
f :·, ------- -­I . .
-/. ,

,
International Council for
the Exploration of the Sea

Hydrography Committee _
Theme Session 0
C.M. 1993/ C:30
Sess. r.'

A case study of meso-scale motion patterns 'off the
.Portuguese west coast :

. " by

E.Hagen +, R. Feistel + and E.Mittelstaedt + +

.+ Institut fuer Ostseeforschung
an der Universitaet Rostock
Seestrasse 15
P.Box 30 1038
18 111 WarnerrlUende
Germany

+ + Bundesamt fuer Seeschiffahrt
und Hydrographie
Bernhardt-Nocht-Strasse 78
P.Box 30 12 20
20 305 Hamburg
Germ~ny

ABSTRACT

, Currents and repetitive s~ts of CTD- data rev~al meso-seale cireula~ion patterns offshore the

Portuguese shelf. Besides the presentatio~ of the mean eurrents the CTD-data analysis refers to
, .

loeal winds, mapped sea surfaee temperature and salinity, geostrophie flow eonditions between

potential density surfaees' of 0',=27.1(::::::200m) and 0'7 =.27.7(:= lloom), arid g~strophic

meridional eurrents during ,the season of climatic, upwelling (September' 199'1) and "non­

upwelling" (April 1991, January 1992) along the eoast.. .' '.

, Th~ Tejo ,Plate;lu (39°N) .subdivides ~e meridioflal subsur~ace currents along the' continental

slope into a.. northern and southern fl~w dpmain. North of the p!ateau meso-sc,ale eddy-like.

subsurfa~e curre'nts eontrolled by the loeal slope to'pography seem to be dominant; South of the
, ,

plateau the boundary flow is apparently more stable. In particu!ar, the Mediterranean outflow

~ater basically follows the eontinental slope and bifureates into two branehes with a
. ' '

no~iceable west flow eomponent between 37°N/ 38°N (C.S.~incent) and 39°N /40 o N (fejo

Plateau). 'Current data provide dear signals of poleward ,going subsurface tlow atong the

eontinental slope above, within, and below the layer of the Mediterraneari outflow. The results
'. , " '

of eurrent measurements at the northern Moroeean eontinental slope suggest, that there must be
. . ' ,. . ,

a link'between the poleward going subsurfaee flow fr~m the so~th (Moroeco) and along the

South-Iberian slope. ,
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Introduction

The ·.objective !Jf ~ur ~ote' is to ~nderline the specific nat~re in the

subsurface current regime north and south oi the Tejo Plateau. This plateau

a~ts'Hkea"bar;ier by ~he 'infl~enceof the bottom topographY on tt~e 'poleward'<.... " l " ," • , , • • " ,.. " ".., .' .'. ~ •. .,

spreading of Mediterranean Water (MW) (barocHnie pressure gradients) along
.' "',' .:.'''' .' • .' .j.,\', ' '" 't • .'- ,. ,-' : ••,;" , .. ' I ,

the continental slope, cf MAP~LAIN. (197~) a,"!~ ~M!3AR (19§2) .

.Our discussion is based on meteorological and hydrographie data measured
. • ,." ~. " ' ,- " , .' ,~. ,.",!' \' , "

duri'"!g three me.so-scal~ s~rvey~ off the P()rtLi~uesevvest coast and on time

sedes of current measLiiements with a length of few months. Two cruises'
, , -, ' , , ' " ~:.• \- • \' .' < .' ~' .,. ',.' " " ',. •

were carried out during th~ non-upwelling season while one was performed. ", ': :" : .' .' .' ',," .. \ . ,'-" ." ~ ," . ;'. \' ,.

during the upwelling 'season.' The area of investigation extended between
, r' " , • " .' ,_ "-, .' "< ,.'; :

~1 ° 20' N and 37° N and between 11 ?20' Wand the Portuguese coast.
,': I • .' • , , " 'I • <' ~.' , 'I."• ? c'

One r:nay expect an energetic link between the northwest African upwelling
• • ,. -,' , .,,'.' ,. ,- .' ~ .' • ~' '., • " y "

· area and that off. Portugal. It is uncertain yet; whether. the poleward
) ". ~' .' ".' , . '\ . , , " " , .' , .' ~ .-', '.~ .' .,

. ~ubsurface floyv in depth ~~tyve~n 200m and 600m along the Iberian

· continental· siepe, above the Mediterranean Outflow, (600m-1200m) and
" '" ,., . ". ." , '.' . .' '.'

below the wind-driven surface layer ( down to about 200m), can be Hnked

to the pOI~w~rd U~de;current'ex;~ting in the 'Africa~ ~pwelling ~rea off
• '.' .' , "'.' ." .' , I " . .,

Morocco.· Furthermore there is some evidence that the poleward flowing. ,. t·.·. . ., , ' ~ " .: " , ." ~, .
'. ..

subsurface current surfaces, especially in autumn and winter, cf FROUIN et

al. ~ 1990). Short-term cu~re~~ me~sureme'nts.(ife~ ~e~k~) offsh~rethe
. ". . . '. .. .....,'

Portuguese shelf break in the past suggest a poleward going subsurface.
, ' •• ; i, ,." .. ", ' ~ " • .' , ,. .••

eastern' b~~n~C!ry flovy along the \tYest-lb~rian co~ti~ental slopeyvhile long':

term curr'ent measurements 'way further offshore' indicate fairly variable
, \' " .;.., '. '., ',". ' :~. \ ' , . . .. ..

, '.
meso-scale currents in'the Iberian Abyssal Plain '( westof 13° W).·

", \" • , -',' .,' • " , , " ,- ,'., ! ' • ,,,' i

-
Hydrographie Data f.3.ase .

, .
Sections and mooring positions are shown in Fig.1. We carried out

'. 'i i ~ '_ ,,' .. .. • , • ".: " ."

. . , . .. \ . .

th~ee cruises if! ~rderto ~tudy' meridional cur~erits ir'l the sys.tem of ".~Clsterr'l
. ,. ~"

Bour'ld.ary Currer1ts. (~~C) ". ,off the Portugues~ wes~ ~oast. Data res.ul~ from
. .

two cruises wit,h r/v ".Heincke"'of the" Biologische Anstalt Helgoland~' (EBC1 .

;~ ,April' ~ 99~, .E~C4 in January' 19~2) a~d o~~ 'expedi~ioÄ ~it~' r/v ~~~.v:.~
, . '. , i , C ' 'f'" , ." " ' "':' ~ , , , • ,'" . ,

•
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Humboldt" of the "Institut fuer Osts~eforschi.JngWarmimuende" (EBc'2 in

Septemb~r"t getober ·1991 ).

The hydrographie data have been gathered by means of the CTD-probe DM-
." .' .

-.87, MÖCKEL (1980). Hyd~ographic statiofls follovv zoria'l ~eetions located

between the eoast and 11.5 0 W. The station spacing varies between 7 km
" .,' • '. • '. '. ' , . . , , . J

in, the near~shore region a~d 28 km ~t.irther offshore. The seetion spacing

was 15' in latitude for EBC1' and EBC4 but ,. 0 in latitLide during the EBC2-
'- .

survey. The temperature sensor was c~ntr6l1edby three reversing thermome-

- ters at each station at different depths: Corresponding eompa'risons, were·
, '

'carried out for salinity (S) between sensor values and laboratory measure-
, . .e ~ents by means' of the salinometer;

Using UNESCO-formulas for the equation of state the density was ealculated. . -

from ~S,T,P) values after the procedure of dada validati~n in pressure steps

of 5 dbar. SubsequentlY anomalies are ealculated with respeet to the ­

standard ocean ( P= 0, T = 0, 5= 35 PSU). Resulting values give the input "

fo'r the caleulation of correspondlng dynamie de'pths need~d for an esti­

mation of the vertical current shear from the geostrophic momentum balan-­

ce.

The aecuraey of (S,T,P)-measurements justifies to eonsider geostrophie. /

velocities larger than about 0.04 m/s, FOMIN (1964), oniy.
. • • I • .

Aeeording to WDOSTER et al. (19?6) results of EBC1 and .EBC4 could be

representative for a "no'n eoastal upwelling situation" while those trom EBC2
I

should involve effeets of upwelling processes.

Methodic aspects .,

-'Commonly we' have to seareh tor a suitable '.' zero-motion level'; in-

order to' obtain some acceptanee, for geostrophic vel~eities. Because its
. ... '" .

choice involves arbitrary aspects, especiallylri shelf-slope regions,' we

, .propose to aeeept two ~ssumptions:

: - The barotropip motion field with large spatial but small temporal seales .is

sufficienily separated tram barocliriic matians with- small spatial but lang
,,' . ". . ..',

" temporal scales.

, .

; .
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- Changes' of the barociinic mass-arid ~urrent field ,are locally influericed by

,barotropic fluctuations, ~ainly in responseto temporal variations in the more

iarge-scale alongshore wind component. '

In the following we <?onfine our' at'tention. to spatial' structures of the

meridional ~urrent component derlved from hydrographie cross~sections.W~

assuri,e' that the 'baroclinic net volume transport can be ne'glected in

comparison to thät trom the unknown barotropic motio'n field. In other words

'we try to minimize, the' cross sectio,n geostrophic net transport between

neighbouririg' hydrographi~ süitions . ,

We truncated the CTD-profiles' in such a w~y 'that ' the main pycnocline

approximately coincides with the middle ofprofiles. Bythis, approach
" . .

, baroclinic motions in upper layers should be compensated by .opposite mo-
.. • .'#

;' 'tions in !ower layers. Due to methodic uncertainties we concentrate to cur-
o ,

rent patterns 'detected i~ the upper layer because these, in ~he' deeper layer

are corresponding compensation currEints res~iting f~om the minimum

concept used. An exceptiön will be made for the intermediate undercurrent- '

transporting MW along the centinental slope towards higher latitudes as'. ,

describ'ed, f~r instance~ by, ZENK and',ARMI (1990).,

We state that our procedure cannot be much better than that with a fixe~
, ,

reference level commonly used; Nevertheless there. are two additional

advantages:

-Our "iero hOrlz'o,;" follows the rising mai'; pycnocline into the direction of'
, '

the coast due to decreasin'g water depths. '

, '. -We obtai'n insight int~ pattern's ~f geostrophic motio'ns in the, important
, , '

, shelf-slope region and on the shelf, too.

The most important restrictio!" is that this method' carinot provide any. '

conclusions ?bout net volume transports crossing the entire section. Figure.2

compare~ results from the ;'minimum method ,. p~opo~e,d with those from the

tltied r~terEm'te level accordin~ to FIEKAS ~t al; (1992) ~ndthos'e resulting

" trom fixed levels at 130, bar, 70 bar, and 30'bar. The' results t;om our
.",

"minimum method" agree weil not only with corresponding' patterns: ,
, .

calculated by the reference level accord,ing to FIEKAS et al. (1992) but also,
, , .

I'
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witli, those resulting tram ~he tixed reterence level at 130 ~ar. ~owever, it

seemsto,be that "zera motion" levels are not suitable'at 70 bar (~700m)
r: , ,

and30 bar (~300m). Conssquently we like to use the "minimum method"

in the tollowing.

Wi"nds arid T/S at the seasurface
, ' .

During the :'non upwelling season';' i~ April 1991 and January. 1992

the CTD observation' grid~ consisted of six 'zomil sections (z1-~6) between

'40° 05' N and 41 ° 20' N in accorda'1ce with former measurements carried

out by ANDRES and JOHN (1992).

Contour's of lsobaths, v,;hich result from echosoundings 8t hydrographic
" .

stations, are plotted in Fig. 3. The zone of the shelf-edge~siope region

'(200m-2000~ deptt1) raugh~y runs .parallel to ÜlE~', coast \ins with' a

southwest-northeast orientation; Theretore tlie distance between the coast

, and the' 200m isobath increases tram sectiori z1 in the 'north to z6 in the. .
south, about by a factor of tvvo; Th~s region will be. 'denoted "shelf areal

zone" in the following. A ~eep caiiyon-\ike structure can be deiected in the

west ,ai 10° ,w~ cf the 4000 m isob<:tth. Its axis roughly runs parallel to the

continental slope.

Actu~1 winds are sh6vvn by ~ectors in Fig.4. Favo~'rab'le winds for ~pwelli~g
, " , ,', ' ,'." ' ",' '(':, '

processes were observed by alongshore-offshore components of about 10
.. . ".

m/s in the ~helf area during the .survey in January 1992. In Äpril 1991,
". '. .

however, the vectors involve onshore components with strang m'eridional

. gradients. 'such dif,ferent ,wind conditions pradu~e a' different response in

, wind-driv~n ~urrent~ and; consequently, in' temperature and sa\inity

': distributions at the sea 'surface mapped in Fig. 5. Relativ.el~ strang zonai., ..,. . '.'
gradients in temperature and salinity indicate upwelling processes on the

,'. . ., " t . ':c;' ' ..' .f. "

shelf for the case of EBC4. Waters colder than 12°C were locally observed

\ togeiher ~i~h' salinities lower than 35 PSU. Westward of the dontinental

,siope we note a torigue of warm arid saline water extending .from the

, soutnwest to the northeast. On the shelf, ,very different field distributions ar'e
, "\ . . .' .

measured during EBC1. ,Meridional temperature gradierits dominate with
" ... ". . . "

5
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tempe,rature values between 13.5 0C at z6 and 14.5°C at z1while the sea

. ~urface salinity again shows zonal gradients wiÜl lower. vaiiJes onthe shelf.

-[-he isölines,suggest a surtace frontal zori~ following. the eastflank' of the,

deep canyon, esp~cially betyjeen 'sections z6 and z4. Here eÜastic wind

cl1~mges are observed; The frontal. z~ne separates the northeast~ard
, , '

spreading of saline (5)35.9 psU) and warm offshore water(T> 14°C)'from"

, cooler and lesser saline 'waters cif the shelf area.

piumes cif iow salin~ water (S <30 psu tor' EBC1 ancl S<:: 35 PSU fO,r EBC4)

, " over ~he shelf originate from the fresh water disc.tiarge ot the river bouro.
. ,

OlJviously such plumes are regiorlally trapped.

Barociinic mass-field patier~s wlthin the' 2001 11 eOm layer.. .. . . . .

j Stream lines follow isolines 'of th~ constant layer thickness betweeri

selected ~erisity surfaces. The smaller their s,eparation dis.tance ihe higher

the resulting geosirophic velocity with positive anomälies on the righthand

side.

The potential density surfaces u7 = 27.7 and u, = 27.1 are selected iri order
, . . .

to 'describe subsurface conditions: The corresponding reference level for

potential temperatures Iiesat the sea surtace: Dur selected density surfaces '
, ." f

lie' ~ea'r the depth o'f 1100 m (a~) and' 200 m(u,). The iriiermediate iayer
. , '

tl1lckness should indicaie relative motions between the spreadirig of MW arid

currerlts of the ~ear-surface layer ~hich are not directly inflLienc~d by wind­

driven motion's. In the riorth of the Tejo Platea'u~ anomaiies 01 its thickness"
. .. .'

are stiown with respect to it,s spatial mean thickness of äbout 82 bar (820

m) in' Fig.6. Two meso-scale 'eddy-Iike features are depi~ted ~iong the 'two

northernmost seetions of 'ttle EBC1 s'urvey. The diameter 6f ~he offshore
", . ..

eddy is about 40 km with an anticyclonic rotation sense. The rotation

" changes further' to the east. In the so~th' of sec~ion 'z3 'two w~ak

phe'nomena ,c~~pleie cl chess board-Iike e,ddy structure. Such structLJres are

typical for very low frequency waves~ HUTHNANCE (1978). Corresponding

'zon~I' and' m~ridi~nal'-wave ie'ngth~ could be about 130 km. Co~pietelY
.different con'diticins are indicated tor the sU,rvey of EBC4. Positive aricirrialies

"
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in tl1e west and negative anomalies' in the' east indicate a geostrophic

southward .motiori .continuously' ·flowirig along il1e zero' isoline oft' the .'. .
. contiri~ntal riss. There is no hir1t· for a similar chess board-like pattern. In .

• I •••• •

'both cases shown, the zero-Iine of l?ca'l thickriess. ariomalies ro~ghly

-colncides with. the zone bounde~ bythe 3500 in arid 4000 m isobath.

.Moreover there is no c1ear evidence for a baroClinlc poleward current

continuously flowing ~iihin this intermediate lave,. (lff the con'iinental slope. . .. . . .

d'uring the "non upwelling seasan".

Local anomalies of the layer t~ick~ess, which res'ult fram .the survev 'EBC2
;. .... '. .I'. . . .. .. .. . ~ '. '. '.0 .. .', • .' 0

In the south of the .Tejo Plateau, are depicted in Fig.7a. The .CTD
'.' .' . .

measurements were carried out with the 10 seetion spadng meridionaliy
'. '. 0...". . 0 .'. (

during Septemb~r ~ 991; Due to this paar meridiona.1 resolution rio eddy-like

phenamena 'of the scale of the Rossby radius can be' resolvecJ; Generally th~
" .

layer thickness between poteri~ial density surfaces. u,' ~ 27. i' and u~= 27. -j.

increases witl1 increasi'ng latitude'. With resp'ed to the mean value of about

67 bar, 'positive peak values occur in the northea'st while neg~tive anomalies
, .'

wers observed in th~ southwest, Resulting Isolines suggest'ari intermediate

CUrren! to the northwest startingoff C,S.Vincerit (37° N). Th'ls shauld be the

.' ~~th of the l~rge-Sc~les~reading ~f MW. Visually th~re is a' bifurcation .into
J . . .."... .. ~ -' • _ .. .. ' '.. .,'.. .. ' i' .. ; ,..'

two branches' with westward motions in the west öf about· 10° W. The

southern branch is fourid to be between 37 ~. N änd 38 ° N whilE~ the
• . " I

~orthern arie occurs between 39° N and 40° N.
. . . .... ".' " .. .' . .... \. . . .

Commonly the barotropic nature of motions dominates in shelf areas where .
.; ,. . . .

the Rossby radius (l:=' 16km according to FIUZA, 1983) i~ mucl1 smailer than

the shelf wicHh. The topographic direction tendency f~~ barot'ropic 'mot'ions

follows trom 'the ~on~e~vati6ri'of the~lciwest order pote~tlal vorticity bV (ß­

ßi)/ ß •. T'l1e .water depth is H= H(XiY) in a Cartesian co-ordinate syste~ (x-
, .

. '. ',:, . . ,", ',' ..,)

axis to the aast arid y-axis to the north). Chariges of the Coi-iolis frequency

f witn the latitude 'are given by ß =: 2,* 10·'1 m-' s"; Meridional gradients of
th~ ~ater de~tl1 determine the top6grapl1ic'ß-parameter ß-j- =(f/< H > )(dH/dy)
", .': • , • . c· •. ,:,' . " " "," ",•. , ' ' •., ,'.. .,'" "

whil.e corr~sponding zonal gradients ~re considered by ß. == (fl <H> )~dH/dx).

The averaged depth is <H> cf SCHEMAINDA arid HAGEN (1986).

.. 7



,Vectors of topographie lendencies are shown in Fig.7b. The bottom. ,

. ' . topography supports a westYvard· motion ,o~er the ~ejo plateau (39°)

between the coast a'nd' about 11 ° W. A similar zorie eari 'be detected

between 37°N and 38°N extEmding offshore to the longitude of about 10°. . . \

W.
The ~oied bifurcation should be influenced by the bottom topography.

. . . .
'Resulting tendency arrows also. suggest ,the possibility for a per,manent

generation of meso-s~ale eddy-like features offshere the centinental 'slope

zon'e, especiallyoff C.S:Vincent. '. '

Geostrophic meridiol)al ciJrrents

The geostrep'hic currents are plotted from the 7-day camp~ign diJring

'April 1991 in Fig.iC Measurements startedat 40° 05', N in the ~outh and,

were finished at 41 ° 20' N in the north; The northem most section, (z1)

indicates a' near surface southward' flew of about 0.08 m/s over' the

co~t,inental siope while a n~rthward curreni can be det~cted with a care

velocity of 0.12 mls at 9",6° W; It5 zonal width is about 20 km as it car, be

" estimated from the separation of the 0.04 m/s isoline at the 10 bar pressure
, ,

level. A narrow soufhward current seerris to exist along the inshore flank of'. ,
the north flow. Both currents are separated by a front,al zone. Tlie' front is

visible down to about 500m near 9"4° w:Accardlng tri ttie chess board-.like

anomaly patte'ms shown in Fig.6, we ~ote a change Of sign within the upper '

500m layer along section z4.' The poleward going flew is replaced by

equatorward motions, ho~ever; the peak vel~cities are weaker 'by a factor
, ,

of about 2-3. All seetions suggest decreasing peak velocities with

decreasing latitüde'during the' survey cf EBC1.' Differ~nt' eonditi~~s ~r~
.. . ... . . ~.. . ,

found during EBC4,' which are' plotted in Fig.9. 'The strength of the

.poieJ.tard core velocity is smaller. than that of the ~qt.iat()rward motion. -[he'
~. '. . .

southwärd flowing near-surface current is visible a,t all sections between
.. I·,

9.6° Wand 9.8° W. .

~oth ~eso-s~ale ~urveyswer~'cari'ied out in ihe north of the Tejo PI?teau.

Our measureme'nts only iridic~te locally weak ba'roclinic motions to the north

8
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(0.04 m/s). On the other' hand the SUrv~y of EBC2 covers the region in the. " .'

south of the Tejo Plateau duri~g the upwelling season. Corres'ponding plots

of geo~trophicmeridional currents are depicted in Fig.1 0.' A clear polewar~

'f1ow wlthcore speeds larger than. 0.12 rrils is shown for depths between. , . .

600 mand 1100 m alohg the seciionz4 (37°N) .off C.S. Vincen.t. The zonal

extension of' th; core is about 50 km. The cor~ speed decrease's' v,,;ith

increasing latitude wit~ a tendency for "offshore stretching" .

..
Current rneasurements'

The curreht meter mo'orings were deployed by ,the. "Bundesamt 'fuer

Seeschiffatirt und Hydrographie Hamburg". ~he data' have been' collec~~d
. '. .

. . \ '-" , " \- .-, '."

during different time pedods: 1983/84 (P3), 1990/91 (WH), and 1991/92 as. . . ~

compiled in Table 1.
. Resulting cu;ren't aver~ges over the whole recording intervals 6f differe~t

duration are shown in Fig; 1i. North of the T~jo Plateau, K1 points -to a

barotropic equ~torward flow regime on the mid-shelf duririg. Marchl April
. .

1991. Along the cor1tinental slope offshore a, poleward tiow oce'urs at

depths'between'260rri and 810m at position P3 (40 0 N) and at 435m at

'poSitiO~Lai (43°N) whil~ weaker northward components are also i~dicated
at 1164m and 1564m depth at position WH (about 40° r\J). All three

, ', ,

moodngs were placed in the vicinity of '10~ W. The 'l1"!ean westerly deep .

curr~~ts ät th'e position WH (11.64m horizon) wiHiin the layer of pole'ward

~preading Mediterranean OUtfIO~,a~d thEm~ ~elow'(1564m level) are most

. likely poleward motions guided by the bot~om topography.
, .

South of the Tejo Plateau, lT!easurements of three moorings are available.

Off C.S.Vincent, a topogra'phic eddy-Iike feature, seem's to tJe 'responsible for

th~ flow obs~rved at A1/ A2. A2,immediately replacec{ A 1. Thelr positi~ns
are approximately one nauticaj mile apart. Within 'the laye':' of the

" • •• .' I

Medi,terranean Outflow (8 i 1m,. i 214rn) and below (1715m) the' resulting .
• • , •• I' t

mean current vectofs during autumnl winter 1991 at A 1- (solid arrows)

sugge~t (eddy-lik~?)counter mcltions to'the gener~lIyassumedflo,w towards

west at these depths in this region as observed at position es.' -

9 "



. Table 1,: W~ter depths at the mooring locations and periods of
, , . I

current measurements
..... ,., ........ " . ' ' .. . " . . ' .. , .... .'."

Locaticin Water Depth (m) Measuring Period .,

, ..
L01 1945 14 March, 1991 to 10 January, 1992

K1 105 19 March to 13 April, 1991
,

WH 3900 15 Aug., 1990 ta 27 Äug.; 1991
i , . .. .. '

.'

P3 910 30 July, 1983 io 14 january, 1984

CS ..... I .1960 28 March to 19 May, 1992
" '- " "w

A1 2036 28 Oct., 1991 to 14 January, Ü}92 .
. •. .' " .

14 JeH'luary to 19 May: 1992
:

A2 1998

...
R 1995 20 Oct;, 1991 to 15 April, ·1992

,.

M3 3979 i 8 January to 25 May ~ ,1992........ ,...... . .. , :.. . ',." "

.e .

•.
ttie flow velocities increase again.

. . ,

The averaged currents have; been stranger tram Octaber through January

1991 (A1) than duri'ng the tollowing tour mo'nths untii May 1992 (A2).

Within the core layer 'of the Mediterranean Outflo'w. (~1200m depth) the

, aver~ged currerits are ~emarkably weak at positions es: A2, ~md R. Prabably

the mo~rin9S ~ere dep,loyed in betwe~n tpe main veins of the MW Oi.J~fIOW
.chan~elled bythe b'ottom topogr~ptiy.. Within deeper,layers, below ~ 600m,

....

Discussion .

. CIi.matological atlases indicate a large-scale wind-stress curl distribu- .

. tion with a nEiar;tio~re r'egion of cyclonic sign extendingabout 200 km offs- I

• ." .. f •

hore, parallel to t~e Portuguese coast. We know fram the Sverdrup oalance .

that upward E\<man ',pumping occurs together with 'a polevv,ard Sve,rdrup

flow. The curl changes its sig':' by theinfluence of Üie Azores High further.

.offshore. Downward Ekm,an pumping associated with an eql!atorward

10
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Sverdrup flow dominates in the 'open riortheast~r~ Atlantic Ocean. A frontal
• I .'

zone follows the isoline of vanishing wind.-stress curl at the se~ surface in ci

. 'distance of 'atiout iob. km from the coast. For example, 8t the latitude of

40° N, this surface front should be located between 10.6° W~nd 10.3° W.

: Usirig climatic data; Mc CLAiN et al; (1986) conCluded from numedcal
, ,

approaches thai the southward. flow over. the shelf and along the eastern

flank of th~ near'-surface front zo~e is mainly dri'ven by southward coastal

wi'rids~ ~hile ttlä n'o'rthward currerit along 'the 0estern fla~k is ass06iated. " . .
with the position' of the zero-wind-stres·s-curl. If this scenario for large-scale

winds shouid be also valid at the meso-scaie, we can expect a high degree

... of 'variability in north-säuthwarq currents d'ue to the synoptic-scale of whld

fluctuations.

'Äs outlined by,PHi·L.ANDER (1978), the steady state ot the Sverdrup balance. . . .

. breaks down for tiine scales which are shorter than about ten years bätween .

35° N and ~he critical latitude of Rossby waves (4~-4~0 N). DYnamics of

very low fr~quencyw~väs domlnate for shorter time icales; especi~lIy in tl1e

meso-scale.

In the north of the Tejo' Platea~ (39°N), weak upwelling processes wiÜ,

southwesterly wind-driven cur'fents can be also expeeted ~u~ing the "non

uPYveliing season" in JanuarY. ~eari currejits at.K1' p~int to an equa,torward
, , .

flow regime covering the entire water colurrin on the mid-shelf during Marcl"l!

April 19'91. 'Analogous condltions a'~ereportedby SIL.VA (1992) f~oin Clirrent',
• • .. '. • ,L •

measurements carried' out on ,the shelf at' about 41 ° N' during .May to

September, 1987. Between about 41 ~ N and '39 0 N, ~ur'geostroPhi~ current

estimat~s show dominäting southward motions 'on the~shelf. Therefore we .
. .' . .

may conclude, that" thes~ nearshore. equatorward currents involve a

.. significant baroclinic'component' although they 'shoufd be mainly wind- .

generate(~L In th'e shelf- area, the wind-'dri~eri cu~rents prödUce. the hig'h

variability in space and tirTle. The. surtace fronta! zone, '~hich zonally
., .. -'':,''0:' ,:- I" -. -, ,. " , , " , ,,- " •., ' .. ! ~.. • " '

meanders along the continental slope, separates this on~hore flow regime

fr~m dffshore motio~s near the' longitudä o'f about 10° W: This front

extends' down to ä~Out 5001 600m depth; In the flOrth of the Tejo Plateau'

. ~ 11
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(39 0'. N) the riortheastward spreacling of· warm and saline water is indicated

'.in tne n~ar-surface layer, pr6bablY controlled .bY ci deep canyo'n~like
structure. Generatiy the g~ostro;hic ~urrents'are intensified with iricreasing.

, "

I~titudes during ~he EBC1 an~ the EBC4 camp~igri. Furttiermore meso-scale

plumes are observed trapping mixed Doufo wattüs on the shelf off Leixoes!
. '. "

Porto.

According to HINFHCHSEN eta!. (1993) the depth of tne ~al.init,Y maximum

indicates a meaiidefing ~rontal zone in intermediate layers (~ 1200m) along

the contlnental siope. its .extension lies between 37! 42 oN and about 10/

~ i ° W. Tne westerri most position is s~own on the 'Tejo. Plat~au (39 ci N) .
.Tnere must be an·adjustment of the baroclinic mass- arid current field to the

; . ' " ".\ ' ",0

bottom to~ographY. Furtnermore, we know from HOLLOWAY et al. (1989)

the t~pographic stress causes undereurrents iri terms of inti-insie poleward
. .'

, propagating shelf waves alorig eastern bouridaries. The poleward subsurfaee
. . , ." .

. flow is an ingredient of coastal' upwelling dynamies. ·VVith respect to
\ I • •

structures of the subsurface motions, there iso a cleär eVidence 1:hat the
" ,

current regime off the Portuguese west coast is separated by the Tejo
. . .. . "'" ~ ' . ,,;.:. ......'. " ,'. . ~

Plateau (3t about 39° N. Characteristic geostrophic motion patterns, which

in~lude pole~~lrd cu'rreriis at depths bet~ee~ GOOm and' 1100m, are

drastieally disturbed' arid! or eompletely vanist,' in ttle north of the Tejo
! •

Plateau. Here the slJrfaeing of poleward eurrents iso inore probable than in ttle

soutn. Our data of the subsurface layer thickness 'oetween about 200m- .
.' - I

11 OOm' ~uggest the existence of very low frequency wave-like fluctuations ..

Possible eandidates could b~ topographieally trapped baroClinic Rossby

. waves traveilir~g aiong the topographie ~ave guide towards north. Visually

zonal 'and meridional.wave lengthsare e~timäted to be 'ab6ut' 130 km. On. ... .
the other hand, no continuoLJs poleward flow eou.ld be detected by our

geostrophie CalelJlations -in layers deeper than' about 600n; altho'ugh . the
• t, ,.." ,', ." " . _'. :, ",' " i ','.. ,', '

averaged' observational dcita of eurrents" ele'arly iridicaie ci northward

eompoherii at r;>ositioris P3, WH, ~rid L01~'in tne.vieinitY of 10°.W. In.this

way we may co,nclude subsurface poleward currents are more barotropic in '. ,. '. ~ . . . .

the north of the Tejo Plateau. It sesms to be that the topographie direetion

12 .
"

• _. -<'~.

e

•

.. "'



. ,

•

tendency of the I~west order potel1ti~1 vorticlty supports the bifurcatiol1 in

two wesivJard' currents bands b~~ween 390 Nand 400.N arid between' 37°

N and 38° Nbut west of abou~ 100 W. } .

According 1:0 Fig.9 in ZENK al1d ARMI (1990), both flow branches describe
. .

the norHlwestward spreading of the iritermediate Mediterral1ean Water (MW). . ,

at depths between about aoom and 1~ÖOm b~tweel1 thEl Telo ~f(3teau and.

·C'.S.Vincent. The layer thickness between selec1:ed surfaces of potential

density' u, =27; 1(200m) and CI'; = 27.7( 11 OOm) increases w.ith increasing

latit·ud~. This fact iridicäies ttie existe~ce of iritermediate; meridio~al.large­

scale pressur~ gradients. Consequently our ~eostrophic ,currents show a

'. ~Iear poleward .curr~rit core (?04-? i 2 rrils) in laye~s betwee~ 6~O,ni and .

12ÖOm off ~he cOl1tinental slope' while southward motions (·0.04~0;20 m/s)

dominates in upper layers. These results support the conclusion of ZENK and

ARM I' (1990)' that the MW passes througn a broad "gateway'~ between

C.S'.viriceni and' Gettysburg '8~nk' and shows'asiro'ng tendency to foilo~
the cantours of the Portuguese ~oritinental slope ur) ·.to the Tejo Plateau'.

(39° N). However no clear evidel1ce could 6e obtained for any vertlcal core .

'displaceme'nt between the Tejo Plateau and C.S.Vil1cent. Moreover'we know

froh, float 'iraj~ctories in between layers of 629 db~r and 84-j dbar that there. ' . . - '

are also anticyclonic eddy-like features with (Jiam~ters of i3bout 50' km

between. 38 ~ N and 39° N, as reported by ZENK ei aL H992); Such

• pheriomena could not be resblved by aur meridiol1al seciiol1 spacing. This

zone wrth ci teridency for sutisurface eddy-Iike events is placed betweeri our
, "

. two weil separated branchesof westward moiions in t,he west of about 10°

W.
10 the vicinity of C.S.Vincent ( 37° N)~ current measure'ments suggest a

divergence indicated by westwa~d ct..ii'ren,t~ in the southwesi and an

east';;'i;üd !IOw in the s~utheast within layers between about 2.50m 'and

.19ÖÖn',. Poleward directions are onlyotitairied f~r. dep~hs beneath and ~nder

the Mediterränean Outflow; These currerii'records could be also associated

to' an'eddy-iil<e teatur~, 'Which is topographically trapped in the south 'ot
. ." . , . .

c.s.vrm~·ent. For instanc~,' SWALI:..OW '{1969} repolted an .'änticlackwise..

"..
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eddy by neutrally buoyant float tracks at depths between 10001 '1400m

where the maximum salinity layer of MW is plac'ed in the south of

C.S.Yincent. The mean flow vectors at position R (6 months records)

provide an indication of a subsurface polewa~d going flow along the northern

Moroccan slope. We assume, that this result represents a continuation of the

poleward undercurrent along the northwest Afdcan slope at lower latitudes.

However we cannot exclude, that the northward current. component at

position R also res~lts from a similar meso-scale eddy-like feature, which is
, '

topographically trapped. Furthermore it seems to be likely that the slope

areas off Morocco and the South-Iberian peninsula are linked energetically

by the poleward . propagation of low frequency, topographically trapped

waves. The proximity of the position R to the South:lberian con.tinental slope

,let us belie'~el speculate, that there must be a link between the poleward

going subsurface ~oundary flows off northwest Africa and southwest

Europe.

. .
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Figures:

Fig.1. Mooring positions' and sections during the campaign "Eastern

, Boundary CurrentS (EBC)": EBC1 (2-10 April, 1991), EBC4 (22-29 January,

. 1992) 'along crass-sections z1-z6 (soli'd Unes) in the north of the Tejo
. .

Plateau, and EBC2 (3-8 ~eptember, 1991) along tour cross-sections z1-z4

(dashed Iines) in the· south of the Tejo Plateau, (/sobaths' in fathoms,

L.;AUGHTON et a1.1975)

Fig.2: Ver,ical patterns (pressure units in bar) of geostraphic meridional

e "currents (poleward motions 'a,re stippled) along the z1-section ,of EBC1

resulti~g from the minimum' 'rnethod, fitted reference levels praposed by

FIEKA5 et al.(1992), and reference levels fixed at pressure levels of 13b,

70,and 30 bar, (Note the unsuitable reference level at 30 bar ,which' was
, ,

selected by FROUIN et al. (1990) )

Fig.3. Bottom topography fram the station grid. The region of the continental

slope.' is hatched between the 200 m and 2000 m isobath

Fig.4. Vectors of the wind velocity (Vw ) resultihg fram the surveys of EBC1
, ", I

and EBC4

• Fig.5. Mapped distrib,ution of the temperature (T) and saUnity (5) at the sea
"-

surface

"

Fig.6. Pressure anomalies of the layer thickness units in bar) between

surfaces 6f potential density [p(27.7)-p(27.1)]'with r~spect to the spatial
. .

mean values <~p> =82.8 bar and 81.1 bar, respectively'
, .

(Total ,geostraphic motions follow the isolines with positive values on the

right hand side) .
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Fig. 7. Comparison between baroelinie mass field struetures as in Fig.6 with. . .

topographie eonditions for the EBC2 area

a)Anomalies of the layer thiekness between potentiai density surfaees

seleeted with respeet to the spatial mean value 'of 67.1 bar

b) . Arrows of the topographie direetion tendeQey for unforeed barotropie

motions given by (ß-ßT)/ß., 'values are taken from a personal

eommunieation by METZNER (1992), (Further explanations in the text). .

Fig.8. Ge9strophie eurrents ealeulated by means of the '!'inimum method

along the six zonal seetions (z1-z6) from the eampaign of EBC1.

Fig.9. Similar plots as in Fig.8 but for the survey of EBC4

Fig. 1O. Corresponding plots as in Figs. (8,9) but for the survey of EBC2.

Fig.11.Veet~r-averaged flow (Number at veetor heads denote measuring

depth. The measuring duration is given in Table 1.)
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