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Abstract—In engineering studies, harbor resonance, including
quality and amplification factors, is typically computed for swell and
waves with periods shorter than 10 min. However, in various locations
around the world, such as Vela Luka Bay in Croatia, meteotsunami
waves of periods greater than 10 min can excite the bay or harbor
natural modes and produce substantial structural damages. In this
theoretical study, the impact of some geomorphological changes of
Vela Luka Bay—i.e. deepening of the bay, dredging the harbor,
adding a pier or a marina—to the amplification of the meteotsunami
waves are presented for a set of 6401 idealized pressure wave field
forcing used to derive robust statistics. The most substantial increase
in maximum elevation is found when the Vela Luka harbor is dredged
to a 5 m depth, which is in contradiction with the calculation of the
quality factor showing a decrease of the harbor natural resonance. It
has been shown that the forcing energy content at different frequency
bands should also be taken into account when estimating the quality
and amplification factors, as their typical definitions derived from the
peak frequency of the sea level spectrum fail to represent the harbor
response during meteotsunami events. New definitions of these factors
are proposed in this study and are shown to be in good agreement with
the results of the statistical analysis of the Vela Luka Bay maximum
elevation results. In addition, the presented methodology can easily be
applicable to any other location in the world where meteotsunamis
occur.
Key words: Synthetic meteotsunami forcing, numerical
modelling, amplification and quality factors, meteotsunami, seiche,
harbor resonance, Vela Luka Bay.

1. Introduction
On the 21st of June 1978 sudden waves with
heights of up to 6 meters and period of about 20 min
approached the city of Vela Luka, situated at the top
of a cone-shape bay in a microtidal environment of
the Adriatic Sea (Fig. 1). The waves inundated a
great part of the city and produced substantial
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damages to houses, goods and infrastructure (Vučetić
et al. 2009; Orlić et al. 2010). Similar events with
much lower intensity occur relatively frequently in
the city of Vela Luka (Orlić 2015) and can be
ascribed to meteotsunamis or meteorological tsunamis—destructive long ocean waves in a tsunami
frequency band (Monserrat et al. 2006).
In the last decade, research on meteotsunamis
revealed the world outreach of this highly rare but
potentially destructive phenomenon, documented to
happen over all oceans and continents except
Antarctica. Monserrat et al. (2006), Rabinovich
(2009), Vilibić et al. (2014, 2016) and Pattiaratchi
and Wijeratne (2015) have been overviewing the
meteotsunami physics in details and in particular
three of its most important properties: (1) the generation process, (2) the link to synoptic patterns, and (3)
the specificities of the locations of occurrence. First,
meteotsunamis are generated by travelling intense
atmospheric (air pressure and wind) disturbances
(e.g. Garcies et al. 1996; de Jong and Battjes 2004;
Asano et al. 2012; Šepić and Rabinovich 2014)
through resonant transfer of energy toward the sea,
mostly by Proudman resonance mechanism (Proudman 1929; Hibiya and Kajiura 1982). Second, the
atmospheric disturbances, responsible for the
meteotsunami generation, are strongly associated to
synoptic patterns (Ramis and Jansà 1983; Šepić et al.
2015, 2016; Vilibić and Šepić 2017). Yet, they are
found to be hardly reproduced by atmospheric models
(e.g. Belušić et al. 2007; Horvath and Vilibić 2014;
Kim et al. 2017), as first, they are the result of a very
mesoscale atmospheric dynamics (e.g. Churchill et al.
1995; Monserrat and Thorpe 1992, 1996; Bechle
et al. 2016) and second, they are spanning over
temporal and spatial scales where models are not
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Figure 1
Vela Luka Bay—location of the studied area and the extracted model points P0–P6. The non-labeled additional extracted points are only used
for the calculations of the meteotsunami amplification factors from the offshore to the harbor

performing well (Skamarock 2004). Finally, the
intensity of meteotsunamis depends on the amplification potential of the harbors or bays where they
mostly (but not always) occur (Rabinovich 2009).
The capacity of harbors or bays to amplify
incoming waves is strongly related to their geomorphology (bathymetry and shape) and is generally
quantified with the quality (Q) factor. The Q factor is
a measure of energy damping in a system (Miles and
Munk 1961; Wilson 1972; Rabinovich 2009): the
higher the Q factor, the higher the amplification and
the ringing of the incoming waves and the lower their
energy dissipation. However, high Q factor is just a
prerequisite for high amplification, while the amplification factor (H) is taking into account the
excitement of bays or harbors by the incoming wave
forcing: the closer the frequency of the incoming

wave (f ) to the harbor or bay natural frequency of
resonance (f0 ), the higher the amplification H, with
H ! Q. Analogously, for larger basins, the tides
2
ðff0 Þ !1
in the World Ocean are largest in locations where the
frequency of tidal forcing is close to the frequency of
natural modes (Garrett 1972; Arbic et al. 2007). Q
factor is larger in elongated and narrow inlets and
bays (Nakano and Unoki 1962), while the damping is
controlled by the wave radiation through the entrance
(Rabinovich 2009): the narrower is the entrance, the
higher is the Q factor and the larger is the amplification of the fundamental natural mode (Miles and
Munk 1961). In addition, even small changes of
bathymetry may result in a substantial change in
amplification of the fundamental natural mode of the
bays and harbors (Ferrarin et al. 2017).
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As strong harbor oscillations may affect the
security of navigation and port operations within
large commercial harbors (Okihiro et al. 1993; López
and Iglesias 2014), interventions to the bathymetry
are sometimes planned to reduce Q factor and
decrease the amplification of incoming waves (Cox
and Wesson 2007). Rabinovich (1992) suggests
installation of a number of radial piers, which
increase the dissipation of incoming waves and,
therefore, lower Q factor. A reduction in amplification of incoming long ocean waves has been achieved
by constructing long shore-parallel breakwater pier
(Maa et al. 2011; Keuthen and Kraft 2016) or multichannel breakwater (Kim et al. 2015). Bowers (1982)
proposes an increase in dissipation of incoming
waves through the creation of side channels which
take away a portion of energy from the major harbor
oscillator. A portion of energy can be also absorbed
by floating piers (Chen and Huang 2004).
Although meteotsunami events may be destructive in some harbors or bays, rare are research studies
that account for their protection by changing bathymetry or building breakwaters and piers. A reason
may be that meteotsunamis normally affect natural
bays over tsunami periods (from a several minutes to
an hour), while small harbors are designed to minimize the resonance of infragravity waves with
periods from a minute to a dozens of minutes (Bellotti and Franco 2011; Cuomo and Guza 2017). In the
case of Vela Luka Bay, a numerical study by Lončar
et al. (2010) found that the construction of protective
piers at the entrance of the inner bay may lower the
maximum sea levels at the top of the bay for 20–30%
during destructive meteotsunami events, such as the
one of the 21th of June 1978. Meanwhile, the activities which are currently undergoing in the bay—e.g.
construction of a nautical marina—did not account
for changes in harbor resonance. In addition, the
topmost part of the bay is quite shallow and its
deepening may be an option considered by local
authorities. All of the above proposed developments
of Vela Luka Bay are presumably affecting the
amplification of incoming meteotsunami waves. It is
thus necessary to elaborate and quantify meteotsunami hazard in the harbor in relation to these
geomorphological changes.

In this study, sensitivity of the Vela Luka Bay
harbor resonance to meteotsunami incoming waves
and to changing geomorphology is tested by performing a series of numerical experiments using
adapted Vela Luka domains which include: protective pier, deepened inner bay, dredged harbor,
nautical marina, and removal of the island of Ošjak
(Fig. 1). The modeling setup, the forcing and the
different geomorphologies used in this study are
described in Sect. 2. The results are presented and
discussed in Sect. 3. Some statistics derived from
numerical simulations are presented in Sect. 3.1 for
the maximal elevation obtained with different configurations. In Sect. 3.2, the resonance of Vela Luka
Bay is examined and some new parameters for resonance are derived, as the classically defined quality
(Q) and amplification (H) factors are found to not be
able to properly describe the effects of the bathymetry modifications. A new methodology based on
the use of synthetic pressure disturbances and the
definition of the new parameters of harbor resonance
during meteotsunamis events is presented in Sect. 3.3
and applied to study the impact of the shape of the
Vela Luka harbor on the entire bay resonance.
Finally, the implications and conclusions of this
numerical study are presented in Sect. 4.

2. Modeling Strategy
2.1. Atmospheric Forcing
Meteotsunamis are rare events and reliable observations of such events are extremely scarce.
Therefore, it is extremely difficult to produce any
kind of statistics or hazard maps and properly conduct
sensitivity studies with these events. This particularly
applies to air pressure high-resolution measurements—which
are
the
major
driver
of
meteotsunamis (Monserrat et al. 2006)—as 1-min
records are not the standard in meteorological
observations. For that reason, series of synthetic
pressure disturbances were created to produce series
of meteotsunami simulations for the Eastern Adriatic.
These simulations were generated by forcing a
regional ocean model—covering the entire Adriatic
Sea—with an idealized pressure field defined as a
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stochastic process Ps :
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Dx  Dy  T  X ! R
ðx; y; t; xÞ ! Ps ðx; y; t; xÞ

such as :
Ps ðx; y; t; xÞ ¼ P0 þ Pwave ðx; y; t; xÞ

ð1Þ

where x; y are the horizontal coordinates following
longitude and latitude, t is the time coordinate, x is
the stochastic variable, P0 is a mean atmospheric
pressure for the entire Adriatic Sea and
Pwave ðx; y; t; xÞ is the stochastic process representing
the idealized atmospheric wave defined as:
Pwave ðxx; yy; t; xÞ
¼ PA ðxÞe

yy2
d ðxÞ2

5

ðvðt;xxÞN ðxÞþ1Þ/ðt;xxÞ
N ð xÞ

e5


sin

2p
/ðt; xxÞ
T ðx Þ



ð2Þ
In the eastern Adriatic Sea, it is documented that
meteotsunamis are generally generated by pressure
disturbances which originate along the Italian coastline (Vilibić and Šepić 2009). Given the lack of
measurements and to limit the number of stochastic
parameters used to define the synthetic pressure
wave, the meteotsunami points of origin were chosen
along a virtual line defined by the function f , with a
varying latitude y0 ðxÞ 2 ½41:25 ; 43:65  and a corresponding longitude x0 ðxÞ ¼ f ðy0 ðxÞÞ (see Fig. 2).
In addition, the direction of propagation
of the

meteotsunami was specified as hðxÞ 2  p3 ; p2 and
the rotated coordinate system is thus given by:


xx ¼ ðx  f ðy0 ðxÞÞÞ cosðhðxÞÞ þ ðy  y0 ðxÞÞ sinðhðxÞÞ
:
yy ¼ ðx  f ðy0 ðxÞÞÞ sinðhðxÞÞ þ ðy  y0 ðxÞÞ cosðhðxÞÞ

The other parameters defining the shape of the
pressure wave are: the amplitude PA ðxÞ 2
½50 Pa; 400 Pa, the period T ðxÞ 2 ½300 s; 1800 s,


the phase /ðt; xxÞ ¼ t  cðxxxÞ , the propagation
velocity cðxÞ 2 ½15 ms1 ; 40 ms1  and the attenuation following the yy direction: dðxÞ 2
½30; 000 m; 150; 000 m. In addition, the time attenuation of the pressure wave is depending on the step
PNðxÞ1
function vðt; xxÞ ¼ i¼0
ðNðxÞ  1  iÞvi ðt; xxÞ
with N ðxÞ 2 ½2; 144 the number of periods used
for the time attenuation and vi ðt; xxÞ ¼

1 for /ðt; xxÞ 2 ½iTðxÞ ði þ 1ÞTðxÞ
.
0 for /ðt; xxÞ 62 ½iTðxÞ ði þ 1ÞTðxÞ

Figure 2
Rotated coordinates used to define the synthetic meteotsunami
pressure disturbance

The range of selected parameters has been chosen
following the literature on the Mediterranean meteotsunamis (e.g. Monserrat et al. 2006; Vilibić and Šepić
2009). Examples of air pressure series as reaching
Vela Luka Bay and time-slice of air pressure spatial
distributions are provided in Fig. 3.
2.2. Hydrodynamic Model
To carry out the simulations of both the eastern
Adriatic Sea meteotsunami conditions and the sensitivity study of Vela Luka Bay, the barotropic version
(2DDI) of the unstructured model ADCIRC—which
already has been applied to reproduce meteotsunamis in
Vela Luka Bay by Orlić et al. (2010)—has been used
without tidal or wind forcing. Then, in this study,
ADCIRC (Luettich et al. 1991) solves the equations of
motion for a moving fluid on a rotating earth such as:
8 oH o
o
þ ðUH Þ þ oy
ðVH Þ ¼ 0
>
>


< ot ox
PS
oU
oU
oU
o
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U
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V

fc V ¼ g ox
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>
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ð3Þ
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Figure 3
Examples of atmospheric pressure fields (Conditions 1 and 2) used to force the meteotsunami simulations. Time variations at Vela Luka
during the 12 h run (left panel) and spatial evolution after 2 h of run (right panels)

The barotropic velocities of the model are given
Rn
by U; V ¼ H1 h u; v dz with u; v the horizontal
baroclinic velocities, h the depth of the model (i.e.
the bathymetry), n the free surface elevation and H ¼
n þ h the total water column thickness. A nonuniform Coriolis parameter fc depending on the
latitude is used. The terms Rx ; Ry represent the sum
of the vertically integrated lateral stress gradients and
the horizontal momentum dispersion.
The bottom stress is given by !
sb ¼
!!
sbx ; sby ¼ q0 CD U U , with q0 the mean water
2
density defined as a constant and CD ¼ gn1 the drag
3
H
coefficient depending on the manning’s coefficient n.
In addition to the seven stochastic variables used to
define the pressure wave field: y0 ðxÞ, PA ðxÞ, hðxÞ,
T ðxÞ, cðxÞ, d ðxÞ, N ðxÞ, the manning coefficient—
which is generally unknown—is also used as another
stochastic parameter, defined as nðxÞ 2 ½0:01; 0:04.
2.3. Sensitivity Study Setup
The impact of the geomorphology of Vela Luka
Bay on the meteotsunami propagation was investigated with a series of experiments based on the
numerical model results. Six different domains were
initially selected (see Fig. 4): (1) the ‘‘Baseline’’ case

which represents the real geomorphology of Vela
Luka Bay to the best of our knowledge, (2) the
‘‘Dredged Harbor at 5 m’’ configuration where the
Vela Luka harbor is artificially dredged uniformly at
5 m, (3) the ‘‘Flat Inner Bay at 30 m’’ scenario with
an artificial bathymetry of 30 m imposed from the
middle of bay to the harbor, (4) the ‘‘Huge Pier’’ case
with an artificial pier located at the entrance of the
inner bay, (5) the ‘‘Marina’’ configuration which
includes the plans of the new marina to be built in
Vela Luka in the next years, and finally (6) the ‘‘No
Island’’ scenario where the island is artificially
removed from the bay.
The choice of values of the 8 stochastic parameters, as well as the number of simulations needed to
derive meaningful statistics—in this study 6401, rely
on the Gauss-Patterson sparse grid method (Smolyak
1963; Novak et al. 1999; Burkardt 2014).
At first, the ADCIRC model was run for the entire
Adriatic for the 6401 simulations, each lasting for
12 h. An unstructured mesh of 286,297 nodes and
513,274 elements including 477 islands was generated with a resolution varying from 2 km in the
deepest part of the Adriatic Sea to 10 m in the known
locations where meteotsunamis occur along the
Croatian coastline. A Digital Terrain Model (DTM)
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Figure 4
Geomorphology of the six studied domains. The modified area for each case is highlighted with a white frame

was specifically created to incorporate offshore
bathymetry from ETOPO1 (Amante and Eakins
2009), nearshore bathymetry from the navigation
charts CM93 2011, topography from GEBCO 30 arcsecond grid 2014 (Weatherall et al. 2015) and
coastline data generated by the Institute of Oceanography and Fisheries, Split, Croatia. The boundary of
the Adriatic mesh was located off the strait of Otranto
and forced with a constant sea surface elevation of
0 m.
The sea surface elevation results from the Adriatic
model runs were then used to force the six Vela Luka
domains at the open boundary (Fig. 1). The open
boundary was placed far off the entrance of the Vela
Luka Bay, to minimize the boundary effects which—
when the open boundary of the model is too close to
the entrance of the bay—may substantially affect the
properties (period, amplification) of the modelled
eigen oscillations of the bay (Schwab and Rao 1983).
In addition to the sea level boundary condition, the

pressure disturbance was also applied to each of the
six Vela Luka domains for the 6401 simulations. The
six meshes generated for Vela Luka domains with a
resolution varying from 500 to 10 m were chosen to
be approximately 100 times smaller than the Adriatic
mesh. Finally, the DTM generated for the Adriatic
mesh was manually modified in order to incorporate
the geomorphological changes of the six Vela Luka
domains (Fig. 4).
It should be highlighted that, with the purpose to
better understand the sensitivity of Vela Luka Bay to
the geomorphological changes during meteotsunami
events, the presented study can be seen as a
theoretical exercise aiming to compare different
results obtained for the six Vela Luka domains and
not as a validation of the Vela Luka ADCIRC model
performance to reproduce meteotsunami conditions.
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3. Results and Discussions
3.1. Maximum Elevation Distribution
The maximum elevations—used as a proxy to
define the meteotsunami hazard, were extracted at
points P1–P6 (Fig. 1) for each of the six domains
(Fig. 2). Their statistics is based on the 6401
simulations forced by synthetic pressure disturbance.
As shown in Fig. 5 and Table 1, geomorphological changes of Vela Luka Bay affect only slightly the
median of the maximum elevation distribution along
the path of meteotsunamis, except for the ‘‘Flat Inner
Bay at 30 m’’ domain. These distributions are strictly
non Gaussian and, for the purpose of our study, only
the outlier results (in red in Fig. 5) present an interest
concerning the evaluation of the meteotsunami hazards due to geomorphological changes.
An interesting pattern, also seen in the Q–Q plots
(Fig. 6), is the evolution of the maximum elevation
distribution along the path of meteotsunamis. From
the middle to the inner part of the bay (points P1 and

P2 in Figs. 5a, b, 6a, b) maximum elevations are
obtained for the ‘‘Flat Inner Bay at 30 m’’ and ‘‘No
Island’’ domains, while it switches to the ‘‘Dredged
Harbor at 5 m’’ and ‘‘No Island’’ domains after this
point (P3–P6 in Figs. 5c–f and 6c–f).
It is also quite clear that the distribution of
maximum elevation for both the ‘‘Huge Pier’’ and
‘‘Marina’’ domains are extremely close to the
‘‘Baseline’’ domain distribution, with a median value
of 0.15 m and a 75th percentile of 0.42–0.43 m at
point P6 inside of the Vela Luka harbor (Table 1).
However, highest extreme values are generated inside
of the harbor for the ‘‘Huge Pier’’ simulations: it is
found that the upper adjacent is of 0.99 m instead of
0.96 m for the two other configurations and the
maximum is of 3.02 m instead of 2.93 m (Table 1).
The location and shape of the huge pier thus increases
the effects of the meteotsunami waves inside of the
Vela Luka harbor.
Another noticeable feature seen in Fig. 6 is that
the ‘‘Dredged Harbor at 5 m’’ domain produces the
highest maximum elevations at points P4–P6, almost

Figure 5
Box–Whiskers diagrams of the maximum elevation extracted at points P1–P6 (a–f) for each of the 6401 simulations forced by synthetic
pressure disturbance and for the six Vela Luka domains
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Table 1
Statistics extracted from the Box–Whiskers plots at point P6 for each of the six Vela Luka Bay domains
Maximum elevation at point P6 (m)

Baseline
Dredged Harbor at 5 m
Flat Inner Bay at 30 m
Huge Pier
Marina
No Island

Median

75th perc.

Up. adj.

Max.

Outliers (%)

0.15
0.19
0.42
0.15
0.15
0.14

0.42
0.57
0.59
0.43
0.42
0.40

0.97
1.32
1.03
0.99
0.96
0.92

2.93
3.18
2.47
3.02
2.93
3.29

9.4
6.5
5.4
9.2
8.6
7.6

Up. adj. upper adjacent

Figure 6
Q–Q plots of the maximum elevation of the five modified domains
versus the baseline extracted at points P1–P6 (a–f) for each of the
6401 simulations forced by synthetic pressure disturbance

for all the simulations. At point P6, Table 1 shows
that this geomorphological configuration produces

the second highest maximum elevation (3.18 m) with
the highest upper adjacent value (1.37 m) and the
second highest 75th percentile value (0.57 m). The
lowest result of maximum elevation (2.47 m) is
found for the ‘‘Flat inner Bay at 30 m’’ domain which
at this point almost always has lower maximum
elevations than the other domains (see Fig. 6f) but a
higher median values of 0.42 m versus in average
0.16 m for the other cases. The distribution of this
specific domain has only 5.4% of outliers and is
closer to a Gaussian distribution. However, for almost
all the simulations, time varying results show that the
‘‘Flat Inner Bay at 30 m’’ domain generates some
strong (and potentially unrealistic) oscillations of
amplitude lower than 0.5 m as soon as the bay is
slightly excited. These oscillations decrease rapidly
but, in case of weak atmospheric forcing, they can be
bigger than the effect of the meteotsunami per se. The
highest maximum elevation (3.29 m) is obtained for
the ‘‘No Island’’ case, which has otherwise a distribution really close to the one of the ‘‘Baseline’’
domain (Fig. 6f).
To better understand how the geomorphological
changes affect the maximum elevation generated by
meteotsunami within Vela Luka Bay, spatial plots of
relative difference of maximum elevation between
modified domain and ‘‘Baseline’’ case are presented
in Fig. 7. Simulations producing the highest result at
point P6 for each of the modified domain are
considered. As seen in Fig. 7f, the maximum elevation is increasing regularly from 0.5 m at the entrance
of the bay to 2.93 m inside the Vela Luka harbor.
Both the ‘‘Flat Inner Bay at 30 m’’ and the ‘‘No
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Figure 7
Relative difference (in %) of spatial evolution in the maximum elevation of modified domains versus ‘‘Baseline’’ domain, for the simulation
with the highest result obtained at point P6 for each of the 5 geomorphological changes (a–e). f Display spatial evolution in the maximum
elevation (in m) for ‘‘Baseline’’ domain, for the simulation with the highest maximum elevation obtained at point P6

Island’’ cases increase the maximum elevation inside
the entire Vela Luka Bay by more than 10%.
However, the maximum elevation is decreased by
more than 15% within the harbor for the ‘‘Flat Inner
Bay at 30 m’’ domain. The ‘‘Dredged Harbor at 5 m’’
scenario is also producing dramatic changes in spatial
distribution of the maximum elevation, with a
decrease by 5–10% in the bay and an increase by
up to 20% inside the harbor. The ‘‘Huge Pier’’
presence slightly increases the maximum elevation in
the eastern part of the bay (\ 2%) and decreases it in
the western part (by about 4%), which confirmed that
location and design of the proposed pier are not
optimal as not lowering meteotsunami hazard. The
‘‘Marina’’ case produces the lowest changes (\ 2%)
in terms of the maximum elevation and seems to
actually decrease the maximum elevation all over the
Vela Luka domain.
Another important issue is the value of the forcing
parameters used to produce the simulations with the
highest maximum elevation at point P6. For all the
domains, the following parameters of the pressure

fields generating the simulations with the highest
maximum elevations are identical (with the value
corresponding to the middle of their interval of
definition): PA ðxÞ ¼ 225 Pa, N ðxÞ ¼ 73, dðxÞ ¼
90; 000 m and nðxÞ ¼ 0:025. However, the ‘‘Baseline’’, ‘‘Flat Inner Bay at 30 m’’, ‘‘Huge Pier’’ and
‘‘Marina’’ geomorphologies, have the highest resonance for meteotsunamis coming from the point of
coordinate ð15:98 E; 41:30 NÞ and propagating
towards 17 N at a speed of 37.2 m/s with a period
of 17.5 min, while the ‘‘Dredged Harbor at 5 m’’ and
‘‘No Island’’ cases are producing the highest maximum elevations (for all the geomorphological
changes studied) for meteotsunamis coming from
ð14:10 E; 42:45 NÞ and propagating towards 75 N at
a speed of 39.9 m/s with a period of 7.8 min. It is
interesting to notice that these two configurations are
responsible for the 10 highest values of maximum
elevation extracted for each of the six Vela Luka
geomorphologies.
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3.2. Geomorphology Versus Atmospheric Forcing
In this section, the effects of the geomorphological changes of Vela Luka Bay are examined with the
analysis of the power spectra of the 12-h long
simulations. To synthetize the results, the spectral
envelope—which is defined as the maximum energy
for each frequency over all the spectra of sea surface
elevation extracted from the 6401 simulations—is
calculated and presented along the path of the
meteotsunamis (Fig. 8).
The analysis of such a spectral envelope is not
straightforward as it contains both the bathymetry and
the atmospheric forcing effects. However, the power
spectrum of sea elevation for each meteotsunami
simulation at any point of the domain can be
separated to bathymetry and source portions following the methodology developed by Monserrat et al.
ðiÞ
ðiÞ
(1998):
Sa ð f Þ ¼ W ð f ÞEa ð f Þ; i 2 1; . . .; 6401,
with the non-dimensional spectrum W ð f Þ representing the influence of the bathymetry at the specific

Figure 8
Spectral envelope of the 12 h sea level model results extracted
from the 6401 meteotsunami simulations at points P1–P6 (a–f) for
each of the six Vela Luka domains

Pure Appl. Geophys.
ðiÞ

point and the spectrum Ea ð f Þ giving the influence of
a given pressure field forcing in m2/Hz.
To find W ð f Þ and to deduce the eigen modes of
the different domains of Vela Luka Bay, random
noise was used to force the open boundary of the six
models.
Assuming that Vela Luka Bay can be described as
a semi-elliptic basin of length L ¼ 5400 m with a
semi-paraboloid bathymetry of maximum depth
H ¼ 70 m, its theoretical period of resonance is
ﬃﬃﬃﬃﬃ  915 s  15 min (Rabigiven by T ¼ 2:22 p2L
gH
novich 2009), which corresponds to a frequency
f  0:0011 Hz. The choice of the random noise used
to force the domains is thus important as it should
excite the frequencies around this theoretical value.
Pink noise—which occurs widely in natural time
series data found everywhere from climatology to
ecology—is a random process whose power spectrum
is proportional to the inverse of the frequency and
takes the form of SP ð f Þ / 1f . It thus associates more
energy to the lower frequencies and, therefore, is
more appropriate than the white noise of the form
SW ð f Þ / 1, which spreads the energy equally for all
the frequencies, or the red noise (random walk) of the
form SR ð f Þ / f12 , which drops too rapidly the energy.
The power spectrum SP ð f Þ of the 6-day sea
surface elevation time variations of maximum amplitude 1 cm, applied to the open boundary of all
domains as pink noise, is presented in Fig. 9.
Still following Monserrat et al. (1998), the power
spectrum of sea elevation at any point inside the
domains can be written as Sb ð f Þ ¼ W ð f ÞEb ð f Þ, with
Eb ð f Þ ¼ Af the ‘‘theoretical’’ pink noise and A
obtained by fitting Eb ð f Þ with the pink noise forcing
SP ð f Þ (see Fig. 9). Thus, W ð f Þ may be derived from
the pink noise model simulations for each domain
separately. These simulations have been executed for
a 6-day long period to reach robustness on the eigen
periods estimation. To be consistent with the calculation of the elevation spectra derived from 12-h
simulations, the maximum energy of the sea surface
elevation was extracted from twelve different power
spectra W ðiÞ ð f Þ; i 2 1; . . .; 12, each spanning over
12-h long intervals of model results:
W ð f Þ ¼ max W ðiÞ ð f Þ
i21;...;12

ð4Þ
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Figure 9
Power spectrum of the pink noise imposed at the open boundary of
the six Vela Luka Bay domains (in blue) and Eb ð f Þ ¼ Af the fitted
‘‘theoretical’’ function of pink noise (in magenta)

Figure 10 shows the spectral envelope W ð f Þ
representing the influence of bathymetry and the
ðiÞ
spectral envelope Ea ð f Þ ¼ maxi21;...6401 Ea ð f Þ representing the influence of the pressure forcing from the
6401 meteotsunami simulations. All the results were
extracted for each of the six studied Vela Luka Bay
geomorphologies and for the points P1–P6 along the
path of the meteotsunamis.
As expected, W ð f Þ strongly depends on both the
geomorphology and the selected point of the studied
domains while Ea ð f Þ only depends on the pressure
forcing and is quasi-constant over the whole domain
and for all the geomorphologies. An anomaly is,
however, noticeable at points P4–P6 for the ‘‘Baseline’’, ‘‘Huge Pier’’, ‘‘Marina’’ and ‘‘No Island’’
domains. For these domains, points P4–P6 are located
in a really shallow area (\ 2 m) and are extremely
influenced by the way the model handles wet and dry
points at the top of the harbor.
The period of resonance of each of the six
domains, as well as the quality (Q) factor and
amplitude (A) of spectral peak, were extracted from
the spectral envelopes W ð f Þ at point P6 and are
presented in Table 2. The Q factor is given by Q1 ¼
fþ1=2 f1=2
(Miles and Munk 1961; Rabinovich 2009)
f0
with f0 the resonant frequency of the spectral peak
and fþ1=2 , f1=2 the frequencies with half of the power
of the spectral peak.

From these results several conclusions can be
reached. First, the period of resonance given by the
main peak of the power spectrum is 17.14 min for
nearly all the geomorphologies, respecting the spectral resolution which do not count for real differences
that exist between the spectral peaks. The exceptions
are the ‘‘No Island’’ and ‘‘Flat Inner Bay at 30 m’’
domains, which have a peak period of 16.36 and
16.74 min, respectively. Second, it seems that the
correlation between the power of the main peak and
the highest maximum elevations found for each
domain is high. The ‘‘No Island’’ and ‘‘Dredged
Harbor at 5 m’’ cases which have the highest powers
are also the only domains where the maximum
elevation reaches more than 3 m at point P6 as seen
in Sect. 3.1. Finally, the Q factor does not seem to
properly represent the correlation between amplification of the forcing and geomorphological changes, as
it is found to be the lowest for the ‘‘Huge Pier’’ and
‘‘Dredged Harbor at 5 m’’ cases and maximum for
the ‘‘Baseline’’, which is in direct contradiction with
the results presented in Sect. 3.1.
It can clearly be seen in Fig. 10 that W ð f Þ
presents at least two ‘‘peaks’’ for each of the six
domains and that the effects of the bathymetry are not
only constraint to the main peak frequency. Another
parameter is thus proposed as a more accurate proxy
for representing the effects of the bathymetry on the
resonance: the non-dimensional parameter I factor,
integrating W ð f Þ over all the frequencies of the
spectrum (f 2 ½0; fs ):
1
I¼
fs

Zfs

W ð f Þ df

ð5Þ

0

For each of the six studied domains, the I factor
was calculated at 10 different locations between the
open boundary of a domain (point P0) and the Vela
Luka harbor (point P6). Its spatial evolution for the
six domains is presented in Fig. 11.
The evolution of the I factor along Vela Luka Bay
seems to be in direct link with the results of the Q–Q
plots presented in Fig. 6. The higher values are
obtained for the ‘‘Flat Inner Bay at 30 m’’ at the
entrance of the bay and for the ‘‘Dredged Harbor at
5 m’’ in the harbor, the latter being two and three
times bigger at P6 than of the ‘‘No Island’’ and
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Figure 10
Spectral envelope of the bathymetry effect—W ð f Þ—derived from pink noise simulations (a–f) and spectral envelope of the atmospheric
effect—Ea ð f Þ—derived from the meteotsunami simulations (g–l) for the six studied Vela Luka domains

Table 2
Calculation of the Q factor at point P6 for the six different Vela Luka Bay geomorphologies

Baseline
Dredged Harbor
Flat Inner Bay
Huge Pier
Marina
No Island

f0 (10-4 Hz)

f1=2 (10-4 Hz)

fþ1=2 (10-4 Hz)

Period (min)

Power (–)

Q (–)

9.72
9.72
9.95
9.72
9.72
10.19

9.58
9.21
9.72
9.23
9.53
9.85

9.93
9.83
10.20
9.87
9.89
10.33

17.14
17.14
16.74
17.14
17.14
16.35

12,210
19,840
9119
9750
12,930
19,960

28
16
21
15
27
21

‘‘Baseline’’ simulations, respectively. As the highest
maximum elevation was found for the ‘‘No Island’’
case, it implies that either the I factor does not fully
capture the effect of the bathymetry or, as the highest
maximum elevation is obtained for a pressure wave
period of 7.8 min, that this geomorphological configuration is fully excited for higher forcing
frequencies than used in the simulations,
f 2 ½0:0018; 0:0024 Hz.

The effects of the bathymetry on the resonance
having been quantified with the I factor, the total
amplification factor (known as H factor, Rabinovich
2009) which embrace effects of both the forcing (the
difference between forcing frequencies and eigen
oscillation frequencies) and the bathymetry should
now be presented. However, as the original definition
of the H factor depends on the Q factor which has
been found to not fully represent the effects of the
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Figure 11
Variation of the I factor along Vela Luka Bay for the six studied geomorphological configurations

bathymetry, the amplification factor should be redefined with a new formulation.
The first step towards this new definition is to
properly represent the transfer of energy from the
atmospheric forcing to the ocean. This is achieved
with the calculation of the transfer function as
presented in Monserrat et al. (1998).
As seen in Fig. 10g–l, the atmospheric effects
represented by the spectral envelope Ea ð f Þ are (and
should be) quasi-independent of the geomorphology
of Vela Luka Bay and the studied location. To make
sure that the calculation of Ea ð f Þ remains unaffected
by the ADCIRC model behavior in the shallow water
areas, it is calculated at the boundary of the domain
(point P0). In addition, the spectrum of the pressure
ðiÞ
field forcing—P0 ð f Þ for i 2 1; . . .; 6401, is also calculated for each of the meteotsunami simulations and
the envelope of the transfer function between the
atmosphere and the ocean is defined as:
!
ðiÞ
Ea ð f Þ
T ð f Þ ¼ max
ð6Þ
i21;...;6401 PðiÞ ð f Þ
0
The spectral envelopes of Ea ð f Þ; P0 ð f Þ and T ð f Þ,
presented in Fig. 12, show the differences between
total effects of the pressure field forcing and actual
energy transfer from the pressure field to the ocean. It
is important to keep in mind two important facts
while comparing these three spectral envelopes: (1)
the transfer function T ð f Þ gives the maximum
transfer of energy at each frequency derived from
6401 meteotsunami simulations; then T ð f Þ 6¼ PE0a ðð ff ÞÞ,

Figure 12
Spectral envelopes of the atmospheric effect Ea ð f Þ (top panel), the
atmospheric pressure forcing P0 ð f Þ (middle panel) and the transfer
function T ð f Þ (bottom panel) calculated at the open boundary of
the six Vela Luka Bay domains

and (2) P0 ð f Þ represents the maximum energy of the
pressure forcing imposed to the Vela Luka domains at
each frequency; then P0 ð f Þ is only defined for
frequencies f 2 ½0:00055; 0:033 Hz as the period of
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the imposed pressure fields varies between 300 and
1800 s. In Fig. 12, T ð f Þ can be seen as the worst (or
more energetic) case scenario at each frequency in
terms of meteotsunami impact on Vela Luka Bay. It
is interesting to notice that the most energetic transfer
(about 340 m2/mbar2) is found for the frequency
0.0006019 Hz, corresponding to the period of
approximately 28 min. The pressure field associated
with this maximum transfer is coming from the point
of coordinate ð15:98 E, 41:30 NÞ and propagating
towards 75 N at a speed of 27.5 m/s with a period of
27.2 min
and
the
following
parameters:
PA ðxÞ ¼ 225 Pa,
N ðxÞ ¼ 73,
nðxÞ ¼ 0:025,
dðxÞ ¼ 136; 476 m. As a result, first, given the
direction of propagation of the pressure field, only a
reflected meteotsunami wave can reach Vela Luka
Bay in these conditions, and second, given the
propagation speed, the Proudman resonance can
occur at the entrance of Vela Luka Bay at around
77 m depth. In addition, the maximum elevation
associated with these specific conditions, is \ 0.15 m
at point P6 (and about 0.05 m at point P0) and thus
the modelled meteotsunami wave is extremely small.
As seen before, the period of Vela Luka Bay
resonance is around 17 min for all the geomorphological configurations, which corresponds to a
transfer of only about 2 m2/mbar2, but should be
responsible for the most destructive meteotsunami
conditions within the bay.
With the aim to obtain the amplification linked to
the joint effects of the bathymetry and the pressure
forcing, the non-dimensional amplification factor H
is re-defined in this study as:
W ð f ÞT ð f Þ
H ð f Þ ¼ R fs
:
1
fs 0 W ð f ÞT ð f Þdf

ð7Þ

This new definition of the total amplification of a
bay due to both the geomorphology and the meteotsunami forcing rely on the fact that the spectral
envelope W ð f Þ is a good proxy of the bathymetry
effects and T ð f Þ represents the maximum transfer of
energy expected at each frequency for any meteotsunami condition. These two assumptions are
discussable as W ð f Þ is constrained by the bathymetry
data and the resolution used in the model, while the
transfer function T ð f Þ has been obtained with a
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limited number of idealized pressure fields not
necessarily representative of the complexity of the
pressure fields responsible for measured meteotsunamis. However, the H ð f Þ factor presented in
Fig. 13 at points P1–P6 for the six Vela Luka
domains is found to be an accurate proxy to estimate
the relative amplification expected in case of meteotsunami, given the available data and within the range
of hypothesis made in this study.
First, for all the domains, (1) the amplification at
the frequency 0.0009491 Hz—corresponding to a
period of 17.5 min close to the resonance of the bay
(varying between 16.36 and 17.45 min, depending of
the geomorphology)—is nearly doubling between the
entrance of the bay (at point P1) and the Vela Luka
harbor (at point P6), and (2) the amplification at
frequency 0.0006019 Hz (period of 28 min)—corresponding to the maximum peak of the transfer
function—is decreasing between P1 and P6. Thus,
the resonance due to the geomorphology is growing
while the resonance due to the imposed pressure field
forcing is attenuating within the bay. However, for all
the domains except the ‘‘Dredged Harbor at 5 m’’, the
amplification due to a potential pressure wave forcing
with the 28-min period is bigger than the one found
for a pressure wave forcing with a period close to the
eigen mode of resonance of the bay.
Second, the highest value of the amplification
factor (about 92) is found for the ‘‘Dredged harbor at
5 m’’ case at a period of 17.5 min, which confirms
that dredging the harbor would definitely increase the
maximum elevation within the Vela Luka harbor
during meteotsunami events.
Third, an extremely interesting feature is that—
mostly for the ‘‘No Island’’ and the ‘‘Flat Inner Bay at
30 m’’ cases—the amplification factor at frequencies
between 0.0023 and 0.0028 Hz (periods between 5.95
and 7.24 min) is increasing from nearly zero at point
P1 to a maximum of 37 inside of the Vela Luka
harbor (points P4–P6). This value is found for a
period of 7 min in the case of the ‘‘No Island’’
geomorphology and 6.15 min for the ‘‘Flat Inner Bay
at 30 m’’ domain. Within the harbor, this amplification of 37 is the biggest value found for these two
domains, except for the one at 28-min period (around
40). The amplification factor thus suggests that the
point P6 of the ‘‘No Island’’ geomorphology is fully
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Figure 13
Variation of the amplification factor H ð f Þ following the frequency and the chosen location of Vela Luka Bay (points P1–P6) for the six
studied geomorphologies

excited for a period of 7 min, which is in good
agreement with the fact that the highest maximum
elevation of this domain was found for a pressure
wave forcing of a 7.8-min period. Concerning the
‘‘Flat Inner Bay at 30 m’’ case, the amplification
factor found at a period of around 6 min may be
responsible for the early stage oscillations noticed at
point P6 and discussed in Sect. 3.1. These oscillations, that were thought there to be a numerical
instability, may thus be the response of the modified
domain to the meteotsunami forcing.
Finally, the ‘‘Baseline’’, ‘‘Huge Pier’’ and ‘‘Marina’’ domains have similar amplification factors even
if, within the harbor for the 17.5-min period, the
factor is slightly higher for the ‘‘Huge Pier’’ (44) and
‘‘Marina’’ (39) cases than for the ‘‘Baseline’’ (31).

3.3. Methodology Description and Application
Based on the results from Sect. 3.2, a new
methodology to study the impact of geomorphological changes to harbor resonance during
meteotsunami events, is proposed. It consists of the
following steps: (1) definition of the stochastic
synthetic atmospheric forcing responsible for the
meteotsunami generation at the studied location, (2)
definition of the distributions and the values of the
stochastic parameters of the synthetic atmospheric
forcing, (3) generation of the numerical simulations
for the baseline geomorphology of the studied
location, (4) computation of the bathymetric effect
Wb ð f Þ of the baseline case (either with measurements
or pink noise simulations) and the transfer function
T ð f Þ (Eq. 6) associated with the set of simulations
forced by the synthetic atmospheric forcing, (5)
generation of the bathymetric effect of the new
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geomorphological condition to be tested under
meteotsunami events Wn ð f Þ (with pink noise simulation) and (6) calculation of the I factor (Eq. 5) and
the harbor amplification H ð f Þ (Eq. 7) for both the
baseline and new geomorphological conditions.
Following the results from Sect. 3.2, the Vela
Luka harbor could have a different period of
resonance than the entire bay when the geomorphology is drastically changed (‘‘No Island’’ and ‘‘Flat
Inner Bay at 30 m’’ cases). To test the effect of the
harbor on the amplification of the meteotsunami
waves within Vela Luka Bay, the above presented
new methodology is applied to two geomorphological
changes of the harbor (Fig. 14): (1) the ‘‘Straight
Harbor’’ case where the L shape harbor is replaced
with a straight line and (2) the ‘‘No Harbor’’ domain
where the Vela Luka harbor is artificially filled.
As steps 1–4 of the methodology were already
presented in Sect. 3.2, the only two remaining steps
are the calculation of the bathymetry effect W ð f Þ of
the two new geomorphologies of the Vela Luka
harbor—found by applying pink noise at the open
boundary of the domains, and the derivation of the
new parameters of harbor resonance.
The comparison of the ‘‘Straight Harbor’’ and
‘‘No Harbor’’ to ‘‘Baseline’’ spectral envelope W ð f Þ
for points P1–P4 is presented in Fig. 15. It shows that
changing the L shape of the harbor to a straight line
has little effect to the spectrum. However, for the
‘‘No Harbor’’ case, two other peaks—equal in energy
to the major peak or even more energetic—can be
found for periods around 10 and 7 min, joined with a
peak of resonance around the 17 min period (slightly
shifted to 16.7 min instead of 17.15 min).
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The I factor distribution, calculated from point P0
to point P4/P6 (see Fig. 16), computed for the
‘‘Straight Harbor’’ and ‘‘No Harbor’’ cases, reveals
that the maximum resonance of Vela Luka Bay is
obtained for the ‘‘No Harbor’’ geomorphology. For
this domain, the I factor reached a value of 600 at
point P4, surpassing the one found for the ‘‘Dredged
Harbor at 5 m’’ case (390). Thus, a substantial
amplification of meteotsunami waves would be
expected for this geomorphological configuration. In
addition, the I factor of the ‘‘Straight Harbor’’ and
‘‘Baseline’’ cases is quasi-identical between points P0
and P5, but is higher (440 vs. 330) for the ‘‘Straight
Harbor’’ domain at point P6. It may thus be expected
that the ‘‘Straight Harbor’’ configuration amplifies
more the meteotsunami waves than the ‘‘Baseline’’
geomorphology.
The transfer function T ð f Þ calculated in Sect. 3.2
for the baseline case, is used to derive the amplification factor H ð f Þ of the ‘‘Straight Harbor’’ and ‘‘No
Harbor’’ domains (see Fig. 17). Identically to all the
other domains, the maximum values of the amplification factor are found at periods of 28 min due to the
effect of the pressure field forcing and 17 min due to
the natural resonance of Vela Luka Bay. However,
the highest value of the amplification factor is found
at a period of 7 min and reaches up to 100 at points
P3 and P4 in the case of the ‘‘No Harbor’’ domain.
That is about 10 times the value found for the 17-min
period and more than twice the value found for the
28-min period. The results obtained for the ‘‘No
Harbor’’ domain are similar to the ones found for the
‘‘No Island’’ case, which was generating the highest
maximum elevation at point P6 for all studied

Figure 14
‘‘Straight Harbor’’ and ‘‘No Harbor’’ domains used to test the effect of the shape of the Vela Luka harbor on the amplification of
meteotsunamis
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Figure 15
Spectral envelope of the bathymetry effect—W ð f Þ—derived from pink noise simulations for the ‘‘Straight Harbor’’ and ‘‘No Harbor’’
geomorphologies in comparison with the ‘‘Baseline’’ case

Figure 16
Variation of the I factor along Vela Luka Bay for the two new geomorphological configurations in comparison with the ‘‘Baseline’’ domain
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Figure 17
Variation of the amplification factor depending on the frequency and the chosen location of Vela Luka Bay (points P1–P4) for the two new
geomorphologies in comparison with the ‘‘Baseline’’ case

domains. As the amplification factor at a 7-min
period found for the ‘‘No Harbor’’ case is even higher
than the one of the ‘‘No Island’’ case, it can be
expected that such a geomorphology would produce
the most destructive meteotsunami waves. The
‘‘Straight Harbor’’ case, however, would only slightly
increase the amplification of the 17-min period
meteotsunami waves, as the amplification factors of
the ‘‘Straight Harbor’’ and ‘‘Baseline’’ simulations at
point P4 are, respectively, of 40 and 32.
Conclusively, the presence of the narrow and
shallow harbor is having a damping effect on the
resonance of meteotsunami waves entering Vela
Luka Bay and the presented methodology allows to
quickly assess the effect of geomorphological
changes on the harbor resonance during meteotsunami events.

4. Conclusions
When addressing the issue of producing statistics
and hazard estimates for rare events, a great challenge
is the low number of available in situ data. A solution
is to combine both idealized stochastic forcing and
high resolution numerical modelling to massively
produce an ensemble of simulations. The advantage
of such an approach is the quasi-unlimited combinations of parameters on which hazard estimates are
dependent, allowing to produce proper statistics and
hazard quantification. This study documents such an
approach for meteotsunamis, rare but destructive
events, for which high-resolution atmosphere (air
pressure) and ocean (sea level) measurements useful
for the determination of important process parameters
are available for just a decade and in insufficient
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number to extract statistics. Thus, idealized air pressure forcing defined by a series of parameters were
used and the presented statistics have been built on
some chosen combinations of these parameters.
However, it is also clear that this kind of work
incorporates many limitations: (1) the equation of the
idealized pressure field is far from being representative of the complex structure and shape of the
realistic pressure fields responsible for the meteotsunamis; (2) the ranges of definition of the stochastic
parameters used in the pressure field equation were
defined, in the best case, with the available limited
measurements and, otherwise, with some educated
guesses and thus may not totally cover the range of
the ‘‘real’’ meteotsunami conditions; (3) even with
access to supercomputers and efficient storage facilities, the number of simulations that can be performed
to produce meaningful statistics is limited, and thus
choices have to be made in terms of the conditions to
run: in this study the Gauss-Patterson sparse grid
definition was used to produce the 6401 simulations
forced by synthetic pressure disturbances; (4) also
due to computing and storage limitations, the maximum resolution of the unstructured mesh used in the
numerical model is constraint to 15 m; (5) if high
resolution is mandatory to properly represent the
complexity of the coastline, it cannot compensate for
the lack of available bathymetry data which is a
critical parameter of the bay and harbor resonance;
(6) oversimplifications made by neglecting both the
tidal and the wind forcing are yet another source of
uncertainty added to the accuracy of the model
results, and (7) no numerical model, even less the
barotropic ones, can pretend to fully represent the
atmosphere–ocean chaotic system, thus the numerical
results of this study can only be used to define the
sensitivity of Vela Luka Bay to both geomorphological changes and meteotsunami forcing and not to
properly quantify the meteotsunami hazard without a
careful assessment of their accuracy.
Nevertheless, within the presented limitations,
this numerical study achieved several important
goals: (1) the statistics of the maximum elevation
distribution, presented in Sect. 3.1, reveal that
dredging the Vela Luka harbor would surely increase
the risks associated with meteotsunami hazards,
which is not necessarily an intuitive result; or that the

presence of a badly designed pier may also slightly
amplify the meteotsunami waves within the bay,
which is in contradiction with the previous results
found by Lončar et al. (2010); (2) the highest values
of maximum elevation, and thus the biggest meteotsunami hazards are found to be linked with only two
specific conditions of pressure wave propagation—
including solely the starting location, the direction,
the speed and the period (others parameters can vary
without strongly influencing the meteotsunami
waves); (3) the new methodology used to define the
harbor resonance (I factor) in Sect. 3.2, has been
proven to be in good agreement with the statistics of
maximum elevation, which was not the case of the Q
factor broadly used in harbor design studies; and (4)
the re-definition of the H factor, in Sect. 3.2, has been
found to be extremely advantageous, as once the
transfer function is extracted from a set of simulations forced by various stochastic pressure fields (or,
if existing, a set of measurements) for a unique
geomorphology—for example for the baseline
domain—it can be used to calculate the amplification
factor H of any other domain without any additional
simulation except the random noise simulations.
Given the promising results found for Vela Luka
Bay, newly defined factors of harbor amplification
should be tested and further validated in other harbor
resonance studies, particularly within the framework
of the quantification of meteotsunami hazard which
excite the harbors or bays for periods greater than
10 min. With such applications, more experience can
also be acquired to: (1) optimize the equation used to
define the stochastic pressure fields; (2) adjust the
number of stochastic variables that must be used and
better define their prior distribution (which was taken
as uniform in this study); (3) validate the methodology for in situ measurements; (4) compare results
obtained for different bays and harbors located
around the world and known to be sensitive to the
influence of meteotsunamis, and (5) build a world
map of the meteotsunami hazards for hot spot areas.
To conclude, the numerical results presented in
this study highlight the importance of using a proper
approach to estimate meteotsunami hazards when
planning coastal interventions in hot spot areas and
may be a step towards the definition of new
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engineering standards concerning harbor resonance
due to meteotsunami events.
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