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Abstract. Atmospheric datasets coming from long term re-  Second, the influence of the choice of the RCM configu-
analyzes of low spatial resolution are used for different pur-ration has an influence one order of magnitude smaller than
poses. Wind over the sea is, for example, a major ingrethe improvement induced by the initial downscaling. The
dient of oceanic simulations. However, the shortcomingsuse of spectral nudging or of a smaller domain helps to im-
of those datasets prevent them from being used without aprove the realism of the temporal chronology. Increasing the
adequate corrective preliminary treatment. Using a regionatesolution very locally (both spatially and temporally) im-
climate model (RCM) to perform a dynamical downscaling proves the representation of spatial variability, in particular
of those large scale reanalyzes is one of the methods used regions strongly influenced by the complex surrounding
in order to produce fields that realistically reproduce atmo-orography. The impact of the interactive air-sea coupling is
spheric chronology and where those shortcomings are comegligible for the temporal scales examined here. Using two
rected. Here we assess the influence of the configuratiodifferent forcing datasets induces differences on the down-
of the RCM used in this framework on the representation ofscaled fields that are directly related to the differences be-
wind speed spatial and temporal variability and intense windtween those datasets. Our results also show that improving
events on a daily timescale. Our RCM is ALADIN-Climate, the physics of our RCM is still necessary to increase the
the reanalysis is ERA-40, and the studied area is the Mediterrealism of our simulations. Finally, the choice of the opti-
ranean Sea. mal configuration depends on the scientific objectives of the
First, the dynamical downscaling significantly reduces thestudy for which those wind datasets are used.

underestimation of daily wind speed, in average by 9 % over.
the whole Mediterranean. This underestimation has been
corrected both globally and locally, and for the whole wind 1
speed spectrum. The correction is the strongest for peri-

ods and regions of strong winds. The representation of Spagnergy transfers that occur at the air-sea interface drive the
tial variability has also been S|gn_|f|cantly improved. On the dynamics of the surface oceanic mixed layer. These trans-
other hand, the temporal correlation between the downscalegh,s are associated with momentum, turbulent and radiative

field and the observations decreases all the more that ong,ves in which wind plays a major role. Wind is indeed the
moves eastwards, 'i.e. furt_her from the atmospheric flux enyriver of wind stress. It is also a major forcing of the tur-
try. Nonetheless, it remains0.7, the downscaled dataset pjent heat exchanges, since the latent and the sensible heat
reproduces therefore satisfactorily the real chronology. fluxes as well as the turbulent transfer coefficient directly de-
pend on the wind speed. Wind forcing (speed and direction)
is therefore a major ingredient of oceanic numerical simula-
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simulate the Mediterranean Sea circulation. This is due to th€009), statistical corrections using reference in-situ or satel-
complexity of the atmospheric flow over the Mediterraneanlite observations to fit spatio-temporal correction coefficients
Sea, which is strongly influenced by the complex surround-(Pettenuzzo et al., 2010) and dynamical downscaling tech-
ing orography. The orography plays a particularly impor- niques (Sotillo et al., 2005; Herrmann and Somot, 2008; Ar-
tant role during intense wind events because it channels locahle et al., 2009; Beuvier et al., 2010; Herrmann et al., 2010;
winds: mountains and valleys such as the Massif Central, th&sanchez-Gomez et al., 2011) were developed. The last tech-
Rhone valley, the Alps, the Dinaric Alps, the Atlas mountain nique consists in driving a regional climate model (RCM)
and the Turkish mountains are responsible for the intensificaby a reanalysis in order to keep a synoptic scale chronol-
tion of strong northerly winds like the Mistral, Tramontane, ogy in agreement with the reanalysis and let the RCM in-
Bora, Harmattan and Etesians. This has been already undevent the small scale physics necessary for a better represen-
lined by numerous papers in the recent literature: after a piotation of the wind field. The driving can be applied only
neer work by Myers et al. (1998), Sotillo et al. (2005), Ruti to the large scales in spectral space or at the lateral bound-
et al. (2007), and Herrmann and Somot (2008) demonstratedry of a limited area model (LAM). The spectral method is
the role of the horizontal resolution in the representation ofused in Herrmann and Somot (2008) to create the so-called
the wind over the Mediterranean Sea. Herrmann and SomoARPERA Mediterranean Sea forcing dataset used in Beu-
(2008), Beuvier et al. (2010) anceBanger et al. (2010) have vier et al. (2010) and Herrmann et al. (2010) to study deep
illustrated the impact of high-resolution atmospheric forcing water formation. The lateral boundary driving of a LAM
(50 km) on oceanic processes such as ocean deep convectimused in Artale et al. (2009) and Sanchez-Gomez et al.
and the Eastern Mediterranean Transient. (2011). Saotillo et al. (2005) combine both methods using
Herrmann and Somot (2008) and Pettenuzzo et al. (2010)he spectral nudging technique (von Storch et al., 2000) in an
have shown that the underestimation of wind speed in thed.AM. The dynamical downscaling technique is very promis-
ERA-40 reanalysis (Simmons and Gibson, 2000) has a stroning since it provides very good temporal chronology, long-
impact on the air-sea fluxes over the Mediterranean area. Faderm temporal homogeneity, high spatial and temporal reso-
example, applying a statistical wind correction to an ERA-40lution and physical consistency for all the atmospheric vari-
wind field, Pettenuzzo et al. (2010) increased the Mediter-ables at the same time. This technique can also be applied to
ranean Sea latent heat loss by 24 % and the sensible heabupled RCM to take into account air-sea feedbacks (Artale
loss by 17 % in average over the 1985-2001 period. Ap-et al., 2009). Up-to-now and for the Mediterranean area, the
plying a dynamical downscaling technique to ERA-40, Her- available multi decadal downscaled datasets have a resolu-
rmann and Somot (2008) increased the wind stress by 32 %on of 50 to 25 km (Sanchez-Gomez et al., 2011). However,
and heat loss by 10 % over the Gulf of Lions area for winter Langlais et al. (2009) and Lebeaupin Brossier et al. (2011)
1986-1987. Moreover, in this study the percentage of changedemonstrated the potential interest of higher spatial resolu-
was stronger for the most intense events (+17 % for the 99thion (respectively 18 and 7 km) at least over the Gulf of Li-
quantile of the daily net heat loss and +58 % for the maxi-ons area. This very promising technique is also used in other
mum peak). Recently, Romanou et al. (2010) have shown theegional ocean areas around the world (Baltic Sea, Gulf of
role of the wind field spatial pattern in driving the evapora- Mexico, Arctic Sea, Chili-Peru upwelling).
tion spatial pattern over the Mediterranean area, specially for Despite its intrinsic qualities, the downscaling technique
the spatial maxima. Finally, the wind field high-resolution introduces a new uncertainty linked with the use of the down-
spatial patterns and high temporal frequency could influencescaling model and technique. No detailed evaluation of this
the Mediterranean air-sea exchanges and oceanic processasicertainty has been done until now over the Mediterranean
To force Mediterranean Sea oceanic models for short-area. The goal of our study is to contribute to the under-
term run or process studies, modellers usually apply high-standing and assessment of this uncertainty. Uncertainties
resolution weather forecast model analysiérd@hger et al., related to downscaling can be divided into two components.
2005;7?). However, performing realistic long-term Mediter- The first type of uncertainty is related to the choice of the
ranean oceanic simulations without temporal inconsistencyRCM for a given setting (i.e. for a given domain, resolu-
reanalysis of surface atmospheric variables (NCEP; Kalnayion, driving method and driving reanalysis). This aspect re-
et al., 1996, ERA-15; Gibson et al., 1997, ERA-40) are thequires a coordinate international research project involving
natural choice despite their low spatial resolution. They haveseveral RCMs following the same framework. The European
been extensively used for Mediterranean Sea modelling (Myproject ENSEMBLES (http://ensembles-eu.metoffice.com/)
ersetal., 1998; Lascaratos et al., 1999; Castellari et al., 200Gulfills those requirements and its RCMs database is currently
Rupolo et al., 2003; Demirov and Pinardi, 2007%rBnger  used for such a study by Sanchez-Gomez et al. (2011) and at
et al., 2010). The inaccuracy of those wind fields, especiallyfGKSS (lvonne Anders, pers. communication). In the future
during intense meteorological events, was then proved (sethe HyMeX-MedCORDEX simulations should also provide
above) and the ocean modellers started to apply various comseful information (http://www.hymex.org, http://copes.ipsl.
recting techniques. Ad hoc empirical corrections (Demirov jussieu.frfRCDCORDEX.html). The second type of uncer-
and Pinardi, 2007; Herrmann et al., 2008; Sannino et al.tainty is related to the configuration of a given RCM used to
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perform the dynamical downscaling (i.e. size of the domain,for LION). On Fig. 2b, we compared at each buoy location
resolution, use of spectral nudging, air-sea coupling, choiceQuikSCAT daily wind speed with the daily average of 24
of the driving reanalysis). The current paper deals with thishourly in-situ values over each day. The mean bias of the
aspect: the influence of the RCM design. average daily QuikSCAT wind speed compared to the av-
In the current paper we investigate the impact of the desigrerage daily buoy wind speed was equal to 0.5% for LION
of a given RCM on its downscaling ability using the limited- and 2.5% for AZUR, the RMSE is equal to respectively
area RCM developed at &fo-France/CNRM, ALADIN- 26 % and 33 %, and the correlation to 0.92 for LION and
Climate. We focus on the Mediterranean Sea daily wind0.88 for AZUR with a significant level equal to 1 in both
speed field. We test the influence of the spatial domaincases. More precisely, QuikSCAT slightly underestimates
extension, of the spatial resolution, of the driving dataset,weak values and overestimates strong values of daily wind
and of the use of the spectral nudging and interactive airspeed as shown by the quantile-quantile plots (heregfter
sea coupling techniques. QUikSCAT satellite products avail-Q plots). This is related to the fact that we used maximum
able daily and over the whole Mediterranean are used as & values for QuUikSCAT while we used 24 values for the buoy,
reference to evaluate the quality of the various model conwhich induces a stronger smoothing of the very strong/weak
figurations. QuikSCAT dataset, the ALADIN-Climate RCM values. Between 0 and 17 m’ i.e. over a range that con-
and the simulations performed for this study are described irfains the 95th percentile for both buoys and in general over
Sect. 2. We present the results in Sect. 3. Our main concluthe whole basin (see Fig. 1), the biases and RMSE are how-
sions are summarized in Sect. 4. ever smaller than 4 % and 38 % respectively. As we will see
later, the biases between QuikSCAT and ALADIN-Climate
or ERA-40 are much larger than those biases (respectively

2 Tools: data and model 17 % and 26 % in average over the Mediterranean Sea). The
RMSE between QuikSCAT and ALADIN-Climate or ERA-
2.1 Seawind data: QUikSCAT 40 (respectively 42 % and 43 %) are also larger, though of the

same order. Finally, the correlations between QuikSCAT and

Satellite observations of wind speed over the sea are proALADIN-Climate (0.69) or ERA-40 (0.78) are significantly
vided twice daily by QuikSCAT LEVEL 3 dataset with smaller. QuikSCAT therefore represents correctly daily wind
a 0.258 ~ 25km resolution?available at: ftp://podaac.jpl. speed variability and can be legitimately used as a refer-
nasa.gov/allData/quikscat/L3/jpl/hdf/,)[Jquikscat. Compar- ence when examining the representation of wind speed daily
ing those data with in-situ data provided by buoy-mountedvariability over the Mediterranean in ALADIN, for weak,
anemometers, Ruti et al. (2007) demonstrated the ability ofaverage and strong winds. Exceptional winds (larger than
the QuUikSCAT instrument in retrieving the dynamics of the 17ms1, i.e. than the 99th percentile) should be examined
instantaneous wind fields, in particular the in-situ variability, with caution, but are beyond the scope of this study: individ-
for both the direction and the speed. Bentamy et al. (2009)ual studies would be more relevant than statistical studies to
used QuikSCAT dataset to evaluate wind products made byxamine such events.
merging real time remotely sensed winds and ECMWF anal- In the following, we will compare the simulations and the
yses at global and regional scales. Chronis et al. (2010) usedata over the period covered simultaneously by QuikSCAT,
them to depict the key seasonal characteristics of the extremERA-40 and ERA-Interim, i.e. 2000-2001. To evaluate the
wind states of the Mediterranean and Black Seas. Neitherepresentativeness of the period 2000-2001 in terms of daily
the ERA-40 nor ERA-Interim assimilation systems use thewind speed variability, we compare the distribution of daily
QuikSCAT data. wind speed over the period 2000-2001 and the whole pe-

What makes QuikSCAT satellite observations interestingriod of QUIkSCAT availability, from 19 July 1999 through
compared to in-situ data is their very good spatial and tem-21 November 2009 (Fig. 2a). Both distributions are ex-
poral coverage. However QuikSCAT data are available atremely close over the whole spectrum of wind speed: the
most twice a day. The daily timescale is therefore the finestQ-Q plot is very close to the identity line, the difference
scale that can be examined through this dataset. We firstf the average value between the period 2000-2001 and the
evaluated the representativeness of the daily wind speed olwhole period is equal to 0 %, the difference of RMS+8 %
tained by averaging maximum two QuikSCAT values. For and the difference of 95th percentile4® %. 2000-2001 is
that, we compared QuikSCAT data with in-situ wind speedtherefore representative of the daily wind speed variability.
data obtained every hour from two buoys located in the Lig- Figure 1 presents the data availability, the average, the
urian Sea (AZUR, 43%4N; 7.8° E, see Fig. 1) and inthe Gulf standard deviation and the 95th percentile of QuikSCAT
of Lions (LION, 42.F N;4.7 E). Those data, already used daily wind speed over the 2000-2001 period in the Mediter-
by Ruti et al. (2007), have been available since 7 Decem+anean Sea. The data availability over 2000-2001 and over
ber 2001 at LION and 1 May 1999 at AZUR. For each buoy, the Mediterranean Sea is good in general. For 80% of the
we took into account days for which both in-situ and satel- points, data are available more than 90 % of the time. How-
lite data were available (1714 days for AZUR, 1584 daysever, very close to the coast the availability is reduced, and
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QuikSCAT 2000-2001 data density QuikSCAT 2000-2001 Average
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Fig. 1. Data availability (percentage of days with no missing data during 2000-2001), average wind speed and direction, standard deviation
and 95th percentile of the daily wind speed over 2000—2001 in QuikSCAT. In the top-left panel, the green line shows the contour of the area
where data are available more than 90 % of the days, i.e. more than 656 days, and left squares indicate points for which data are available
less than 10 % of the the time, i.e. less than 73 days. Names of the main winds over the Mediterranean are indicated on the top-right panel
(adapted from Chronis et al., 2010), position of the points and boxes used in this study on the bottom-left panel, and position of the LION
and AZUR buoys on the bottom-right panel. The dashed line indicates the frontier between the Western and the Eastern basinst.Unit: ms

for 5% of the points, data are available less than 10% of2.2 Model and simulations
the time. When performing our diagnostics, we deal with
those missing values by not taking the corresponding day2.2.1 The ALADIN-Climate RCM
and point into account, neither for the QuikSCAT dataset nor
for the times series obtained thanks to the simulations pre\e use the limited-area atmosphere RCM ALADIN-Climate
sented below, in order to obtain comparable numbers. ThéRadu et al., 2008; Bqe and Somot, 2008; Farda et al.,
regions of most intense winds and strong variability are the2010; Colin etal., 2010). Here we use the version 5 described
Gulf of Lions and the east of Corsica (Bonifacio Strait), the in Colin et al. (2010) whereas the other cited papers used
Sicily strait, the south of the Adriatic Sea and north of lo- the version 4. ALADIN-Climate shares the same dynamical
nian Sea, the regions southwest and southeast of Crete ari@re as the cycle 32 of its weather forecast ALADIN coun-
the Aegean Basin. For the following analysis of the differ- terpart and the same physical package as the version 5 of the
ent simulations, we selected eight points located in the reGCM ARPEGE-Climate (Bqwe, 2010, http://www.cnrm.
gions of strong winds: SHELF, MEDOC, BONIF, SICILY, meteo.frigmgec/arpege-climat/ARPCLI-V5.1/index.html).
ION, CRETE, LEV and AEGE (Figl). We made sure to ALADIN-Climate is a bi-spectral RCM with a semi-implicit
select points for which data were available at least 90 % ofsemi-lagrangian advection scheme. Its configuration in-
the time. We also selected four boxes (LION, TYR, SIC andcludes a 11-point wide bi-periodization zone in addition to
KRIT, Fig. 1) that covered the areas of strong winds in orderthe more classical 8 point relaxation zone. This so-called
to examine the ability of the model to reproduce wind speedextension zone allows the computation of the fast-Fourier
spatial patterns in those regions. transforms for the spectral-to-grid point space computation.
More details can be found iRarda et al. (2010). We do
not want to detail here all the physical parameterizations
of ALADIN-Climate but only to recall that in this version,
the planetary boundary layer turbulence physics is based
on Louis (1979) and the interpolation of the wind speed
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a) from the first layer of the model (about 30 m) to the 10m
MED height follows Geleyn (1988). The version 5 used here is
B PPV Ul L E L S also used in the framework of the regional Med-CORDEX
» : P exercise and is close to the ARPEGE-Climate version used
s for the next CMIP5 exercise. ALADIN-Climate version
, 4 was used for the European ENSEMBLES project in
4 which it was inter-compared with the state-of-the art of the
Y European RCMs at 50 and 25 km (Christensen et al., 2008;
: Sanchez-Gomez et al., 2008; Christensen et al., 2010).
s Different configurations of this model can be used. They
o are obtained by varying the spatial resolution, the size and
- position of the domain, and the dataset used for the large

QUIKSCAT, 2000-2001 (m/s)

QUIKSCAT, 1999-2000 (mis) scale forcing. More complex and unusual options are also
b) available as the use of spectral nudging and interactive air-
Digly wind speed at LION between 08-Dec-2001 and 21-Nov-2009, m.s sea COUp| | ng tech nlques.

= ] 2.2.2 The spectral nudging technique

All details concerning spectral nudging can be found in Radu
et al. (2008) and Colin et al. (2010). This technique was
it first used for regional climate purposes by von Storch et al.
osiusimst | (2000) and Biner et al. (2000). It allows a better constraint of
uBE 004 ms the large-scales of an LAM that is usually driven only at its
e ] lateral boundaries. In the spectral space, a relaxation towards
3 CORR 1092 the driving model (here the reanalysis) is applied to the large-
Lt SN S SN R S| scales of some of the prognostic variables. In ALADIN-
HION Buey Climate, the following parameters are tunable: the choice of
the nudged variables, the strength of the nudging (which de-
pends on the variable and on the altitude), the threshold of
the large-scales to be nudged. In the current study we nudged
the following prognostic variables: temperature, wind vortic-

Mean : 7.33 m:s™

QuikSCAT
&

Daily wind speed at AZUR between 19-Jul-1999 and 21-Nov-2009, ms*

P ity, wind divergence and logarithm of the surface pressure.
g The maximum e-folding time depends on the variables (6 h
3 2o Mean:Sarms for the vorticity, 24 h for the logarithm of the surface pres-

PR sure, the specific humidity and the temperature, 48 h for the
uBE 013 ms” divergence) following the setting of Guldberg et al. (2005).

e The maximum e-folding time is reached above 700 hPa and
CORR: 0.88 (1.00000) for scales larger than 1280 km. The nudging is linearly de-

L L
0 5 10

P creasing between 700 and 850 hPa in altitude and between
1280 to 640 km for the horizontal scales. The atmospheric

Fig. 2. Representativeness of daily wind variability by QuikSCAT. boundary layer and the scales not represented in ERA-40 are

(a) 0-0 plot of QUIkSCAT daily wind speed distribution between not nudged.

1 January 2000 and 31 December 2001 compared to distribution

between 19 July 1999 and 21 November 2008).Scatterplot and ~ 2.2.3  The interactive air-sea coupling technique

Q-0 plot of QuUikSCAT daily wind speed compared to average in-

situ daily wind speed at buoys LION and AZUR over the periods ALADIN-Climate can also be used in a fully interactive

during which satellite and in-situ data are both available. Valuesmode coupled with an eddy-permitting Mediterranean Sea

of the average, standard deviation and 95th percentile of the dailypycean model. This mode follows the setting of Somot et al.

wind speed at the buoys are indicated, as well as the mean bia®(08), except that the ARPEGE-Climate stretched-grid cli-

(MBE), the 95th percentile bias (Q95BE), the RMSE and the cor- jyate model was replaced by the ALADIN-Climate limited-

relation of QuUikSCAT daily wind speed compared to the buoy daily area RCM and the former OPAMEDS model was replaced

\L/Jwr:? ;p;_el(?. Red circles indicate the value of the 95th percentlleb'y NEMOMEDS (Madec, 2,008.; Sevgult e'F al., 2009; Beu-

vier et al., 2010). The coupling is regional: it covers only the
Mediterranean Sea area. We use the OASIS coupler version
3 (Valcke, 2006). The coupling frequency is equal to one day.

15 20
AZUR Buoy
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The RCM provides the daily radiative, turbulent and momen-and land surface) and cover the period January 1998 to De-
tum fluxes to the ocean model and the ocean model providesember 2001. The first two years are considered as spin-
its SST to the RCM. Following the setting of Beuvier et al. up, allowing the land water content to reach its equilibrium.

(2010), the rivers, the Black Sea freshwater inputs and thé.and surface parameters and aerosols concentration are up-

Atlantic water characteristics are climatological. dated every month following a climatological seasonal cycle
o _ coming from observations. The sea surface temperatures (ex-
2.2.4 The large scale driving: ECMWF reanalysis cept for the Mediterranean Sea in the coupled system) and the

seaice limit (Black Sea) are updated every month with a sea-

Re-analyses of multi-decadal series of past observations argyna| and interannual variability following ERA-40 SST and
used, among others, to provide boundary conditions in thesea jce analysis. ERA-Interim and ERA-40 SST are iden-
framework of long term oceanic and atmospheric numericakica| at the monthly time scale over the period 2000-2001.
simulations. The ERA-40 reanalysis covers the period 1958Tpe atmosphere lateral boundary conditions of ALADIN-
2001 and is widely used by the modellers. It was obtainedcjimate are vertically and horizontally interpolated from the
in 2002 using the three dimensional variational assimilationERa-40 and ERA-Interim 3-D reanalyzes every 6 h onto the
technique and a T159 spectral truncation versiehZ5km) Al ADIN-Climate model grids. The simulation with the cou-
of the Integrated Forecasting System developed jointly bypled system has the same set-up as the non-coupled experi-
ECMWF and Meteo-France. Outputs were produced every ment except for the spin-up period that has to be longer be-
six hours. cause of the long-term memory of the regional ocean compo-

The ERA-Interim reanalysis (Berrisford et al., 2009) cov- pents. Multi-decadal spin-up is then required as shown in So-
ers the period 1989-today. The ERA-Interim data assim-mot et al. (2006) and already applied in Somot et al. (2008).
ilation system uses a 2006 release of the Integrated Forepe then carried out a 40-yr long spin-up for the coupled sys-
casting System, which contains many improvements bothem from August 1960 to December 1999 using ERA40 as
in the forecasting model and analysis methodology rela{ateral boundary conditions before starting the 2000-2001
tive to ERA-40, in particular the resolution (T2580km,  sjmuylations. There is no nudging for the atmosphere and

http:/Iwww.ecmwf.int/research/era/do/get/era-interim). ocean in the coupled simulation. For all simulations both
) ) _ components of instantaneous wind velocity are stored every
2.2.5 ALADIN-Climate simulations 6h.

We examine those simulations for the period 2000-2001,
which corresponds to the period covered simultaneously by
QUIkSCAT, ERA-40 and ERA-Interim.

In the current study, our goal is to estimate the impact of
the design of ALADIN-Climate RCM on the representation
of wind speed over the Mediterranean Sea. The following
elements are tested using different model configurations:

— the choice of the spatial resolution, 3 Results: representation of daily wind speed spatial
) _ ) _ and temporal variability over the Mediterranean Sea
— the choice of the extension of the spatial domain, during 2000-2001

— the impact of the spectral nudging technique, To investigate the performances of the dynamical downscal-

— the impact of the interactive air-sea coupling technique,iNg and the impact of the model configuration regarding the
representation of wind speed variability over the Mediter-
— the choice of the driving reanalysis. ranean Sea on a daily timescale, we performed a set of di-
. i ) agnostics.
For this, we have performed 7 simulations (MED125, "rjio Fig 4 shows the average over 2000-2001 of the
MEDS50, MEDIO, V_VMEDSO’ MEDSQSN’ MEDSOAO'_ daily wind speed for QuikSCAT, the reanalysis and each
MEDS0InD). .Dependmg on the simulation, we used 2 dif- | ApIN-Climate simulation. Taking QuikSCAT as a ref-
ferent domains (MED and WMED), 3 resolutions (125km, grence we then compute for each simulation the tempo-
20 km , 10 km),' 2 large scalg driving sets (ERA-40 and ERA- ral correlation of the daily wind speed over 2000-2001,
Interim), the air-sea coupling (AO) and the spectral nudg-y o pias ¥ — Vauiscar where the overbar indicates the av-

ing (SN). The orography of each of the different grids usederage over 2000-2001), the RMSE (root mean square er-
here is presented in Fig. 3, as well as the orography of

ERA-40 and ERA-Interim. MEDS50 is the control simula- "%/ (V — Vauikscan? ) and the bias of the 95th quantile
tion with which all the other simulations will be compared. (¢95—¢95quikscar). We choose the 95th quantilg95

The characteristics of each simulations are summarized ithereafter) as an index of intense events, because it corre-
Table 1. We examine those simulations during the periodsponds to winds much stronger than the average (occurring
2000-2001. All simulations start from an ERA40 initial state only 5% of the times), but whose occurrence is still suffi-
for the 3-D prognostic variables of the model (atmospherecient to be statistically significant (5% of 2yr corresponds
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Fig. 3. Grid (points) and orography (colors, unit: m) of ERA-40, ERA-Interim and the grids used for our simulations.

Table 1. List and characteristics of the ALADIN-Climate simulations.

NAME Forcing Resolution  Domain ﬁlﬂzgrnagl; cAo/L?pIin g
MED50 ERA-40 50km MED No No
MED50SN  ERA-40 50 km MED Yes No
MED50AO ERA-40 50km MED No Yes
MED50Int  ERA-Interim 50km MED No No
MED10 ERA-40 10km MED No No
MED125 ERA-40 125km MED No No
WMED50 ERA-40 50km WMED No No

www.nat-hazards-earth-syst-sci.net/11/1983/2011/ Nat. Hazards Earth Syst. Sci., 11, 1983-2001, 2011
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16°E
ERA-Interim

MEDS0AO
4 4.5 5 5.5 6 6.5 7

MEDS0Int

Fig. 4. Average over 2000—2001 of the daily wind speed {h)sn QuikSCAT, ERA-40, ERA-Interim and each ALADIN-Climate simula-
tion. The colorbar is not always the same for each map but its amplitude is always the same in order to highlight the similarities/differences

of spatial patterns.
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Table 2. Mean values over 2000—-2001 and over the whole Mediterranean Basin for the bias, the RMSE, the temporal correlation and the
95th percentile bias of the daily wind speed compared with QuikSCAT for ERA-40, ERA-Interim and each ALADIN-Climate simulation.
Percentages indicate the ratio relative to QuikSCAT mean value (for bias and RMSiE)%wdlue (forg95 bias).

QUuikSCAT: mean value =6.08 T8, standard deviation =3.26 ms'1, 495=12.13ms?

bias (ms 1) RMSE (ms1) correlation bias 0§95 (ms™1)
ERA-40 —161(-26%) 2.58(43%) 078 —3.23 (-26 %)
ERA-Interim  —1.03 (-17%) 2.17 (36 %) 0.80 —2.22 (-18%)
MED50 —101(-17%) 2.55(42%) 0.69 _1.73 (-14%)
MED50SN  —0.88 (-15%) 2.41 (40%) 0.72 ~156 (-13%)
MEDS0AO  —1.06 (—<17%) 2.56 (42 %) 0.69 —1.81 (-15%)
MED125 _157(-26%) 2.94 (49%) 0.64 _2.74 (-22%)
MED10 —101(17%) 2.52 (42%) 0.70 —1.85(15%)
MEDS0Int  —0.99 (<16%) 2.49 (41 %) 0.71 —1.76 (-14%)

Table 3. Mean values over 2000—-2001 and over the Western Basin for the bias, the RMSE, the temporal correlation and the 95th percentile
bias of the daily wind speed compared with QUikSCAT for ERA-40, ERA-Interim and each ALADIN-Climate simulation. Percentages
indicate the ratio relative to QuikSCAT mean value (for bias and RMSE});8bdsalue (forg95 bias).

QuikSCAT: mean value = 6.15nT$, 0 =3.54ms 1, 495=12.77ms1

bias (ms 1) RMSE (ms1) correlation bias 0§95 (ms™1)
ERA-40 _1.83(-30%) 2.84 (46%) 0.79 —3.73 (-29%)
ERA—Interim —1.17 (-19%) 2.33 (38%) 0.81 _2.44 (-19%)
MED50 —1.02(17%) 2.58 (42%) 0.74 —1.77 (-14%)
MED50SN  —0.85(-14%) 2.48 (41%) 0.75 ~1.54 (-12%)
MED50AO  —1.02 (-17%) 2.57 (42%) 0.74 —1.78 (14 %)
MED125 —1.78(-29%) 3.09 (51%) 0.70 —3.13 (-24%)
MED10 ~1.00 (-16%) 2.54 (42%) 0.74 ~1.79 (-14%)
MED50Int ~ —1.00 (-16%) 2.52 (41%) 0.76 —1.77 14 %)
WMEDS50 —0.91(-15%) 2.39 (39%) 0.77 —1.71 (-13%)

to 40 over 731 days). The average value of the bias, theorrelation between the row vectgrof model time series
RMSE, the temporal correlation and the biag 66 over the  and the row vectoy of QuikSCAT time series at each point
Mediterranean Sea, the Western Basin and the Eastern Basjg given by Co whereC is the 2x 2 covariance matrix
are indicated respectively in Tables 2, 3, and 4 for each sim- C..Cy,

ulation. Values of the relative biaé%‘m), RMSE  betweernx andy defined by
‘QuUIkSCAT

SV Vs oIS —— 1 & 1 &
(M> and¢95 bias(w) arealso C,, = —12(xi —%)2 Cyy= —12(yi —y)?
n— i=1 n— i=1

VQuiksCAT q95qQuiksCAT
indicated.

In order to examine how the model reproduces the distri- 1 & _ B
bution of wind events, we plot th@-Q plots between the ~ Cxy =Cyx="— 1Z(Xi —00; —Y)
simulations and QuikSCAT of the daily wind speed averaged i=1
over the whole Mediterranean, the Western Basin and the To assess the ability of the model to reproduce the wind
Eastern Basin (Figba). We also compute th@-Q plots for ~ speed spatial variability, we compute the spatial correlation
the points located in the regions of strong winds taking for between the models and QuikSCAT of the average and the
each model grid the closest point (Fig. 5b). For each point,95th percentile over 2000—2001 of the daily wind speed for
the mean values over 2000-2001 of the bias, the RMSE, thé¢he four boxes covering the areas of strong wind (see Fig. 1).
correlation and th@95 bias are indicated in the legend. The For that, we first interpolate the model results on QuikSCAT
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Table 4. Mean values over 2000-2001 and over the Eastern Basin for the bias, the RMSE, the temporal correlation and the 95th percentile
bias of the daily wind speed compared with QuikSCAT for ERA-40, ERA-Interim and each ALADIN simulation. Percentages indicate the
ratio relative to QuikSCAT mean value (for bias and RMSE) a8 value (forg95 bias).

QuikSCAT: mean value = 6.05nT$, 0 =3.11ms1, 495=11.80ms1

bias (ms 1) RMSE (ms1) correlation bias 0§95 (m.s™1)
ERA-40 _149(25%) 245(41%)  0.78 —2.96 (-25%)
ERA—Interim —0.96 (—16%) 2.08 (35 %) 0.80 —2.11 (-18%)
MED50 —1.00(17%) 2.54 (42%) 0.67 —1.71 15%)
MED50SN  —0.90 15%) 2.38(40%)  0.71 —1.58 (-13%)
MED50AO  —1.07 (-18%) 2.56(43%)  0.67 ~1.83(-16%)
MED125 _1.46 (—24%) 2.87 (48%) 0.62 _2.54 (-22%)
MED10 ~1.02(-17%) 2.51 (42%) 0.67 —1.87 (16 %)
MED50Int ~ —0.98 (-16%) 2.47 (41%)  0.69 —1.75 (-15%)

grid using a triangle-based linear interpolation method and2009; Pettenuzzo et al., 2010). Winds are particularly under-
then compute the spatial correlation between the interpolateéstimated in the regions of intense winds, especially regions
results and QuikSCAT over the four boxes. For each boxwhere the chanelling influence of orography is strong: Gulf
the spatial correlation is computed by taking the correlationof Lions, Sicily Strait, southeast and southwest of Crete
(as defined above) between the columnized vector of inter{Fig. 6a). As can be seen on tli&Q plots (Fig. 5, thick
polated resultx and the columnized vector of QUikSCAT black curves), the underestimation in ERA-40 is not constant
y. QUuUIikSCAT spatial resolution (25km) is higher than the but increases with the strength of the wind. This underesti-
resolution used for each simulation, except MED10. Thismation of strong wind events is general over the basin as can
method therefore enables us to examine the quality of thée seen on the map of the relatig85 bias (Fig. 6d) with
spatial variability representation up to a scale of 25km. Thea meang95 bias equal tc-26 % (Table 2). For some re-
added value of the 10 km resolution configuration for scalesgions (e.g. SHELF, MEDOC, Fig. 5b) th@-Q plot is almost
finer than 25 km should be assessed thanks to higher resollinear, i.e. the relative underestimation is the same for the
tion dataset, like QuUikSCAT L2 dataset used by Chronis et alwhole wind spectrum. This is not the case everywhere, par-
(2010). ticularly in the Eastern Basin (ION, AEGE, CRETE) where

Figure. 6 shows the map of difference of the relative bias,the relative underestimation increases with the strength of the
the temporal correlation, the relative RMSE and the relativewind. Applying a space dependent multiplying factor com-
¢95 bias between respectively MED125, ERA-Interim and puted from the mean bias underestimation in order to correct
MED50 one one hand and ERA-40 on the other. Figure 7ERA-40 wind fields (Pettenuzzo et al., 2010) seems therefore
shows the map of those difference between MED50 and theppropriate for average winds, but does not correct enough
other simulations. For both figures blue corresponds to arthe underestimation of intense wind events.

improvement (decrease of the absolute biases and RMSE, in- The map of the average wind speed (Fig. 4) shows that

crease of the c_orrelation). ) the spatial variability of the wind field is strongly underes-
In the following, we first examine the added value of per- yimated in ERA-40: the contrast between the areas of weak
forming a dynamical downscaling of ECMWF reanalyzes. ing and the areas of strong winds is much weaker than in

Second we determine if and how the configuration of the,,ixScAT. Moreover, most of the details of the spatial pat-
RCM used to perform this downscaling has animpact on thisgrns are not reproduced, in particular those concerning the
added value. regions of strong wind in the Bonifacio strait, where no max-
imum is produced, and south of the Cretan Islands arc, where
ERA-40 produces a single spatial maximum instead of two
in QUikSCAT.

The spatial distributions of the relative bias, relative RMSE, The defaults observed in ERA-40 are partly corrected in
temporal correlation and relatiwg5 bias for ERA-40 are  ERA-Interim. First, the underestimation of daily wind speed
presented on Fig. 6 (1st line). Wind speed over the Mediterds significantly reduced over the whole wind speed spectrum,
ranean Sea is strongly underestimated for years 2000—2004s can be seen on tlge Q plots (Fig. 5). In average over the

in ERA-40 (in average by 26 %, Table 2), as for other yearsbasin, the mean bias is reduced by 9 %, the RMSE by 7 %, the
(Ruti et al., 2007; Herrmann and Somot, 2008; Artale et al.,95th percentile bias by 8 % (Tables 2, 4 and 3). The temporal

3.1 Representation of wind speed in QUikSCAT and the
reanalyzed products
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Fig. 6. First line: relative bias, correlation, RMSE and bias of the 95th percentile of the daily wind speed over 2000-2001 in ERA-40
compared with QuikSCAT. Second, third and fourth lines: relative difference between MED125, ERA-Interim and MED50 on one hand
and ERA-40 on the other of the biéas), the correlationb), the RMSE(c) and the 95th percentile bigd) of the daily wind speed over
2000-2001 compared with QuikSCAT. The colorbar is the same for each map inside a given column except for the correlation, where the
colorbar used for ERA-40 alone is different. Blue corresponds to an improvement (decrease of the absolute value of the negative bias and
495 bias, increase of the correlation and decrease of the RMSE).

correlation is slightly improved (in average by 2 %). Second,and MED50 ¢0.60ms1). The underestimation of strong
the spatial variability is better reproduced in ERA-Interim winds is also slightly lower in MED125 than ERA-40 (4 %
than in ERA-40, as can be seen qualitatively on Fig. 4. Thein average over the Mediterranean, Table 2), but the average
spatial correlation for the average wind speed increases bdlifference is~3 times smaller than the difference between
up to 0.34 in the Sicily strait and the correlation for the 95th MED50 and ERA-40 (13%). These results show that the
percentile increases by up to 0.29 in the Tyrrhenian Basinpotential added value due to the dynamical downscaling ex-

(Table 5). amined in the following can be attributed to the increase of
spatial resolution.
3.2 Added value of the dynamical downscaling using Before to analyze in details the influence of each
MED125, MED50 and MED10 ALADIN-Climate configuration, we present here the ma-
jor similarities and differences observed among the simula-
3.2.1 Differences between ERA-40 and MED125 tions. First, all simulations are in average very close, ex-

cept MED125 which was studied above. Wind speed is un-
We first determine if the simulation performed using derestimated over the whole wind spectrum and in all re-
ALADIN-Climate but at the same resolution as ERA-40, gions, and maximum wind speed values are always obtained
MED125, produces results comparable to ERA-40. Inin QuikSCAT. The mean bias error compared to QuUikSCAT
MED125 the mean bias is similar to the one observed invaries betweer-14 % and—17 % in average over the West-
ERA-40 (26 % in average over the Mediterranean Sea, Taern and Eastern basins, the RMSE varies between 39 % and
ble 2), in average but also locally (Fig. 6a). In some regions,43 %, theg95 bias varies betweenl12 % and 16 %, and the
e.g. inthe lonian Basin and in the Levantine Basin, the bias idemporal correlation varies between 0.67 and 0.77 with no
slightly lower in MED125. The differences between ERA-40 more than a 0.04 difference among the simulations (Tables 2,
and MED125 {0.04 ms!, Table 2) are however one order 3, and 4). More significant differences are obtained locally,
of magnitude smaller than the differences between ERA-40n particular near the areas of complex orography (see for
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Fig. 7. Relative difference between each simulation and MED50 of the relative bias of the daily wind(ajeth@ correlation(b), the

relative RMSE(c) and the relative 95th percentile bias of the daily wind spegdver 2000-2001 compared with QuikSCAT. The colorbar

is the same for each map inside a given column. Blue corresponds to an improvement (decrease of the absolute value of the negative bia
andq95 bias, increase of the correlation and decrease of the RMSE).

examples points SHELF, BONIF and LEV, Fig. 5). They real chronology (Lucas-Picher et al., 2008; Sanchez-Gomez
are mainly associated to the spatial variability representatioret al., 2008).

(Table 5), and will be discussed in detail in the following. Performing a dynamical downscaling enables us to reduce
significantly the underestimation of wind speed occurring in

ERA-40 (Herrmann and Somot, 2008; Artale et al., 2009,

Fig. 6a and c). Increasing the spatial resolution indeed en-
ables us to improve significantly the representation of the
orography, that is poorly represented with a 125 km resolu-

Due to the fa(;t that there is no assimilation, rela>.<at|on. OTtion and strongly influences winds over the Mediterranean
spectral nudging in MED50, the temporal correlation with Sea (Fig. 3). In average over the basin, the mean bias is re-

QUIKSCAT data decreases in MEDS0 compared to ERA-40 o4 by 9% and the RMSE by 1% between ERA-40 and

(in average by 0.09, Table 2). Globally, the correlation re- MEDSO0 (Table 2). This correction of the wind speed under-

mains nevertheless always Iarger_tha(h.?,'the downscaled estimation is obtained for the whole spectrum, and is even

dataset reproduces therefore satisfactorily the real ChronOIétronger for intense events: over the whole Mediterranean the

ogy. The temporal correlation is relatively homogeneous L . .

in ERA-40 (~0.78, Fig. 6b and Tables 3 and 4). On the q_95 bias is reduced by 13% (Tablg 2 and Fl_g. 5a, thin black
e : ) line for MED50). The correction is larger in the areas of

contrary, it progressively decreases in MED50 between the’strong winds of the Western Basin, where it can reach 40 %

Western Basin (0.74, Table 3) and the Eastern Basin (0.671i ; :
: . .~ for the mean ang95 biases and 20 % for the RMSE (e.g. in
Table 4) (Fig. 6b). This is due to the fact that the further, i.e. 4 I 0 ©g.i

-the Gulf of Lions, Fig. 6a and c), than in the Eastern Basin
the more eastwards, we go from the entry of the atmOSphe”?Tables 3 and 4, Fig. 5)

flux into the model domain, the more time the model has to
create its own circulation and therefore to depart from the

3.2.2 Differences between MED50 and the re-analyzed
products
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Table 5. Spatial correlation between QuikSCAT and respectively ERA-40, ERA-Interim and each ALADIN-Climate simulation over the
four boxes shown in Fig. 1 of the average (left) and the 95th percentile (right) of the wind speed over 2000-2001.

Average q95
LION TYR SIC KRIT LION TYR SIC KRIT

ERA-40 058 -0.18 0.10 0.11 061 0.05 0.38 0.22
ERA-Interim  0.70 -0.03 0.44 0.30 0.75 034 041 042
MED50 0.75 -0.08 0.54 042 0.77 037 039 059
MED50SN 0.76 —-0.10 0.51 0.46 0.79 031 037 059
MED50AO 0.75 -0.10 053 045 0.77 037 040 0.61
MED125 0.41 0.00 0.16 0.15 049 038 019 0.32
MED10 0.88 0.37 0.67 0.71 087 040 046 0.73
MEDS50Int 0.75 -0.07 052 044 0.78 0.38 0.38 0.60
WMEDS50 0.76 0.05 0.50 0.81 0.40 0.30

The representation of the wind speed spatial variability islution is localized in coastal regions and regions of intense
also improved thanks to the downscaling, as can be seewinds submitted to the influence of a mountainous orogra-
qualitatively on the maps of average wind speed (Fig. 4).phy, where the representation of the wind speed variability
The contrast between the regions of strong and weak windsver the whole spectrum is significantly improved. In those
is better reproduced in MED50 than in ERA-40, as well asareas, the channeling influence of the topography (Pyrenees,
the detalils, in particular the two spatial wind maxima south Massif Central, Alps, Corsica, Sardinia, Greek mountains,
of Crete. In the regions of strong winds, the spatial corre-Aegean islands, Cretan Arc) is strong. Increasing the model
lation of the average and of the 95th percentile of the dailyresolution beyond 50 km enables us to better take into ac-
wind speed is better in MED50 than in ERA-40 (the differ- count this mountainous orography (Fig. 3) and its effects.
ence varies between +0.10 in TYR and +0.44 in SIC for theThis is the case for the Gulf of Lions shelf (the mean bias
average wind, and +0.01 in SIC and +0.32 in KRIT for the decreases by 14 % at SHELF, Fih), at the eastern exit of
95th percentile, Table 5). the Strait of Bonifacio (5% at BONIF), in the North Aegean

As for ERA-40, the temporal correlation is better in ERA- Sea (6 % at AEGEE) and southeast of Crete (11 % at LEV).
Interim than in MED50. Beside that, the differences betweenln those regions, the 95 bias is reduced by 10 % to 15 % com-
MED50 and ERA-Interim are in average much weaker thanpared to MED50 (Figs. 5b and 7d). Taking this complex
the difference between MED50 and ERA-40. First, the av-orography better into account also enables us to improve the
erage wind speed underestimation is similar in both simu-representation of wind speed spatial variability (Fig. 4), in
lations for the whole wind speed spectrum (Tables 2, 3 andparticular east of the Bonifacio strait (TYR) or south of the
4 and Fig. 5), though the correction of the 95th percentileCretan arc (KRIT). Increasing the resolution is the choice of
is slightly better in MED50 (in average by 4 %). However RCM configuration that has the strongest effect on the spatial
differences can be locally larger in regions of intense windscorrelation of average and intense winds (Table 5): the differ-
strongly influenced by the orography (see for example pointsnces between MED10 and MED50 are significantly larger
MEDOC, SICILY, CRETE, BONIF, Fig. 5): in those regions than the differences between MED50 and the other simu-
the bias correction is better in MED50 (up to 10% #®5  lations, in particular south of Crete (+0.29 for the average
at BONIF), as well as the representation of wind speed spaand +0.14 foiy95). Comparing simulations obtained with a
tial variability (up to 17 % forg95 south of the Cretan arc, RCM at 20 km and 7 km resolution, Lebeaupin Brossier et al.

Table 5, Fig. 4). (2011) also concluded that increasing the spatial resolution
had a negligible effect on a basin average, but similarly ob-
3.2.3 Differences between MED50 and MED10 served very local effects like the improvement of the Mistral

representation in the Gulf of Lions.
Comparing MED50 and MED10, we examine if increasing
the resolution beyond 50 km still provides an improvement. In the regions of weaker wind and away from the coast,
On average over the basin, the differences between MED5®Bigh resolution slightly increases the mean a@b biases
and MED10 are not significant: the average differences of(Fig. 7a and d). This is due to the fact that the contrast be-
relative bias, RMSE, temporal correlation agp@5 bias are  tween the regions of strong and weak winds is better repre-
less than 1% (Tables 2, 3 and 4). However larger differencesented in MED10 (Fig. 4): strong winds in the coastal areas
occur locally (Fig. 7a). The added value of the high reso-are stronger in MED10 than in MED50 and weak winds in
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the open sea are weaker. This is particularly the case soutB.3.3 Domain size: MED50/WMED50
of Crete, where the spatial patterns of the wind field between _ . _
the two regional maxima east and west of Crete are bette?WMEDS0 domain was chosen as a test since it could, for

represented in MED10. example, be used by an ocean modeler interested in oceanic
processes that occur in the Northwestern Basin (deep con-
3.3 Analysis of the RCM configuration impact using vection, cascading).
MED50 and its modified configurations Here again reducing the domain size induces a small but

_ _ _ not significant improvement of the wind speed underestima-
We now examine the impact of the choice of the RCM con-tion correction homogeneously over the basin and over the
figuration on the representation of the spatial and temporalyhole spectrum (Table 3, Figs.5 and 7). The bias reduc-
variability of the wind speed over the Mediterranean Sea.tion is locally more significant in strong winds areas, namely
For this purpose we take MEDS0 as the control simulationthe Gulf of Lions shelf and the eastern exit of the Bonifacio
with which we can compare every other simulation: betweenstrajt. The average bias is indeed reduced between MED50
MEDS50 and the other simulations, we varied each time onlyand WMEDS50 by respectively 9% and 8 % and #85 bias
one option of configuration. by 5% and 9% for SHELF and BONIF (Fig. 5). The in-
fluence of the domain size on wind speed spatial variability
representation is not very homogeneous, though weak (Fig. 4
. . . and Table 5). The influence of the size domain on the spatial
There is a very weak average reduction of wind speed under-_ "~ " L
S : variability representation is not very homogeneous, though
estimation in MED50SN. However, as seen in Sect. 3.2.1 the . . S
. LT : weak. The local maximum of wind east of Corsica is bet-
wind speed distribution is similarly represented in MED50

. er represented (the spatial correlation for the average wind
af‘d MEDS0SN in average and IOC?”y (Tgblgg 2,3and 4 an(%ver TYR box increases between MED50 and WMED50 by
Figs. 5 and 7), as well as the spatial variability (Table 5 and

. ) i 0.12), while the spatial variability representation in the Sicily
Fig. 4). The spectral nudging main added value concerns " " . : . .
: . . strait is hindered (the spatial correlation for the average wind

the representation of the chronology at a daily scale: the cor-
decreases by 0.05 over SIC).

relation is increased respectively in the Western and East- The main influence of the domain size concerns the wind

ern basins by 0.01 and 0.04 and the RMSE by 1% and 2(y((’:hronolo The domain being smaller, the model is less
(Tables 3 and 4). This improvement is due to the fact that gy- 9 '

the spectral nudging forces the model to follow the Iargefree to develop its own circulation. The temporal correla-
scale of ERA-40. This large scale mainly drives the atmo-tlon with the large scale forcing (ERA-40) and therefore with

spheric chronology and the correlation between ERA-40 ancPu'kSCAT Is consequently Iarg_er (Tables 2, 3and 4). Forthe
same reasons as already explained above, the temporal corre-

QUIKSCAT is good homogeneously over the basin (Table 2Iation improvement is better in the eastern part of the domain,

and Fig. 6b). In MED50 the correlation decreases more inwhere it can reach 0.10 (Fig. 7b)
the Eastern Basin (see Sect. 3.2.2), where the spectral nudg- ' 9. 7).

ing effect is consequently more efficient (Fig. 7b and c): theg 3 4 | ateral boundary forcing: MED50/MED50Int
correlation can be locally increased by more than 0.10 and

the RMSE can be reduced by more than 7 %. No significant difference is obtained between MED50 and
MEDS5O0Int concerning the representation of the wind speed
distribution over the whole spectrum, neither in average nor

The air-sea coupling does not have a significant impact onIocally (Tables 2, 3 and 4, Figs. 5, 7a and d), and the repre-

) . . . ntation of the aver nd intense wind even ial vari-
the representation of the daily wind speed evolution overs tation of the average and intense wind events spatial va

the whole spectrum. The wind speed distribution and theablllty (Fig. 4, Table 5). There is a weak improvement of the

temporal correlation are almost identical in MED50 and temporal correlation with QUIkSCAT between MEDS0 and
P : MEDS5O0Int (~0.02 over the different basins, Tables 2, 3 and
MEDS50AO in average and locally (Tables 2, 3 and 4 and . . S T
. . L 4), associated with the similar correlation increase observed
Figs. 5 and 7), as well as the spatial variability (Table 5 and . L :
. . g . between ERA-Interim and ERA-40. This improvement is
Fig. 4). This result is in agreement with the work of Artale

et al. (2009) who showed that the small difference inducedfsmane.r than the improvement.dueo to the spoectrgl nudging,

by the coupling concerned mainly the heat fluxes, and that" particular in the Eastern Basin-¢ % vs.~109%, Fig. 7c).

the representation of wind was hardly influenced. This is

due to the fact that the coupling between the oceanic and a4 Conclusions

mospheric model concerns the SST, whose main influence

regards the latent heat flux. In the coupled version the atWind dataset are used for various scientific purposes: atmo-

mospheric model is forced daily by the oceanic model SSTspheric process study, operational forecast, hindcast and cli-

whereas the forced version uses ERA-40 monthly SST. mate studies, forcing of ocean models, etc. Because of short-
comings due, among others, to their low spatial resolution,

3.3.1 Spectral nudging method: MED50/MED50SN

3.3.2 Surface boundary: MED50/MED50AO
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existing long term reanalysis (ERA-40, NCEP) can not bespatial variability. Those improvements are mainly related
used directly for those purposes without a preliminary cor-to the increase of the spatial resolution, which enabled us
recting treatment. For example, the underestimation of windo represent more realistically the complex orography that
speed and air-sea fluxes is one of the major shortcomingstrongly influences the atmospheric circulation over the
of those reanalysis (Ruti et al., 2007), preventing them fromMediterranean region. On the other hand, the realism of the
being used for ocean modelling purposes (Herrmann and Scchronology of the downscaled wind fields is worse than for
mot, 2008). Various methods have been developed in order t&RA-40. The temporal correlation with the observations
correct those defects. A simple method consists in applyingdecreases all the more that one goes further to the east, i.e.
the same multiplying factor to the whole wind spectrum (Pet-further from the main entrance of the atmospheric flow,
tenuzzo et al., 2010), but it does not always correct enougtwhere it can loose up to 20 % compared to ERA-40. The
the underestimation of intense winds, stronger than the avereorrelation however remains0.7, the downscaled dataset
age bias. Moreover, it does not enable us to deal consistentlgeproduces therefore satisfactorily the real chronology.
with the other atmospheric variables. RCMs are now used For average winds, the improvement of ERA-Interim wind
in order to perform dynamical downscaling of those low res-speed compared to ERA-40 is similar, as the improvement
olution reanalysis. Dynamical downscaling is very promis- obtained for the ALADIN-Climate 50 km downscaled wind
ing since, contrary to statistical downscaling, it enables us taspeed field. There are several advantages in using the down-
produce fields where the shortcomings due to the low spatiascaled field. First, the period covered by ERA-Interim is
resolution of the initial reanalysis are corrected and the dailytwice shorter than the one covered by ERA-40, which can
chronology of the atmospheric events is preserved. It als@ven be extended until today using ECMWF analysis (see
provides forcing datasets where all the variables are consisfor example Herrmann et al., 2010). The availability of such
tent with each other and enables us to perform air-sea couong hindcasts is of interest when studying events that oc-
pled downscaling. Our goal in this paper was to assess howurred before 1989 or the long-term variability of the atmo-
the configuration of a RCM used to produce downscaled atspheric and oceanic circulation over the Mediterranean. Sec-
mospheric fields can influence the representation of windond, the spatial and temporal variability of strong winds is
speed daily variability and of intense wind events over thebetter reproduced in MED50. The quality of the representa-
sea. tion of the wind speed variability, both spatial and temporal,
Here we used the RCM ALADIN-Climate over the is important when forcing oceanic simulation, since strong
Mediterranean Sea to perform a dynamical downscaling ofatmospheric events play an important role in oceanic circu-
ERA-40. The atmospheric dynamics in this region is par-lation (deep convection, cascading, upwelling ...). Third, the
ticularly influenced by the strong orography related to thedownscaling method used here enabled us to take into ac-
presence of numerous mountains, valleys and islands. Weount and study air-sea interactions when using the coupled
examined the influence of the domain size, the spatial resatmosphere-ocean configuration.
olution, the use of interactive air-sea coupling and spec- Differences associated with the choice of the RCM con-
tral nudging, and the large scale atmospheric forcing. Forfiguration are globally one order of magnitude smaller than
that we performed a group of 7 numerical simulations overthe initial difference induced by the downscaling. The use
the Mediterranean Sea, changing one parameter at a timef spectral nudging has the strongest influence: by forcing
To assess the quality of the representation of daily windthe large scale of the RCM to follow the driving dataset, it
speed variability in each simulation, results were comparedmproves the representation of the daily wind speed atmo-
with QuikSCAT sea wind satellite observations. We studiedspheric chronology without hindering the ability of the RCM
the period common to ERA-40 and QuikSCAT, 2000-2001.to reduce the wind underestimation occurring in the driving
Comparing QuikSCAT data over different periods and with dataset. The use of a smaller domain has an effect of the
in-situ hourly buoy data, we showed that the wind speed dailysame order of magnitude: the correction of the underestima-
time series obtained thanks to QuikSCAT dataset over 2000+ion of the wind speed is slightly improved 2 % in average)
2001 can be legitimately used as a reference for our purand the realism of the chronology (temporal correlation and
poses. One should, however, keep in mind that QuUikSCATRMSE) are improved by up to 10%. Increasing the spatial
slightly overestimates strong daily winds, the underestima-~esolution up to 10 km improves the wind spatial variability
tion by ALADIN-Climate may therefore be slightly weaker representation, in particular over coastal areas where the in-
than assessed here for strong winds. fluence of orography is strong. As a result, the bias can be
Performing a dynamical downscaling of ERA-40 very locally reduced by up to 15 % over the whole spectrum.
(~125km resolution) with ALADIN-Climate at 50km Statistically, interactive air-sea coupling does not have a sig-
resolution enabled us to reduce significantly the underestinificant impact on the representation of daily wind spatial
mation of daily wind speed over the whole wind spectrum, and temporal variability. However, the coupling may influ-
in average and locally, in agreement with previous worksence more significantly the hourly evolution of particularly
(Herrmann and Somot, 2008; Artale et al., 2009). It alsointense events, and the influence of the time frequency of
enabled us to improve the representation of wind speedhe coupling should also be investigated in this framework.
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