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Is there a seasonal variation in the Agulhas Current?
by Alan F. Pearce1 and Marten L. Griindlingh 2

ABSTRACT
Historical results are critically re-examined for indications of seasonal variability in the
surface core speed of the Agulhas Current. Defining the Current core as water flowing southwestward at more than 1 m s-1 , it is found that there is no major seasonal variation in mean
flow. This is confirmed by more recent direct current measurements.

1. Introduction
There are conflicting opinions in the literature about the seasonal variability of
the Agulhas Current. During the 18th century, Rennell (1778) considered that the
Current is strongest in the winter months, based on data from ship-drifts. Africa
Pilot (1915), on the other hand, suggested that there is no marked seasonal variation. In a detailed study of ship-drift data, Barlow (1931) concluded that the
Current is strongest in the months January, March and April, and weakest between
May and July. Africa Pilot of 1954 (probably using Barlow's results) stated that
the flow is strongest from February to April, while Darbyshire (1964) used the
dynamic method to conclude that the geostrophic velocity is greatest in April and
least in October. A study of coastal ship-drift data by Tripp (1967) suggested that
spring and autumn are the seasons of highest velocity and summer and winter the
lowest. Finally, Duncan (1970) found that the geostrophic transport is greater in
autumn and winter than in spring and summer.
In view of this conflicting evidence, we have critically examined the above data
sources and, where possible, re-estimated the seasonal mean current pattern taking
into account recent observations of the mesoscale variability of the Agulhas Current. In addition, original ship-drift data from the Koninklijk Nederlands Meteorologisch Instituut (KNMD have been analyzed on the same basis, and some previously
unpublished direct current measurements made by the Council for Scientific and
Industrial Research (CSIR) have also been used.
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Australia.
2. National Research Institute for Oceanology, CSIR, King George V Avenue, Durban, 4001, South
Africa.
177

Journal of Marine Research

178

[40, 1

2. The short-term variability of the Agulhas Current
Much of the confusion about the seasonality of the current speed arises from the
failure to define the "Agulhas Current" adequately and to recognize its main characteristics. Pearce (1977) has shown that the Agulhas Current is a typical western
boundary current, and as such is characterized by a "width" of a few tens of
kilometers, strong lateral velocity gradients, a central warm "core" where the surface current exceeds 1 m s- 1 , and a tendency to meander with a period of a few
days (see also Griindlingh, 1979; Griindlingh and Lutjeharms, 1979). Inshore of the
Agulhas Current is region where counter-currents and cyclonic eddies abound
(Griindlingh, 1974; Pearce, 1975; Pearce et al., 1978) while offshore of the Current
the flow is weak and variable, associated with a semi-permanent anticyclonic eddy
(Duncan, 1970).
In order to separate the Agulhas Current as a southward jet from the weaker and
variable flows on either side, we define the Current for present purposes as the
high-velocity core where the speed exceeds 1 m s- 1 directed generally southwestward. We also distinguish between the monthly or seasonal mean speed (average of
all currents exceeding 1 m s- 1 in the month or season) and the peak (the highest
individual speed recorded in a particular month). Both are discussed where appropriate data are available.

a

3. Seasonal current speeds from ship-drifts

In seeking a realistic seasonal current pattern, it is necessary to use a large
amount of data gathered over many years. The only data set of this magnitude in
the Agulhas Current area is surface currents from ship-drifts.
Barlow (1931) grouped all the data within about 250 km of the coast between
Lourenco Marques (now Maputo) and East London into a single block to represent
the Agulhas Current. His mean currents therefore include the counter-current and
other weak currents on the shelf. These probably constitute a large proportion of
his data set due to the heavy coastal traffic. (Tripp's (1967) results, which are from
the continental shelf region only, are similarly biased and are not used here because
they are not representative of the Agulhas Current proper.) Barlow's results have
therefore been re-analysed by reading the relevant frequencies of currents exceeding
2 knots (~ 1 m s- 1 ) from his seasonal current roses and hence calculating the
mean seasonal speed (see Fig. 1).
A similar procedure has been adopted using monthly current roses in the
Koninklijk Nederlands Meteorologisch Instituut (1952) atlas (Fig. 1). Unfortunately
in this atlas the areas covered by the current roses are not the same in all months,
so in some cases two adjacent roses have been combined here to present the Agulhas
Current area.
Recognizing these difficulties of working with data from published current roses,
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Figure I. Monthly mean and peak (individual) speeds in the core of the Agulhas Current,
based on ship-drift data from Barlow (1931, squares), KNMI (1952, dots) and unpublished
results from the KNMI (circles). Annual averages are shown on the right. Peak speeds are
not available from the unpublished KNMI data.

original ship-drifts have been obtained from the KNMI between 1966 and 1972 for
the area 28 to 35S and 25 to 35E. All drifts of greater than 2 knots have been
extracted and averaged for each month (fable 1 and Fig. 1); drifts exceeding 4.2
knots were discarded by the KNMI as probably erroneous.
Table 1. Monthly mean ship-drifts from unpublished KNMI data.
No. Obs.
Month

(> 1 m

S-1 )

Mean speed
(ms-1)

80

1.49
1.40
1.49
1.51
1.41
1.44
1.46
1.45
1.42
1.43
1.44

81

1.45

966

1.45

82
63

January
February
March
April
May
June
July
August
September
October
November
December

102
70
101
65
64
98

Year

92

68

Std. dev.
0.29
0.32
0.32
0.29
0.27
0.28
0.30
0.28
0.28
0.30
0.30
0.28
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The monthly or seasonal mean current speeds from the new analysis of the three
data sets in Figure 1 show no clear seasonal pattern. The best data of the three is
probably the "new KNMI''; as is evident from Table 1, the total variation in the
mean speed is only 0.1 m s- 1 , which is of the order of accuracy of the original
ship-drifts. Running a simple three-month moving average over this KNMI data to
reduce inter-monthly scatter, the amplitude of the annual fluctuation is only 0.02
m s- 1 , which is less than 2% of the annual mean current and small compared with
the 0.3 m s- 1 standard deviation about the mean. (Due to the uncertain accuracy
of the original data and the non-Gaussian distribution of the speeds (cut-off below
_1 m s- 1 and above 2.2 m s- 1), rigorous statistical analysis of the monthly means
has not been undertaken.)
For comparison, in the Florida Current Fuglister (1951) found an annual cycle
with a range 1.05 to 1.41 m s-1, i.e. a variation of 30% of the annual mean; Niiler
and Richardson (1973) calculated mean winter and summer speeds in the core of
the Florida Current off Miami of 1.02 m s- 1 and 1.80 m s- 1 respectively, or a
seasonal change of 40% of the annual mean current speed.
The peak (highest individual) monthly current speeds in Figure 1 are too scattered for any seasonal pattern to be discerned.
4. Geostrophic currents

Darbyshire (1964) used the dynamic method to estimate current speeds from
hydrographic data collected during 1962/ 63. One cruise was undertaken in each
season. The maximum geostrophic speeds at the surface (relative to 1000 dbar)
were found to be 50 cm s- 1 in April, "slightly weaker" in July, 20 cm s- 1 in
October, and 20 to 30 cm s- 1 in January. These speeds are low in comparison with
the ship-drift values because of the relatively shallow reference level selected and
the wide station spacing which may have missed the strong velocity gradients and
peaks existing near the current core. By our definition of the current, therefore,
this data set is inadequate to show up the seasonal current pattern.
5. Direct current measurements

Between 1968 and 1976, the CSIR research vessel Meiring Naude carried out
studies of the flow of the Agulhas Current; the currents in the surface layer were
measured directly using the method described by Pearce (1977). This involved a
total of 570 current measurements in the area between 29 and 35S and up to 200
km offshore. Of these, 174 observations (approximately 15 per calendar month)
were located where the speeds exceeded 1 m s-1, generally within 100 km from the
coast. For each month, the averages of all near-surface current speeds exceeding
1 m s- 1 as well as the maximum individual speeds in each cruise month have been
computed.
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Figure 2. Monthly mean (with standard deviation) and peak (individual) speeds in the core of
the Agulhas Current based on direct current measurements off the Southern African coast.
The number of observations for each month is shown.

The results (Fig. 2) again indicate that there is no appreciable seasonal trend in
the mean current speeds. There is some suggestion of a maximum in the peak
speeds during the October-December quarter and a minimum during August-September, but the significance of this is uncertain, bearing in mind the relatively small
data set.
6. Discussion and conclusions

The primary aim of this study is to reconcile conflicting reports about the seasonal variability of the Agulhas Current and to determine, from the relatively little
useful data available, whether any such cycle exists. We found that the original
analyses of ship-drift and geostrophic currents did not take into account the time
and space variability of the Current and therefore yielded unrealistic conclusions.
Our re-analysis of selected data (namely current speeds exceeding 1 m s- 1 to represent the current core) has shown that there is no significant seasonal variation of
the core speed. This _conclusion is supported by an examination of direct current
measurements made by the CSIR over a period of several years.
The relationship between the flow in the Agulhas Current and the winds in the
source region (taken to be the South Equatorial Current) is not easy to assess.
Duncan (1970), who calculated the geostrophic transport in various branches of the
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Agulhas Current system, pointed out the seasonal variability in the South Equatorial
Current, which is wider (14° latitude) and slower (about 0.16 m s- 1 ) in winter
when the southeast trade winds are strong, than in summer (5° latitude, about
0.50 m s- 1 ) when the tropical wind system is more variable. In consequence, he
~bowed that the transport of the South Equatorial Current is some 30% higher in
~te'r than in summer. This pattern is reflected in the mass transport of the Agul~
has Current (defined by Duncan as all the water from the coast out to the center
of the Agulhas Eddy 300 km offshore) despite different winter/summer ratios in
the connecting currents (the Mocambique Current and East Madagascar Current)
and recycling in the Agulhas Eddy.
. The seasonal variation of the volume transport described by Duncan (1970) has
been confirmed by a more recent analysis. Griindlingh (1980) matched geostrophic
yelocity profiles to directly-measured current velocities (thereby excluding the problem of the reference level), and found that whereas the geostrophic calculations
alone exhibited a seasonal variation similar to that obtained by Duncan, the transports resulting from the matched velocity profiles had no variation at all.
. A possible explanation of these rather enigmatic results may be contained in the
large scale wind field over the Southern Indian Ocean (Fig. 3). Examination of
the monthly winds shows a strong seasonal speed variation in equatorial regions
(blocks C and D); however, this pronounced variation abates toward higher latitudes (blocks B, E, F), and in the vicinity of the Agulhas Current (block A) the
mean speeds are low and the direction variable. Thus, while the South Equatorial
Current is driven by strong but seasonally-varying southeast trades, the Agulhas
Current region is characterized by weak easterlies in summer and even weaker
northerly winds in winter. We consider that this lack of a strong seasonal wind field
in the Agulhas Current region may account for the absence of a seasonal surface
current variation, while allowing seasonal changes in the subsurface structure (and
hence transport) of the Current.
Acknowledgments. The assistance of the KNMI in supplying ship-drift data is appreciated.
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Figure 3. Wind vectors at selected positions in the Southern Indian Ocean (taken from U.S.
Navy Marine Climatic Atlas, 1976). Also entered in the location chart (top) is an abridged
representation of the currents in the Southern Indian Ocean, taken from the same atlas.
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