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Abstract. In the framework of RISKMED project, three 1 Introduction
different high-resolution limited area meteorological models

(BOLAM, MOLOCH and WRF) have been run over south- gayong the range of few hours, weather forecasts are based

ern Italy for the retrospective analysis of three case studie_%n the use of numerical weather prediction (N\WP) models.

characterized by strong winds and severe wave conditions % ,ch models solve numerically the physical equations de-

the lonian, southern Adriatic and southern Tyrrhenian Seasscribing the atmospheric motions and processes. They are

All the models were able to reproduce the main meteorology,q,4ly divided into two major categories: global circulation

ical r:eatqre(js;?flzach ev?nt.d by th loaical model models (GCMs) and limited area models (LAMs). GCMs
The wind fields simulated by the meteorological models ., 5 global coverage but a coarse horizontal resolution,

and those provided by the ECMWF analysis have been iny,,qeq by the limited computational resources. The task of

gested into a wave model (WAM) for the hindcast of the main o4 ovihing the weather evolution with greater local accuracy

wave parameters. The results have been compared with tl]g usually pursued by LAMs, which integrate the model equa-
observations of three buoys whose measurements were avaH—Ons only on a limited geographical domain. LAMs require

able in the area of interest.

: ) i the availability of boundary conditions (BCs), which pre-
A remarkable improvement in the representation of the

anifi heigh _ he limited scribe the time evolution of the prognostic variables along the
significant wave height came out using the limited area, o hart of the integration domain. BCs are extracted from

model data IW'th respect tjo thfe ;lmulatlons V\;]helr.e _thgmeteorological fields forecast by lower resolution GCMs or,
ECMWEF analyses were used as forcing. Among the limited;, g,me cases, by coarser resolution LAMs. The applica-

area models, the BOLAM-MOLOCH modelling system pro- i, of high-resolution models allows a better representa-

v!dec: s_llghtlyhbetc';_eﬁr performzni:es. dF“?m the limited slet Oftion of the small-scale forcing due to topographic features,
simulations, the different model predictions came out closer, q of the dynamics and physics affecting the smaller scales,

to each other and more skilful in areas where the waves aps o qcing a physically consistent downscaling of the larger
proach the coastline perpendicularly from the open sea. scale forecasts

The main aim of the INTERREG European project
RISKMED (www.riskmed.net) was the implementation of a
warning system for issuing alerts in case of severe weather
events, such as heavy precipitation, wind storms and high
waves. Although a true meteorological ensemble prediction
system was out of the scope, two weather-prediction chains
have been implemented in similar configurations over south-
ern ltaly (in particular Calabria and Apulia regions and sur-

Correspondence td:. Bertotti rounding seas), with the purpose of producing operational
BY (luciana.bertotti@ismar.cnr.it) high-resolution forecasts up to 72 h. The two modelling
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in terms of both wind and waves forecasting; a comparison
with the available observations is also provided. Finally, a
summary is given in Sect. 5.

Table 1. Meteorological model grid configuration.

MODEL Horizontal Grid Points  Levels Center (lon, lat)
Resolution (km)
BOLAM 16 103x103 40 (16.10, 40.40)
MOLOCH 3.8 150¢162 50 (17.10, 39.79) 2 Model setup
WRF-g1 16 108108 31 (16.18, 40.04)
WRF-g2 4 13%161 31 (17.63,39.81) The meteorological forecasting systems considered in the

present study are based on the application of the following
meteorological limited area models:

systems provided gridded wind fields over similar domains — The hydrostatic model BOLAM, developed at CNR-
in order to force the only wave model available within the ISAC and employed to run meteorological simulations
project. at intermediate resolution.

The capability to produce an accurate estimate of the sea
state is an important issue in terms of socio-economic im-
pact in coastal areas with intense human activity. This is
not a simple task when the area of interest is characterized
by complex orography (Smith, 1979; Agustsson and Olafs-
son, 2009) and/or a rough coastline, as the skill of meteo- _ The non-hydrostatic model WRF, developed in a coop-
rological models in terms of wind field forecasting near the erative effort coordinated by NCAR (USA): the version
ground is significantly reduced in such regions. The use of a | ;5ed at CNR-ISAC for the present project is ARW 2.1,
grid with the highest possible resolution compatible with the implemented in a two-way nesting configuration.
available computational resources improves the model repre-
sentation of the topography and thus can enhance the qualitg description of the modelling systems, BOLAM-MOLOCH
of the meteorological forecasts. Concerning the wave modeland WRF, may be found in Davolio et al. (2007) and Ska-
the runs were downscaled using the nesting technique fromnarock et al. (2005), respectively.

a coarser grid covering the whole Mediterranean basin to a The meteorological model configuration implemented in
smaller area covering Calabria and Apulia regions (southerR|SKMED has been determined by different requirements:
Italy) and Epirus (the Greek region facing the northern lonianthe available computational resources, the need of high-
Sea). A similar approach has been already applied in the pasksolution runs and the necessity of a comparison among the
in the Ligurian Sea where the nesting technique was used t@esults of the different models. Therefore, similar domains
evaluate the sea state along the coast Of Liguria region. Thg_nd gnd reso|uti0ns have been Chosen for the two differ_
results, not published, show that the use of higher resolutiorpnt modelling systems, BOLAM-MOLOCH and WRF. The
grids improve substantially the knowledge of the sea statehorizontal grid resolution is 16 km for the WRF coarse grid
in coastal areas. A similar technique has been applied fognd BOLAM and about 4km for the WRE inner grid and
example by Federico et al. (2004, 2006), that analysed th@/OLOCH. The ECMWF (European Centre for Medium-
influence of different resolutions in the hindcast of sea wavesange Weather Forecasts) analysis/forecasts are used as ini-
during stormy conditions in southern Italy. tial/boundary conditions for the coarse resolution simula-

The present study aims at evaluating the results providedions. The boundary conditions are provided every three
by the different (meteorological-wave) forecasting systemshours. The integration domains of the meteorological models
available within the project. In order to attain this purpose, are shown in Fig. 1a. The largest domain, which covers ap-
the modelling systems have been applied to different severgroximately the central Mediterranean basin, represents the
weather episodes. Three case studies have been selectéstegration area for the WRF coarse resolution domain and,
each one characterized by strong winds and severe wave coapproximately, for BOLAM. The WRF inner domain and
ditions in the southern Tyrrhenian, lonian and southern Adri-MOLOCH grid cover the entire southern Italy and the ad-
atic seas. The final purpose of these simulations is to test th@icent seas, including Apulia and Calabria regions, two of
operational implementation of the high-resolution numericalthe target areas of the project. The configurations for both
modelling chains and to validate its results through comparithe modelling systems are summarized in Table 1, while the
son with local measurements, with the aim of providing cor- parameterisation schemes for the three models are shown in
rect warnings to the end-users with suitable advance in timeTable 2.

The paper is organized as follows. In Sect. 2, a brief de- Concerning the wave modelling, we used the WAM
scription of the models setup is provided. A synoptic analysismodel. Developed by a group of scientists from different
of the three case studies is presented in Sect. 3. In Sect. 4puntries around the world, the model is presently used by
the results obtained with the different models are comparednost of the main meteorological centres to provide the wave

— The non-hydrostatic model MOLOCH, developed at
CNR-ISAC, one-way nested into BOLAM in a smaller
domain and applied to simulations at higher horizontal
resolution.
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Table 2. Parameterization schemes for the different models. Note that the convective parameterization is not active on the WRF inner grid.

Parameterisation BOLAM MOLOCH WRF
Microphysics Schultz Drofa and Malguzzi  Thompson et al.
Convection Kain-Fritsch / Kain-Fritsch (KF-Eta)

Longwave radiation ECMWF+Geleyn ECMWF and Geleyn RRTM

Shortwave radiation ECMWF+Geleyn ECMWEF and Geleyn Dudhia

Boundary layer E-l closure E-l closure Yonsei University (YSU)
Soil 4-layer (Drofaetal.) 4-layer (Drofaetal) 5-layer thermal-diffusion

forecast at global as well as at local scale. The master ref-
erences are WAMDI Group (1988), Komen et al. (1994) and
Janssen (2007). The requirements of the high resolution for
a better definition of the weather and sea conditions led to
the use of the nesting technique. For this reason two grids
with different resolution have been considered when running
the wave model. The coarser one covers the whole Mediter-|
ranean basin with resolution of 2/4vhile the inner one, cen- '
tred over the area of interest, has a grid step of 1/Tkhe
last one is presented in Fig. 1b.

In order to test our system before an operational use,
the whole procedure has been experimented with different
weather conditions characterized by episodes of strong winds
and high wave conditions. Three different periods have been
selected: 9-15 December 2005, 17-20 April 2006 and 1-
4 January 2007. These events affected the coastal area
of Apulia and Calabria regions and Epirus. For the two
case studies of 17-20 April 2006 and 1-4 January 2007, the
runs start at 12:00 UTC of the first day. Each run has pro- woaan BOR BOD 1300 1540 1BOD  TI00 3400
duced a sequence of wind fields at 3-h interval for atotal | = %\ | Y= ' o | |
forecasting time of 72 h. For the other case study of 9-
15 December 2005, due to its longer duration (6 days), the [
wind fields have been produced by a sequence of runs eacl| ™ |
one lasting for 48 h and partly overlapping, starting respec-
tively at: 00:00UTC, 9 December; 12:00 UTC, 10 Decem-
ber; 00:00UTC, 12 December; 12:00UTC, 13 December.
The wind fields, employed to force the WAM model, have |
been obtained by a forecast in the range +12—+48 h. Since |’ ;
the output of the meteorological models is not providedona | |
regular latitude-longitude grid, a preliminary interpolation is
necessary to provide the wind fields at the WAM grid point.

Having adopted the nesting technique, the sea conditions
at the border of the inner grid have to be known before run- |-
ning the WAM model on that domain. Because the area of
interest is not completely surrounded by land but presents
some open boundaries, we must expect that a certain amouplfg. 1. (a) Model integration domains. This includes the topog-
of energy, e.g. waves, enters into the area through these boraphy of the outer grid(b) WAM sea points (step=1/28 on the
ders. For these reasons a preliminary run needs to be dorfame grid, where the model is forced with the LAMSs; the red dots
on a larger area, saving the sea conditions at the open bounéhdicate the measurements sites.
aries of the nested grid. In our case the wave model has been
run over the whole Mediterranean Sea using the coarser grid.
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input, the wind from the three different meteorological mod-
els, BOLAM, MOLOCH and WRF. The test runs have been
repeated for each chosen stormy period.

Each simulation provides the evolution of the main wave
parameters (significant wave height, mean flow direction and
mean period) at 3-h interval. The output fields allow to com-
pare the response of the wave model to the different wind
inputs over the whole area. The model results have also
been compared with in situ measurements. To attain this aim
the wave parameters have also been saved at the location of
three buoys (Fig. 1b): Monopoli, close to Apulia coast in the
southern Adriatic Sea, Cetraro, near the coast of Calabria in
the southern Tyrrhenian Sea and Crotone, close to the lonian
coast of Calabria.

3 Synoptic analysis

As mentioned before, three different periods characterized by
heavy storms have been chosen to test the models. A brief
description of the synoptic conditions observed during the
three case studies is reported hereafter.

3.1 9-15 December 2005

The first event is characterized by two distinct phases of
high waves, due to intense easterly flows affecting the lo-
nian Sea associated with a deep cyclonic circulation over the
Mediterranean. At 00:00UTC, 9 December 2005, a deep
upper level trough extends from north-eastern Europe into
the central Mediterranean basin; during the following 24 h,
the trough evolves into a deep cut-off low, centred between
Tunisia and Sardinia. Thus, an intense cyclonic easterly low-
level flow develops, associated with a low pressure centre lo-
calized over the southern Mediterranean Sea. At 00:00 UTC,
12 December, the pressure minimum has moved northward
and is localized over the southern Tyrrhenian Sea, while a
deep upper level cyclonic circulation affects the western and
the central Mediterranean. On the following day, an outbreak
of cold air from northern Europe feeds the cut-off again, and
a deep low pressure system rapidly develops to the east of
Tunisia, in phase with the upper level minimum on 14 De-
cember (Fig. 2a). At 00:00 UTC, 15 December, the minimum
has patrtially filled in while moving eastward.

Fig. 2. The NCEP-NCAR (National Centre for Atmospheric .
Research-National Centre for Environmental Prediction) reanalysiss'2 17-20 April 2006

(source:www.wetterzentrale.ge mean sea level pressure (in hPa, . . .
white lines) and 500 hPa geopotential height (in m/10, colours) at! "€ Seécond event is associated with the presence of a

00:00 UTC of: (a) 14 December 2005p) 19 April 2006 and(c) pressure minimum over the lonian _Sea. At 00:00UTC,
3 January 2007. 18 April 2006, a high pressure centre is present over the At-

lantic Ocean, marginally affecting Spain and France, while

the main cyclonic circulation affects the northern Europe.
A preliminary run of WAM has been done using as input Over the Mediterranean Sea, a low pressure system, sig-
the analysed surface wind from the ECMWF global meteoro-nificantly deepened during the previous 24 h, is centred
logical model. Hence, the wave model has been run using, agver Tunisia. The associated cyclonic circulation affects the
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central and southern Italian regions, forcing intense south-[j
south-easterly flow and waves in the lonian Sea that reach ¢
height of 3 meters at the peak of the storm (in the evening \'
of 18 April). This pressure minimum is positioned to the
east side of a weak upper level trough affecting the western = 7
Mediterranean Sea and rapidly moving eastward, so that in = L,/[\R\fi:ﬂ Ll
the following 24 h (Fig. 2b) the minimum further deepens RSSO
while moving north-north-eastward. At the same time, also \’ T

the upper level trough intensifies, originating a cut-off that ") =
gets in phase with the low level vortex, centred over southern .
Italy. 5

4 “
'q\\\\\\\\x\i.\
(1 1 ohpesssefae
s .
el vataliees Ay

3.3 1-4 January 2007

The third event is characterized by the transit of a trough over _
the ltalian peninsula. The synoptic situation at 00:00 UTC,
1 January 2007, presents a high pressure centre extending

from the Atlantic Ocean into the central Mediterranean SeaFig. 3. Wind (top panels) and wave (bottom panels) fields at
both at low and upper levels. By the following day, the an- 12:00UTC, 11 December 2005, corresponding to the_ peal_< of the
ticyclone shifts westward over the Atlantic Ocean, immedi- S©0'™: (&) BOLAM, (b) MO';QCH (c) WRF forecast wind (iso-
ately to the west of the Iberian Peninsula, with its main ridgeEﬁChbsl ar? pIotFed everr]y .4;: ,fthe strtotr)lgc\e/\r/AtI;Ae wnréd,égi:’z\aﬂeper
elongated from north-west to south-east. Consequently, th @ blue tone); wave heights forecast by us{dy !

. . ?e) MOLOCH and(f) WRF wind fields as input. Isolines of signif-
pressure weakens over the central Mediterranean Sea, W'thi@ant wave height are plotted every 1 mm. Blue tones for different

minimum immediately to the lee side of the Alps. At upper \aye heights — the higher the waves, the darker the colour. Red
levels, a trough is localized between France and Spain, asarrows indicate the mean flow direction of waves.
sociated with a strong pressure gradient, and moves into the
Mediterranean. The whole pressure pattern shifts eastward
24 h later (Fig. 2c): an intense cyclonic circulation, associ-of these runs, which have a resolution definitely coarser com-
ated with a deep low centred over Bulgaria, affects the centrapared with the LAMs, will only be partially commented. A
Mediterranean with a strong pressure gradient mainly local-<comparison with wave measurements is also performed. The
ized between Tunisia and Calabria region and over the loniamesults of the comparison are discussed hereafter for each
Sea. Here, strong north-westerly winds develop generatingtorm.
waves with about 4-5 m of significant wave height. At upper
levels, a trough is now elongated from northern Europe into4.1 9-15 December 2005
the Mediterranean and affects the whole Italian peninsula.
After further 24 h, the pressure pattern shifts farther east-All the meteorological models are able to reproduce the me-
ward, so that the minimum is localized over the Black Seateorological evolution of the storm. We concentrate our dis-
and a residual cyclonic circulation over Italy remains con- cussion at 12:00UTC, 11 December 2005, at the peak of
fined only over the lonian regions. the event. All the models reproduce correctly the prevailing
easterly wind associated with the cyclonic circulation cen-
tred over the southern Mediterranean Sea (see Sect. 3.1), al-
4 Results though some discrepancies emerge among the different mod-
els. Compared to the LAMs, the ECMWF analysis (not
Each one of the described storms has been simulated rurshown) shows weaker wind speed maxima, especially over
ning the wave model using as input the wind produced bythe lonian Sea and along the Tyrrhenian coast. This is prob-
ECMWF, BOLAM, MOLOCH and WRF meteorological ably a consequence of the coarser resolution that smoothes
models. Both wind fields and wave-correlated fields (sig-the wind field and determines, of course, a significant loss
nificant wave height, mean flow direction and mean period)of small scale details compared with the LAMs. A rota-
have been compared for each time step. Because the watmn of the wind from SE to NE is mainly confined over the
fields are an integrated effect of the wind over the sea, thélyrrhenian Sea and the north-western side of the lonian Sea.
attention is mainly focused on the results of the wave modeBOLAM and MOLOCH predict a strong wind curl in the
when driven by BOLAM, MOLOCH and WRF winds. As lonian Sea, with a significant northerly component on the
already mentioned above, the wind from ECMWF analyseswestern side (Fig. 3a, b), missing in the ECMWF wind field.
has been used to run the wave model only in order to providedue to the finer resolution, the wind pattern is rougher in
the boundary conditions for the nested run. Hence, the resultMOLOCH compared to BOLAM. Finally, the WRF model
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peak, while all the models predict very close wind speeds
over the Tyrrhenian Sea (Fig. 4a, b, ¢). This result could
probably be expected, as this event is characterised by west-
erly winds over the Tyrrhenian Sea, coming from the lateral
western boundary. Since the portion of the Tyrrhenian Sea
included in the model domain is very small, the forcing im-
posed by the boundary conditions dominates the response of
the LAMs over the internal model dynamics. Finally, only
MOLOCH and WRF predict some localised wind maxima in
the southern lonian Sea, close to the coast of Calabria and
Sicily, as only the high-resolution models can resolve the
very rough topography of the region, responsible for chan-
nelling effects. In general, the wave heights predicted by
WAM forced with the ECMWF analysis and BOLAM are

{ /XH NN et a bit larger than for the other models, while the results for
o ——— R MOLOCH and WRF are very close each other (Fig. 4d, e, f).
Fig. 4. As in Fig. 3 but at 18:00 UTC, 18 April 2006. 4.3 1-4 January 2007

For the last case, the maxima wave heights are recorded at
does not reproduce the cyclonic circulation predicted by theCetraro and Monopoli buoys at around 00:00UTC, 3 Jan-
other models over the lonian Sea (Fig. 3c). Therefore, no siguary 2007. At that time, the forecast wind fields suggest the
nificant wind curl is simulated there by WRF and the wind re- presence of a pressure minimum, centred on the east side of
mains east-south-easterly also over the Tyrrhenian Sea. Thihe Adriatic Sea, close to the coasts of Montenegro and Al-
wind speed predicted by WRF is weaker on the Adriatic Seapania. This cyclone was not present in the large-scale analy-
while over the Tyrrhenian and the lonian Sea is slightly moresis shown in Fig. 2c probably because of the low horizontal
intense. The absence of wind curl over the lonian Sea in theesolution. A strong north-westerly wind is present on the
WRF model simulation may be due to differences in bothwestern side of the minimum over the Adriatic Sea (Fig. 5a,
model setup and physics: for example, the different way tob, c), close to the south-eastern Italian coasts. The maxi-
treat the horizontal diffusion or the different treatment of the mum intensity is present in ECMWF (not shown) and WRF
low level fluxes of heat and humidity, as discussed in Migli- (peak larger than 20 nT$), while the wind speed is weaker
etta et al. (2008) and Davolio et al. (2009), can determinein MOLOCH and BOLAM. A similar pattern occurs over the
significant differences among the two modelling system out-lonian Sea. Over the Tyrrhenian Sea, all the models predict
puts. The smaller number of vertical levels in the WRF very similar wind speeds probably due to the strong forcing
model (Table 1) may also determine a less detailed represerprovided through the close western boundary (as discussed in
tation of the physical processes near the surface. As a corsect. 4.2). As a consequence, the waves predicted by WAM
sequence, the wave height predicted by WAM forced with (Fig. 5d, e, f) forced with WRF reach a maximum height of
WREF is 1 meter lower than for the other models in the Adri- 6 m along the Italian coast of the southern Adriatic Sea and
atic Sea and higher in the Tyrrhenian Sea (Fig. 3d, e, f). Oveare significantly higher also in the lonian Sea. On the con-
the lonian Sea, the area of high waves (higher than 5m) pretrary, the ingestion of BOLAM and MOLOCH wind fields
dicted by WAM forced with WRF is larger and shifted to the into WAM brings to a maximum of 5 m in the same area.
west compared to BOLAM and MOLOCH. Over the southern Tyrrhenian Sea, the forecast wave fields

are similar.
4.2 17-20 April 2006

4.4 Comparison with measurements
We concentrate our discussion on the different results ob-
tained at 18:00 UTC, 18 April 2006, corresponding to the A validation of the results has been done comparing the out-
time of the maximum wave height. All the models agree put of the WAM model with in situ measurements. A series
pretty well in reproducing a cyclonic circulation centred to of wave measurements was available at that time from the
the west of the Tyrrhenian coast (Fig. 2b). The discrepancielRON (Rete Ondametrica Nazionale; De Boni et al., 1993)
among the different models are of minor importance com-Italian buoy network. Out of the whole set of buoys, three
pared to the previous case study, and concern mainly thevere located at a distance between 3 and 5km from the
intensity of the wind in the different areas. In particular, coast, in the area of interest for our study: Monopoli, Ce-
the ECMWF analysis (not shown) provides slightly strongertraro, and Crotone (see their position in Fig. 1b). In order
wind speeds over the Adriatic and the lonian Sea during theo compare these data with the outputs of the wave model,
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Fig. 5. As in Fig. 3, but at 00:00 UTC, 1 January 2007.

the most significant wave parameters, that is the significant
wave height, the mean flow direction and the mean period,
have been extracted at the grid point nearest to the position
of each buoy for the whole duration of each storm.

In general, a significant improvement in the prediction of .
wave parameters comes out when the wind field is provided 7AprT | 18Apr  , 19Apr | 20Apr | 21Apr
to the wave model by a LAM rather than a GCM. This re- % B 15 24 32 40
sult is mainly due to the higher horizontal resolution of the =
LAM and is in agreement with the results of previous studies L )
(Cavaleri et al., 2003, 2006).

The comparison between the models and buoy data shows
also that substantial differences occur depending on the di-
rection the waves approach the shore. When the waves ap-
proach the coast perpendicularly, model results and mea-
surements are generally in good agreement. This is evident
in Fig. 6, where the time evolution of the significant wave
height during the three events is presented at the two buoy
locations of Crotone and Cetraro. Each coloured line de-
scribes the WAM results when forced by the four described [wsiwna
wind sources. All the results agree pretty well with the mea- e e L2ty L
sured data, reproducing correctly the intensity and the evolu- time hours 3}
tion of the storms. An exception is the pale blue line (Fig. 6a)
representing the wave height at Crotone during the storm ofig. 6. Time evolution of significant wave height (m) at buoy loca-
December 2005, obtained by forcing the wave model withtions:(a) Crotone, during the storm of December 20(,Cetraro,
the wind forecast by WRF. The overestimation of the peakduring the_storm of April 2006 an@:) J_anuary 2007 (see Fig. 1b for
intensity in this case is due to the absence of the wind curPuoY location). The WAM resolution is 174or ECMWF and 1/16
over the lonian Sea (see Fig. 3 and Sect. 4.1). for the limited area models.

When the waves are parallel to the coast, the differences
between model and buoy data are more evident. Figure 7 dis-
plays the time evolution of the wave height at Monopoli and Crotone, during January 2007. The main discrepancies in
Crotone, during the storm of April 2006 and January 2007,the time evolution can be explained by the different model
respectively. Figures 4 and 5 clearly show the wind blowingresolution, as the use of a coarser grid cannot reproduce the
(and the wave running) parallel to the coast of the southerrstrong variability of the wind near the coast. This results in
Adriatic Sea during both the storms of April 2006 and Jan-a remarkable error of the wave forecasting when the WAM
uary 2007, and along the lonian coast of Calabria close tds forced by the ECMWF wind: the second and main peak at

wiave hzight {m)

— MED 4 - ECMWF
= JOM 16 - BOLAM
! v JOM 16 - WRF
== JON 16 - MOLOCH
®  Measu,

1=

w
]
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Fig. 7. As in Fig. 6 but at(a) Monopoli, during the storm of
April 2006 and(b) Crotone, during the storm of January 2007 (see

Fig. 1b for buoy position).

16 24 32 an

time (hours x 3)

fields are ingested into the wave model for sake of compari-
son. Figures 3, 4 and 5 show that all the modelling systems
are able to reproduce pretty well the time evolution of the
10-m wind, and thus of the wave parameters, although some
differences occur among the different model outputs.

The significant wave heights obtained by the different
model simulations are compared with the measurements reg-
istered at the three buoys located in the area. The results
(Figs. 6 and 7) show, as expected, that the ECMWF large-
scale analyses are not able to capture the detailed struc-
ture of the wind, especially close to rough coastlines, where
the high-resolution models result to be a more appropriate
tool for our purposes. Among the LAMs, the BOLAM-
MOLOCH modelling system outperforms the version of
WRF model adopted in the present study. The analysis of the
results point out that the different model outputs are closer to
each other and are more skilful in areas where the waves ap-
proach the coastline perpendicularly, while their behaviour is
more spread and less skilful in cases when wind and waves
are running parallel to the coast.

Finally, the previous analysis influenced the choice of
the meteorological models employed during the operational
forecasting period of RISKMED project. For its best perfor-
mance, the modelling system BOLAM-MOLOCH has been
chosen in order to provide the wind field to WAM. At the mo-
ment of the submission of the paper, the forecast provided by
the chosen chain is daily presented on the web at the address
(www.riskmed.nét
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Monopoli observed on April 19 is completely missed and the Reviewed by: D. Sacchetti and another anonymous referee
storm of January 2007 is largely overestimated. Much better
results in terms of wave height prediction are obtained when

the WAM is forced by the wind fields forecast by higher res-
olution models. In general, BOLAM and MOLOCH provide

slightly better results with respect to WRF.

5 Conclusions
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