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Through the analysis o f hydrographie data collectcd du dng 16 cruises (1975- 1985), 
wc identify and describe the seasonal characte rist ics and the permanen t (ealUres of 
the circu lat ion in the Catalan Sca (North-Western Meditcrranean). Two fronts 
follow the contine ntal she lf break on the peninsular and Balcaric sides, separating 
the cen tral dense waters from the surround ing lighter wa ters of At lantic and 
contincntal o rigins. One is mainly produced by strong salin ity grudients (Catllian 
front) and the other by temperature gradients (Ba learic front). Two currents are 
associated with these fronts : the southwest Catalan current and the northeast 
Balearic current. Strong vertica l mesosçale motions have been observed on several 
occasions in the weak ly strlltified central area. An interpretation of these mesoscale 
phenomena is proposcd in terms of cyclonic eddies generated by some kind of 
instability mechanism in the two fronta l systems. 

Oceollol. ACla, 1988. Océanographie pélagique méditerranéenne , édité par H. J. 
Minas ct P. Nival, 51-57. 

Aspects permanents de la circulation dans la Mer Catalane 

Nous avons identi fié et décrit les caracté ristiques permanentes de la circulation en 
Mer Catll];lOe (Nord-Ouest de la Méditerranée) à partir de données hydrologiques 
acquises en 16 croisières (1975-1985). Deux fronts, qui séparent les eaux denses du 
centre du bassin des eaux plus légè res d'origine continentale et atlantique , se 
trouvent sur la limite des plateaux continentaux ibérique et b:. léare. L"u n est dû 
principalement au fort gradient de sil linité (front catalan) et l'autre au gntdient de 
température (front baléilre). Il y a deux courants associés il ces fronts: le courant 
cata lan vers le Sud-Ouest et le courant bil léare vers le Nord-Est. Des mouvements 
verticilux intenses à méso-échclle ont été observés dans la région centrale peu 
stratifiée. Nous proposons une explication de ces phénomènes pilr des tourbillons 
cycloniques engendrés par inswbilité des fronts. 

Oceallol. Ac/a , 1988. Océanographie pélagique méditerra néenne, édité par 1-1 . J. 
Minas ct P. Niva l, 51-57. 

The surface layer of the Catalan Sea (Northwestern 
Medite rrancan) has a well-defined wa ter mass struc· 
turc , wi th significan t changes in its horizontal distribu· 

tions aceording to diffcrent seasonal conditions. Salat 
and Cruzado (198 1) have described the water masses 
present in the surface layer: 

A·Atlantic wate r, due to mixing of North Atlant ic 
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Surface Waler (15-17 'c. 36.15-36.50) wi th the local 
winler waler. 

M-Local Mediterranean watcr. formed locally in 
\Vinter by cooling and evaporation. in a proces:. 
similar tO thal which generates deep water. bUI 
confined to lcvcls above the Levan tine intermediale 
water. This characteristic willler wate r (12-12.8 'c. 
38. 1-38.3), modificd seasona lly by heating and 
mi:<ing. forms the Local Surface Water. 

C-Continemal waters, frcsh and cold (10-20 ' C. 35.5-
37). are fo rmed near the mouth o f the rive rs (mainly 
the Rhône) and spreud out fo llowing the contine ntal 
coast driven by the dominam circu lation. 

The nOrlhern ,md weSlc rn zoncs occup;ed by C 
prese nt the lowest temperatu re values o f the region 
(i 1 'C in winter. < 23' in summer) and low and very 
variable salinities. The maximu m sou thward spread of 
C is produced at the end of spring (J une) due to the 
considerab le rive r runo ff and the thinness of the layer 
above the thermocline. 

The water mass A, which o riginates in the b ranches o r 
cddies that leave the A igerian current to the North. 
has also low temperature and salinity va lues. but has a 
more distinct signature than C waters in the O/S 
diagram (Fig. 1). Il penetrates through the Balearic 
si Ils into the Catalan basin :lIld covers an area that , 
depending on the surface circulat ion and the season. 
is of varying size. reaching a max im um in carly 
summer. Th rough the eastern side of the region this 
w:Her reaches the Liguro- Prove nça l basin, losing 
progressive ly its original characteristics. 

The surface water in the ce ntral area can always be 
classified as /If and is formed by warming and mixing 
\Vi th the sub·surface winter \Vater. Ils densit y is always 
higher than that of the surrounding wa lCrs, due to the 
permanent salinity maximum (never less than 37.8). 
The summer Icmperaturc also reache!> the highest 
values in the basin; in win ter, it is lowcr than in the 
area occupied by A. 

" -' .. 
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The Cata lan Sea lies in the general cyclonic gyre of 
the thermohaline Western Mediterranean circulation. 
The local cyclonic nature of the Cata lan Sc:! circula­
tion is con!>istent wi th the permanent presence o f 
dense watcrs in the centre of the ba!>in. surrounded by 
lighter waters of continental and At lantic origin. This 
mechanism is more acccntuated in winter. becau:.e the 
density gradients are increased by the action of the 
dominan t strong. cold and dry northweslcrly winds. 
ln summer, the variable rcgime of light and loca l 
wÎnds may break the circulation of the slnuified upper 
layer inlO several non-pe rmane nt sub-gyres (Hopkins , 
1985 : Fon t. 1986). 

Qvchinnikov (1966) eva luated the general circu lation 
in the Med iterranean by geostrophic compu tations 
from da ta provided by 50 years of hydrographie 
observilt ions, averaged in ee lls of o ne degrcc of 
latitude by one degree of longitude. He found a we ll­
defined cycJonic structu re Ihal covers a il the Balearic 
Sea, both in winte r and sum me r, except fo r the region 
of the Aigerian curren t in the Sout h. Thb gyre is 
centered no n heast of Menorca, al the limil between 
the Catalan Sea and the Ligu ro- Prove nça l basin. with 
a divergence li ne in ilS NE-SW axis fro m the Gulf o f 
Ge noa to Eivissa (I biza) and Ihen tO Cabo de Galll, at 
the ent ra nce of the A lboran Sea. 

Thcre are , howcve r, sorne fca tures o f the ci rculation 
in the CU IHlan Sea , al the mesosca le and synopt ic 
levels. which do not Hppear distinct ively in Ovchinni­
kov's ca1cul ations and which may be very impon ant 
for Ihe dynamics and ecology of the basin. For 
example . this circulation pattern keeps the fl ux o f 
Atl.mlle wa ler south and cast of the Balearic islands, 
wh ilc w,lIer mass analysis und other geostro phic 
ca1cu lations (A llain. 1960 ; Font , Miralles. 1978) 
confirm an important inflow o f Atlantic Water tO Ihe 
Ca talan Sei! through the Balearic sills, al leasl during 
the stratificd cond itions. 

The aim of Ihis siudy is to invcstigale the presence and 
evolution of thc:.c fealures Ihrough the analysis o f the 
multiple observai ions carried OUI in the region by the 
Insti tut de Ciències dei Mar de Barce lona. 
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[ Figure 1 

.. ' . .', 
$ummer (J /S diagratrl.l· in IlIt Cara· 
tan Sea. eom~sponding 10 Slalions ln 
tlrt Ba/tane (A) and «ntful (M ) 
u,eal' in July 1982 and 10 statIOns in 
,Ire conlinenl/llsidt" (C) ill Jllly 1983 • 
Diagrammes 0 (S d'~t~ dans la ~ l er 
Catalane. StallOns SilUé~l dans la 
zone bal~are (A) el dans la zone 
ccmrale (.\1 ) en Juillet 1982, ~I ) \<1 ' 

lions de ta zone oonuntnlate (C) en 
juille t 1983. 
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MATERIAL AND METHODS 

Hydrographie data of 16 cruises ( 1975- 1985) carried 
out under dirfcrent seasonal conditions and devcJoped 
in the framework of seve ral physical and biologieal 
research programmes have becn used (Fig. 2). The 
location and relative distances between stations are 
not , in mas! cases, appropria te for the study o f 
mesoscale phenomena, but the considerable amaunt 
of data colieCled have allowed us 10 clarify so rne 
aspects of the circu lation. 
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Figure 2 
Simalio/1 of Ihe almQJ/ 800 h)'drographie .Jla/iollS ilr (he Cala/ail Sca 
"'Id sIITTo/",ding .. ·nt"',f ust:d in lhi! l/udy. 
Situation de prh de 800 stations hydrologiques dans la Mer 
Catalane ct caux adjacentes utilisées dan5 celle tlUde. 

Un lil 1982, measuremen ts were obtaincd from 
lraditional hydrographie stations with sampling bot­
tics , reversing the rmometers and manual salinity 
determinations. Since then , the data have been col­
lected by Cf 0 casts. In some of the cruises a 1'$ 
surface continuous analysis was done. From these 
data wc have dmwn vertical sect io ns of the differenl 
variables, O/S diagrams to identify water masses, and 
have computed dynamicallOpographies with the rder­
ence leve l al 400 o r 500 dbar. 

RESULTS 

ln the transition zones betwecn the centml ,inti 
pcri phera l waters , IWO fronts have becn deteeled from 
hydrographie data and con firmed by satellite obser­
vat ions: the Catalan front , approximately fo llowi ng 
the continental shclf-brcak of the Ibc rian pcninsula , 
where the density gradient is primarily associated with 
sa linit y diJrcrcnces (Fig. 3), and the Balearic front, 
prese nt along the Balearic continen tal shelf-break and 
in whieh the density grad ient is mainly duc to tempera­
IUrc differences (Fig. 4) 
The structure o f the Catalan front is fa irly simple in 
winter from Novembe r 10 March, The water on the 
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Figure 3 
VtlTÎcal disfributio" QI solinily "a/ua in a s«lion NW-SE off Iht 
Catalan coas/ ntar 41 N in March 1985 . 
Distribution \'erticale de la salinité sur une section NO-SE au I,\rge 
de la mte catalane près de 41 " N en mars 1985. 

44' 

" 4t 

38' 

36'-1-- --,-"'-----,----,--, 
2" ~ r C 6" 

Figurc .:1 
Horizomal dis/rib,,,io/! of surface lempl'rUfrlre i" 'Ile Calalu/! StU in 
Morch 19n. 
Distribution horiwnlate de la température de surface tn Mcr 
Catalane tn mars 19n. 

shclf is vertically homogeneous and sa linity values 
range from 38.0 at the coast to 38.3 at the edge of the 
front. The 38.3 isohaline and the 29.0 isopycna l 
intcrsect the boltom at approximately 400 m while the 
surface signature of the front can be in a position 
ranging bctwee n 15 mBes (March 1985, Fig. 3) lInd 
30 miles offshore (November 1976, Vives, 1979). 
There is also a thermal front , lIcting in the same 
direction as the sali nit y fron t, and conseq uenlly 
enha nci ng the densilY gradients as shawn in data from 
Sala t el al. (1978). 
During (he summer period , the Catalan front is still 
present but il does not intersect the sea surface, due 10 



• 

J FONT et./ 

the strong thermocline established over ail the area. 
Isopycna ls are then ncarly vertical at dcpths of the 
arder of 200 m but nearly horizontal when reach ing 
90 m bccause of the boundary action of the thermo· 
cline (Fig. 5). The \'ertical salinity grudiem wa!i 0.5 % 
in 20 m in Scptcmbcr 1975. The 29.0 isopycmll 
imcrsccted the bottom between 250 and 300 m 
(20 miles offshore). du ring the summers of 1975 and 
1976 (Salat et al., 1978). 
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I-ï gurc 5 
V~rtkal dt'nsil)' distribu/ion 1/1 0 s«tion NW·SE in Ju/)' 1983. 
Distribution vcrticale de la densitt sur une section NO·SE f;'n juillet 
1983. 

The Ca talan front is therc fore a permanem structure , 
and may be considered a shelfls lope front , similar ta 
Ihat present in winter in the Middle Atlantic biglu 
(Ho ughton. Marra, 1983). Seasonal variations have 
been detected togcther wi th a high variability of ils 
surface signature . More detailed daw on the coastill 
zone arc needed ta ~tud )' this front ilnd its dccp 
structure. 

The Balearic front cannot bc describcd in the sa me 
detail ae; the Catalan front because data a\ailable arc 
more scarce. The ve rtica l structure reveals li frontal 
zone well·defined in the surface layer but boli nes 
bend to the horizontal as the)' deepcn (Fig. 6). Below 
300 m we find the vertica l structure t)'pical of the 
Western Mediterranean. The front scpa rates an arc:t 
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V~r/iru/ di51ribulion of la/mÎt)' I·a/llt's in u s«tion NW·SE frum 
Buretlonu tO thl' M~norco Chunnd (100 miles) in Oc/olnr 1976. 
Distribution \'cnicale dc la !>alinité sur une M:ction NO-SE dl:! 
Barcelone au canal de Minorque (100 milles) en octobre 1976. 

of weak stra tification, on the centre of the basin, from 
a wcll·stratified area on the Balcaric sidc. 

Surface conti nuous ana lysis in somc cruises and 
satellite observ:llions show that this is a sÎn uous front 
and Îts position i!i more va riable. Il has the same 
char;tcleristics as the Corsica front in the Ligurian Sea 
(Pricur, (981) which C;1n be considcrcd as a continua· 
tion of the Balearic fron l , although there arc nOI 
enough data to ensure conti nuity throughout the )'e:tr. 

Like the Clta lan front, the Balearic front is a perma· 
nent rCal urC o f the basin as may be see n from infrarcd 
s<ltellite images , each winter, when the thermal front 
rCllches the sca :,urface (Philippe , Harang, 1982; 
Satmcr. 1983·85). This front mu:,t be responsible for 
holding Atlantic wa lcr.. off the Ca talan coast ; in none 
of the hundreds of stations analyscd west of thc front 
the signature of Atlantic water appeared. 

A common characterbtic of the circullliion patterns 
obtaincd from geostrophic Cillculations in ail of the 16 
cruises is the prese nce of a southwestward nux on the 
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Figutf: 7 
Lm~l St'purulllrg tlrt orl'OS of SlJlllh ... at· 
... urd PllX (romurelllo/ l·idt/ a/,d NOr/I,t'os/· 
"wd /lU): (Balturir sidt'/, frUII! 'fl'lral 
rruisls ,mdcr .. ·ill/cr U/ld summcr rO/I' 

dl/iolls. 
Lignes de sépar:mon des flux. \c"' le Sud· 
Oue'l (p rl:!~ de la rote pénm~ulalfC~) el 
"ers le Nord·Est (CÔte baltare) pour des 
cfoisihc§ rtali!>éc~ en hiver et cn été. 
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continental side and a northeastw"rd nux on the 
BH learic side. Besides the existence of some closed 
gyres . in almost :111 the dynamic topographies a line 
can be drawn scpa rat ing the rcgions <lffectcd by the 
above-mentioned IWO fluxes. Figure 7 summarizes the 
situation of Ihis line fo r 9 cruises carried out under 
winter cond itions and 5 cruises during the stratified 
period. The discon tinuities in the line are mainly due 
tO Ihe different cruise coverages ra ther than la re:l) 
interruptions of the ci rculation schcnles. 

ln winter the direction o f this possible diverge nce line 
is SW to NE and il is located in the cemra l part of Ihe 
basin. bath in surface and deepe r levels, with a quile 
good agreement wi lh Ovchinn ikov's (1966) resulls. In 
summer a clear sep,lr:l1ion between bath fluxes C:1Il 

only be seen in dynamic topographies beJow 50-
100 dbar. since in the surface laye r, above the therlno­
cline. the topographies usua lly show irregu lar ci rcu ­
lat ion pallerns, according to the sit uation o f a thin 
homogeneous layer affected by variable winds. 

ln cases where a good cove rage of close stalions 
penuits, wc can identi fy a well-dcfi ned eurrent nowing 
southwestward , fo llowing the co ntinental slope along 
the Catahm co"st (Fig_ 8). This cu rrent is associated 

• • . , . 
Figure 8 
Dyrmnric IOpogmpll}'! "';111 1 <.Iyn cm comOUf 1i1ll"5. of Ihe SI" {ltrf of 
5 dbar ,dUlil'( 10 SOO <.Ibar ù, FtbflluTy- Mard, 1983. 
Topographie dynamiqllC (en cm <.I)·n) de la slirfacc de 5 dbar par 
rappon au nin'all de SOO dbar en février-mars 1983. 

with the Catalan front and is <1 continuation o f the 
Ligu ro-Provenç<ll currem. tlrawing continental 
(Rhône) waters coming from the golfe du Lion. In 
winter it rC<tehes mean surface velocilies of 20 cm/s in 
its northern part . h s intensity uecrcascs to the Sou lh 
and . ncar the Ebro river delta il partially pe nctr:lt es to 
the wide continental she lf in the Gulf of Va lencia 
(Font CI (/1 ., 1988). Around 39° 30' N a braneh is 
detached from the current and follows the Balearic 
continental slope to the East , while the rest of the 
current crosses the Eivissa sill and leaves the Cata lan 
Sea. Below the surface laye r. iotc rmediate walers 
usually make their way south , illld reach the southweSl 
part o f the Medilcrrancan (Font, 1986)_ 
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Detailed analysis of the stations along the continenta l 
slope (Font , 1987) shows that in winter the Levantine 
intermediate waler (U W) present in the Liguro­
Provençal basi n retains its O/S vulues from 42° N to 
38° 30' N. This observation agrces with the circu lation 
scheme proposed by Millot ( 1987): the LI\V reported 
in Ihe Alge rian basi n is oOt duc to a westward 
counter-current .tlong the African coast but 10 the 
existence of ce lls trapped in an ticyclonic edd ies and. 
consequently the LIW present in the Alboran Sea has 
passed round the Northwest Mediterranean and cros­
sed the Cata lan Sea. 

A second curren! can be ident ified in the Sou thcro 
and Eastern parts of the Catalan Sea, moving no rth· 
east along the northern side of the Balearic islands" 
This Balearic current is likely fed by the incoming 
Atlantic waters und the eastward denection of the 
Catalan cu rrent in the Gulf of Valencia. It shows 
consideruble variability, wi th mcanders and posi lion 
changes associated with the Balearic front and the 
dynamics in the sîlls. Maximu m surface ve locities, 
25 cmls , arc reached during the summer stmtificd 
pe riod . 

The ca\cu lated fluxes of the geostrophic currents give 
win ter va lues of 1.5 to 2 x 106 ml/s fo r the Catalan 
currenl in the North , 1 x 106 m3/s in the Eivissa 
channe l and 0.5 x 106 ml/s for the eastward branch_ ln 
summer. Ihe v:ll ues are lower" about one hulf of the 
winter flu xes. The B<llearic current has a geostrophic 
mean flux of 0.5 x 106 m3/s, with minimum values of 
0.3 x 106 ml/s in winter and a maximum of 
0.6 x 106 m3/s in summe r. 

DISCUSSION AND CO 'CLUSIONS 

Our results have produced a picture of the dynamic 
characte ristics o f the C:ltalan Sea: Iwo permanent 
frontal zones on the coastal sides with the associated 
gravît y curren ts (the Catalan to the $W and the 
Balearic to the NE), and a central zone of low 
horizontal motion where the ve rtical structure is 
weaker and conditions consequent ly more ("vourable 
to the deve lopment of vert ical motions. 

Vertical motion can tentati vcly be inferred from the 
hydrographic sections o f several cruises. Figure 6 
gives an example of the typical vertica l structure 
found in a cross-shore section of 100 naulical mi les 
from Barce lo na tO MallorCll. In the surface layer. Ihe 
presence o f the two fronts is expcetcd to be theoreti­
cally related to convergence zones. Oxygen datil frorn 
OClOber 1976 (Vives, 1979) show relative maxima ,\1 

stations 2 and 4 in Figure 6 (t he est imatcd mean 
surface positions of the Catalan and the Bale,tric 
fronts) at approxi mately 50 m deplh _ Those two 
maxima cou ld indicate the ex pccted downward mOI io n 
in the fronwl zone . 

Below 100 m, nilrate data (Vives. 1979) seem to show 
an upward motion in Ihe centnt l zone . This picture , 
sometirnes refe rred to as 11 .. doming " o r a ridge has 
bee n described by Estrada (1985) and has been fo und 
approxima tely at Ihe same geographical position ovcr 
a period o f 4 years (1982-85), in the stratified scason. 
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Figure 9 
Cyc/onic cireu/ulion shO"'n by Iht dynamic lopogfaphy, ",ilh 2.5 dy" 
cm contOUf lints, oflht surface II:I·t/ Tt/ali"t ra SOO dbar in OClobtr. 
NOl'tnlbtr 1976. 
Circulation cyclonique mise en évidençe par la topographie dynami· 
que (en 2.5 cm dyn) du nil'eau de surface par r.lppon au niveau de 
500 dbar en octobre·novembre 1976. 

This doming eould be the signalUre o f a slow upward 
motion associ<lted wi th the apparently eyelonic circu­
lation (Fig. 9). This upward motion scems to be 
confi ned to the region beJow 100 m because the 
densi ty gradient , indic<l ted by the 28.4 isopycnaJ (or 
15 ·C isotherm) acts as a barrier tu the vertical 
motion , separating an upper layer charaCierized by 
the two front al systems and a lower layer dominated 
by the gc nerul low-frcq ueney circulation of the Cata· 
lan Sea. Figure 10 summarizes Ihese basic features. 
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Figure 10 
Idl'Illi:fd eToss·shor, r,prl.'lelllaliQlr of /roms unJ il/JuCid mO/ions //1 

/Irt CIl/ll/lln Sta //Ill stctiol/ /rom Buree/onll (/eft) to Mill/Dreil (';ghl). 
Tlrl.' dl'l'p limrt of /Irt summtr slrQ/ified surfou layer is il/dicu/ed by 
Ihe ((Kil/ion of thl.' 28.4 isopycl/o/. 
Rcprésentauon au lHTgc des fronts et moU\'ements induits en 1\·ler 
Catalan .. )ur une section de Barcelone (gauche) à ~Iajorque 
(droiTe). La limi te profonde de la couche de surface en i lé est 
indiquée par la ~lIion de lïsop)'cnc 28.4. 

The permaneOl presence of this ridgc of isopycnals 
along the axis o f the Catalan Sea (the .. divergence 
line" in Ovchinnikov, 19(6) has been related to a 
biological frontal system which has an important role 
in primary production (E~Ir<tda. Margalef. 1988). But 
important non-permanen t vertical mot ions. several 
orders of magnitude higher than those related to the 
geostrophic equilibrium described abovc. h<lve also 
been reported in this ceOlra l arca. 

56 

Margalef ( 1985) discusses the importance of mcsoscale 
distributions in the Western Meditc rranean eeosyslem 
and dcscribes the existence of disco ntinuous upwelling 
cells in this zone of the Cawlan Sea. Our own wo rk on 
deep water formation shows tha t mesoscale cyelonie 
eclls (- 10 km diameler) develop along this line north 
of parallel·U · N du ring hard winter eondilions (SalaI. 
Font , 1987), and disappear after a period of about 
3 days. These eells of high-density w.ller (ur =- 29.11) 
are Ihe surface signature of ,. chimneys" of homo­
geneous water, whcre intense convective vc rt icl.ll 
motions, up 10 10 cmls (Gascard. 1973), take place 
during the process of waler mixing, after a previous 
phase in which strong cyclonic eddies pump inter­
medi ate water to the surfacc. 

A mcehanism thm ean induee these closed cyclonic 
eddies, and henee upward mOlion , inlo the centra l 
area of the Catalan Sea is relatcd to the existence o f 
meanders in the fro nts. The meandering shape of the 
Balearic fronl can bc easily seen in satellite thermo· 
graphs (Fig. I l). Although the horizontal spacing of 
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Figure 11 
Surfoct thtmro/ fron/s ln Iht emil/un Sell and thl' goffe du Lion from 
sOlellilt infrurl'd rmllgtS in Mureh 198-1. Numbers indicule mMimulII 
IImrptrlllUTt grudil.'nI (dl.'greul5 km) tH, .... een un/rol M'UlerJ Illid 
cooftr (M'hile) Il' ... o,mu (dushl.'d) s/lrTOrmding M'U/I.'fS (from Salllll." . 
Mureh 1984). 
FronlS Ihermiques en surface en Mer CMatane el dans le .sOlre du 
Lion en mars 1984 d'après les thermographies des rad10mètres 
s.aTcllitairt:~ . Les numélos indiquent le gradient mllximum de 
température (degré~5 km) elllre les eaux centrales et Je, e:mx 
adjaccmes plu~ froides (blanc) ou plus chaudt:s (hachure~) (d'aprts 
Satmtr. m;lI"5 1984). 

the S{(ttions o f the different cruises we have anaJysed 
is too la rge for the slUdy of these mcsoscale fcatures. 
we can propose a tentative interpretation o f the 
phenomenon through a mode l based on long-pcriod 
Wa\'es. This seem~ a reasonablc assumption sînee the 
general circula tion in the orthwesi Mediterranean 
has been demonslraled to be mainly thcrmohaline 
and not wind-driven (Béthoux . Prieur. 1983). 

Fo llowing Crépon ellil. (1982). theoretical expia· 
nations in tcrm~ of large amplitude baroclinic waves 
clin be soughl. Baroclinic in~tability pla~s an import­
<lnt role in the formation of the mesoscalc phenomena 
since the Catalan Sea can be considered as a baroclini· 



cally unsWble arca according to the criteria of Saun­
ders (1973). The shape of the thermal front from 
s,lIe lliie images is similar to that obtained by Saunders. 
He found that baroclinic instability occurs when 
R2 <c D2

, whe re R is the internai Rossby rad ius of 
deformation and D the width of the current. In the 
Cualnn Sea, R is of the arder of 10 km and both the 
nonheastward Balearic cu rrent and the southwcSI­
ward Catalan curren t have widths of the order of 
50 km. Sa the area fU is the condilions of barocliniClil 
instability. Crépon et al. ( 1982) found a wave length of 
56 km for the most unstable waves in the Ligurilln 
Sea, very simila r to the wavelengths of the observed 
meanders in the Calalan Sea. 60 = 20 km . Therefore 
large amplit ude bllroclinic wllves cou ld also expia in 
the formation of meanders of the Ca talan or Balcaric 
front. Thcsc meanders would give rise to cyclon ic and 
anticyclonic eddies with a diarneter of the order of the 
internai Rossby radius of dcformation. But according 
to potentÏ<11 vorticity <lrguments , only cyclonic eddics 
can develop offshore of the two front s. Assuming no 
friction, potentia l vorticity is conserved during the 
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motion of a barotropic fluid column . Assuming also a 
constant Coriolis parameter , if the depth increases, 
vorlici ty must also lncrease Ihus leading 10 an en­
hancement o f the cyelonic motion and of the associat­
ed upward ve locities. Therefore , eddies formed 
offshore the Bale"ric or the Cualun front wi ll only 
pcrsist if they arc cyclonic. Strang upward velocities 
can arise in the upper layer for pcriods of a few days , 
as in the abave mentioned case of decp waler 
formiltion. 
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