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Abstract. During the night between the 8 and 9 December 2006 the seawall of the Savona harbour (Liguria
Region in north west of Italy) was overtopped by waves. In this work the “Savona flash sea storm” has
been studied by analyzing the data recorded by meteo-marine observing stations and the data prcduced by
high resolution meteo-marine numerical models. The data show that, due to the presence of a fast moving
low pressure system, the event was characterized by a rapid transition and interaction betweéiersvd di
regimes of winds and related sea states.

The results of the study suggest that the most damaging dynamics of the event could be correlated to a bi-modal
structure of the wave spectrum. Based on this the authors suggest that a deeper study of the spectrel structure
of sea storms could lead to define new operational forecasting tools for the preventive evaluation of sea storms
damaging potential.

1 Introduction despite the very high frequency of depressions crossing th
Gulf of Genoa (about 30 a year, Trigo et al., 2002).

The Gulf of Genoa is located in one of the most cyclogenetic Hereafter we give a short description of the synoptic sit
area of the Mediterranean basin (Trigo et al., 2002), whereyation of the case under study. At 00:00 UTC of the 8 De-
the interaction of the synoptic flow with the complex alpine cember 2006 northern and western Europe were under tf
topography cause the development of deep orographic lowsnfluence of a vast low pressure system, formed by a ver
which are usually very dynamic and tend to move quickly deep extra-tropical cyclone (964 hPa) centred between th
to the east driven by the upper level flow. As a conse-British Isles and the Norway coasts (Fig. 2a). Central Eu
quence low level winds show a very rapid transition from rope was &iected by severe weather due to a secondary loy
“Scirocco” (south-east) to “Libeccio” (south-west), with in- over Britannia and the central Mediterranean sea was und

tensity strongly enhanced by coastékets (Onorato et al.,  the efects of a strong and extended sea level pressure gradi

2006). In these cases the sea conditions are characterizeght with consequent intense southerly winds and rough seg
by a complex crossed sea state, resulting from the superposburing the day, as the Atlantic cyclone began to fill mov-
tion of wave components generated bffelient strong wind  ing towards Norway (Fig. 2b), another secondary orographi
fetches. low between the Gulf of Lion and Cote D’azur began to form
In the context of one of these meteorological situations an(Fig. 2c). By the late afternoon the secondary low, enhance
extreme event occurred at the Savona harbour (Fig. 1a) iby a strong upper level jet, moved very quickly to the Gulf
the night between the 8 and 9 December 2006. During suclef Genoa deepening to around 1000 hPa at 00:00 UTC of th
an event the harbour’s seawall (9 m high from sea level) wa®th (Fig. 2d). As a consequence of the rapid movement g
overtopped by waves that damaged several structures on thbe orographic low pressure system, a strong (up to/2) m
docks (e.g. more than 100 cars damaged). This is the only resouth-easterly flow blowing along the eastern part of the Gul
ported event of this kind since 1950 (Savona Port Authority),of Genoa was almost immediately followed by an equally in-
tense south-westerly flow in the western part.

. The Savona harbour is located in the central part of thg
Correspondence toA. Orlandi Gulf of Genoa (Fig. 1a), where the convergence of wind
BY (orlandi@lamma.rete.toscana.it) regimes resulted particularly strong on 8 and 9 Decembe
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ble 1; Fig. 1b): ten coastal meteorological stations (Genova
Sestri — GSES - is the closest observation’s site to Savona
harbour) and one ftshore buoy, positionedfishore Ven-
timiglia, in western Ligurian sea (Fig. 1b). Time series of sea
state and wind data recorded by the stations are extracted for
time windows covering the complete duration of the event.
In addition the met-ocean modelling chain of Tuscany
: Region Weather Service is used to study and describe the
o, mechanisms underlying the event. The modelling chain
S < is implemented and used for operational weather forecast-
4 ing at La.M.Ma (Laboratory for Meteorology and environ-
| e mental Modelling,httpy/www.lamma.rete.toscang.iand is
2 o .
‘ ‘ composed by a meteorological model and a wave model
Kg ; running in cascade. The former is the atmospheric model
lww £ e WRF-ARW (httpy//www.wrf-model.org Janiic, 2003), at a
resolution of 0.12 deg with initial and boundary conditions
from NCEP-GFS (T382L64) at 0.5 deg resolution. The latter

Sa\_fona,,zﬁarbour

[cop [LocALTa is the WW3 wave modelhftpy/polar.ncep.noaa.gpwaves
[MCAL |MONTE CALAMITA | i
MEAL MONTE CALAMITA Wavewatct/wavewat(_:h.htmlTolman et al., 20Q2), running
B e over the whole Mediterranean sea at a resolution of 0.12 deg,
— with a r_u.gh resolution nesting (Q._OZ deg) over the Ligurian
B e o sea (|n_|t|al and boundary conditions are from 'thg coarse
) [coLr el resolution WW3 and WRF-ARW). Atmospheric initial and
Scac |cAPOCAGTA boundary conditions for the present study are taken from the
[AsT BasTa | i
operational run of GFS of the 00:00 UTC of the 8 December
N e — 2006, as a consequence the maximum sea storm peak of the
© Sea Stations event (00:00 UTC of the 9 December) results to be at the 24th

@ Savona harbour

hour of model forecast.

3 Results

Figure 1. Map of the Gulf of Genoa (Ligurian sea, North-West of 3-1 Observation

ltaly) and map of Savona harbour, facing South-East (from: google~rp,¢, gejected meteorological stations show an overall south-
Qc?s;t)(gae)é g/llsggbt:;ellb%catuons of the selected meteo-marine Sta'ea:sterly flow between 12:00 and 24:00 UTC of 8 December
' and south-westerly flow between 00:00 and 12:00UTC of 9

December (Fig. 3), with significant wind speed of more than

with wind gusting up to 25 is and open water waves of more 12 N/'S and gust up to 258 (Imperia and Genova Sestri be-
than 4m of significant wave height. The resulting crossed N9 the most representative, showing that the south_—east was
sea state was characterised by a decaying rough sea from tif§Onger along the coast). The flow was characterized by a

south-east merging with an increasing south-west sea of sirnr-apid change in wind direction (from about I3t about
ilar magnitude. 225) between 21:00 UTC of 8 December and 03:00 UTC of

the 9 December, with a strong flux convergence between a

In this work the meteo-marine conditions of the above de- - i ;
scribed sea storm are studied, trough the analysis of observ lecreasing south-easterly fiow and increasing south-westerly

tions and high resolution numerical models results, in orde ow. Also the wind data recorded by the French buoy

to better comprehend and describe the dynamics that migf‘ﬁ!ear Venyrmgha (Iocatedfﬁshgre 0 the We;t of Savona)
have caused the event. show a similar sequence offférent wind regimes (south-

east turning south-west) with slightly higher values (26 m
and 25 nfs) see Fig. 4.
2 Data and methods Regarding the sea state the French buoy reported signif-
icant wave height up to 3.5m (Fig. 4) withftérent wave
In the study data recorded by eleven stations of the regionaperiods for the two wave components: around 6s for the
surface monitoring of the ARPAL CFMI-PC (Genova, Italy) south-east, and 7 s for the south-west. In particular the south-
and from GTS are used to characterize the sea and wind coreasterly wave component shows a more rapid increase of the
ditions. Two dfferent types of stations are considered (Ta-wave height over wave period ratio (H$ with respect to the
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Table 1. Most representative meteorological stations selected from GTS and the regional network of surface stations (OMIRL) for the|event
of 8-9 December 2006.

Station site Code Station Short  Latitude Longitude Altitude Distance from
type name (m) the coast (km)

Monte Calamita (1) 16198 GTS MCAL 423 104 520 1.2

Monte Rocchetta () MROC OMIRL MROC 4487 9°93 412 0.9
Fontana Fresca (1) FFRE OMIRL FFRE 44 9°09 743 1.7
Ventimiglia (1) 16120 OMIRL GSES 442 8°85 3 0.6

Capo Mele (1) 16153 GTS CMEL 485 817 221 0.3
Imperia (1) IMPE OMIRL IMPE 4388 8°02 60 0.7

Nizza (F) 07690 GTS NIzz 435 72 4 0.3

Boa Ventimiglia (F) 61001 GTS BOAX 430 78 3 40*

Calvi (F) 16522 GTS CALV 4867 817 204 1
Aiaccio (F) 07761 GTS AJAC 4p2 8°8 5 0.5

Capo Caccia (1) 16522 GTS CCAC 4x 817 204 0.3
Bastia (F) 07790 GTS BAST 435 9°48 10 0-4
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Figure 2. Maps of mean sea level pressure from ECMWF analysis valid/A2@®06 06:00a), 12:00(b), 18:00 UTC(c) and 0912/2006
00:00 UTC(d). Isobars are at 4 hPa intervals.
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Figure 3. Wind speed trend (in ys) for the selected meteorological S Q'DD f el '\_ ’\‘
stations. X-axis: UTC time; y-axis: labels of the selected meteoro- § ~ j '\-,‘
logical stations (see Table 1 for correspondence to the names). £ '# Ny =
=100

south-westerly regime, with a significant and rapid increase 2.0 T T
between 15:00 and 22:00 UTC of the 8 December. 022007 922007 Time ()

3.2 Numerical simulation Figure 5. Ventimiglia buoy (see Fig. 1 for position). Trend of
significant wave height (m) versus simulated model wave height.
The results obtained by hindcast model simulations show

overall good agreement with observed data. The meteoro-
logical model WRF-ARW correctly reproduces the location tailed analysis of the temporal evolution of the directional
and time evolution of the 10 m wind speed. Wind velocity is energy spectrum computed by the wave model. In corre-
slightly over-estimated for the south-east and slightly under-spondence of a selected poirftatiore Savona harbour the
estimated for the south-west (against French buoy values, seaodel spectrum shows a first growing broad peak centred
Fig. 4). The WW3 wave model outputs reproduce the evo-at about 154 deg between 12:00 and 23:00 UTC of 8 De-
lution of the two ditferent df-shore sea states in very close cember (Fig. 6), which suddenly splits in two much narrower
resemblance with the observed one. The values of significanpeaks at 00:00 UTC of 9 December (Fig. 7). One of these
wave height seems over-estimated, with a greatéergince  two peaks corresponds to the decaying south-easterly sea,
for the south-west with respect to the south-east (see Fig. 5)and the other growing peak corresponds to the south-westerly
Regarding the events occurred in correspondence of thewell. Such a sudden change of the directional spectrum to-
Savona harbour, the wave model has not given a detailed revards a bi-modal structure is well correlated in time with the
production of the sudden and short lasting increase of seflash rise of wave height that caused the major damages in
state between 21:00 UTC of 8 and 00:00 UTC of 9 Decem-Savona. This suggests that the causes of the event occurred
ber, with waves overtopping the seawall (9 m high) of the in Savona could lay behind the complex hydrodynamic inter-
Savona harbour. This is probably due to the fact that theactions between the two wave modes contemporarily imping-
operational wave forecasting model is aimed to forecast theng on the structures of the harbour. The spectral character-
offshore wave conditions and the physics implemented in itistics of storm events are recently gaining more and more at-
can not reproduce the near shore dynamics (Brandini et altention also from coastal engineering community, and the bi-
2006). Nevertheless interesting features emerge from a denodal structure of the wave spectrum seems to be correlated
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Figure 6. Model energy spectrum for a selected location in front of Figure 7. Model energy spectrum for a selected location in front of
Savona harbour valid for §82/2006 18:00 UTC. Savona harbour valid for ¢82/2006 23:00 UTC.

to more damaging conditions on beaches and coastal stru&!ling results, moreover the detailed study of the directiona
tures (Bradbury et al., 2007). spectra computed by the wave model has shown that th

In order to better elucidate if in this case the spectral bi-most damaging conditions were characterised by a bi-mod
modality could be one of the causes of the event of the(bi-directional) structure of wave spectra computed by the
Savona harbour, our study will prosecute by adding othermodel.

modelling stages by using high resolution coastal hydrody- This study, similarly to other recent publications, suggests

namic modelling techniques (Booij et al., 1999; Copeland,that the analysis of the spectral structure of the sea state dy
1985). In this way it will be possible to correctly represent ing storm events could be useful to identify the most damag
the complex and non linear hydrodynamic interactions thating ones. From this point of view this study must be consid;
could probably generate the conditions for the overtoppingered & preliminary work that will prosecute by refining the
of a nine meter seawall (like the one in Savona) by & o modelling chain with high resolution coastal hydrodynamic

shore sea state characterised by a significant wave height éRodels, by extending the study to other storms (in order t
about 4 m. find statistical correlations between damaging conditions an

In order to define a “bimodality index” (or also “multi- bi-modal or multimodal spectra) and to the time evolution of|
modality”, in the case of more than two peaks) that could beWind and wave patterns generated by fast moving low pres
used operationally by forecasters to highlight the sea storm§Ure systems. The aim of the whole work is to arrive t0

that could result to be the more damaging among the manyhe definition of an operational multimodality index, based
occurring, the study will try to connect the modelling activi- On the analysis of the forecasted spectra, that could be

ties with statistical correlation analysis between the spectrah€lp to forecasters in identifying the most probably dangert

structure and the amount of damage caused on coastal strug!S events.
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4 Conclusions

Edited by: F. Stel and D. B. Giaiotti
The study of a sea storm event with particular damagingreviewed by: two anonymous referees
consequences on Savona harbour structures, in the Gulf of
Genoa (Italy) has been performed by using meteo-marine
observations from coastal stations and dfishore buoy
and a meteo-marine modelling chain. Such a study showed
an overall good agreement between observations and mod-
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