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. ABSTRACT

- Currents and repetitive sets of CTD- data reveal meso-seale circulation patterns offshore the

slope into a_northern and southern ﬂow domain. North of the plateau meso-scale eddy-like - '

Portuguese shelf. Besides the presentation of the mean currents the CTD-data analysis refers to
local wlm_lé, mapped sea surface temperature and salinity, geostrophic flow conditions between
potential density surfaces’ of 0,=27.1(=200m) and ¢, =27.7(=1100m), and geostrophic
nieridional currents during the season of climatic upwelling (Sep'ternber" 1991) and "non-

upwellmg" (April 1991 January 1992) along the coast.

- The T ejo Plateau (39°N) subdlvrdes the mendlonal subsurface currents along the continental

subsurface currents controlled by the local slope topography seem to be dominant, South of the
plateau the boundary flow is apparently more stable. In particular, the Mediterranean outflow

v&ater basically follows the continental slope and bifurr:ates into two branches with a

nouceable west flow component between 37°N/ 38°N (C.S. Vmcent) and 39°N / 40°N (Tejo

Plateau) "Current data provnde clear srgnals of poleward gomg subsurface flow along the

+ continental slope above, within, and below the layer of the Mediterranean outflow. The results

of current measurements at the northern Moroccan continental slope suggest, that there must be
a link-between the poleward gomg subsurface ﬂow from the south (Morocco) and along the

South-Iberian slope

Hydrography Committee_,

by Thinen-Institut



iud
ICES-paper-Thünenstempel


Introductlon

The: objectlve of our note is to underllne the specrfrc nature |n the

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

acts like a barrier by the influence of the bottom topography 6n the poleward

spreading of Mediterranean Water (MW) (baroclinic pressure gradients) along
the continental slope, cf MADELAIN (1976) and AMBAR (1982).

Our discussion is based on meteorological and hydrographic data measured

during three meso-scale surveys off the Portuguese west coast and on time

: .series of current measurements with a |ength of few months. Two cruises

dunng the upwellmg season The area of lnvestlgatlon extended between

41° 20" Nand 37° N and between 112 20" W and the Portuguese coast. '

_One may expect an energetic link between the northwest African upwelling
 area and that off Portugal. It is uncertain yet, ,\?vhether-the poleward
. subsurface flow in depth between 200m and 600m along the Iberian
. continental - slope, above the Mediterranean Outflow . (600m-1200m) and
below the wind driven surface Iayer ( down to about 200m), can be linked
.to the poleward undercurrent exustmg in the Afncan upwelhng area off
Morocco. Furthermore there is some ev1dence that the poleward rowrng
subsurface current surfaces, espeially in autumn and winter, cf FROUIN et

al. (1990). Short-term current measurements (few weeks) offshore the

Portuguese shelf break in the past suggest a poleward going subsurface.

eastern boundary flow along the West-Iberian continental slope while long-

term current measurements ‘way further offshore indicate fairly variable -

meso-scale currents in'the Iberian Abyssal Plain'( west of 132 W). -

' Hydrographrc Data Base
. three crurses in order to study mend|ona| currents |n the system of "Eastern
Boundary Currents (EBC)" off the Portuguese west coast Data result from

two crurses with r/v "Heincke™ of the" B|olog|sche Anstalt Helgoland“ (EBC1

. in. Apnl 1991, EBC4 in January 1992) and one expedltlon wnth r/v "Aw.-

.
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" tempotal scales.

. Humboldt™ of the "Institut fuer Ostseeforschung Warnemuende" (EBCZ in

Septemberl October 1991).
The hydrographrc data have been gathered by means of the CTD- probe OM-

.87, 'MOCKEL (1980) Hydrographlc statlons follow zonal sectrons located

between the coast and 11. 5° W The station spacmg varies between 7 km '
|n the near-shore reglon and 28 km further offshore. The sectlon spacmg

was 15’ in latltude for EBC1 and EBC4 but 1° in latitude dunng the EBC2- |

survey The temperature sensor was controlled by three reversmg thermome- _

“ters at each station at different depths Correspondlng compansons were-

'carned out for salmlty (S) between sensor values and laboratory measure-

ments by means of the salmometer '

Using UNESCO-formulas for the equatlon of state the den'sity' was calculated
from-(S,T,l?) values after the procedure of dada validation in pressure steps
of 5 dbar. Subsequently anomalies are calculated with respect to the '
standard ocean ( P=0, T=0, S=35 PSU). Flesulting values QEVe the input .
for the calculation of correspondlng dynamic depths needed for an esti-

mation of the vertical current shear from the geostrophlc momentum balan-'

‘ce.

The accuracy of (S, T P)- measurements Justrfres to consider geostrophlc
velocities larger than about 0.04 m/s, FOMIN (1964) only
Accordlng to WOOSTER et al. (1976) results of EBC1 and EBC4 could be

representative for a non coastal upwelling sntuatlon while those from EBC2

should involve effects of upwellmg processes

Methodic aspects -

Commonly we have to search for a surtable " zero-motion level" in
order to obtain some acceptance.for geostrophic velocities. Because its

choice involves arbitrary aspects, especially in shelf-slope regions,' we

_'propose to accept two assumptions: - ' _
. - The barotropic motion field with large spatial but small temporal scales is

sufficiently separated from baroclinic motions v'vith small spatial but long .

*



- C'hanges' of the baroclinic mass-and current field are locally influericed by

barotropic fluctuations, mainly in response to temporal variations in the more

large-scale alongshore wind component.

In the followmg we conﬁne our attentlon to spatral ‘structures of the -

merldlonal current component derrved from hydrographrc cross- sectlons We

assume’ that the baroclinic net volume transport can be neglected in -

comparison to that from the unknown barotropic motion field. In other words
we try to minimize the cross sectron geostrophlc net transport between
nelghbourmg hydrographrc statlons '

- We truncated the CTD- profrles in such a way that the main pycnocllne
' 'approxrmately coincides with the middle of vprofrles. By-'thrs . approach

. baroclinic motions in upper layers should bé compensated by opposite mo-

" “tions in lower layers. Due to methodic uncertainties we concentrate to cur-

rent patterns detected in the upper layer because those in the deeper layer
are .corres'ponding‘ compensation currents resulting from the minimum
concept used. An exceptlon will be made for the intermediate undercurrent
' transpdrtlng MW along the continental SIope towards higher latitudes as
described, for instance, by ZENK and ARMI (1990)..

' We state that our prot:edure cahndt be much better than that with a fix.ed
reference level commonly used. Nevertheless there are two addrtlonal

advantages

-Our "Zero horizon" follows the rlsrng main pycnoclrne into the direction of -

the coast due to decreasrng water depths. -

- -We obtaln msught mto patterns of geostrophrc motlons |n the . |mportant

. shelf—slope reglon and on the shelf, too. .
The most important restrlctron is that this method cannot provrde any

conclusrons about net volume transports crossrng the entlre section. Flgure 2

compares results from the " mmlmum method“ proposed wrth those from the

' frtted reference level accordlng to FIEKAS et al (1992) and those resultlng :

.' from fixed Ievels at 130 bar, 70 bar and 30 bar. The results from our

"minimum method" agree well not only with correspondrng patterns

' calculated by the reference level according to FIEKAS et al. (1992) but also



with. those resultrng from the fixed reference level at 130 bar However, it

‘seems to- be that "zero motion” levels are not surtable at 70 bar (~700m)
and’ 30 bar (~300m) Consequently we Ilke to use the "mlnlmum method". .

' |n the following.

_ Wlnds and T/S at the sea surface ‘

Dunng the "non upwellrng season“ in Apnl 1991 and January 1992
the CTD observatlon gnds consrsted of six 'zonal sections (z1 26) between

40° 05’ N and 41° 20' N in accordance wrth former measurements carried

out by ANDRES and JOHN (1992)

f Contours of |sobaths, which result from echosoundlngs at hydrographrc '
statlons, are plotted in F|g 3. The zone of the shelf- edge slope region .~
(200m-2000m depth) roughly runs parallel to the.coast line wuth a

southwest northeast orientation. Therefore the drstance between the coast ‘

" and the 200m isobath mcreases from section z1 in the north to z6 in the

south; about by a factor of two: This reglon wrll be denoted "shelf area/
zone" in the followmg A deep canyon-lrke structure can be deteCted in the
west of 10° W cf the 4000 m isobath. Its axis roughly runs parallel to the
contlnental slope A

Actual winds are shown by vectors in Fig.4. Favourable winds for upWelling‘

proceSSes were observed by alongshore-offshore components of about 10

' m/s ln the shelf area dunng the survey in January 1992 In April 1991,

however, the. vectors rnvolve onshore components wrth strong meridional

'gradlents Such dlfferent wind condltrons produce a drfferent response in
] wind-driven currents and consequently, in temperature and sallmty
:drstnbutrons at the sea surface mapped |n Fig. 5. Relatrvely strong zonal
.gradlents in temperature and salrnlty lndlcate upwelllng processes on the

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

together wrth sallnmes lower than 35 PSU Westward of the continental

.slope we note a tongue of warm and saline water extendmg ‘from the

. southwest to the northeast On the shelf very drfferent freld distributions are

measured during EBC1. Mendronal temperature gradrents domlnate with



temperature values between 13. 5°C at 26 and 14.5°C at z1 while thé sea

. surface salrnlty again shows zonal gradients wrth |ower values on the shelf.

The rsollnes suggest a surface frontal zone followmg the east flank of the
deep cafyon, especrally between sectrons 26 and z4. Here drastic wrnd

changes are observed The frontal zone separates the northeastward_

spreading of sallne (S> 35.9 PSU) and warm offshore water (T> 14°C) from

. cooler and |esser saline waters of the shelf area

Plumes of low salrne water (S<30 PSU for EBCl and S<35 PSU for EBC4)

" over the shelf originate from the fresh water dlscharge of the river Douro.

Obvrously such plumes are regronally trapped

Baroclmlc mass fleld patterns wrthm the 200/ 1100m layer

’ Stream Ilnes follow isolines of the constant layer thrckness between
selected densrty surfaces. The smaller therr separation drstance the higher
the resultmg geostrophlc velocrty with posmve anomalres on the rrght hand

side.

The potential density surfaces g,= 27.7 and 0, =27.1 are selected in order

to ‘describe subsurface conditions: The corresponding reference level fof

* potential temperatures lies at the sea surface. Our selected density surfaces -

" lie'near the depth of 1100 m (g;) and 200 m (g;). The intermediate iayer

thickness should indicate relative motions between the spreading of MW and
currents of the near-surface layer which are not directly influenced by wind-

drrven motrons In the north of the Te;o Plateau, anomalies of its thlckness”

o are shown with respect to |ts spatial mean thickness of about 82 bar (820

m) in F|g 6. Two meso- scale eddy Ilke features are deplcted along the two

( northernmost sections of the EBC1 survey. The diaméter of the offshore -

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

" changes further to the east. In the south of section z3 two weak

phenomena compléte a chess board- like eddy structure: Such structures are
typlcal for very low frequency waves, HUTHNANCE (1978). Correspondrng

zonal and’ merrdronal wave lengths could be about 130 km. Completely :

‘dlfferent conditions are indicated for the ¢ survey of EBCA4. Pdsitive anomialies -



" in the west and negative anomané‘s' in the'east indicate a geostrophic
southward motion 'c.ontlnuously' flowing along the ze‘rp' isoline off. the |
~‘contlne‘nt'al rise.. ‘There is no hint for a similar chess board like pattern. In .
‘both cases shown, the zero-line of local thlckness anomalies roughly
'corncrdes with the zone bounded by the 3500 m and 4000 m isobath. |
~Moreover there is no clear evidence for a baroclinic poleward current
contrnuously flowrng within this rntermedrate Iayer off the contrnental slope
dunng the "non upwellrng season '

Local anomalres of the Iayer thrckness whrch result from the survey EBC2
in the south of the Tejo Plateau,. are deprcted in Frg 7a. The CTD "

' measurements were carned out with the 1° section spacrng mendronally )
‘durrng September 1991 Due to this poor merrdronal resolution no eddy lrke ’
phenomena of the scale of the Rossby radius can be resolved; Generally the' .
layer thickness between potential density surfaces 0,=27 i'and oy = 27.7
rncreases wrth rncreasrng latrtude With respect to the mean value of about
67 bar posrtrve peak values occur in the northeast whrle negatrve anomalres
weére observed in the southwest Resultrng isolines suggest an intermediate
current to the northwest startrng off C.S.Vincent (37° N) This should be the .
: path of the Iarge scale spreadrng of MW, Vrsually there is a bifurcation |nto~
two branches with westward motions rn the west of about- 10° W. The :
. Southern branch rs found to be between 37° N and ,38° N'whrle the |
northern one occurs between 39° N and 40° N

Commonly the barotroprc nature of motrons domrnates in shelf areas where °
the Rossby radrus (= 16km accordrng to FIUZA 1983) rs much smaller than

the shelf wrdth The topographlc drrectlon tendency for barotroprc motrons N

follows from the conservatron of the Iowest order potentral vortrcrty by (R- . :
lST)/ R.. The water depth is H= H(x, y) ina Cartesran co-ordinate system (x-
' "axrs to the east and y- axis to the north). Changes of the Coriolis frequency .
f wrth the latrtude are given by R = -2%10"" m” s, Meridional gradlents of
the water depth determine the topographrc R- parameter BT =(f/<H> )(dH/dy)
whrle correspondrng zonal gradrents are considered by R, = lf/< H> )(dH/dx)
T/he averaged depth is <H> , cf SCHEMAINDA and HAGEN (19§6).
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~Vectors of topographlc tendencies are shown in Fig.7b. The bottom
’topography supports a westward motion over the Tejo Plateau (39°)

'.}‘betWee‘n the coast and about 11° W. A similar zone can be detected

between 37°N and 38°N extending offshore to the longitude of about 10°

The noted bifurcation should be influenced by the bottom topography.

'Resultrng tendency arrows also.suggest - the pOSSIblllty for a permanent '

generatlon of meso scale eddy -like features offshore the contlnental slope

zone, especrally off C.S. Vrncent

Geostrophic meridional currents

The geostrophrc currents are plotted from the 7- day campalgn dunng

‘Apnl 1991 in Frg 8. Measurements started at 40° 05’.N in the south and.

were flnlshed at 41° 20' N in the north. The northern most sectlon, (21)‘
indicates a- near ‘surface southward flow of about 0.08 m/s over- the
contmental slope whrle a northward current can be detected with a core

velocrty of 0.12 m/s at 9 6° W. Its zonal width is about 20 km as it can be

. estimated from the separation of the O. 04 m/s isoline at the 10 bar pressure

) level. A narrow southward current seems to exrst along the mshore flank of

the north flow. Both currents are separated by a frontal zone. The front is

' vrsrble down to about 500m near 9 4° W. Accordrng to the chess board- Irke

anomaly patterns shown in Frg 6, we note a change of sign within the upper .

500m |ayer along  section z4: The poleward gorng flow is replaced by
equatorward motrons however, the peak velocmes are weaker by a factor
of about 2-3. All sectlons suggest decreasrng peak velocmes wrth
decreasrng |at|tude durrng the* survey of EBC1. leferent condmons are

found during EBC4,’ which are plotted in Flg 9. The strength of the

,,poleward core velocrty is smaller than that of the equatorward motion. The'

. southward flowmg near surface current is visible at all sectlons between

96°Wand 98°W

Both meso scale surveys. were carrred out in the north of the Tejo Plateau

. Our measurements only |nd|ca_te Iocally weak baroclinic motions to the north



(0'.014 m/s). On the other hand the survey of EBCZ_ covers the region in the
* south of the Tejo Plateau during the upwelling season. Corresponding plots
* of geostrophic meridional currents are depicted in Fig.10. A clear poleward

“flow with core speeds Iarger than 0.12 m/s is shown for depths between

600 m and 1100 m along the section. z4 (37°N) off C.S. Vmcent The zonal
extension of- the core is about 50 km. The core speed decreases with

increasing latitude wrth a tendency for * offshore stretchlng .

Current measurements _
The curreht meter moonngs were deployed by the. "Bundesamt fuer

Seeschlffahrt und Hydrographle Hamburg THe data have been collected.

durlng different tlme penods 1983/84 (P3), 1990/91 (WH) and 1991/92 as

complled in Table 1.

- Resultlng current averages over the whole recordlng intervals of dlfferent

" duration are shown |n F|g 11. North of the Tejo Plateau, K1 pornts -to a

barotropic equatorward flow reglme on the mid-shelf dunng.March/ April

1991. Along the continental slope offShore a poleward flow occurs at

_depths between 260m and 810m at position P3 (40°N) and at 435m at
position LO1 (43°l\l) Whlle weaker northward components are also indicated
at 1164m and 1564m depth at posmon WH (about 40° N) All three

moonngs were placed in the vncmlty of 10° W. The mean westerly deep

currents at the position WH (1164m honzon) within the layer of poleward

spreadlng Medlterranean Outflow and there below’ (1564m level) are most

" likely poleward motions gurded by the bottom topography.

South of the Tejo Plateau, measurements of three moorlngs are avallable

Off C.S. Vlncent a topographlc eddy I|ke feature seems to be responsrble for.

_the flow observed at A1/ A2. A2 |mmed|ately replaced A1. Their positions

are approxrmately one nautrcal mile apart. W|th|n the layer of the

) Medlterranean Outflow (811m, 1214m) and below (1715m) the resultlng

mean current vectors dunng autumn/ winter 1991 at A1 (solld arrows)

suggest (eddy-lrke?) counter motions to the generally assumed_flo_w towards

_ west at these depths in this region as observed at position CS."



* Table 1;

Watér depths at the moo;ing locations and periods Of‘
. current measurements '

Location Water Depth (m) MeaSuring Period .
LO1 1945 14 March, 1991 to 10 January,1992
K1 - 105 19 March to 13 April, 1991
WH : 3909 115 Aug.i.1'990 to 27 Aug:; 1991
P3 910 30 July, 1983 to 14 January, .198"4‘
cs ' .., 1960 28 March to 19 May, 1992
A1 2036 28 Oct., 1991 to 14 January, 1992 -
A2 1998 14 January to 19 May, 1992 °
R 1995 20 Oct;, 1991 to 15 April, 1992
M3 3979 18 January to 25 May, 1992

The averaged currents hé\re‘been'étronger from OCtdber through J.'an‘uar‘y
1991 (A1) than during the following four months until May 1992 (A2).

Within the core layer ‘of the Mediterranean Outflow (~1200m depth) the
) averaged currents are remarkably weak at positions CS A2, and R. Probably
the moonngs were deployed in between the main veins of the MW outflow
-channelled by the bottom topography W|th|n deeper Iayers, below 1600m '

the flow velocrtles mcrease agarn

Discussion . .

, "ClimatOIogic’al atlases indicate a large-scale Wind-stress curl distribu- "~
' tron with a nearshore reglon of cyclonlc srgn extendmg about 200 km offs-
hore parallel to the Portuguese coast. We know from the Sverdrup balance '
—that upward Ekman pumpmg occurs together with a poleward Sverdrup
ﬂov'v. The c‘pn changes its sign by the,infiue‘nde of the Az”oree High further.

.offshore. Downward Ekman pumping associated with an equatorward

10



Sverdrup flow dominates in the open riortheastern Atlantic Ocean. A frontal
zone follows the isoline of vanishing Wind,-st’ress curl 4t the sea surface in @
. "distance of about 200 km from the coast. For example, at the latitude of
_ 40° N, this surface front should bé located between 10.6° W and 10.3° W,

* Using climatic data, Mc CLAIN et al. (1986) concluded from numerical
approaches that the southward, flow over. the shelf and along the eastern.
| flank of the near-surface front zone is malnly dnven by southward coastal
wrnds, whrle the northward current along ‘the western flank is assocrated
| with the posmon of the zero-wind- stress curl. If this scenario for large -scale -
‘ wrnds should be also valid at the _meso scale, we can expect a hrgh degree :
of variability in north-southward currents due to the synoptic-scale of wind

fluctuations. - - -

_ ‘As outlined by PHlLANDER (1978) the steady state of the Sverdrup balance o

. breaks down for time scales whrch are shorter than about ten years between -
35° N and the crltrcal lantude of Rossby waves (40 42° N) Dynamlcs of

very low frequency waves domlnate for shorter time scales especrally in the

© . meso- scale

In the north of the Tejo Plateau (39°N), weak upwelllng processes wrth.
southwesterly wmd driven currents can be also expected dunng the - "non
upwaélling séason” in January. Mear cuireits at K1 point to an equatorward
flow regime covering the eritife water column on the mid-shelf during March/
Apnl 1991. Analogous condrtlons are reported by SILVA (1992) from current’
_'measurements carried out on .the shelf at about 41° N dunng May to
September, 1987. Between about 41 ° N and 39° N our geostrophlc current \
estimates s‘how dommatmg‘southward_ motions 'on the'shelf. Therefore we :
may conclude. that these nearshore equatorward cufrents involve a
-srgnlflcant barocllnrc component although they ‘should be mamly wrnd- .
generated In the shelf area, the wrnd drlven currents prodUCe the hrgh
varlabrllty in space and time. The, surface frontal zone, whrch zonally'
meanders along the contrnental slope, separates this onshore ﬂow regrme
from offshore motlons near the longltude of about 10° W. This front.
.extends down to about 500/ 600m depth. In the north of the Tejo Plateau.

. . \
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(39 °'N) the northeastward spreading of Warm and saline water is indicated
Zrn the near -surface layer, probably controlled by a deep canyon -like
"structure Generally the geostrophrc currents are rntensrfred with mcreasrng.

" . latrtudes dunng the EBC1 and the EBC4 campalgn Furthermore meso -scale

Porto. : '

According to HINRICHSEN et al. (1993) the depth of the salinity maximum
indicates a meanderlng frontal zone in intermedlate layers (= 1200m) along
the continental slope. Its extension lies between 37/ 42 °N and about 10/
11° W. The western most position i shown on the Tejo Plateau (39° N).
“There must be an'adjustment of the baroclinic mass- and current field to the
~ bottom topography. Furthiermore, we know from HdLLo\/‘v’A‘v et al. (1989)
the t0pograph|c stress causes undercurrents in terms of mtrlnsrc poleward
i propagatlng shelf waves along eastern boundarles The poleward subsurface
flow is an mgredlent of coastal upwelllng dynamlcs ‘With respect to
structures of the subsurf_ace'motrons, there is a‘clear evidence that the
Giirrent regime off the Portugiiess west coast is separated by the Tejo
Plateau at about 39° N. Characteristic geostfophic motion patterns, which
inCIude poleward currents at depths between GOOm and 1100m, are
drastlcally disturbed and/ or completely vanlsh in the north of the Tejo
Plateau. Here the surfacmg of poleward currents |s more probable than in the
south. Our data of the subsurface layer thrckness between about 200m-
1 100m suggest the existence of very low frequency wave -like fluctuatrons .
Possible candldates could be topographlcally trapped barocllnlc Rossby
. waves travellrng along the topographlc wave gurde towards north_. Vrsually
zonal and meridional wave 'le‘rigths" are estimatéd to be about 130 km: On
the other hand no contlnuous poleward flow could be detected by our
_geostrophrc calculations -in layers deeper than about 600m although "the
. averaged observational data of currents clearly indicate a northward
component at posrtrons P3 WH, and LO1 in the vrcmrty of 10° W. In.this

way we may conclude subsurface poleward currents are more barotroplc rn —

“the north of the Tejo Plateau. It seems to be that the topographlc drrectron '

; T 12



tendency of the lowest order potentral vortrcnty supports the blfurcatlon in

N and 38° N but west of about 108 W, = . - .

According to Fig.9 in ZENK and ARMI (1990), both flow branches describe

the nortHWestward spreading of the intermediete Mediterraneen Weter (MW) .

densrty a, 27 1 200m) and o;= 27. 7(1 100m) increases wrth increasing
Iatrtude This fact indicates the exrstence of mtermedrate merrdlonal large-
scale pressure gradlents Consequently our geostrophrc currents show a
clear poleward current core (0 04- 0 12 m/s) in Iayers between 600m and K
1200m off the contlnentallslope while southward motions (0.04-0.20 m/s)
dominates in upper layers. These results support the conclusion of ZENK and
ARMI (1990) that the MW passes through a broad "gateway” batween -
C.S.Viricent and Gettysburg Bank- and shows a strong tendency to follow
* the contours of the Portuguese continental slope up to the Tejo Plateau- .
(39° N). However no clear evidence could be obtained for any vertical core -
'dlsplacement between the Tejo Plateau and C. S Vmcent Moreover we know
from float trajectones in between layers of 629 dbar and 847 dbar that there _
are also antroyclonrc eddy-like features with drameters of about 50 km
between 38° N and 39° N, as reported by ZENK_ et el;.(iggi).‘ Such
" phienomena could not be resolved by our meridional section spacing. This
zone with a teridency for subsurface eddy-like events is placed betweer: our
- two well separated branches of westward miotions in the west of about 10°
In the Vicinity of C.S.Vincent ( 379 N); currént measurements suggest a
divergence indicated by westward currén_ts in tne southwest and an
eastward flow in the southeast within layers between about 250m ‘and .
. 1900m. Poleward directions are only obtained for depths beneath and under
the Mediterranean Outflow. These current records could be also associated
foan eddy-like feature, which is topographically trapped in the south of
'C.8.Vincent, For instance, SWALLOW (1969] reported an ‘anticlockwise

13



eddy by neutrally buoyant float tracks at depths between 1000/ 1400m
where the maximum salinity layer of MW s pIac‘ed in the south of
C.S. Vlncent The mean flow vectors at position. R (6 months records) .
provide an indication of a subsurface poleward going flow along the northern
Moroccan slope. We assume, that this result represents a continuation of the
‘poleward undercurrent along the northwest African slope at lower latitudes.
However we cannot exclude, that the northward current_component at
“position R also results from a srm||ar meso-scale eddy -like feature whnch is
topographically trapped. Furthermore it seems to be Ilkely that the slope
areas off Morocco andn the South-lberian peninsula are linked energetically
.by the poleward'propagation of low frequency, topographically trapped
waves. The proximity of the posi.tion R to the South:lberian continental slope
~let us. beheve/ speculate, that there must be a link between the poleward
going subsurface boundary flows off northwest Africa and southwest

Europe.

Acknawledgm‘entS' We are grateful to 'the officers ‘and crew of riv
: "HEINCKE" and "A.v.Humboldt". Th|s work has been supported by the .’
_Bundesmmlstenum “fuer Forschung und Technologle", Grant O3F0050G/H



" References-

Ambar, l L 1982 General review of the Medrterranean mfluence in the N

: Atlantrc In Actual Problems of Oceanography in Portugal Proceedungs ofa B

seminar held in Lrsbon on 20-21 November 1980 lnvestrgacao Cientifica e

Tecnologlca, Llsbon, 73 87

’ Andres, H.G.; H.Ch. John, 1992: Fish larvae and Gammandea plankton off o

northern Portugal durlng autur_nn -1987. Senckenbergrana marit.; 22, 179- =
Fiekas, V.; J.Elken; T. J'Miiner; A. AitSarh W. Zenk; 1992: A view of the
Canary Basrn thermoclrne curculation rn winter. J. Geophys Res 97 12495-
_ 12510 ,
Fiuza, A.F. G.: 1983: Upwelllng patterns off Portugal In Coastal Upwelllng,
_Edltors, E.Suess and J Threde Plenum Publlshrng Corporatlon 85 98.
‘Forni'n,- L. I'Vi'”' 1964: The dynamlc method |n oceanography. Elsevrer f '
Publrshrng Company, 211 p )
Frourn R A.F.G. Fruza, I.L. Ambar, TJ Boyd 1990 Observatrons of a |
A poleward surface current off the coasts of Portugal and Sparn dunng winter.
~ J.Geophys: Res., 95, 697-691. ‘
Hinrichsen,H:H.; M. Rhein, R.H. Kase, W Zenk 1993: The Medrterranean
‘ water tongue and |ts chlorofluoromethane signal i in the Ibenan Basrn in early
- summer 1989..J. Geophys Res 98 8405 8412,
X HoIIoway, G:; K. Brlnk D Hardvogel 1989: Topographrc stress in coastal
" circulation dynamlcs In: Coastal and Estuarine Studies 34, Poleward ﬂows
‘along eastern boundarres, Editors: S J NESHYBA et al.; Spri‘nger Verlag, _
315-330. . : |
‘ \'Huthnance J.M.; 1978 On coastal trapped waves: Analysrs and numencal :
_ calculatron by mverse iteration, J. Phys. Oceanogr 8, 74-92, -
Laughton A. S D G.Roberts, R. Graves, 1975 Bathymetry of the northeast
Atlantrc Sheet 3 Hydrographer of the Navy, Taunton K
Mc Clain, C R S. Chao; L.P. Atkmson, J.0.Blanton; F. Castlllejo, 1986:.
Wind- driven upwellrng in the V|crn|ty of Cape Flmstere, Spaln J. Geophys
Res o 91 8470 8486 '



'Madelain,F. ;"A197‘6: Circulation des eaux d  origine Mediterraneenne au
niveau dul.Ca‘p St.Vincent. Hydrologie et courants de densyite. CNEXO Ser.
No.24,p. 73. =

. Mdockel,F.; 1980' Die ozeanologische MeRkette OM-75, :eine universelle
Datenerfassungsanlage far Forschungsschrffe Beitr. Meereskd H 43,5-14,
Philander S.G.H.: 1978. Forced oceamc waves. Rev. Geophys and Space
Phys., 16, 15-46.

Schemainda, R E. Hagen, 1986: Zur topographrschen chhtungstendenz
barotroper Stromungen im ostllchen Zentralatlantlk Beitr. Meereskd 54,
69-74.. | } o .
Silva da, A.J.; 1992'ADependence of upweliing related circulation on wind
forcing and stratification over the Portuguese northern shelf ICES
Hydrographlc Commrttee, C:17, 12 p. -
Wooster, W.S.; A. Bakun D.R. Mc Lain; 1976: The seasonal upwelllng ‘cycle
along the eastern boundary of the North Atlantic. J.Mar.Res., 34, 131-141.
Swallow, J.C.; 1969: A deep eddy off Cape St. Vincent. Deep Sea Res
'.Suppl 16, 285 296. . o

Zenk W.; L Armi;’. (1990)' The complex spreading pattern of the'
. Medlterranean Water off the Portuguese continental slope Deep Sea Res. .
37, 1805-1823. ' ‘ A

Zenk,E.; K.Schultz-Tokos; 0.Boebel; 1992: New observations of meddy
movement south of the Tejo Plateau. Geophys Res.- Letters, 19, 2389-
’ 2392



Figures:

Fig.1. Mooring positionsland sections during' the campaign "Eastern
_Boundary Currents (EBC)" EBC1(2-10 April, 1991), EBC4 (22 29 January,
»1992) -along cross-sections z1-z6 (solid Irnes) in- the north of the Tejo
Plateau and EBC2 (3-8 September 1991) along four cross- -sections z1-z4
(dashed Ilnes) in the-south of the Tejo Plateau (lsobaths in fathoms,
LAUGHTON et al.1975) | |

.Flg 2 Vertrcal patterns (pressure units in bar) of geostrophrc merrdronal
: currents (poleward motions- are stippled) along the z1-section of EBC1
resultlng from the minimum method fitted reference Ievels proposed by
FIEKAS et al (1992), and reference Ievels fixed at pressure levels of 130
70, and 30 bar, (Note the unsuitable reference level at 30 bar which: was
selected by FROUIN et al. (1990) ) H |

Fig.3. Bottom topography from 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 velocrty (V) resultlng from the surveys of EBC1
and EBC4 ‘

Flg.S. Mapped distribution of the temperature (T) and’salinityA (S) at the sea -

_ surface

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

surfaces of potentlal density [p(27 7)-p(27.1)] with respect to the spatial

| ,' mean values <AP> 82.8 bar and 81.1 bar respectrvely

(Total geostrophrc motrons follow the |soI|nes with posmve values on the
rlght hand side) . ' '
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Fig. 7 Comparison between barocllnlc mass field structures as in Fig. 6 wnth

. topographlc conditions for the EBC2 area '

| a) ‘Anomalies of the layer thlckness between potential density surfaces
selected with respect to the spatlal mean value of 67.1 bar

b) o Arrows of the topographic direction tendency for unforced barotroplc
motions given by (8-B;)/R., values are taken from a personal
communication by METZNER (1 992), (Further explanationsin 'ghe tex‘t)

Fig.8. Geostrophic currents calculated by means of the minimum method

along the six zonal’ sections (z1-z6) from the campaign of EBC1 .
'Fig.9. Similar plots as in Fig.8 but for the survey of EBC4
Fig.10. Corresponding plots as in Figs.(8,9) but for the sUrvey of EBC2

Fig.1'1.Vectqr-averaged flow (Number at vecfor heads denote measuring

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