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SURFACE DRIFT IN THE SOUTH-EAST ATLANTIC OCEAN

P. M. WEDEPOHL*, J. R. E. LUTJEHARMS*7 and J. M. MEEUWIS*

Surface drift in the South-East Atlantic Ocean is described using historical shipdrift data. The Benguela
Current has a width of 200 km in the south and 750 km in the north. The mean speeds of the current vary from
<11 cms-! to a maximum of 23 cm-s-!. The highest current speeds occur during summer in the southern regions
and during winter in the northern regions, and this seasonality corresponds well with seasonal wind speeds.
Eddy kinetic energy is enhanced in the Subtropical Convergence zone and is highest in the general vicinity of
the Agulhas Current retroflection. The Subtropical Convergence is evident as a line where northward Ekman

drift terminates.

The wide Benguela Current constitutes the eastern
boundary current of the South Atlantic subtropical
gyre. Despite the importance of surface drift to a better
understanding of the dynamics of the current, it has
to date not been investigated particularly thoroughly
(Peterson and Stramma 1991). This lack of information
also affects understanding of the manner in which
the surface motion of the Benguela Current interacts
with the adjacent coastal upwelling and the passive
transportation of immotile organisms in the very surface
layers of that region.

The Benguela Current consists of water from the east-
ward flow in the southern South Atlantic as well as
of water from the South Indian Ocean (Garzoli et al.
1996). It flows in a north to northward direction along
the west coast of southern Africa. North of 24°S the
major part of the flow bends offshore (e.g. Harris and
Shannon 1979, Shannon 1985), but a branch of the
current nonetheless continues along the coast up to
the Angola-Benguela front at about 16°S (Moroshkin et
al. 1970, Shannon et al. 1987, Meeuwis and Lutjeharms
1990). The surface speeds of this general equatorward
movement have been reported to be between 7 and
50 cms-! (e.g. Nelson and Hutchings 1987, Peterson
and Stramma 1991). Shannon (1985) has summarized
all available information and given the mean surface
speed as 17 cm's-!. The width of the general equator-
ward flow has been estimated at 200—300 km.

The westward South Equatorial Current forms the
northern limb of the subtropical gyre. A corresponding
westward drift is found between 10 and 20°S (Richard-
son and McKee 1984, Arnault 1987, Peterson and
Stramma 1991), but with lower speeds. By contrast to
this northern termination, the southern border to the
Benguela Current is a well-defined front, the Subtropical
Convergence, which separates it from the Antarctic

Circumpolar Current (Peterson and Stramma 1991,
Lutjeharms ez al. 1993). The South Atlantic Current lies
along this front (Stramma and Peterson 1990) and con-
tributes to the southern part of the gyre. The speed of
the current decreases eastward to about 10 cm-s-!
when feeding into the Benguela Current (Peterson and
Stramma 1991). The second tributary to the Benguela
Current is the Agulhas Current.

The Agulhas Current constitutes the western
boundary current of the Indian Ocean. South of Africa
it retroflects to form the east-flowing Agulhas Return
Current. This retroflection continually shifts its position
between 22 and 13°E (Griindlingh 1978, Lutjeharms
and Van Ballegooyen 1988) as rings are shed from it.
These rings then move into the Benguela Current
(e.g. Byrne et al. 1995, Goni et al. 1997). Although
the Agulhas Current itself is therefore not formally a
part of the surface circulation of the South-East
Atlantic Ocean, its retroflection and rings do periodi-
cally penetrate into this ocean (Lutjeharms 1996) and
have an effect on the surface motion.

The water masses in the South Atlantic are strongly
influenced by the geographically extensive, wind-driven
coastal upwelling along the west coast of southern
Africa (Shannon 1985, Lutjeharms and Valentine
1987). Similarly, the surface drift offshore is largely
controlled by the reigning wind systems. This was
recognized by Defant (1936), who first analysed Dutch
archival material on seasonal winds and currents for
this region. A more modern interpretation has been
given by Parrish ef al. (1983). In the northern part of
the Benguela Current the winds are relatively persistent
from the South-East. However, over the southern part
of the current, the winds are more variable, particularly
in winter, owing to the influence of mid-latitude cy-
clones (Kamstra 1985, Peterson and Stramma 1991).
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Fig. 1: Spatial distribution of the number of shipdrift observations per one degree by one degree square for the
South East Atlantic Ocean

DATA AND METHODS

Investigating drift at the sea surface is beset by a
number of fundamental problems. First, there is the
question of establishing surface drift accurately. Geo-
strophic calculations using existing hydrographic
data are of limited use because Ekman drift is usually
excluded. Further, the database of deep hydrographic
stations in the South Atlantic is small and the geo-
graphic distribution is strongly biased to the shelf re-
gions. Estimates of the surface flow by passive drifters
is more appropriate (e.g. Piola et al. 1987, Patterson
1985), but such data are also sparsely distributed. A
potentially richer data source for the region 10-50°S,

15°W-20°E, that has to date not been used adequately
is historical shipdrift.

A shipdrift observation is the vector difference
between the course steered and the actual course made
good between two navigational fixes of position. The
main contributors to such drift are surface currents
and wind stress on the vessel. No corrections for the
downwind sideslip of the vessel as a result of winds are
made. Windage errors are usually much smaller than
the mean surface currents, except in regions of slow
currents and persistently high wind speeds (Richardson
1997). The average of many shipdrift observations in
regions of variable winds is therefore a fairly reliable
surface current indicator (Richardson and McKee 1984).
The problem of possible systematic errors because of
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mean prevailing winds remains. Arnault (1987) has
investigated surface currents in the tropical Atlantic
where such conditions would prevail. He has showen
that, if the geostrophic and the Ekman components of
the surface currents are combined, there is good agree-
ment with shipdrift data. A number of authors (e.g. Richard-
son and McKee 1984, Setre 1985) have therefore
stated that, because of their abundance, shipdrift data
remain the only suitable source for resolving long-
term seasonal current patterns at the sea surface in
regions where few other data are available.

The main source of data for this investigation was
the Surface Current Data File compiled by the NODC
of the USA (National Oceanographic Data Center
1991). Most of the data in this source are from the
period 1920-1940, but a substantial number are from
1941 to the present. No sorting into bins has been
done for these data, the original data being retained
intact. However, observations of shipdrift made during
extremely strong wind conditions have been auto-
matically eliminated from this dataset (viz. National
Oceanographic Data Center 1991). An important advan-
tage of the dataset is its geographic density, especially
along the main shipping routes. The data distribution for
the South-East Atlantic Ocean is given in Figure 1.
South of Africa and in the region of the southern
Benguela Current, along the main shipping routes to
North America and Europe, there are more than 120
observations for each trapezoid of one-degree latitude
by one-degree longitude. Adjacent to these regions
and along the main shipping route to South America,
between 40 and 120 observations are available. Two
regions are particularly poorly covered: south of 41°S,
particularly west of 10°E; and the Angola Current,
north of 17°S and east of 5°E (Fig. 1). Notwithstanding
this geographic lack of homogeneity, large parts of the
South-East Atlantic Ocean are sufficiently covered
with observations to deduce information regarding the
mean surface currents. Increasing the grid size would
have increased the number of data per trapezoid, and
thus the statistical reliability, but it would have re-
duced the spatial resolution to an unacceptable level.

Data on prevailing winds for each month of the year
were obtained from an oceanic climatic atlas (United
States Navy 1978). The main disadvantage of this
meteorological dataset over the ocean is that the statis-
tical mean winds are only available for specific regions
where there are sufficient observations. However,
these regions fortuitously include those representative
of the southern and northern regions of the Benguela
Current.

Calculations of the mean drift speed and direction
for all data as well as for each season were carried out.
Seasons are: austral spring (September—November),
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summer (December—February), autumn (March—May)
and winter (June—August). A one-degree trapezoid
(centred at 33.5°S, 16.5°E) with a very high number
of observations ( Fig. 1) and considered representative
of the southern Benguela Current was selected for a
seasonal analysis. A chart showing the mean drift for
the region was generated using the Seaplot software
package (Brown 1992). For ease of calculation, all
charts were drawn on an equi-rectangular projection
that has minimal distortions for such a relatively
small area.

The eddy kinetic energy (EKE) for the South-East
Atlantic Ocean was calculated following Wyrtki et al.
(1976). The EKE per unit mass is the kinetic energy
associated with variations around the mean surface
current and gives an indication of the variability in the
speeds and directions of the surface ocean currents
(Wyrtki et al. 1976, Patterson 1985). A map of the geo-
graphic distribution of the EKE was generated using
ILWIS GIS software (Computer Department 1993).

RESULTS AND DISCUSSION

Figure 2 shows the mean surface drift for the South-
East Atlantic Ocean. The eastern boundary current
nature of the Benguela Current is evident. It lies along
the west coast of southern Africa between 21 and
35°S. Based on mean drifts of more than 10 cm-s-1,
the Benguela Current has a width of 750 km in the
north and a width of 200 km in the south. Such values
are considerably larger than those put forward by Nelson
and Hutchings (1987) and by Shannon (1985), who es-
timated the Benguela Current at only 200—300 km
wide. In general, the Benguela is a weak current, making
it difficult unambiguously to determine its seaward
edge. This may have led to the discrepancy. The direc-
tion of the Benguela Current is north-north-west to
north-west (Fig. 2). North of 26°S, the surface drift, at
least for the seaward part of the current, turns west-
wards (Fig. 2) as the Benguela Current flows into the
central regions of the Atlantic Ocean. This divergence
from the coast occurs about 2° of latitude farther south
than previously reported (e.g. Moroshkin et al. 1970,
Shannon 1985). North of 26°S, there still is an equator-
ward movement along the coast that may be considered
to be a branch of the Benguela Current. The Angola-
Benguela Front (Meeuwis and Lutjeharms 1990) is
the northern border to this northward branch of the
Benguela Current, but the available drift data in this
region are insufficient to resolve this convergence
(viz. Fig 1).

The mean drift speeds for three zonal bands at dif-
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Table I: Mean speeds of drift of the Benguela Current in zonal
bands
Latitude Number of Mean speeq of drift
observations (cms-1)
33-34°S 2522 13
30-31°S 1949 12
25-26°S 876 9

ferent latitudes across the Benguela Current are shown
in Table I. The width of the Benguela Current evident
in Figure 2 was used to delimit the zonal extent of
the strips. The number of observations exceeds 1 500
for two of the zonal bands and 800 for the third (Fig. 1).
The exact number of observations is given in Table I.
The drift rate is highest in the south, weaker in the
centre and stronger again in the far northern part of the
current. These mean drift speeds are in rough agree-
ment with Shannon’s (1985) estimate of 17 cm-s-1.
Occasional high values of drift have been observed,
but such outliers show no consistent geographic pattern
and are therefore not given here. There is no evidence
in these data for an intense, meandering core as has
been found for the California Current. High-speed
jets between 50 and 120 cm-s-! have been observed
along the continental shelf (Nelson and Hutchings
1983, Peterson and Stramma 1991), but these jets are
not wider than 30 km and would therefore not be re-
solved by the relatively coarse, one-degree grid of
Figure 2.

The South Atlantic Current is also not resolved in
Figure 2. This may be because it is narrow and also
because it is weak in the South-East Atlantic (Stramma
and Peterson 1990), as is all eastward flow of the sub-
tropical gyre in this region. It is particularly noticeable
that south of 35°S all surface drift has a strong north-

Table Il: Mean seasonal speeds of drift for the Benguela
Current in zonal bands

. Number of Speeds of
Latitude Season observations drift (cm-s-1)
33-34°S Spring 603 12

Summer 637 18
Autumn 661 14
Winter 621 11
30-31°S Spring 449 12
Summer 513 16
Autumn 482 10
Winter 505 9
25-26°S Spring 195 9
Summer 185 7
Autumn 228 8
Winter 268 10

Table Ill: Mean wind speeds and directions in the southern
and central Benguela Current (after United States

Navy 1978)
Month Speer(} Direction
(cmrs-1)
January 750 SSE
February 750 SSE
March 750 SSE
April 595 SSE
May 425 SSE
June 390 SSE
July 410 SSE
August 460 SSE
September 600 SSE
October 640 SSE
November 720 SSE
December 715 SSE

ward component (Fig. 2). This is most probably the
Ekman drift induced by the westerly winds over the
Antarctic Circumpolar Current. The location of the
roughly zonal line where this northward drift terminates
agrees remarkably well with the geographic location
of the Subtropical Convergence (e.g. Lutjeharms et al.
1993). East of 10°E, this convergence is forced farther
south by the Agulhas retroflection, as is also evident
in Figure 2. At 37°S there is a zonally persistent, but
unexplained, reduction in drift speed as well as north-
ward drift component.

Mean seasonal drift speeds for the same zonal bands
across the Benguela Current used in Table I are given
in Table II. The data numbers are reduced by being
split into seasons, but they are still relatively high. It can
be seen that, for the southern parts, the maximum
speeds are in summer and the minimum speeds during
winter. For the central region, the maximum speeds
occur during summer and the minima during winter.
In the north, speeds are maximum during winter and
minimum during summer. Figure 3 shows the mean
monthly vector components of the surface drift, their
standard deviations as well as the mean monthly
speeds for a one-degree trapezoid centred on 33.5°S,
16.5°E. This trapezoid is considered representative of
the southern regions of the Benguela Current, because
the seasonal trends for neighbouring trapezoids are
roughly the same. Trapezoids closer to the coast may
not be representative of the current because they lie
within coastal upwelling cells. Trapezoids farther west
are outside the main shipping lanes and have insufficient
observations to justify dividing the data into calendar
months. Figure 3 indicates a seasonal variability in
the drift speeds. The maximum mean drift speed is
24.5 cmrs™! during January and the minimum drift speed
is 5.5 cm's-! during June. Some caution should be
taken in interpreting these results because the standard
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Fig. 3: (a) Mean vector components and (b) mean speeds for the surface drift of the Benguela Current at
33.5°S and 16.5°E for each calendar month using accumulated shipdrift data

deviations are large. There is agreement with the results
in Table II as to the season of maximum drift speeds,
but Table II indicates that the weakest flow is in spring
and not in both spring and summer. The data used for
Table II cover a larger zonal band than those for
Figure 3 and may therefore be representative of a larger
region. It would be instructive to compare this drift

seasonality with the seasonal changes in the winds.
Table III shows the monthly mean wind speeds
and directions for the region 27-30°S, 12—15°E. The
winds in this region are considered representative of
the winds over the southern and central parts of the
Benguela Current. The estimated maximum drift over
the southern and central parts of the Benguela Current
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East Atlantic Ocean based on historical shipdrift data

(Fig. 3) occurs during the month of maximum winds
from the south-south-east, namely January. Likewise,
the month of least drift (June, Fig. 3) is in turn the month
of lowest wind speed (Table IIT). Table IV shows the
mean monthly wind speeds and directions for the re-
gion 20-22°S, 7-9°E, representative of the northern
sections of the Benguela Current. The winds from
the South-East are strongest in late winter and early
spring. These winds may partly explain the high current
speeds found there during winter, but they do not ex-
plain weaker currents in spring than in summer. The
relationship between the winds and speeds in the north-
ern sections of the current is therefore not as strong
as it would seem to be farther south.

The seasonal drift results presented above largely
agree with those of the only similar study to date
(United States Naval Oceanographic Office 1977). In
that analysis the season of fastest northward drift for
the southern coastal regions of the Benguela Current
is also summer. Farther from the coast, the greatest

northward speeds are in late summer and early autumn.
The dataset used for those results to some extent
overlaps that for the present investigation, so the results
are not entirely independent. It is nonetheless note-
worthy that there is no indication of seasonal variability
in the surface drift speeds in any other published results
on the Benguela Current, probably because of a dearth
of data. Establishing this seasonality with shipdrift
data therefore vindicates the use of these data for
such an investigation, because it could not have been
resolved with any other dataset currently available.
The strong currents at the Agulhas retroflection
are not evident in Figure 2. This is probably owing to
the highly variable nature of these currents (Lutjeharms
and Van Ballegooyen 1988), leaving a small net drift
in the long-term averages. Eddy kinetic energy may
give an indication of this assumed variability. If the
mean flow is small, but the EKE values are large, it
would be consistent with a situation of highly variable
currents. South of Africa, there is indeed a region of



78 South African Journal of Marine Science 22

Table IV: Mean wind speeds and directions in the northern
Benguela Current (after United States Navy 1978)

Month Sp eef} Direction
(cm-s1)
January 640 SE
February 625 SE
March 665 SE
April 655 SE
May 605 SE
June 575 SE
July 650 SE
August 680 SE
September 710 SE
October 680 SE
November 620 SE
December 620 SE

extremely high EKE, greater than 1 250 cm?-s-2 (Fig. 4).
This corresponds to the location of the Agulhas retro-
flection (Griindlingh 1978, Lutjeharms and Van Balle-
gooyen 1988). The region of high EKE resembles that
of high current variability found in altimetry (e.g.
Cheney et al. 1983), trajectories of surface drifters
(Piola et al. 1987, Patterson 1985) and similar analyses
of ships’ drift (Wyrtki e al. 1976). There is also a zonal
band of higher EKE west of the Agulhas retroflection,
between 35 and 42°S (Fig. 4). This band lies abreast
the Subtropical Convergence in this region (Lutjeharms
et al. 1993, Fig. 2) and is probably attributable to mean-
ders in this front and in the South Atlantic Current, as
well as the formation of eddies. South of Africa eddies
are formed on both sides of the Subtropical Conver-
gence (Lutjeharms and Valentine 1988), but little infor-
mation of this kind is available on the South Atlantic
sector of this front. Figure 4 suggests that eddy for-
mation may also be prevalent there. A few squares
with very high EKE values lie dispersed in a broad
north-westward band from the Agulhas retroflection
to about 18°S (Fig. 4). This is the path taken by the in-
tense Agulhas rings shed from the Agulhas retroflection
(Byrne et al. 1995). Caution is advised in concluding
that these spots of high EKE are necessarily associated
with such rings, because the density of drift data along
this band is low (Fig. 1).

CONCLUSIONS

Based on surface drift, the geographical location of
the Benguela Current is between 21 and 35°S along
the west coast of southern Africa. The surface expression
of this current is wide, with a minimum width of 200 km
in the south and a maximum of 750 km in the north.

2000

The direction of the surface drift of the Benguela
Current is north-north-west to north-west. North of
26°S it turns westwards, somewhat farther south than
was previously reported, but a northward branch con-
tinues along the coast. The mean drift speeds of the
Benguela Current vary from <11 to 23 cms-L, with the
current weakest in the extreme northern regions and
strongest in the southern.

There appears to be seasonal variability in the surface
drift speeds of the Benguela Current. The minimum
speeds for the southern regions of the current are found
during winter (10 cm's-!) and the maximum during
summer (18 cm-s-1). In the central re%ions, the speeds
are minimum during winter (9 cm's-!) and maximum
during summer (16 cm-s-!). In the northern region,
speeds are maximum during winter (10 cms-!) and
minimum during summer (7 cm's-!). There are indi-
cations that there is a positive relationship between the
local mean wind and these seasonal changes in the
drift speeds of the Benguela Current. The Subtropical
Convergence is seen as a limit to northward Ekman
drift in the Southern Ocean.

High values of eddy kinetic energy are found in the
region of the Agulhas Current retroflection, extending
as far west as 16°E. High values are also evident along
the Subtropical Convergence, over the full width of the
South-Eastern Atlantic Ocean.
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