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Au printemps de 1974, des structures á l'échelle moyenne des masses d'eau se 
sont rencontrées dans le secteur au large du Cap Corveiro. II existait une distribution 
des caractéristiques hydrologiques typique de la transition entre les masses d'eau cen-
trales nord- et sud-atlantique. Les structures avaient des amplitudes plus grandes 
dans la couche des 300 premiers métres, oú se rencontrait le contraste le plus fort, 
entre les deux masses d'eau. L'intensité des structures variait avec la distance vers le 
large, c'est-á-dire avec la situation hydrologique et des courants. Les courants géo-
strophiques étaient en accord avec la distribution des masses d'eau et avec la varia-
tion spatiale de l'intensité des structures. II y avait moins d'intensité dans les régions 
aux caractéristiques T-S des masses d'eau pures et plus d'intensité oú les caractéri-
stiques étaient intermédiaires. Á toutes les stations la corrélation calculée entre les 
perturbations de température et de salinité a été élevée pour toutes les longueurs 
d'onde. La corrélation entre les structures de température ou salinité aux différentes 
positions séparées par 10 km a été négligeable ou pauvre pour toutes les longueurs 
d'onde. 

Introduction 

The upwelling area off Northwest Africa is charac-
terized by the presence of two distinct central water 
masses in the layers above 300 m. In the northern part 
of the region North Atlantic Central Water (NACW) 
predominates, whereas in the southern part South 
Atlantic Central Water (SACW) is dominant. Approx-
imately at the latitude of Cape Blanc (20°N) there 
occurs a boundary zone where the water mass is not 
well defined but, rather, consists of a multiplicity of 
interleaved layers with varying properties of tempera-
ture and salinity, comprising many different combina-
tions of NACW and SACW. Because the nutrient 
properties of the two water masses are quite different, 
the same interleaving must occur in the nutrient fields 
as well. 

The north-south extent of the boundary zone is no 
more than a few degrees, as has been indicated by 
Hughes and Barton (1974) and Tomczak (1977). The 
offshore extent of the zone has not been determined al-
though presumably it is continuous across the Atlantic. 
In the present study hydrographic stations within 200 
km of the coast in this zone are utilized to investigate 
the variability of the water-mass structures. These 
structures are of medium scale in the sense described 
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by Joyce (1977), in that they are subsidiary to a large-
scale front and are patently larger than the small-scale 
structures generally ascribed to double diffusion pro-
cesses. In this presentation, the aim is to describe the 
principal characteristics of the water-mass structures 
and their spatial variability along the hydrographic 
line. 

Dat a  

During the JOINT-I expedition of the Coastal Upwell-
ing Ecosystems Analysis program in the spring of 1974, 
a line of hydrographic stations normal to the African 
coast at 21°40'N was occupied repeatedly using Geo-
dyne conductivity-temperature-depth probes (Barton 
et al., 1975). On one occasion, CTD casts were made 
from nearshore to 210 km offshore at station spacings 
of 10 km, but in some cases 20 km. The edited and 
calibrated CTD data, recorded at intervals of 1 to 2 m, 
were linearly interpolated to 2 m intervals and then 
salinity was smoothed to reduce errors due to the mis-
match of the temperature and conductivity sensors' 
response times. 

Hydrographic line at 21°40'N 

Fields of temperature, salinity, sigma-t, and geostrophic 

velocity 

In the vertical sections of temperature and salinity (Fig. 
49a,  b),  many  inversions  were  present,  predominantly 



 
 

in the layers shallower than 300 m. In contrast, the 
sigma-t section was simple in structure and free from 
inversions (Fig. 49c.). 
 In the salinity distribution, a shallow, apparently 
continuous maximum was found between 50 m and 180 
m at all locations beyond the continental shelf. Subsidi-
ary maxima and minima,  often associated with temper- 

ature extrema, were embedded in the principal max-
imum. Situated 160 km offshore, a large intense salin-
ity and temperature maximum was present, apparently 
continuous over a 20 km distance at a depth of 150 m. 
 The isohalines were characterized by a wave-like 
configuration most pronounced around 150 m depth 
and within 100 km of the continental shelf edge. At any 
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depth above about 300 m, therefore, alternating re-
gions of higher and lower salinity were encountered 
along the line. The isotherms were similarly distributed 
but the sigma-t isopleths were relatively horizontal 
except for the crestlike feature situated 100 km off-
shore. 

The field of geostrophic  current relative to  500 db 

(Fig. 49d) showed alternating vertical bands of pole-
ward and equatorward flow within 130 km of the coast. 
Farther offshore the geostrophic flow was weak. Over 
the continental slope northward flow extended from the 
surface to 500 m depth. Around 100 km offshore, a 
second region of strong poleward flow was evident be-
tween regions of equatorward transport. 
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Although the geostrophic flow was calculated from a 
single set of density profiles obtained over a 27-hour 
period in an area of prominent semi-diurnal internal 
tides, without simultaneous current measurements for 
comparison, the deduced flow field was similar to the 
mean alongshore velocity field observed with current 
meter arrays later during JOINT-I. Since both the 
undercurrent and the offshore region of poleward flow 
have been observed earlier (Hughes and Barton, 1974; 
Shaffer, 1974) land it has been suggested they are 
quasi-permanent features (Mittelstaedt et al., 1975), the 
calculated geostrophic flow may be accepted with 
reservation. 

Temperature-salinity properties 
The temperature-salinity (T-S) characteristics at the 
station sampled in the line along 21°40'N (Fig. 50a, b) 
covered  a  range from the  h igher  sa l in i ty l imi t  o f  

NACW to the higher salinity limit of SACW. Both 
central water masses are as defined in Sverdrup et al. 
(1942). The greatest range of T-S values occurred in the 
shallower layers. Below 300 m the range was much 
more limited as all the T-S curves converged towards 
the properties of NACW. 
The most saline water masses occurred within 100 km 

of the coast at stations 55, 56, and 57. The only station 
offshore of 100 km with comparably high salin-ity was 
station 61. The least saline of the stations within 100 
km offshore was station 54, where below 100 m 
northward advection in the undercurrent introduced 
water with more southerly characteristics along the 
slope. The most SACW-like characteristics were found 
offshore at station 66. 
With respect to individual T-S curves: station 64 

showed large T-S inversions aligned roughly parallel to 
the sigma-t surfaces. The largest structures appeared at 
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sigma-t less than 27.9, that is, at depths above about 
300 m. The highest salinity T-S curves lie outside the 
limits of the NACW. The shallow salinity maximum 
evident in these T-S curves corresponds to the subtrop-
ical salinity maximum of the North Atlantic as de-
scribed by Defant (1961). To a certain extent this max-
imum was present at all stations, as may be noted in the 
vertical section of salinity. 

Analysis 

In order to examine the salinity, temperature, and 
density structure in a more quantitative way, a separa-
tion of the vertical profiles into "background" and 
"perturbation" profiles was made. The profiles, each of 
about 250 data points, were high-pass filtered with a 
modified binomial weighting scheme similar to that of 
Roden (1971). The filter chosen for general application 
had a cut-off wavenumber of 12.5 cycles per kilometre 

designed to pass virtually all the medium-scale struc-
ture, fluctuations of wavelength in the vertical of 100 m 
and less. 

Typical profiles of residuals, from station 64, showed 
that the greatest amplitude of perturbations occurred 
at levels above 300 m (Fig. 51). There was striking 
similarity between the temperature and salinity fluctua-
tions, but sigma-t variations were dissimilar and had 
smaller amplitudes: The scales in the figure are such 
that increments of salinity or temperature equal in terms 
of the spatial increment along the respective axes 
approximate the same change in sigma-t. Thus the 
equivalence of amplitudes of the salinity and tempera-
ture perturbations indicates that they are roughly 
mutually compensating in sigma-t, which is borne out 
by the lesser amplitude of the sigma-t fluctuations. 

The visual similarity of the temperature and salinity 
perturbation  series at different  stations was  confirmed 
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by computed correlation coefficients. The cross-corre-
lation between temperature and salinity was high at all 
positions along the hydrographic line (Fig. 52). The 
lowest correlation was 0.80 at station 55, where struc-
ture was weakest, and the highest was 0.95 at station 
62, which had most structure. 
As a measure of the amount of structure at each 

station, the standard deviations of the perturbation 
profiles were calculated (Fig. 52). The axes of tempera-
ture, salinity, and sigma-t again are scaled as in Fig. 51. 
In relative terms the standard deviations of tempera-
ture and salinity at any station were of the same mag-
nitude, whereas that of sigma-t was considerably small- 

er. At all positions therefore, the perturbations of 
salinity and temperature tended to cancel each other 
out in their effect on sigma-t. 
The standard deviations varied markedly with dis-

tance from the coast. Three locations of notably lower 
standard deviation (lesser amount of structure) were 
evident. Station 66, farthest from shore, had the least 
saline water-mass characteristics and showed less struc-
ture because it was on the SACW fringe of the bound-
ary zone between the two major water masses. Station 
61, 120 km from shore, was also representative of 
"pure" water-mass characteristics, in this case NACW. 
It  is  probable  that the  anomalously  weak structure at 

70 

 



 
 

 

 

this position was due to advection from the north in the 
strong gyral circulation centred near 100 km offshore. 
Such a preferentially advected, isolated water column 
would have retained its more northerly NACW water-
mass properties, more saline than its surroundings, and 
would not have had time to interleave with neighbour-
ing waters. Weaker structure at continental slope sta-
tions 54 and 55 was probably due to the mixing influ-
ence of the coastal upwelling regime and the associated 
stronger alongshore current shears over the slope and 
shelf. The greatest amount of the structure occurred, as 
would be expected, at stations of intermediate temper-
ature-salinity characteristics. 
At one position where much structure was evident, 

station 64, a series of perturbation profiles was gener-
ated using filters with different cut-off wavenumbers. 
The correlation between temperature and salinity per-
turbations decreased only slowly with increasing cut-off 

wavenumber, although the standard deviations of the 
perturbation series fell off rapidly (Table 4). High cor-
relations (>0.6) existed for all cut-off wavelengths, 
i.e., 8 m to 166 m. 
Correlations were calculated between temperature 

(and salinity) perturbations at adjacent positions. For 
perturbation series generated by the standard filter, 
correlations were not significantly different from zero 
except in a few cases, so perturbations of vertical 
wavelength less than 100 m were not correlated over 
distances of 10 km. For stations 63 and 64, 10 km apart 
and with visually similar structure, perturbation series 
were generated using filters over a range of cut-off 
wavenumbers. Correlations between the series at the 
two positions fell off very rapidly with increasing cut-
off wavenumber. The lowest cut-off wavenumber used, 
6 cpkm (wavelength 166 m), produced the highest cor-
relation, 0.46. Correlation had fallen to 020 for cut-off 
at 10 cpkm. 

Summary 

In the spring of 1974, medium-scale interleaved water-
mass structures were present offshore Cape Corveiro. 
A range of water-mass properties, typical of the transi-
tion from NACW to SACW in the area, was present. 
The structure had greatest amplitudes in the upper 300 
m, where the contrast in T-S characteristics was great-
est. The intensity of the structure varied with distance 
offshore and was related to the background hydro-
graphic and current situation. Although the geostro-
phic calculations are open to some doubt, the com-
puted currents were consistent with the observed 
water-mass distributions and the spatial variations in 
intensity of interleaving structures. Intensity was least 
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where pure NACW or SACW was found and greatest 
where T-S characteristics were intermediary. At all 
positions, the temperature and salinity structures were 
highly correlated at all wavelengths. In the horizontal, 
structures were uncorrelated at most wavelengths and 
only weakly correlated at even the longest wavelengths 
over distances of 10 km. 

Acknowledgements 

The field program was funded by U. S. National Sci-
ence Foundation Grant GX-33502. The analysis was 
funded by the Mexican Federal Government through 
CICESE (Centro de Investigación Científica y de 
Educación Superior de Ensenada, B.C.). 

References 

Barton, E. D., Stevenson, M. R., and Gilbert, W. E. 1975. 
CTD/STD measurements off the NW African coast  
near 

 Cabo Corveiro during JOINT-I. Data Report 63, Refer-
ence 75-3, School of Oceanography, Oregon State Univer-
sity. 

Defant, A. 1961. Physical oceanography, Vol. 1. Pergamon 
Press, London, 729 pp. 

Hughes, P., and Barton, E. D. 1974. Stratification and water 
mass structure in the upwelling area off N. W. Africa in 
April-May 1969. Deep-Sea Res., 21: 611-628. 

Joyce, T. M. 1977. Note on the lateral mixing of water masses. 
J. phys. Oceanogr., 7: 626-629. 

Mittelstaedt, E., Pillsbury, R. D., and Smith, R. L. 1975. 
Flow patterns in the Northwest African upwelling area. Dt. 
Hydrogr. Z., 28: 145-167. 

Roden, A. I. 1971. Spectra of North Pacific temperature 
and salinity perturbations in the depth domain. J. phys. 
Oceanogr., 1: 25-33. 

Shaffer, G. 1974. On the North West African coastal upwell-
ing system. Ph.D. thesis, University of Kiel, 178 pp.  

Sverdrup, H. U., Johnson, M. W., and Fleming, R. H. 1942. 
The oceans, their physics, chemistry and general biology. 
Prentice Hall, Englewood Cliffs, New Jersey, 1088 pp.  

Tomczak, M. 1977. Continuous measurements of near-surface 
temperature and salinity in the NW African upwelling re-gion 
between Canary Islands and Cap Vert during the winter of 
1971-72. Deep-Sea Res., 24: 1103-1119. 

72 


