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Abstract

The HIDRALERTA system is current1y being implemented as a novel ear1ywarning system to
assess the risk of flooding in coastal and port region areas. With forecasted sea wave conditions
at coastal and port areas, the system is able to determine the effects of waves in terms of wave
overtopping and flooding, to compare those results with pre-specified thresholds, to build alert
maps, and, if necessary, to issue alert messages. The system will be applied to two case studies:
Praia da Vitória harbor, in Terceira Island, Azores, and Caparica beach, near Lisbon. One of the
major inputs of this integrated system is the characterization of sea wave conditions at the site
of interest, so that both measured wave data and selected numerical models are used.
Numerical models, however, should be calibrated for each area of application.

This paper is a contribution to get a better insight of the wave characteristics at one of those
case studies, the Caparica beach, to provide adequate calibration of the mentioned numerical
models. Therefore, two measurement campaigns were organized at that location, using several
instruments. Data was collected and analyzed, then compared with those transferred from the
Port of Lisbon wave buoy, by using numerical wave propagation models, which then enabled
one to evaluate SWAN' s performance and to calibrate some of its parameters. Thus, the paper
describes the sea wave characterization using both in-situ data and transferred data from the
Port of Lisbon wave buoy, and discusses the SWAN' s strengths and weaknesses to simulate the
wave conditions measured at the two above mentioned campaigns.

Kenoords: waming and alert system; wave characterization, SWAN model

1. Introduction

The existence of a tool for planning and managing the short and long-term coastal and port
areas is particular1y important in the Portuguese coast, given its length, the known severity of
the wave climate and the concentration of population and economic activities developed in
those areas.

It is on this context that the HIDRALERTA (Fortes et al., 2013) system is being implemented.
This integrated coastal management and port system aims to prevent emergencies and assist
with the management, planning and long-term interventions in coastal and port structures. For
that it uses a methodology for assessing the risk of flooding in coastal and port areas.

The HIDRALERTA system is primarily based on the forecasts of waves in coastal and port
areas and in the calculation of the corresponding wave overtopping and flooding in those
areas. The system consists in four modules, including a module for characterization of the sea
waves. In this module, numerical models of wave generation and propagation, such as the
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WaveWatch III (Tolman, 1999) and SWAN (Booij et aI. 1999) models, are used, with the
parameters af the latter ideally calibrated for each zone study.

The present work will discuss an evaluation af the perfarmance af SWAN ma dei (Booijet aI.,
1999), when applied ta the Caparica beach area (one af the areas af study for HIDRALERTA
system) by camparing the numerical results with in-situ measurements made at twa field
campaigns, and therefare this can be viewed as an extension af the work of Neves (2013).

In this paper we describe the study site, the in-situ measurement procedures, the applicatian af
SWAN model ta the study area and the comparison between measured data and numerical
simulations produced by SWAN.

2. Study location

The Caparica beach is located on the south af the mouth af the Tagus River, in the Almada
municipality, just opposite ta the city of Lisbon (Figure 1). The beach has a length af
approximately 1.3 km, being confined in between twa spurs (the north spur, 350 m Iong, and
the south spur, 150 m lang). The choice af this Iocation was due ta the following: a) this is a
beach af sedimentary arigin that presents a small dune system, yet very fragile, and where
there is also a cahesive structure; b) the location is near a city where the risk assaciated with the
accurrence of avertapping and floodíng is of utmost importance ta saciety; c) historical data af
topographic, bathymetric profiles and waves are available far this site; d) also, it is a location
where, on February 16th 2011,a serious avertapping and failure accident accurred, followed by
an artificial sand feeding that, up ta naw, has warked quite successfully (Figure 1).

Figure 1. Location of the study area (Google Earth© 2014).
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3. In situ measurements

3.1 Measurements at the APL wave buoy

The characterization of sea waves at the Caparica beach is performed based on data collected
by the Port of Lisbon Authority (APL) wave buoy, located at the entrance of the Tagus estuary
(Figure 2).

Figure 2. Location of the APL wave buoy and of the Caparica beaches (Google Earth© 2014)

The TRIAXYSdirectional wave buoy is located at 38 037 '25" N, 9 o 23' 09" W, at a water depth
of 30 m (CD). There are data from this buoy between 1.10.2007and 16.11.2012(~ 6 years), but
with extended periods of missing gaps. From 25.10.2012 to 01.19.2013 (~ 3 months) data are
available on the internet, with records from 10 to 10 minutes. In this work we consider
particularly relevant the following parameters: HS (significant wave height), TP (peak period)
and DIR_TP (peak direction). Table 1 shows descriptive statistics of HS, TP and DIR_TP series,
obtained at the buoy location.

Table 1. Descriptive statistics of HS, TP and DIR_TP series, obtained at the buoy location for period
1.10.2007 to 16.11.2012.

Statiistics HS(m) TP (s) DIR TP e)
Mean l.26 10.7 280.0
Median 1.04 10.5 284.5
Mode 0.88 11.8 284.1
Standard deviation 0.72 3.0 28.4
Variance 0.52 8.8 806.8
Kurtosis 4.60 0.02 29.2
Assimetry 1.94 0.04 -4.2
Range 5.91 18.1 359.6
Minimum 0.28 1.9 0.1
Maximum 6.19 20.0 359.7
Number of values 29418 29418 29418
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From the obtained results, it is apparent that the wave propagation regime is characterized by:

• Wave heights HS between 0.28 and 6.2 m, with average 1.26 m, being the most
frequent range between 0.5m and 1.5m;

Peak periods, TP, from 1.9 s to 20 s, with a mean of 10.7s;

Wave directions, DIR_TPbetween 0° and 360°,occurring mostly in the range between
240° and 320°. At this location there is still a range between 0° and 100° with high
peak periods, a1though with few occurrences.

•

•

3.2 In-situ measurements

The two campaigns of in-situ measurements on the Caparica beach involved elements of the
National Laboratory of Civil Engineering (LNEC), the New University of Lisbon (UNL), the
University of AIgarve (UAIg) and the Faculty of Sciences of the University of Lisbon (FCUL).
They were held on 11 to 15 April2010 (Campaign 1) and 29 and 30 October 2012(Campaign 2).
The objective of the campaigns was to obtain hydrodynamic and morphological data to test
and validate the numerical models as well as to improve the understanding of the dynamics of
the surf and its influence on sediment transport and morphodynamics of beaches. In the two
campaigns a number of acquisition instruments, such as Pressure Transducers (PI),
Electromagnetic Current Meters (ECM), differential-GPS and an Acoustic Doppler Current
Pressure (ADCP) transducer, were used. Figure 3 shows some details of the placement of
equipment in the respective support structures for Campaign 1.

Figure 3. Some aspects of the instrumentation placement for Campaign 1 (above) and for Campaign 2
(bottom)

In this figure one can observe the INFINITY equipment placement (figure on the top), at a
position named PIOO (see Figure 2), with coordinates 38 ° 37 '27.89 "N, 9 ° 14' W', and water
depth -7.6 m (CD). This was the location considered for the comparisons made with the
numerical model SWAN. Wave parameters for the in-situ measured data were obtained
through time and spectral analyses.
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4. Application of SWAN mo deI

This section describes the application made with the SWAN modeI in order to evaluate the
performance of the modeI for the area under study. ln situ measured data were compared with
results of the numerical model according to the following methodology:

• at point P1 (wave buoy location), -30 m (CD), for period from 01.10.2007to 16.11.2012
without considering wind field in numerical calculations;

• at point PTOO(pressure transducer location), -7.6 m (CD), for period from 12 to 15
May 2010 (Campaign 1) without considering wind field in numerical calculations;

• at point P1 (wave buoy location), -30 m (CD), for period October 29 to 30 2012
(Campaign 2), considering a wind field in the numerical calculations.

4.1 Initial conditions

The implementation of the SWAN modeI requires the introduction of different databases
concerning the physical variables that characterize the bathymetry, the wave conditions, the
winds and the tides.

Offshore wave conditions were estimated by the 3rd wave generation and propagation model
WaveWatch III (Tolman, 1999). These estimates were defined in terms of HS, TP and DIR_TP
parameters, obtained every three hours, for the period from 01.10.2007to 16.11.2012,Poseiro
(2013)at point "WaveWatch III", see Figure 4.
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Figure 4. SWAN computational domains and location of WaveWatch III estimates.

Coastlab14 165



With regard to winds, and on1y for Campaign 2 (from 29 to 30 October 2012), regional wind
data at 10 m were used, provided by FNMOC's NOGAPS model (Bayle, 1992) - horizontal (U)
and vertical (V) components, with a spatial resolution of 1°. Four points of wind data were
considered in the calculation domain of SWAN.

For the tide leveI, one used the values provided by the Cascais tide gauge. Note that these
values already contain the storm surge component, as result of variable weather conditions,
including variations of the atmospheric pressure and the action of strong and sustained winds.

4.2 Computational model and simulation characteristics

The computational domain of the numerical model SWAN was discretized by means of two
rectangular grids, see Figure 4. The larger grid (SWAN 1st mesh) is 153 km long and 120 km
wide and is made of square cells, 250 m-wide. The medium grid (SWAN 2nd mesh) is 13.7km
long and 19 km wide and is made of square cells, 50 m-wide.

The bottom computational grids at the region adjacent to study area were based upon the
bathymetric dada provided by the Portuguese Hydrographic Institute (IH) and the LIDAR
coastal data were provided by the Portuguese Terrestrial National Institute (DGT).

The model was run for the following conditions: a) SWAN version 40.72,with no currents, in
stationary mode; b) a directional JONSWAP frequency spectrum defined in 24 components,
from 0.04 to 2.0 Hz, with logarithmic distribution and a directional discretization covering 270°,
in 90 intervals; c) a constant wave breaking coefficient of 0.65; d) an adapted JONSWAP
spectral shape with a bottom friction coefficient of 0.067 m2s-3;e) Offshore wave conditions
defined by WWIII at the boundaries W, N and S of the first grid, at point "WaveWatch III", see
Figure 4; f) for each offshore wave condition, the considered tide leveI was the one observed in
Cascais tide gauge during the study periods.

Based upon the above conditions, the set of simulations made with the SWAN modeI included
the period of 11 to 15 May 2010,1 October 2007 to 6 November 2012 and from 29 to 30 October
2012 (for this latter period, a wind field was considered in the numerical calculations),
considering the offshore wave conditions defined by WWIIL The results were obtained across
the calculation domain including specific points, notably point Pl, at 3°37'26"N, 9°23'10" W,
where the APL wave buoy is located, for the three periods. Numerical results were also
obtained at point PTOO,that corresponds to the position of the pressure transducer, from 11 to
15 May 2010 (Campaign 1).

For a more efficient and quick use of the SWAN modeI, a special software for the models'
interface was used (Pinheiro et aI. 2007).

5. Comparative analysis between in-situ measurements and numerical simulations

Figure 5 shows examples of a comparison of HS values measured and obtained by the
numerical model for the period from February 11 to April 1, 2012, at point Pl (without wind
field). Figure 6 shows the comparison of HS measured and obtained by the numerical model
for the period from February 11 to April 1, 2012, at point Pl, and for the period from 12 to 15
May 2010 (Campaign 1), at point PTOO.
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Figure 5. Comparison of SWAN' 5 numerical simulations and in-situ measured data from 11st February
2012 to 1st April2012,at point Pl
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Figure 6. Comparison of SWAN' 5 numerical simulations and in-situ measured data from, from 29 to 30
October, 2012 (Campaign 2), at point Pl, and from 12 to 15 May 2010 (Campaign 1), at point PIOO

Based on the results obtained by SWAN numerical model (HS, TP and DIR_MED, mean
direction) and the in-situ measurements at P1, for period from 01.10.2007 to 16.11.2012, the
following statistical parameters were obtained: mean, mean square error (RMSE),scatter index
(SI)and bias (BIAS),shown in Table 2.
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Similar1y, the same statistics are shown in Table 3 for the periods of the two measurement
campaigns: Campaign 2, from 29 to 30 October, 2012, at point Pl, and Campaign 1, from 12 to
15 May 2010, at the point PrOO. In this case, the mean period was also considered.

Table 2. Statistics comparing the results obtained by SW AN and measured data at PTI, from 01.10.2007 to
16.11.2012

Measurements i
atPTl SWAN Parameter

1.275

HS (m)

TP (s)

10.753 ! 8.674 MEAN
1············_······················_················· , _ ····1···················································

2.825 RMSE
0.263 SI................................. " ",,,,, ,....... ......................•........ " .
-2.079 BIAS

j 302.t:v.!~~.T:'::l .. _ ..
40.589 RMSE............................................... . -......•.
0.145 SI................................. ~ ".............. ........................•...........•••..... -

22.996 RIAS

279
OlR Med

(0)

Table 3. Statistics derived from the comparison of the results obtained by the SW AN model and data
provided by the buoy at point Pl, from 29 to 30 October 2012, and by the INFINITY pressure transducer

at point PrOO, from 12 to May 15, 2010.

Values SWAN

29 to 30 october 2012 - Campalgn 2 12 to 15 may 2010 - Campaígn 1
Para meterMeasurements

at PI
Measurements

at PTOOSWAN

HS(m)

i 0.661 0.206! 0.266 .._ _l'.'1:.~.~ _.
0.295 0.172 RMSE...._ - _ _........ . .
0.317 0.8333 SI......................................... . _ _ _ _ _ .
-0.269 0.060 BIAS

0.930

TP (s)

! 6.695 8.816! 7.243 _ _l'.'1:.~.~.~_ .
2.082 1.743 RMSE.... ".............................................................. . _ _........ . .
0.274 0.198 SI..................................................................... , _ _ .
-0.905 -1.574 BIAS

7.600

TM02 (s)

! 3.078 8.449! 6.718 _ _l'.'1:.~A.~_ .
1.396 1.814 RMSE.._ _ _ _ _ _ _ _ _ _ _ _........ .. _ _ _ _ _ _ _ _ - _ _ _ ..•....•.... _ _...... ..._ _ _ _ _ .
0.337 0.215 SI................................................ _............. .. _. ......................................•. .. _ _ _ _ _ .
-1.060 -1.731 BIAS

4.138

.._ _ ~ 5.L _ _l _ _ _..~~.I _ __ _ __ _ __ _ __ 1_ _ _ _ _ _....._ M..~~ _.
46.236 RMSE.._ - _ _ _ _ _ _........ - _ _ _ _ _ _ _ _ _ _ _...... -_._ _ _ _ _ .
0.184 SI......................... - _.......................... . _ _ ..........•.......... - _ ....•....... _ _ _ _ _ _ _ .
-9.882 BIAS

From the analysis of Figure 5, one can observe a good agreement between the results of the
SWAN model and measured data for HS at point PI'I. The same was found for the peak period
and the wave direction, although, for these parameters, more discrepancies were found
between measured and numerical values, especially for the direction parameter.

Table 3 shows that both the significant wave height and the peak period have not significant
deviations (BIAS).However, the mean direction shows much higher differences (~ 23 0). The
shown low values of RMSE and SI for HS and TP indica te a better performance of SWAN for
these parameters.
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For the situation in which calculations were performed considering the wind field (from 29 to
30 October 2012), at point Pl, Figure 6, the model results agrees better with observed data for
the calculations performed without wind, so that one can infer the importance of a correct
wind field definition (with appropriate reservations), and that the model is best suited for HS
and TP calculations (lower values of RMSE).

For point PTOO,at -7.6 m (CD) water depth, the model results also agree with measured data,
with a quite good agreement for HS and a good agreement for TP, as can be seen by observing
the obtained low values of RMSE.

6. Conclusions and future developments

The present work aimed to analyze the performance of the SWAN model on the Caparica
beach, near Lisbon. The SWAN model is one of the models included in the HIDRALERTAalert
system, which is being implemented for this region.

Comparisons between numerical results obtained with SWAN and wave buoy data and
between SWAN results and results of in situ field campaigns were made for this paper.

A good agreement was found between SWANIS results and measurements, both in general
terms and orders of magnitude of the significant wave heights and periods for the considered
time spans, and for the two locations. As to wave directions, the model does not adequately
reproduce the observed refraction for this particular region. The inclusion of the wind field
clearly contributes to a better agreement between measured and numerical results.
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