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Abstract. The large-scale and mesoscale circulation of thegoal, several ocean-circulation models with different spatial
northwestern Mediterranean Sea are simulated with an eddyscales have been implemented. The Modular Ocean Model
resolving primitive-equation regional model (RM) of 1716 (MOM; hereafter referred to as the Global Model, GM), a
resolution embedded in a general circulation model (GM) ofrigid-lid primitive-equation model derived from the GFDL
the Mediterranean Sea of 2/8solution. The RM is forced model, has been used by the ISAO-CNR team to simulate
by a monthly climatology of heat fluxes, precipitation and the circulation and water-mass characteristics in the Mediter-
wind stress. The GM, which uses the same atmospheric forcrcanean basin (Demirov and Pinardi, 2002). At the regional
ing, provides initial and boundary conditions for the RM. scale (4-5km), a circulation model of the Liguro-Provenal

Analysis of the RM results shows that several realistic fea-basin has been developed. The rigid-lid primitive-equation
tures of the large-scale and mesoscale circulation are evidef@PA model (Madec et al., 1998) has been implemented in
in this region. The mean cyclonic circulation is in good the area north of 399N (the southern boundary of the model
agreement with observations. Mesoscale variability is in-intersects the northern extremity of Minorca, the easternmost
tense along the coasts of Sardinia and Corsica, in the GulBalearic Island), and betweef B (the Catalonian coast) and
of Lions and in the Catalan Sea. The length scales of thel0.5 E (the Italian coast). This regional model (hereafter re-
Northern Current meanders along the Provence coast and iferred to as RM), initialised and forced at its open boundaries
the Gulf of Lions’ shelf are in good agreement with obser- by outputs of the GM, was used to simulate the circulation in
vations. Winter Intermediate Water is formed along mostthe Ligurian Sea, the Gulf of Lions, and the north Catalan
of the north-coast shelves, between the Gulf of Genoa anéea. The RM will provide initial and open boundary condi-
Cape Creus. Advection of this water by the mean cyclonictions for shelf models of the Gulf of Lions and the Catalan
circulation generates a complex eddy field in the CatalanSea (Pinardi et al., 2001b).

Sea. Intense anticyclonic eddies are generated northeast . ) _ .
of the Balearic Islands. These results are in good agree- The operational forecasting of the circulation at global, re-

ment with mesoscale activity inferred from satellite altimet- 9i0nal and coastal scale in the Mediterranean can only be
fic data. This work demonstrates the feasibility of a down- achieved if (a) the models are forced by realistic atmospheric

scaling system composed of a general-circulation, a regionaflluxes’ (b) the model results are validated with the available
observations, and (c) data-assimilation methods are imple-

and a coastal model, which is one of the goals of the Mediter- _ ° N )
ranean Forecasting System Pilot Project. mer)tec_j to increase the_model predictability. _The ﬂr.st step to
achieving these goals is to run the models in a climatolog-
Key words. Oceanography: physical (currents; eddies andica) mode (j.e. taking into account climatological forcing),
mesoscale processes; general circulation) and validate the output with Mediterranean Sea climatolog-
ical data. A GM simulation using a climatological forcing
has been performed by the ISAO-CNR group. The results of
1 Introduction this experiment were used to initialise and force the RM at its
open boundaries. In the present work we focus on the results
The aim of the Mediterranean Forecasting System (Pinarddf the regional model.
et al., 2001a) is to forecast the circulation and character-

istics of the Mediterranean water masses on a global scale The presen_t paper 1S structured as fOHO\.NS: Sect._ 2 de-
(~10-50km), to a coastal scale-2km). To satisfy this scribes the climatological atmospheric forcing used in the
’ ' simulations; Sect. 3, the GM and RM configuration; Sect. 4

Correspondence tov. Echevin presents the results of the RM simulation; Sect. 5, the con-
(echevin@lodyc.jussieu.fr) clusions.
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2 Atmospheric forcing isotropy of the horizontal grid. The resolution varies between
5.3km at 40 N and 4.9 km at 44 SN. The vertical grid com-
The same climatological forcing was used both for the GM prises 37;-levels whose resolution varies between 6 m near
and the RM. The wind stress and heat (solar, latent, sensithe surface and 200 m at 2800 m depth. The horizontal dif-
ble) fluxes were built from a°lby 1° monthly climatology  fusion is biharmonic, with tracer and momentum coefficients
of the European Centre for Medium-term Weather Forecastequal to 510° m*/s. Vertical diffusivity of the tracers and ve-
ing (ECMWF) model Re-analysis over the period 1979-1993]ocity are calculated with a mixed-layer model based on a tur-
(Korres, 2002). Latent and sensible heat fluxes were calcubulent kinetic energy scheme (Blanke and Delecluse, 1993).
lated using the ECMWF re-analysis atmospheric parametera no-slip boundary condition is used at the coasts and at the
following Kondo (1975). The longwave heat flux was cal- bottom.
culated according to Bignami et al. (1995). For more de- The bottom topography of the model is that of the 2/t
tails on the computations of the surface fluxes, the readell/16°. cog¢) Mediterranean model of the French MERCA-
is refered to the Korres (2002) paper . The net annual heaTOR project (Bahurel, 1999). The bottom topography was
budget is positive, +17.9 W/nthe annual evaporative bud- modified in a band of~50 km width north of 39.9N, the
get is 1.0m/year. This net heating is in contradiction with latitude of the southern open boundary of the RM, and in the
the heat loss estimates from hydrographic measurementJyrrhenian Sea, in such a way that the bottom topography of
which lay in the range of-7+3W/n? (Bethoux, 1979) and the RM matches that of the GM.
—5.2+1.3W/n? (Macdonald et al., 1994). The biased heat At the initial time, tracer and velocity fields from the GM
budget may induce a temperature drift in the long term. How-were interpolated on the RM grid. The interpolation scheme
ever, the heat-flux formulation includes an additional restor-is bilinear in the horizontal, linear in the vertical. The scheme
ing term to the climatological MODB sea-surface tempera-does not take into account any dynamical constraint. The in-
ture, with a restoring coefficient set to 25 WIRC. After terpolation of velocity on the RM grid requires special care:
eight years of GM climatological integration, the annual heatwith brute-force interpolation from the GM vertical grid onto
budget is equal te-4.9 W/n? (Korres, 2002). The same heat the RM one may produce divergent transport fields which are
fluxes formulation was used in the RM, to remain consis-inconsistent with the rigid-lid hypothesis of the OPA7 model.
tent with the GM. Since a relatively short integration of 3 Therefore, the barotropic components of the velocity were
years was performed with the RM, the drift is negligible (less modified so that the integrated barotropic transport was non-
than 0.02C in 3 years). Evaporation fluxes are computed divergent.
from the latent-heat flux, and precipitation is specified by the The interpolated temperature, salinity and velocity fields
LEGATES climatology (Legates, 1987). determine the initial state of the RM. After the initialisation,
the GM fields are imposed along the southern open boundary
of the RM, and in the part of the Tyrrhenian Sea included in
3 Mediterranean global model (GM) and regional  the RM domain (betweer® and 10.8 E, and south of the
model (RM) Corsican channel). In this last region, Newtonian relaxation
(with a time scale of 1 week) towards the GM temperature
The GM used is the MOM which was adapted to the Mediter-and salinity fields was imposed.
ranean Sea. The model grid has 31 z-levels in the verti- Note that the tracer and velocity data produced by the
cal, as in Korres et al. (2000), and a horizontal resolutionGM simulation, forced by climatological atmospheric fluxes,
of 1/8° - 1/8°. At this spatial resolution, the model is eddy- are not climatological data, since they contain the large
permitting. Horizontal turbulent mixing is biharmonic with mesoscale eddies. An ensemble mean on each month of a
tracer coefficients equal to 1'% m*s and momentum co-  multi-annual GM simulation would be necessary to filter out
efficients equal to 210 m?s. Vertical turbulent processes these eddy structures without smoothing the seasonal cycle.
are parameterised by a constant turbulent-diffusion coeffi-Consequently, some mesoscale eddies are present in the ini-
cient set equal to.8-10~*m?/s, a viscosity coefficientequal tial state and in the open-boundary forcing of the RM. The
to 1.5-10~*m?/s. A standard convective adjustment schemeformer is not a problem, since new eddies are created during
is applied when static instability appears in the water column.a spin-up phase of approximately two months, owing to the
A six-year-long simulation was performed with the GM. adjustment of the initial field to the dynamics and topogra-
Monthly mean GM ouputs of the sixth year of simulation phy of the RM. The latter may induce spurious effects. Con-
were used for the initialisation and open-boundary forcing ofsider the case of an eddy which slowly propagates along or
the RM. across one of the open boundaries of the RM domain during
The primitive equation OPA7 model, which has been the year. When this open-boundary forcing is used repeat-
used to study dynamical processes in the Mediterranean Seally to force the RM for several years, a discontinuity in the
(Madec et al., 1991; Herbaut et al., 1996, 1997), was imple-open-boundary forcing (which is partially smoothed by the
mented in a regional configuration with lateral open bound-temporal interpolation between monthly averages) occurs at
aries (Deleville, 1997). The model is eddy-resolving and hasthe end of the year. This may have an impact on the dynam-
a horizontal resolution of 1/26in longitude, 1/18.coS¢) ics near the open boundary, even though we did not estimate
in latitude (wherep is the latitude), which ensures an exact it (only one year of GM data was provided).



V. Echevin et al.: Simulation and analysis of the mesoscale circulation 283

Different open-boundary formulations were used for ve-
locity and tracers. The barotropic stream function was spec
ified along the open boundary, as in Stevens and Johnso )
(1997). The baroclinic velocity was also specified at theg 7 AN i
open boundary. Temperature and salinity values were speg .| ... T / -
ified in the case of inflow into the RM domain, whereas an 3 / A / \
upstream advection scheme was used in the case of outflovs ;
This allows tracer boundary values to evolve when fluid is § " !
advected out of the RM domain. This formulation of the ‘
open-boundary conditions was found to be efficient and did
not produce artifacts in the circulation. The introduction of
an Orlanski-type radiation scheme (Orlanski, 1976) was not
necessary.

The Rhone River runoff was introduced into the RM via
a constant precipitation flux of 1000%s into one RM grid T L
cell located at the river mouth. Seasonal variations in the 5 - T
river flux were not taken into account. An upstream advec-
tion scheme for tracers was used in the vicinity of the river
mouth. This runoff was introduced differently in the GM:
the GM surface salinity was relaxed towards the climatolog-
ical MED5 surface salinity, in which the Rhone signature is :
apparent over the whole Gulf of Lions’ shelf.

The RM was initialised on 1 January, year |, with the GM
temperature, salinity and velocity. Open-boundary values
were interpolated linearly in time for each RM model time Fig. 1. Temporal evolution of the total kinetic energy vertically inte-
step. During the first 10 days, a time step of 6.7 min wasgrated, horizontally averaged, and normalized by the mean density
used, to allow the propagation of short-scale inertia-gravityeo- (2) RM model. Full line: integration between 0 and 100 m;
waves generated by the adjustment of the dynamics to the inidashed line: integration between 100 m and 50Qup GM model.

tial state. During the rest of the simulation period (3 years),F“” line: integration between 0 and 105 m; dash-dotted line: inte-
the model was run with a time step of 20 min gration between 0 and 140 m, dashed line: integration between 105

and 500 m.
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4 Results anticyclonic eddy (denoted A in Figs. 2 and 3) northwest

of Sardinia, whose signature is evident in the annual mean
barotropic stream function of the GM, is present in the RM
(Figs. 2 and 3). A cyclonic eddy has developed in the Gulf

During a two-month period following the initialisation (here- of Genoa. At the end of the spin-up phase, the boundary cur-
ents in the RM are narrower, as shown by the close-packed

after referred to as the spin-up phase), the density and velod®M e

ity fields adjust to the RM topography, spatial resolution and!S°!ines in Fig. 2.

dynamics, which are different from those of the GM. The In the following subsections, we describe and analyse the

total kinetic energy in the top 100m of the water column large-scale and mesoscale circulation in several regions in

approximately doubles in the RM during the spin-up phase.the basin. We first briefly describe the GM results and com-

Starting from an initial value of 0.5 #&?, which corresponds ~ Pare them with the RM results, focusing on the large-scale

to the GM initial state interpolated on the RM grid, it reaches circulation.

1 m3/s? at the end of February. During the rest of the sim-

ulation, it oscillates between 0.8%s? and 1.4 m/s?, show- 4.2 Large-scale circulation

ing a clear seasonal cycle with minimum values in summer

(Fig. 1a). Note that these energy values are relatively closé.2.1 Inthe GM

to those of the GM (Fig. 1b). However, this result is very

sensitive to the vertical resolution of the GM grid. The large-scale cyclonic gyre represented in Fig. 3a is
A cyclonic gyre covers the entire basin at the initial time (1 present in the GM during the entire year. The mean an-

January). At the end of the spin-up phase, several mesoscataual transport of this gyre is 3 Sv, and three smaller cyclonic

eddies have appeared in the RM (Fig. 2). Meandering ofgyres with radius of-75 km and transport0.5—1 Sv coexist

the current around the cyclonic gyre has been generated byithin the large gyre. Between these cyclonic gyres, a small

baroclinic instability which is able to develop in the RM. Cy- anticyclonic gyre of~0.5 Sv is located northeast of Minorca

clonic eddies are generated all around the gyre. The intensghe land area near£& 4 N indicated in Fig. 2). This an-

4.1 Adjustment of the RM dynamics during the spin-up
phase
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) Ligurian Sea ity Zor |

44.0°N o !
(3) Gulf of Lions
43.0°N —

42,0°N —

'
S
41.0°N H

40,0°N 4 £

Minorca

44.0°N

Fig. 2. Barotropic stream function of the RM model on 3 March,
year |. Isoline units are in Sverdrups (Sv), at 0.5-Sv intervals. Four
sub-regions, (1), (2), (3), (4) are delimited by dashed lines. (A)
denotes an anticyclonic eddy.

43.0°N —

42.0°N —

41.0°N —

ticyclone may have been forced by the northwesterly wind- -
stress curl at this location, referred to by Millot (1999).

The Sardinian current, which flows northwards along the

west coast of Sardinia and Corsica (Millot, 1987), is not

40.0°N —L 1=,

1.0°E 3.0°E C 5.0°E 7.0°E

trapped near the Sardinian West Coast in the GM. It mean-
ders to the west neaf E 41.5 N, owing to the presence of #*™N
an intense anticyclonic eddy (A in Fig. 3a). A diffuse flow -
crosses the west Ligurian Sea towards the Provence coast ins ooy
stead of following the Corsican coast, as formerly described
(Millot, 1987). There it merges with the eastern Corsican
current (hereafter referred to as ECC), which flows from the
Tyrrhenian Sea into the Ligurian Sea through the Corsican
channel, and along the Ligurian coast.
These two currents form the north current (hereafter re- —
ferred to as NC), east of6° E-7 E. It flows along the Gulf
of Lions’ shelf break, impinges on the Catalonian coast,
leaving it again south of 41°® instead of following the

42.0°N —

41.0°N —|

40.0°N —£==

coast farther south, as described by Millot (1987) and Font

et al. (1995). This current (now named the Balearic current,s+.on —
hereafter BC) veers eastwards north of Minorca. Most of the
NC-BC flow (~2 Sv) recirculates in the basin-scale cyclonic 430
gyre; little of it (less than 0.5 Sv) flows southwards between .
Minorca and the Catalonian coast.

42.0°N —

4.2.2 Inthe RMM

41.0°N —

Many similar features are evident in the RM annual mean
barotropic stream function. The intensity of the large-scale
gyre is weaker{1.5-2 Sv; Figs. 3b—d) than in the GM (3 Sv;
Fig. 3a). The anticyclonic eddy (A) northwest of Sardinia

40.0°N —

i

3 -
1.0°E 3.0°E C 5.0°E 7.0°E

' Fig. 3. Annual mean barotropic stream function f¢a) the GM;(b)

also present in the GM, is particularly intense during year Iy Ry, year I{c) year II;(d) year IIl. Isoline units are in Sverdrups

(1.5-2Sv) and year Il (1.5 Sv), weaker in year Il (less than(sy), 0.5-Sv intervals. (A), (B), (C) and (D) denote eddies.

0.5Sv) (Figs. 3b—d). The most striking difference from the
GM is the presence of mesoscale eddies in the Catalan Sea in
year Il (eddy B), north of Minorca (eddy C) and northwest of
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Corsica (eddy D) during the three years. This mesoscale ad:=IW vein advected northwards into the RM domain is un-
tivity will be discussed in detail in the following subsections. stable, because of the adjustment to the RM’s smaller-scale
dynamics. Second, this intermediate water vein may become
4.3 Mesoscale circulation unstable and generate lenses at low Rossby numbers (Sadoux
et al., 2000), which is the case in the RM and GM simulation
We divided the RM domain into four subdomains, as shown(r, = U/fL ~ 1072). Last, “leddies” (LIW eddies) can

in Fig. 2. be generated southwest of Sardinia (nea? E.839° N) when
the LIW vein turns from flowing westwards to northwards, in
4.3.1 Eastern Algero Provencal basirt B-9 E, 40 N-  order to balance the zonal momentum budget (Pichevin and
43 N, region (1) in Fig. 2) Nof, 1996). These “leddies” then propagate northwestwards

under the combined effects of advection, which is governed

The west Corsican current (hereafter WCC), which flows py the mean flow, planetary vorticity and topography. They
northwards along the east Sardinian and Corsican coasténter the RM domain betweef B and the coast of Sardinia.
(Millot, 1987), is highly unstable in the RM. It can be iden- This process may generate another source of mesoscale vari-
tified as a 50-km-wide current with large-scale meandersapility in the RM.
which can deflect the current as far as 150 km off the coast. Near the north Corsican coast (8842.5 N), the WCC
Anticyclonic eddies (denoted A and B in Fig. 4) are gen- remains offshore most of the time (Fig. 4). It is de-
erated by the instability of the WCC. After their forma- flected westwards by a quasi-permanent anticyclonic eddy
tion, these deep eddies are trapped by topography and forgu Fig. 4) and may split into two branches: the west branch,
quasi-permanent features of the mesoscale circulation. In thgeaching the Provence coast neaEe42.6 N; and the east
southern part{41° N), anticyclonic eddies (denoted B) are pranch, following the coast of north Corsica near M3
generated by the inflow of warm watef (~ 13.8°C) com-  (Figs. 4d and e).
ing from the Algerian basin. These warm eddies may in-
teract with anticyclonic eddies propagating eastwards from4.3.2 The Ligurian Sea fE-11.5 E, 42.8 N-44.5 N, re-
the Catalan Sea. As shown in Fig. 4b, a warm eddy (B) is gion (2) in Fig. 2)
squeezed against the Sardinian coast by eddy C which comes
from the west. Then eddy B propagates along the shelf breaklesoscale activity in the Ligurian Sea is compared to mea-
between 40.5N and 4% N (Figs. 4c and d), trapped by the surements of the 1981-1982 DYOME experiment (Taupier-
topographical beta effect, and detaches from the coast northetage et Millot, 1986; hereafter referred to as TLM86).
of 41° N (Figs. 4e and f). Since eddy B reaches the bot-Based on current measurements at several sites, these au-
tom of the Mediterranean Sea, its trajectory is strongly con-thors showed that baroclinic mesoscale activity (limited to
strained by the bottom topography. It cannot propagate northihe top 300 m) was gquasi-permanent in the southern Ligurian
of 42.58 N, because of the topographic rise from 2700 m to Sea during this period (Fig. 3 of TLM86). It is also the case
2500 m near 7E 42.5 N. The same occurs for eddy A which in the RM, as shown by the stick-vector plot at point A north-
cannot propagate north of 4B, also because of the topo- east of Corsica (see Fig. 6a) in Fig. 5. The mesoscale currents
graphic rise from 2500 m to 2300m. The size50km) of  are less intense in the RM than in the observations, especially
the eddies of type B is in good agreement those observed iin winter. This relatively low mesoscale activity is likely due
the sea-surface temperature data by Wald (1985) and Milloto the climatological forcing, which does not include wind
(1991). burst and associated cooling events. Closer to the shelf break

A potential mechanism is baroclinic instability. It is along the Corsican coast, the RM currents and the TLM86
favoured by the high resolution of the RM which resolves observations are in relatively good agreement. Both display
the first radius of deformation. Another effect may be the an along-slope baroclinic coastal WCC, oriented to the north-
width of the current flowing into the RM domain at the south- east in the southern part (point B in Fig. 6a), and to the north
ern open boundary. This specified current is relatively wide,in the northern part (point C in Fig. 6a; not shown). The
owing to the low resolution of the GM and to the monthly surface velocities are’5 cm/s weaker in the model.
averaging of the GM outputs. However, the use of a higher The circulation in the eastern and northeastern Ligurian
temporal sampling (weekly instead of monthly) at the south-Sea is linked to the east Corsican current (ECC). Its transport
ern open boundary imposes a thinner northward current, buthrough the Corsica channel in the RM is highly constrained
does not change significantly the mesoscale variability in theby the GM transport values. The magnitude of the annual
region. Furthermore, a qualitatively similar mesoscale vari-mean transport is in good agreement (0.5 Sv) with observa-
ability was observed in a/16° - 1/16° MERCATOR model  tions (0.36 Sv) in the GM (and consequently in the RM). The
of the whole Mediterranean Sea (KéBnger, personal com- amplitude of the seasonal cycle is weaker in the model but in
munication). This tends to demonstrate that the influence ophase with the observations (Fig. 7). This may be due to the
the southern open boundary on the results is not crucial.  smooth ECMWF wind forcing, since this transport has been

Other processes related to the instability of the Levantineshown to be mostly wind forced (Herbaut et al., 1997).
Intermediate Water (LIW) vein, which flows along Sardinia, = Descriptions of the circulation in the northern Ligurian Sea
may generate mesoscale variability in this region. First, the(north of 43.5 N) are scarce. The ECC has been described
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Fig. 5. Stick-vector plot at point A (8 6E 43 N; see Fig. 6a) in the Ligurian Sea for three depths: 100 m, 350 m, 1110 m.
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Fig. 6. Temperature (shaded, ), velocity (arrows, incm/s) at 50 m, and bottom topography (isobaths) in the Ligurian S@a dune,
year |;(b) December, year |. A, B and C denote locations of the current meters during the PRIMO-0 experiment (Taupier-Letage and Millot,
1986). (E) denotes an anticyclonic eddy. 300-m, 500-m, 1000-m, 1500-m, 2000-m, 2500-m isobaths are also plotted.

as a coastal current (Millot, 1987) which follows the coast of the ECC is low, the ECC forms a single vein which spreads
the Gulf of Genoa throughout the year. It is the case in theover the wide shelf (Fig. 6b).

GM, but the variability of the ECC is strong in the RM. First,
the ECC cannot be identified as a single current. It splits
into several veins north of 43.5l. In spring and summer,
the main vein north of the Corsica channel is oriented to the
northwest until it reaches the Provence coast (Fig. 6a). Thi
behaviour is reproduced every year. The circulation on thet
Ligurian shelf is quite variable. A northward flow along the

An anticyclonic eddy of~50-km diameter (denoted E in
Fig. 6a) develops in the Gulf of Genoa each year at the end
of spring. This baroclinic{600 m deep) eddy may be due
%o the instability of the ECC vein. Note that the very steep
ottom slope, indicated by the closely packed isobaths, may
rap the flow. The eddy dissipates in early or late summer,

depending on the year. A similar type of eddy was also sim-
coast can be identified in Fig. 6a. This flow displays mean- IaF':ed bygche MERyCATOR model )\:\F/)hich use;’the same bot-
ders in winter and spring. Between the end of summer anciJ

S . ; om topography as the RM (K.&anger, personal commu-
the beginning of winter, i.e. when the northward transport Ofnication). A small-scale structure containing Winter Inter-
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Fig. 8. Westward transport of the NC through a section (A-B) north

mediate Water (WIW) has been observed at the same loceRf (SOI Ed42f(;\?. for the GI':/' (gfullhligezt a(;u:l_ the RM (l?l‘))ttéd ”n';:

: : : A : : ear |; dasned line: year |l; dasn-aotted line: year . error pars
tion in spring 1991 (Gasparini ?t al., .1999)' An antl_cyclonlc yorrespond tothe sta)r/1dard deviation of the tran)s/,port calculated from
sea-level anomaly was also evident in Topex/Poseidon (T/Pg_ day-mean transport values.
and Earth Resources Satellite | (ERS-1) altimetric data dur-
ing the period January—June 1993 (Ayoub, 1997). However,
more observations are needed and the processes that couSI

generate this type of eddy remain to be confirmed. Pope (Fig. 9). This range of spatial scales has been observed

by Crépon et al. (1982) in the Ligurian Sea and by Flexas
433 The Gulfof Lions (93E—6° E,42 N-43.5 N, region et al. (2002) ih the Gulf of ITions. The pha;e veloc.ity esti-

(3)in Fig. 2) mated from Figs. 9a and b {83-5cm/s. This value is low
compared with that inferred from early winter observations

The North current (NC), which is formed by the convergence©f Sea-surface temperature (SSTefon et al., 1982) and
of the ECC and WCC in the Ligurian Sea (Millot, 1987), velocity measurements (Flexas et al., 2002). However, the

flows along the Provence coast east~d.3 E and leaves phase speed of the baroclinic waves is very sensitive to the
the coast where the shelf break widens. The circulation invertical velocity shear (Tang, 1975) and to the model's verti-

the Gulf of Lions is oriented southwestwards by this currentC@! discretisation (Griffiths et al., 2000).
(Millot, 1990). The westward flow on the shelf is enhanced Spectra of the RM current velocity in the Gulf of Lions’
by freshwater input by the Rhone River p|ume_ On the Shelf,SheIf break I’egion have been Compared with the results of the
nearshore mesoscale activity is due to coastal upwelling celidtarch-May 1997 High-Frequency Flux Experiment (Flexas
forced by the mistral and tramontane winds (Millot, 1979). €t al., 2002). The spectra display a high level of energy at
Offshore, mesoscale activity is associated with the meanderPeriods lower than 30 days and in the 15-20 day band. At
ing of the NC due to baroclinic instability (Conan and Millot, higher frequencies, no energy was found. This contrasts with
1995; Flexas et al., 2002). previous observations (Flexas et al., 2002; &tida et al.,
The NC displays realistic features in the RM. The baro- 199_5) which show strong mesoscale activity at shorter time
clinic transport of the NC through a meridional section at Periods, namely at 3.5 days and 7 days.
5°E is plotted in Fig. 8. Its annual mean (1.9 Sv with an  This result can be explained as follows. The propagation
interannual variability of£0.1 Sv) and seasonal cycle (maxi- Of the NC meanders in the RM is quite slow compared to
mum transport in winter<2.2 Sv) and minimum in summer that of the observed instabilities, and this leads to a shift of
(~1.7 Sv)) are in relatively good agreement with previous es-the mesoscale variability spectrum towards lower frequen-
timations (Alterola et al., 1995; Conan et al., 199%tBoux  cies. Furthermore, the resolution of the RM4.9km at
et al., 1988). Though it agrees more closely with the obser43’ N) is not sufficient to resolve the first Rossby radius of
vations, the transport of the NC in the RM is stilD.5-1 Sv  deformation in the Gulf of Lions during the winter season.
too high. This may be due to the relatively large width of The energy near 3.5 days corresponds to small-scale mean-
the current which is-25 km in the observations (Attrola et ders (Alkerola et al., 1995) which are not resolved by the RM
al., 1995)~40km in the RM, and-70 km in the GM and to  dynamics.
the high ECC transport in both the GM and the RM. Due to  An index of “regional” mesoscale activity was calculated
the high spatial resolution of the RM, the baroclinic instabil- to study seasonal variations (Fig. 10). The eddy kinetic-
ity of the NC is able to develop. Meanders of length scalesenergy field was calculated from the RM velocity field at
ranging between-30 and 110 km propagate southwestwards 100 m depth, and was spatially averaged in three different
along the Ligurian coast and the Gulf of Lions’ continental areas (Fig. 9a). The mesoscale activity displays strong intra-
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seasonal and seasonal variability. A clear annual cycle could S
not be observed over the three years of simulation. Intense,,
mesoscale activity in the Gulf of Lions occurs in the winters
of year | (Fig. 10a) and year Il (Fig. 10c), but not during year
Il (Fig. 10b). Mesoscale activity occurs in summer during
year |, but shifts towards spring in the other years. The high
mesoscale activity in the Gulf in spring-summer is correlated
in time with that in the Ligurian Sea. This is not the case in
winter, especially in year Ill of the simulation, which indi-
cates that meandering of the NC in this period is not linked
to a remote forcing in the Ligurian Sea. It occurs locally Fig. 10. Eddy kinetic energy (in c#is?) calculated from the RM
in the Gulf of Lions east 0f-6.5° E and it is reinforced by vglocity field at .10Qm dep.th, a}nd averaged horizontally ov'er three
dense-water formation taking place in the Gulf in winter (see,Jifférent areas indicated in Fig. 8: (1) the Gulf of Lions’ shelf
Sect. 4.7). This process, linking mesoscale variability of thebre;kE(_‘gEB)_gf;ﬁﬁ'; ;45) N(iélllli”e(ljlTi?l’e'(z(é)ﬂ:ﬁeili)l:tﬁf:i_Icl),lr:;ln
't\)'CA?Sgrglznjte;l’V?gg‘gmatio” offshore, has been observedy, (7 s £_g.# £ 43.6 N-44.2 N), dotted line. (a) year I,g(b)

y . .

year I, (c) year Ill.

4.3.4 Catalan Sea (region (4) in Fig. 2)

Since the Gulf of Lions’ shelf width decreases near the Cat-Minorca (Fig. 3a). This behaviour is reproduced in the RM
alonian coast, the NC remains trapped along the coast (Milowing to the GM forcing at the southern open boundary. Pre-
lot, 1987). In the GM, the NC separates from the Catalo-vious observations (Font et al., 1995; Millot, 1987; Pinot et
nian coast near°E 41.5 N and flows southwards towards al., 2002) described an NC which flows along the shelf as
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Fig. 11. Temperature (shaded, isotherms every G)2and velocity (arrows, in m/s) at 100 m in the northern Balearic @8a\ugust, year
I, (b) December, year II.

far south as 40N. Consequently, the mean flow of the NC influence its dynamics.

and its mesoscale variability along the Catalonian coast near

(1.35 E 40.7 N) are low compared with observations (Font 4.4 Influence of Rhone River runoff
etal., 1995).

However, mesoscale activity offshore is intense in the RM.
Several cyclonic and anticyclonic eddies are generated b ) 4 )
the baroclinic instability of the NC south of 42.8 as it hone River runoff. Freshwatgr Input frpm the Rhone River
leaves the Catalonian coast (Fig. 11). Anticyclonic eddies arém).Uth (gt SE 43.2N) was S'”?“'ated in the RM, as de-
formed near the coast when the NC meanders and detachégr'bed in Sect. 3. In the RM, this water has a clear signature

from the shelf break. These eddies propagate downstrean®" the surface-salinity field, and its influence can be observed
the small ones~<40 km) are absorbed by the mean NC cur- ds far south as-40.5 N at the end of summer (Fig. 12a). The

rent, the largest one~60 km) propagates southwards until extent of the freshwater plume varies seasonally and depends

it reaches the southern open boundary and dissipates withifi" the wmd—strgss magnitude and the surface cwculafuon. In
~1 year. winter and spring, the surface fresh water (characterised by

) ) ) a salinity lower than 37 PSU in the RM) is confined to the
One such anticyclonic eddy was observed in the Gulf ofgheif. The plume extends over50 km southwestwards of
Valencia near the coast &40.5' N (Font et al., 1995). In- the river mouth. The thickness of the surface fresh layer

tense eddigs may propagate as far south as the Ibiza chanr‘@j<37 PSU) is~15 m deep, owing to vertical mixing by
(38.6'N; Pinot and Ganachaud, 1999). The presence of thgne wind. In late spring the wind strength decreases, the
southern open boundary at 39 may have some influence pjyme spreads westwards and reaches the Roussillon coast
on the dynamics of these eddies, and prevent them from profyear 3 £ 42.8 N. Its depth decreases and is confined to the
agating southwards. This eddy activity results in an eastwgrqirst layer. The shallow, 6-m-deep plume follows the coast
displacement and detachment of the NC from the Cataloniaryg far south as 1°E 40.5 N (Fig. 12a). At the beginning
coast. of autumn, the wind stress rises and relatively fresh surface
South of the separation from the Catalonian coast, the NGvaters are mixed, so that low-salinity values are no longer
is deflected eastwards and forms the Balearic current (heresbserved south of the Gulf of Lions.
after referred to as BC). The BC path is strongly perturbed Over the Gulf of Lions, the seasonal cycle of the RM sur-
by eddies that develop northeast of Minorca. The first typeface salinity is in phase with that derived from climatological
of anticyclonic eddy is generated in summer by the instability observations (MEDATLAS; Brasseur et al., 1996). It reaches
of the BC (Fig. 11a) and may be enhanced by the wind sheaminimum values in spring (37.1-37.2 PSU, in the observa-
in summer (Millot, 1999). It propagates northeastwards andtions; 36.4 PSU, in the RM) and maximum in late autumn
crosses the basin. A large-60—80km) anticyclonic eddy (37.7 PSU, in the observations; 37.4PSU, in the observa-
is formed east of Minorca, owing to the northward flow of tions). During the winter-1998 FETCH experiment, surface-
warm water in late summer-early winter (Fig. 11b). This salinity values of~37.2 PSU, off the river mouth, and of
eddy interacts with the mean eddy field and remains in the~37.5-37.6 PSU, at 50 km southwestwards from the river
same area (betweeni B and 6 E, south of 41.2N) during mouth, have been measured (Estournel et al., 2001). These
the rest of the simulationr{2 years). Note that the eddy is values are significantly higher than those in the RM, whether
relatively close to the southern open boundary, which maya seasonal cycle or a constant value of the river discharge is

We complete this description of the surface mesoscale cir-
ulation in the RM with an analysis of the influence of the
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Fig. 12. (a)Extension of the fresh surface waters (delimited by the 37 PSU isohaline) in January (full line), March (dashed line), July (dotted
line) of year Il.(b) Sea-surface temperature (shaded, values betwdeaigd 13.8C at intervals of 0.5C) and salinity (isohalines between
33 and 38 PSU at intervals of 0.5 PSU ) in February, year Il.

introduced into the model. This bias is caused by the atmodepth, and of the dense water formed in winter, the Winter
spheric forcing, which does not include intense wind burstsintermediate Water (WIW).

and thus prevents vertical mixing of the fresh surface wa-

ter with underlying salty water. Some salinity measurements4 5 |evantine Intermediate Water (LIW) circulation

have confirmed the presence of relatively fresh surface water

south of Cape Creus. Low-salinity water{37.5PSU) has |, sjty measurements show that LIW, which is formed in the
been observed recently off the coast of Barcelona in sSUmggstern Mediterranean basin, flows cyclonically around the
mer (Salat et al., 2000). Chlorophyll-rich water has been Ob'Liguro-ProvenaI basin coasts. A LIW vein trapped along
served as far south as Cape Creus (3R)3n SeaWiFS (Sea-  the shelf break circulates west of Sardinia, follows succes-
viewing, Wide-Field-of-view Sensor) colour data (L. Gross, sjyely the west Corsican, the Ligurian, the Provence coasts,
personal communication). This turbid water was advectedne Guif of Lions’ shelf break, and the Catalonian coast (Mil-
southwestwards from the Rhone River mouth; it may have,y; 1987).

contained a low-salinity signature, but information on sur- In the GM, the LIW found in the basin is slightly less

face salinity cannot be inferred from these sate]hte data. TheSaline (38.4PSU) and too deep relative to the climatology
freshwater output of the Rhone River has an impact on th

. heat h Fresh water at th ¢ t E‘(38.45 PSU). Near the coast, the LIW vein follows the cy-
ai-sea heat exchange. Fresh water at the surface creates,a, ;. path previously described. A LIW vein ef50 km
strong stratification in the top-10 m of the water column,

which inhibits vertical mixing. During winter, the surface width follows the coasts at-300-400 m depth, depending

ater. which cannot mix with underlving water. becomes on the location. The maximum salinity values in the core of
water, whi Xewith U ying water, . the vein are 38.4-38.5 PSU, the maximum temperature in the
cooler and cooler. Very low temperatures are reached in th

surface layer of the RM. This is confirmed by the spatial%em varies between 136 and 13.7C. In the RM, the T and

. S maxima which characterise the LIW vein are quite well
gg{i;eiist'(()siggt\évgesnulf ga?ti;s@}n%?niggyl?llzviseii;rfellzcveen marked. Off the Provence coast the LIW vein is identified
o s " ' ) lini ivel i f 38.44—

though this process is likely to occur, the magnitude of th|sby a salinity (respectively, temperature) maximum of 38

ffact i in th del due to the st tratif 38.45PSU (resp. 13.3-13@) (Fig. 13). In situ measure-
efiectis very strong in the modet due to the strong stralilica- e nts off Nice 7° E) and Marseille £5.5 E) show higher
tion near the surface.

salinity (38.52—38.56 PSU) and temperature (13.3-13.5
In the following sections, we focus on the RM circulation values (Alkerola et al., 1995, Conan and Millot, 1995). How-
of the Levantine Intermediate Water between 200 and 700 never, the maximum values of LIW tracers decreased during
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Fig. 13. Temporal evolution of the vertical profile of the salinity anomahs(= S — 37.0, shaded, isohalines in PSU) near the coast of Nice
(7.5° E 43.3 N-43.%8 N). Isohalines are spaced so as to better show the location of the LIW vein flowing along the coast.
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Fig. 14. Temporal evolution of the vertical profile of temperature (shaded, isothern® iim the central Gulf of Lions (5E 41.5 N—-42° N).

years Il and Il in the RM (Fig. 13). In the central Gulf of Lions, WIW is produced due to a
The differences between the GM and RM in respect offelatively shallow convection in the RM~300m, year |,
LIW may be explained as follows. First, different vertical ~200m, years Il and Ill; Fig. 14). The WIW temperature
diffusivities are used in the GM and RM. The GM uses con-is ~12.8C at the time of formation (end of March). Note
stant vertical diffusivities and the RM a turbulent kinetic- that the layer of WIW is thicker during the first winter. This
energy scheme (Blanke and Delecluse, 1993). Consequentli probably due to the adjustment of the water column to the
the 7 and S maxima have decreased, owing to the effect of mixing in the RM. When the thermocline starts to develop
the RM vertical mixing, and the depth of the LIW vein has at the end of March, WIW is mixed with the underlying
slightly increased from~400m in the GM (not shown) to LIW and with the overlying MAW. Its temperature reaches
~500m in the RM (Fig. 13). Second, the high variability ~13.1-13.2C at the end of summer. The salinity of the
of the mesoscale circulation near the southern open bounddIW is ~38.15-38.25 PSU. These values are in good agree-
ary of the RM, where the LIW vein flows northwards, may ment with reported WIW characteristics (Fuda et al., 2000).
enhance mixing of LIW with other water masses. Indeed, WIW formation along the northern coast of the Liguro-
mesoscale eddies (such as those described in Sect. 4.3) m&yovenal basin, between Cape CreusH32 N) and the
perturb the LIW vein near the Sardinian coast and adveciGulf of Genoa (9 E 44 N), is quite similar to what occurs
LIW westwards into the deep ocean (Millot, 1991, Fuda etin the central part of the Gulf of Lions. The main difference is

al., 2000). due to the cyclonic circulation, which advects WIW formed
near the coast and traps it in the centre of the gyre. Due to the
4.6 Winter Intermediate Water (WIW) circulation doming of the isopycnals in the central zone, vertical mixing

of WIW with surface waters is enhanced, and the low tem-
WIW (T ~ 125-13C, S ~ 38.1-38.3PSU) is formed dur- Perature signature of WIW is lost more rapidly in the central
ing the winter, mainly in the north Liguro-Provencal basin, ZONne€.
when the surface cooling is moderate, so that the cooled Let us now describe more precisely the fate of the WIW
Mediterranean Atlantic Water (MAW) does not mix with the formed over the Gulf of Lions’ shelf. There, cold™ (<
underlying LIW which is soon capped by the warmer and less12.5°C) WIW was advected southwestwards by the mean
dense MAW, and, therefore, does not interact with the atmo-surface flow. Owing to gravity and to the reduced shelf
sphere anymore. WIW formation has been observed severalidth, dense water cascaded in the deep ocean neaE 3.5
times in the northwestern Mediterranean basin éidtta et  42.4 N (north of Cape Creus) and reached maximum depths
al., 1995; Conan and Millot, 1995; Fuda et al., 2000). of ~600 m. Then cold{ ~ 12.8°C) and fresh§ ~ 38 PSU)



V. Echevin et al.: Simulation and analysis of the mesoscale circulation 293

42.6°N —

42.2°N —

41.8°N —

Fig. 15. Temperature (shaded,
isotherms in°C) and velocity (arrows,
in cm/s) at 400 m in the western Gulf of
Lions and northern Catalan Sea dn)
12 March, year Il;(b) 22 March, year
Il. Isotherms are between 126 and
13.3C atintervals of 0.1C. A denotes
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WIW lenses were formed and advected by the NC flow. LIW, by relaxing the model's winter surface-salinity in the
Mesoscale activity in the NC may trap water in the Gulf Gulf of Lions’ gyre towards a value higher than that of the
of Lions. In February of years | and Il, large-scales0 km) ~ MODB climatology. Thus, these authors managed to obtain
meanders of the NC propagated southwestwards. An anticydeep convection in the Gulf of Lions. This parameterisation
clonic eddy (denoted A in Fig. 15a) was advected westwardof the freshwater influx was not used in the GM nor in the

near the shelf break, close to the area of cascading. The eddyM, which, therefore, provided unrealistic LIW properties.
displaced the NC offshore and the nearshore flow advected Second, the ECMWF atmospheric forcing for the pe-
WIW northwards. Most of the WIW was trapped in the west- riod 1979-1993 has a very strong interannual variability
ern part of the Gulf of Lions and eventually a filament of (Demirov and Pinardi, 2002). This may bias the ECMWF
WIW was advected southwestwards by the NC (Fig. 15b). climatology. When compared to NCEP forcing (see, Fig. 5
Three WIW lenses, which detached from the coast southof Korres et al., 2000) and to re-analysis of ECMWF winter
of 41.8 N, were observed in March of year Il (Fig. 15a). forcing (Demirov and Pinardi, 2002), winter cooling in the
These lenses become weddies (Winter Intermediate Wate®&M and RM simulations was found to be underestimated by
eddies). They became completely detached from the NG50-100W/m. This low cooling, which is associated with
flow, propagated southwards and generated a complex eddglatively weak wind stress over the Gulf of Lions, also re-
field in the Catalan Sea (see Sect. 4.3.4). Then WIW mixedduces preconditioning of deep-water formation. Last, the
with surrounding warmer water and may be trapped by ed-use of a low-frequency atmospheric forcing has a strong im-
dies northeast of Minorca (Fig. 11b). pact on the water masses that are produced in winter. With-
out high-frequency variability and extreme values, convec-
4.7 Absence of Western Mediterranean Deep Watertion may not reach the LIW depth (Castellari et al., 2000).
(WMDW) formation This effect is reinforced in a high-resolution model in which
baroclinic instability acts to restratify the water column and
In neither of the GM and RM simulations was Western inhibit convection (Madec et al., 1991).
Mediterranean Deep Water formed in the Gulf of Lions.
Several effects may explain this result. First, the salinity4.8 Comparison with altimetry
of the LIW in the GM (and consequently, in the RM) is
~38.4PSU, which is a lower value than that of the clima- We used sea-level anomaly maps from T/P-ERS-1/ERS-2
tology (38.45PSU). Moreover, the depth of the LIW layer provided by CLS-Argos to compare with the RM results.
is slightly greater in the numerical modets§00 m) than in ~ Due to uncertainty in the mean elevation of the sea surface,
the observations400 m). In a study using the same model the mean circulation over the period 1998-2000 cannot be
(MOM) as the GM, but with a lower resolution (B4 Castel-  inferred from altimetry. Furthermore, the atmospheric forc-
lari et al. (2000) corrected the lack of realism with respect toing in 1998-2000 is probably quite different from the clima-
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Fig. 16. Sea-surface height variability (shaded, isolines incm) from RM re&a#ts)and TP/ERS dat@—f). TP/ERS maps were calculated

every 6 days for the years (d) 1998, (e) 1999, (f) 2000. For each year, the SSH anomaly was calculated relative to the annual mean of the
given year. For a, b, c, isolines 0, 1, 1.5, 2, 2.5, 3, 4 and 5cm are plotted. For d, e, fisolines 0, 2, 2.5, 3, 3.5, 4,4.5,5, 6,9 and 12cm are
plotted.

tology we used, so we only compare the variability of the The results are presented in Fig. 16 (a—c for the RM and d—f
measured sea-surface height with that of the RM. for the TP/ERS data).

Along-track altimetric data from T/P and ERS have been Despite the strong interannual variability both in the obser-
combined to provide sea-surface height (hereafter SSHyations and the RM, some structures are qualitatively similar.
anomaly maps of the Mediterranean Sea at a resolution oThere is a strong sighat3—3.5 cm) in the Gulf of Lions, a
1/8 - 1/8° every 7 days during the years 1998, 1999, 2000rather weak signak¢2 cm) in the central part of the Gulf of
(CLS Argos, personal communication). We calculated theLions, a strong signak¢3.5—4 cm) west of Corsica in 1999
SSH variability for each year from these data. For eachand 2000, a strong signal in the Balearic Sea, notthdm
map, the mean sea level over the are&9010.5 E 39.9 N— in 1999, 5cm in 2000) and northeast94—10cm in 1998,
45° N was subtracted in such a way as to filter out mean-~6 cm in 1999) of Minorca. In the Ligurian Sea, the SSH
sea-level temporal variations, which contain the large-scalevariability was strong€3.5cm) in 1998, low in 1999 and
steric-height signal. The same filtering was performed on the2000. The overall level of SSH variability is much lower
RM SSH fields which do not include steric-height variations. in the RM. Extreme values reach only 4-5 cm instead of the
Once this filtering was done, SSH variability was calculated9—-12 cm in the observations. The background variability is
relative to the annual mean SSH anomaly of each given yeatess than 1 cm in the RM and always greater than 2-2.5¢cm
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in the observational data. Despite the low levels of variabil-mum (~1.5 Sv) in fall, in relatively good agreement with pre-
ity, several mesoscale patterns are quite similar to those obvious observations (Akrola et al., 1995). The NC detaches
served. SSH variability is relatively high-—1.5cm) along  from the north Catalonian coast (ne&rE341.5 N-42° N)
the NC path, with a maximum~2 cm) south of Toulon most of the time. This behaviour, which is not confirmed by
(~6° E 43 N) in years Il (Fig. 16b) and Il (Fig. 16c). Sim- available observations (which are relatively few), seems to
ilar structures can be observed in 1998 and 2000 (Figs. 16the forced by the open boundary condition of the RM in the
and f). The highest signat3—4 cm) is in the Catalan Sea, southwest, which strongly depends on the GM solution.
north and northeast of Minorca, which is in good agreement The mesoscale activity is intense in the RM simulation.
with the observations. The high variability northwest of Sar- The WCC is highly unstable. Northward advection of warm
dinia (~7.5° E 42 N) in the RM is south of the maximum water from the Algerian basin generates several eddies, and
observed in the data42.5 N-43’ N) in 1999 and 2000. eddies generated in the Catalan Sea propagate eastwards
Note also the low SSH on the Gulf of Lions’ shelf in the RM with the Balearic current and interact with the WCC. The
compared to the observations. This may indicate low vari-mesoscale activity is quite strong in the eastern Ligurian Sea,
ability of the RM dynamics on the shelf, which is due to the with the occurrence of small cyclonic eddies on the Gulf
lack of temporal and spatial variability in the wind field (Es- of Genoa’s shelf, and with the occurrence of a large anticy-
tournel et al., 2001). However, the quality of the data closeclonic eddy in the Gulf of Genoa. Mesoscale activity in the
to the coast is questionable (Echevin, 1998). ECC and WCC regions propagates to the NC area with the
cyclonic flow. Meandering of the NC, owing to baroclinic
instability, is observed. The meander length scales are in
5 Conclusions good agreement with those of previous satellite observations.
However, phase velocities of the instabilities are slower than
The large-scale and mesoscale circulation of the norththose inferred from observations @pon et al., 1982, Flexas
western Mediterranean Sea was simulated with the OPA%t al., 2002). The mesoscale circulation is very intense in
primitive-equation circulation model (RM) embedded in a the Catalannorth Balearic Sea. Mesoscale eddies are gen-
general circulation model (GM) of the Mediterranean Sea.erated when the NC leaves the Catalonian coast nédt (3
A simulation forced by monthly climatological atmospheric 41.5 N-42> N). These eddies are enhanced in winter when
forcing was performed. The good agreement between thehe WIW formed over the Gulf of Lions’ shelf is advected
RM large-scale and mesoscale circulation and observationgoythwards with the flow in the form of dense water lenses,
reported in the literature demonstrate that the strategy ohlso named “weddies” (Pinot and Ganachaud, 1999). These
downscaling by model embedment is clearly feasible in theanticyclonic eddies remain vigorous for several months and
framework of the Mediterranean Forecast Pilot Project. interact with quasi-permanent eddies northeast of Minorca

The results are summarised in the following. The large-and with the northward-propagating eddies generated by the
scale circulation in the Liguro-Provencgal basin is in good Algerian Current instabilities. This complex eddy field may
agreement with observed features reported in the literaturegeflect the NC path eastwards and the Balearic current north
The circulation is cyclonic over the RM domain. The gyre is of the Balearic Islands.
forced by the wind stress and heat fluxes in the Gulf of Lions New field observations are necessary to further validate
and alimented by the west Corsican current (WCC), which(or invalidate) the RM results. Several regions remain poorly
flows northwards east of Sardinia, and by the east Corsicaivestigated. The mean and mesoscale circulation along the
current (ECC), which flows northwards through the Corsicawest coasts of Corsica and Sardinia is not well known. The
channel. place where the ECC and the WCC merge is not well known.

The ECC is well marked in the RM. Its transport varies Even though the ECC transport has been measured during
between 0.25Sv (end of summer) and 0.6 Sv (end of win-several years, the circulation in the Gulf of Genoa has not
ter), which is in relatively good agreement with observationsbeen described precisely in the literature. No observational
(Astraldi and Gasparini, 1992). It veers to the west in spring-studies have described the interaction of the NC with “wed-
summer as it exits the Corsica channel. dies” in the Catalan Sea.

The WCC path cannot be identified as a well-defined Altimetric data provide useful information on the
current. It is perturbed by instabilities during all seasons.mesoscale circulation. However, the repetition period of the
This current transports'1 Sv northwards annually. Approx- satellite tracks (9.96 days for T/P, 35 days for ERS) and
imately half of the flow follows the Corsican coast and meetsthe distance between neighbouring tracks is sufficient for
the ECC north of Corsica. The other half crosses the Lig-open-ocean mesoscale activity to be observed, but not for
urian Sea northwestwards and meets the Provence coast neé@ie mesoscale activity of the relatively narrow Mediterranean
7.5E. boundary currents. A rigorous validation of the modelled

The NC, formed by the convergence of the WCC and ECCcoastal-current variability with altimetric data would imply
along the Provence coast, is well defined in the RM. Thean analysis of the data along the altimeter tracks which inter-
mean flow follows the Provence coast and the Gulf of Li- sect the currents, instead of the use of two-dimensional maps
ons’ shelf break. The seasonal cycle of the NC transporproduced by optimal interpolation of the along-track data on
shows maximum values in late winter2.3 Sv) and mini-  aregular grid. Such an along-track study could be done over
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a limited area (for instance, in the Gulf of Lions; Echevin, References

1998), but the task would be enormous over as large a do-

main as that covered by the RM. Albérola, C., Millot C., and Font, J.: On the seasonal and mesoscale
variabilities of the northern current during the PRIMO-0 exper-

Furthermore, several modelling studies focusing on sub- iment in the western Mediterranean, Oceanologica Acta, 18, 2,
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