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The investigation area comprises the region between Cape
Barbas (22° W) and Banc d'Arguin (20° N) on the NW-Africen shelf.
Here intense cold waters, rich in nutrients, are observed in a
primary coastal upwelling strip between a strong coastal parallel
oceanographic surface front and the meridional coast line. The
front zone strictly follows the course of shelf edge. This surface
front is embeded in a strong geostrophic southerly surface jet,
Weaker counter current branches to the North are existing both in
the 10 km nearshore zone and off the shelf edge in 200 m/300 m
depth, A nearsurface offshore mass transport is induced by the
influence of the NE=trade wind, The resulting mess deficit on the
shelf is balanced by compensating currents towards the coast in
100 m to 300 m depth. Therefore the oceanographic density front
demarcates the upwelling waters from the warm offshore water, which
is low in nutrients,

On the other hand it is a fact that characteristic mesoscale
upwelling procesﬁes are superimposed on the steady state upwelling
dynamics . Essential aspects of mesoscale upwellings are described
by the simple linear theory of free continental shelf waves (CSW)
with low vertical amplitudes (only some centimetres) in sea surface
level on a time scale of several days, on an alongshore scale of
some 100 to 1000 kilometers, on an offshore scale of some 10 to
100 kilometers.,
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Because the group velocity is a measure of energy trensport

of waves, the permanent energy accumulation both in the frequency
and in the wave number space is given there, where the group
velocity disappears in the dispersion relation (WUNSCH and GILL,
1976). It is assumed that the characteristic memoscale upwelling
patterns are essentially caused by the low dynamic gtable modes
of this set of CsW's

At the other spide it is demonstrated by SCHEMAINDA et al. (1975) ,

WOOSTER et al. (1976) that the steady state upwelling condit

off NW-Africa are marked by an ‘ennual dislocation of

African upwelling region in meridional dlrecz'trnu This shift
gtrictly connected witl

system., Furthermore
with consequences for the le

"disturbed" years ere marked by an unusual comstellation of
atmospheric pressure centers as the Azores high and as
low (TAUBER, 1975). In consequence of these anomslous constella-
tions a change occura in the wind direction. How is the de mping
effect of these large scale wind variations on mesoscale upwelling
events, whose characteristic parameters are determined by free
CSW's? The first step on this way is possibly a linear super-
position of large scale wind-driven currents upon mesoscale

pressure gradient currents. The wind drift is estimated by a
numerical solution variant after WELANDER (1957) with A ~1OO cm 8 =13
as a comstant coefficient of vertical momentum austausch.

Our estimations are carried out for the first three free CSW's

modes with zero group velocity. The calculation procedure ieg in
detail described by HAGEN (1979). Here the alongshore velocity
component v of (SW's is in geostrophic balance with the water

level gradient dh/dx of surface topography perpendicular to

coast line. This gradient is given for every mode number n in

form of eigenfunctions h(x) for a fixed phase situation, respective-
1y to Fig. 1 (with h, = 2 em for x = o at the coast). The used
coordinate system is directed with x-axis offshore (West), yeaxis

to North (coincidenced with straight coast line), z-axis down-
wards.
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For instence therefore the alongshore surface drift current
v, is linearly influenced by the alternating parts of CSW's
with ¥(2) = £ 5.3 cm s™' and with ¥W(3) = % 30.6 cm &~ at
x = 10 km. The results are given for v,(cm s 1)

Wind 135° 208° 270°
4ms™ . - 0.9 28
g 4157 e + 8.2
16 8 ~46.6 131 -32.9

The corresponding characteristic mesoscale periods and along-
shore wave lengths are T(2) = 4 d, A (2) = 280 km and T(3)=6 d,
A(3) = 200 km, The superposition of V4 upon v(n) are demon=
gtrated both in Fig. 2 and in Fig. 3.

A mean wind near 8 m s~ to 208° is typically for the Cap Blanc
region after HAGEN (1978) where upwelling is observed during
the whole year. The mean NE-trade wind direction is simulated
between 135° and 270°. The essential result is so, that the
chequered structure of the third barotropic mode is extensive-
ly independent of a variation of wind direction (Fig. 4). This
is an important fact for the mesoscale upwelling dynamics in
this area.

The lower modes are egsentially influenced by annormal
"upwelling years" in our sense, because the alongshore current
parts v(n) with n<2 are damped down by the nearsurface wind
induced currents vq a8 it is shown for example in Fig. 2.

A comparison between the measured mean v component and its
standard deviation (measure of total kinetic energy content)

in a x-zesection, given in Fig. 5, 6, and our calculations
shows clearly communities for the case of mean wind conditions,
edds vy =8m s", o = 208°, in the 200 meter top layer.
Consequently, probability is also given that the polward running
counter current off the shelf edge, see Fig. 5, is rhythmically
influenced by the mode n = 3 of CSW's during the upwelling season.
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The southward geostrophic surface current and the oceanographic
dengity front form meanders as it is shown in Fig, 4. The
intensity of these events is even a function of the annual large
scale trade wind conditionse.
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Fig. 1 Eigenfunctions of sea level h(x) of the first
three modes of free CSW's with zero group
velocity in per cent of sea level h,(x=0) at
the coast line after HAGEN (1979)
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Fig. 2 Linear superposition result of a steady state
wind-driven current on the pressure gradient
current, which is induced by the mode n = 2
(fixed phase situation).
(vw = wind velocity, o = wind direction
= latitude)
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Figo 3

Linear superposition result of a steady state
wind-driven current on the pressure gradient

current, which is induced by the mode n = 3
(fixed phase situation)
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Ilesoscale patterns'of the sea surface elevation
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IMean alongshore current component during the
JOINT=1 experimont in espring 1974 after
MITTELSTAEDT ¢t al. (1974)
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