 7. 

 

Figure 7 – Control points along the coastline. 

 Before the simulations could take place, 

it was necessary to configure the parameters of 

the STWAVE model control. The parameters 

were the following: 

- Half plane/Full plane: The “half plane” 

was chosen, allowing the wave energy to 

propagate only from the offshore towards the 

nearshore. All waves traveling in the negative 

direction are neglected in this mode. 

 

Figure 6 – Assembled bathymetry presenting the limits of each bathymetry data. 
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- Source terms: This study did not took 

into account the influence of wind-wave and 

wave-wave interactions nor the whitecapping. As 

so, the “propagation only” mode was chosen. 

- Depth type: This study assumes a 

“nontransient” bathymetry, choosing the 

correspondent simulation model input. 

- Current interactions: This study did not 

include current interactions. 

-  Bottom friction: The energy dissipation 

due to bottom friction was calculated with the 

JONSWAP formulation (available in the 

STWAVE). The value chosen for the bottom 

friction coefficient was Cb=0,038m2/s3. 

- Surge fields: There were no surge 

fields considered. 

- Ice fields: There were no ice fields 

considered. 

- Boundary interpolations: For each 

simulation only one spectral information point was 

used, and so, the “morphic” method was chosen 

for the interpolation of spectral values along de 

boundary (as advised by the STWAVE manual). 

For each simulation, the software 

returns a graphical display of the wave height 

(color scale) and wave direction (vector). Those 

values were then recorder for each of the ten 

control points, and the difference between the 

shore orthogonal (α) and the wave angle (β) was 

calculated. The definition of said angles can be 

seen in Figure 8. 

 

�⃗�  – shore orthogonal vector 

𝑖  – wave direction vector 

α – shore orthogonal 

β – wave direction 

 

Figure 8 – Angles measured on each point for each 

simulation. 

 

An example of the results obtained is 

presented in Figures 9, 10, 11 and 12 and in the 

Tables 1 and 2, regarding, in this case, the values 

for the directions of NNW, NW, W and SW of the 

winter period of the Dodet et al. hindcast dataset. 
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Table 1 - Wave height and nearshore direction for the ten control points. Dodet et al. hindcast.   

NNW and NW offshore directions, winter. 

 

  

Figure 9 - Wave height and direction. Dodet et al. 

hindcast. NNW offshore wave, winter. (zoom) 

Figure 10 - Wave height and direction. Dodet et al. 

hindcast. NW offshore wave, winter. (zoom) 

  

Figure 11 - Wave height and direction. Dodet et al. 

hindcast. W offshore wave, winter. (zoom) 

Figure 12 - Wave height and direction. Dodet et al. 

hindcast. SW offshore wave, winter. (zoom) 
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Table 2 - Wave height and nearshore direction for the ten control points. Dodet et al. hindcast.  

W and SW offshore directions, winter. 

 

 

The remaining results were pretty much 

similar to the ones showed, being the larger 

differences observed in the values of wave 

height, when comparing the summer and winter 

periods (as expected). For the wave direction the 

results show almost no difference between the 

different time periods and hindcast sources. 

5 - Conclusions and perspectives 

From the values presented we can 

observe that, regardless of the offshore wave 

direction, the longitudinal component of the 

nearshore wave is not very significant. Even 

though some of the values reach 40ᵒ, in average 

none of the offshore wave directions reach higher 

than 20ᵒ. That fact let us conclude that the 

direction of the longshore sediment transport 

(produced by nearshore wave direction) is little 

affected by the offshore wave conditions. 

Other aspect of the presented study is 

the existence of some kind of equilibrium between 

the longshore component of the wave directions 

and their frequency. This derives from the fact 

that most wave directions that approach the 

Portugal coast have a strong north component, 

about 90% of the cases (between NNW, NW and 

WNW), as already stated in this study. That, 

however, is mitigated by the fact that the 

Caparica-Espichel coastline is protected by cape 

Raso (Cascais), to the north, resulting in the 

refraction of the approaching waves and, 

therefore, on a nearshore wave direction more 

orthogonal to the coastline. In the other hand, the 

offshore waves originated from the south don’t 

have any kind of obstacle in their approach to the 

shore (resulting in a much larger longshore 

direction component), but their occurrence is 

minimum, in comparison to the north-originated 

waves. Those facts combined result in the 

apparent equilibrium in the longshore sediment 

transport on the Caparica-Espichel coastline. 

From the present study, we can then 

conclude, that the longshore sediment transport 

depends little on the offshore wave conditions, 

because the direction of the nearshore wave is, in 

average, very close to orthogonal to the coastline. 

That being said, the presented study does not 

have an answer to the coastal erosion problem on 

the Caparica beach line. Further studies are 

recommended taking in account the influence of 

other factors such as currents and/or human 

activity (for example, dredging or coastal 

structures). 
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