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On the iniluence of large scale winds upon
I:leaosc<.11c :.lPWC 1 t: dJ'. amics off N.1-Africa
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Beca!..se thc group velocity is e. measure of energy tr nsport
of waves. the permanent enerf"Y accumulation both ~n the fre .'len"
and in the wave n~ber space io given thera, where the group
velocity disap,ears in the dispersion relation (WuNSCH end G 1,
19(6). ~t ~s > uumed that tne char'ctoriat·c IDvo03cal 11.
patte.'l1a are c3sentic.l y ce. seJ by t.e 1m. c
of this set f CS~IS.

At the ot~er a~u~ ~t J emon3~rate

o ~ ~N A~ i~J _re
A~ricd ~ Ne. ~ -
3~::,~ctly Cumleco<;~ \I 01
Jyo.C:J ••urt ..lcr:no~e (.
w.th C~.dc~uun~cd

11 iot ...rbad" ~e~rs a
atmospheric ry~CclO~~v C .10 ra a~ th
low (TAUBE., 1975). _n c n~ ucn~e of hece
tions a change occür in tne wind direction. Ho~ i3 t e
effect of these largo cca:e w~nd variations on mesoscalc up ellin.
events, whose characteristic parameters are determined by free
CSW's? The first step on this way 1s possibly a ~inear super­
position of large scale wind-driven currents upon mesoscale
pressure gradient cllrrents. The wind drift is estimated by a
numerical solution variant after WELANDER (1957) with Av=100 cm2s-1

as a co~stant 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 is in
detail described by HAGEN (1979). Here the alongshore velocity
component v of CSW's is in geostrophic balance with the water
level gradient dh/dx of surface topography perpendicular to
coast line. This gradient i8 given for every mode number n in
form of eigenfunctions hex) for a fixed phase situation, respective­
ly to Fig. 1 (with h = 2 cm for x = 0 at the C08st). The used. a
coordinate system is directed with x-axis offshore (West), y-axis
to North (coincidenced with straight coast line), z-axis down­
wards.
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'l'he in.-eot _ -0 t.lOZl ar"o. (,;) _' 3 .J t e .C1..sion be' ween Cape
:3a bus (220 ~) und :3....1C diA L .l.1 l<:00 Ir) on tho x l-Africa.1 0 .e.~'.

He:oe illtense cold ~,a.e s, ~·ic.1':n ..t.ricüto, are oboarved ~n a
primc.ry cOlleta_ up;7e "; 8.r on a ot~o.:..g coaotal pa "al .el
oceanographic sU:!:'faca f ont and ho meridional coast ::.1ne. r .le
front zone strictly fo~ ovs the course of shelf edge. This surface
front is embeded in a strong geostrophic sou therly 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 masa transport 1s induced by the
influence of the Iffi-trade TI1nd. The resulting mass 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 mesoBcale
upwelling processea are superimposed on the steady stete upwelling
dynamics. Essential aspects of meaoscale upwellings are described
by the simple linear theory of free continental shelf waves (CSW)
with low vertical amplitudes (only some centimetres) in sea aurface
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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For instanee thereiore the alongshore surfaee drift eurrent
v

d
is linearly influeneed by the alternating parts of CSW's

with v(2) = ± 5.3 cm s-1 and with v(J) = ± 30.6 em a-1 at
x = 10 km. The resulta are given for vd(cm s-1):

Wind 135
0 2080 270 0

4 m s-1 - 2.9 - 0.9 + 2.1
8 " -11.7 - J.4 + 8.2

16 !:! -46.6 -13.7 -32.9

The corresponding eharacteristic mesoscale periode and along­
shore wave lengths are T( 2) • 4 d, A. (2) = 280 km and T(J )=6 d,
~(3) = 200 km. The superposition of vd upon v(n) are demon­
strated both in Fig. 2 and in Fig. 3.
A mean wind near 8 m s-1 to 2080 is typically for the Cap Blane
region after HAGEN (1978) where upwelLing is observed during
the whole year. The mean NE-trade wind direction is simulated
between 1350 and 270 0

• 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
thia area.
The lower modes are essentially influenced by annormal
"upwelling years" in our sense, because the alongshore current
parts v(n) wi th n ~ 2 are damped down by the nearsurface wind
induced currents vd as 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-z-section, given in Fig. 5, 6, and our calculations
shows clearly communities for the ease of mean wind conditions,
e.i. Vw = 8 m s-', ~= 2080 , in the 200 meter top layer.
Conaequently, probability is also given that the polward running
counter eurrent off the shelf edge, see Fig. 5, is rhythmically
influenced by the mode n = 3 of CSW's during the upwelling season.

The southward geostrophie surface current and the oceanographic
density front form meandera as it is shown in Fig. 4. The
intensity of these events is even a funetion of the annua1 large
scale trade wind conditions.
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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 ha(x=o) at
the coast line after HAGEN (1979)
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Fig. 2 Linear Buperpo~ion result of a steady state
wind-driven current on the pressure gradient
current, which i6 induced by the mode n = 2

(fixed phase situation).
(vw = wind ve1ocity, ~ = wind direction

'f s latitude)
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Fig o 3 Linear superposition result of a steady state
wind-driven curreni on the pressure gradient
current, ~hich is induced by the mode n = J
(fixed phase situation)
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Fig. 4
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Mesoocalo patterns of thc sea ourfnce elevation
of mode n :: 3
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Fig. 5

Fig. 6

Uean nlonßohorc current component during thc
JOINT~1 cxporinont in opring 1974 after
f,lITTELSTAEDT ot 01. (1974)

Standard deviation of alongohoro componont

after vnluoo by PILLSBURY et 01. (1974)


