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Some features of the upper 500 m of the Agulhas Current 

by A. F. Pearce1 

ABSTRACT 

A detailed study of the mesoscale structure and variability of the upper 500 m layer of the 
Agulhas Current off Durban has shown that the Agulhas Current is remarkably similar to the 
other great western boundary currents. At the surface, the Current can generally be divided 
into 3 distinct zones: the intense cyclonic shear region, the "core" (where the velocity exceeds 
1 mis), and the less well defined anticyclonic shear region. The gradients of velocity and tem-
perature in these 3 regions are very similar to those in the Florida Current and the Kuroshio. 

It was also found that the Agulhas Current meanders over many tens of kilometers off 
Durban, possibly in response to atmospheric forcing, and the scale of the meandering seems 
to be similar to that observed in the Florida Current by Oiling (1975). 

The structure of the Current at Richards Bay and at Port Edward (160 km north and south 
respectively of Durban) is basically the same as at Durban, except for a topographically-
related (?) subsurface "dome" of cool low-salinity water which occurs only at Durban. Meander-
ing is less pronounced at Richards Bay and Port Edward than at Durban. 

1. Introduction 

The Agulhas Current forms part of the western boundary current system of the 
southern Indian Ocean and it is therefore dynamically similar to the Florida Cur-
rent/Gulf Stream and Kuroshio systems (Dietrich, 1936). It bas not, however, 
been studied in the same detail as its northern hemisphere counterparts although 
the overall circulation in the Agulhas Current system is reasonably well known 
from the large-scale surveys of such workers as Dietrich (1935), Clowes (1950), 
Darbyshire (1964), Duncan (1970), Harris (1972) and Lutjeharms (1976). 

It is only comparatively recently that the large-scale work in the Agulhas Cur-
rent region bas been supplemented by more detailed investigations of the structure 
and behavior of the Current. Exploratory studies were undertaken by the South 
African Council for Scientific and Industrial Research between 1965 and 1970 
(unpublished reports by Anderson (1967) and Stavropoulos (1966), with a sum-
mary in Natal Town and Regional Planning Commission (1969)). Since 1970, 

1. National Research Institute for Oceanology, P. 0. Box 17001, Congella 4013, South Africa. Pres-
ent address: Division of Fisheries & Oceanography, CSIRO, P. 0 . Box 21, Cronulla, N.S.W. 2230, 
Australia. 
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Figure 1. Bottom topography off the Natal coast (after Moir, 1975), showing the main coastal 
and topographic features. The sections discussed in this paper were made off Richards Bay, 
Durban and Port Edward, the station references being as illustrated. 

however, cruises have been undertaken on a regular basis to study the Agulhas 
Current in more detail; this paper represents the first comprehensive account of 
the mesoscale structure and variability of the upper 500 m of the Current. At this 
stage, the treatment is largely descriptive to show the main features of the Current 
for comparison with the Gulf Stream and the Kuroshio. 
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Table 1. Summary of cruises. 

No. of 
lines Max. depth 

Area Period (repeated) sampled (m) 

Richards Bay 22 April 1971 1 150 
(6 stations out 19 August 1971 1 150 
to 42 km) 14 September 1971 1 150 

7 December 1971 1 150 
20 January 1972 1 150 
15 & 16 February 1972 2 200 
16 March 1972 1 200 

Durban 16 to 20 October 1972 4½ 500 
(8 stations out 23 to 27 October 1972 4 500 
to 100 km) 12 to 16 February 1973 4 500 

19 to 23 February 1973 4½ 500 
4 to 8 June 1973 5 500 

23 to 27 July 1973 4½ 500 
20 to 24 August 1973 4 500 
17 to 21 September 1973 4½ 500 
12 to 16 November 1973 5 500 
4 to 8 March 1974 5 500 

Port Edward 10 April 1974 1 500 
(10 stations out 22 to 24 May 1974 3 500 
to 60 km) 19 June 1974 500 

6 to 9 August 1974 4 500 
17 September 197 4 1 500 
24 & 25 October 1974 2 500 
4 to 6 February 1975 3 500 

22 to 25 April 1975 4 500 

2. Field work 

Up to the present, the research effort has been concentrated in three areas, 
namely Richards Bay, Durban and Port Edward (Figure 1). The survey cruises 
by the R.V. Meiring Naude are listed in Table 1. 

There is obviously too much data to discuss here, so a particular 5-day cruise 
off Durban has been selected to illustrate the most important structural features of 
the Agulhas Current, and some of the other measurements are then used as re-
quired to show, for example, the alongshore variability of the flow. 

On each station, the temperature, salinity and current velocity were measured 
at 10 pre-selected depths between the surface and the maximum depth sampled 
(or to 10 m above the seabed in shallower water). Temperature was measured 
using a thermistor (accuracy about 0.05°C), while salinity samples were taken 
with a rosette sampler and analyzed ashore with an inductive salinometer (accuracy 
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Figure 2. Surface layer results for the 5 days of the cruise off Durban in July, 1973, showing 
the sea-surface temperature profiles (actually 2 m depth) drawn from the thermograph traces, 
the surface (2 m) salinity at each station, and the 0-to-100 m depth averaged current com-
ponent parallel to the coast (taken as positive to 218 °T). There were no current measure-
ments at stations A, C and D on the 27th due to poor weather. 

about 0.003%0). Currents were determined by measuring the current velocity rela-
tive to the (drifting) ship with a Savonius rotor and vane/compass system, and 
then adding the ship drift vector which was accurately determined using a Mo-
torola RPS (range position system, accurate to within 10 m). The accuracy of the 
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absolute current depends of course on the accuracies of the relative current and 
the ship drift, and is not easy to estimate; it is considered to be of the order of 
10 cm/ s, which is adequate in a strong boundary current regime. There is reason 
to believe that below 100 m depth the direct current measurements may have 
been unreliable due to swinging motion of the instrument on the cable. For present 
purposes, therefore, only the current measurements in the upper 100 m are used, 
and these have been depth-averaged over this 100 m layer to reduce small-scale 
time variability. 

Surface temperatures were measured continuously underway on a thermograph, 
the accuracy being about 0.1 °C. More details of the instrumentation can be found 
in Stavropoulos (1971). 

3. The surface characteristics of the Agulhas Current off Durban 

The horizontal profiles of surface temperature and salinity for the selected cruise 
are plotted in Figure 2, together with the depth-averaged alongshore current com-
ponent in the upper 100 m layer. Although there is a large degree of daily varia-
bility (both in the structure and position of the Current), the velocity and temper-
ature profiles generally exhibit the asymmetry of western boundary currents, i.e. 
intensification toward the coastal edge. 

To facilitate subsequent discussion, it is convenient to define the following 
regions in the surface layer of the Current: 
a) Western (inshore) "boundary" of the Current: the region of relatively high 
thermal and velocity gradients out to the 1 m/ s isotach; this forms part of the 
cyclonic shear region, and the two terms will be used synonymously here. This 
boundary separates the Current core from the cooler water on the continental shelf. 
b) Current "core": the warm, high speed zone where the downstream velocity 
component exceeds 1 m/s. 
c) Eastern (offshore) "boundary": beyond the eastern 1 m/s isotach, and forming 
part of the anticyclonic shear region. 

Such a zonation aids the quantitative study of day-by-day changes in the Current 
behavior, as well as comparison of the Agulhas Current with other western bound-
ary current systems. It may be noted that Carter (1977) has analyzed plankton 
samples collected during some of the cruises discussed here, and has found that 
zonation of groups of species strongly supports the Current regions as defined 
above. Some statistics relating to the structure of the Current are listed in Table 2. 

The water region inshore of the Agulhas Current is not considered here, the 
shelf circulation having been dealt with elsewhere (Natal Town and Regional 
Planning Commission, 1969; Grundlingh, 1974; Pearce, 1973, 1977). 

a. Inshore boundary region. The region of intense cyclonic shear is generally ac-
companied by a relatively strong surface temperature gradient, and these two 
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Table 2. Main statistics for the Agulhas Current off Durban. 

Minimum Maximum 

Mean Std. dev. value value 

Peak velocity in Current core 
Vmax (mi s) 1.36 0.30 X 2.45 

Distance offshore of V max (km) 52 14 30 >100? 

Distance offshore of 0.5 mis (km) 35 14 10 70 

Distance offshore of 1.0 m i s (km) 42 14 25 95 

Core width (between 1 m i s lines) 
(km) 34 15 10 > 60 

Cyclonic shear (dvl dx)max ( Is) 7 X IO"-<> 3 X 10--,; 3 X 10--,; 20 X 10--o 

Anticyclonic shear (- dvl dx)max ( Is) 2 X I O-,; 1 X 10--,; s,,;O 4 X 10--o 

Distance offshore of Tmax (km) 58 20 35 >100? 

Thermal front gradient (dT I dx)max 
(°Clkm) 0.13 0.05 0.05 0.31 * 

Distance offshore of 15°C/200 m 
(km) 50 15 25 90 

Distance offshore of 35.35%01200 m 
(km) 47 13 23 >100 

* Higher gradients have been revealed by continuous thermograph traces. 

characteristics constitute the most readily identifiable features of the Agulhas 
Current in the surface layer. There are frequently other indications that the Current 
boundary is being crossed, such as a noticeable change in sea state (especially 
under southwesterly wind conditions) and/or water color. 

Typical values of the horizontal shear are between 4 and 12 X 10-5/ s, although 
values of up to 20 X 10-5 / s have been measured (Table 2). The mean shear as 
calculated from all the profiles is 7 X lQ- 5 / s, which is equal to the local value of 
the Coriolis parameter and as such is the theoretical lower limit of the cyclonic 
shear in a western boundary current (von Arx, 1952). The above shear values 
have all been computed from the measurements at 10 km station spacing and it is 
likely that much higher local shears exist over shorter intervals (as would be shown 
for example by G E K traverses). Comparable values have been obtained in the 
Florida Current (== 4 X 10-5/ s reported by Schmitz, 1969; 2.6 X 10-5/s to 
5.7 X 10- 5/ s, Brooks and Niiler, 1975); the Kuroshio (== 10 X 10- 5/ s, Kawai, 
1972); and the East Australian Current (mean value 9 X 10-5/s, Hamon, 1970, 
and maximum value by G EK of 24 X 10-5 /s, Boland and Hamon, 1970). 

As can be seen from Table 2, the 0.5 mis and 1 m/ s isotachs lie (on average) 
35 and 42 km offshore respectively, giving a mean width for the inshore boundary 
(as defined here) of roughly 7 km. This position coincides with the edge of an 
intermediate terrace off Durban, where the depth is about 500 m (Figure 1). This 
could be fortuitous, although as will be shown later the Agulhas Current in fact 
tends to follow local topographic features. 
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The cross-shelf current components (not given here) are very variable and reveal 
little consistent pattern apart from a tendency for converging flow in the cyclonic 
shear region. This is also shown up in the mean transverse circulation pattern but 
as the averaged cross-shelf component velocities are less than the accuracy of the 
current measurements the mean data are not included here either. This converging 
tendency is supported by the results of Diiing (1975) and Brooks and Niiler (1975) 
which indicate that there are zones of convergence associated with the cyclonic 
shear region of the Florida Current, while von Arx (1962) describes lines of 
flotsam and streaks in that current in terms of convergences (similar "current lines" 
have also been observed off the Natal coast). 

The horizontal surface temperature gradient in the cyclonic region is normally 
much higher than that nearer the coast or in the core region. The average gradient 
over 10 km is 0.13 ° C/ km, but individual values over shorter distances (shown 
by the surface thermograph) can be as high as 1 ° C/ km. 

The surface salinity profiles in Figure 2 indicate that there is generally no sig-
nificant or consistent salinity gradient in the cyclonic shear zone, although there 
may of course be finer-structure changes which are not shown by the discrete 
10 km sampling. During the summer months (rainy season), the salinity of the 
shelf water can be markedly reduced by runoff from rivers, but the resulting sa-
linity gradient across the Current boundary is not a characteristic property of that 
boundary per se. 

It may be noted that the "shingle" effect in the thermal front of the Gulf Stream 
which was reported by von Arx, Bumpus and Richardson (1955) does not seem 
to occur in the Agulhas Current system where the front is found to be more con-
tinuous (as shown by unpublished ART work as well as by the present results). 
These Gulf Stream shingles (or filaments) were attributed by the above authors to 
possible tidal modulation of the flow in the Gulf of Mexico and there seems to be 
no corresponding pulsation in the Agulhas Current which would cause a fil amentary 
structure of this nature. 

b. Current core. The core is defined here as the region where the southerly along-
shore current component exceeds 1 m/s. Current speeds of this magnitude were 
encountered on 37 of the 42 days on which complete or near-complete current 
sections were obtained. Two of the other 5 occasions can be explained by the 
Current core being more than 100 km offshore in a rather extreme meander motion 
(discussed later). The remaining 3 occasions were on successive days in October, 
1972, when exceptionally cool water was found between 80 and 100 km offshore; 
this can perhaps be interpreted in terms of a cyclonic eddy embedded in the Cur-
rent but the data coverage was inadequate to explain the anomaly. Nevertheless 
the present results suggest that for 90% of the time the Agulhas Current core (as 
defined here) is continuous off Durban. In this respect, the Agulhas Current is 
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different from the complex system of eddies which forms the East Australian Cur-
rent (Hamon, 1970). It is likely that some of the variability in the structure of the 
Agulhas Current is due to mesoscale eddies transported by the Current, but there 
is certainly a strong basic flow toward the south. 

The mean width of the core is about 34 km (Table 2), but a width of over 
60 km has been observed. The mean peak speed of the core is 1.36 m/ s, with 
the highest individual speed measured being 2.45 m/ s (100 m depth-averages). 
This latter value agrees surprisingly well with other estimates of the peak speed of ' 
the Agulhas Current, namely 2.5 m/ s calculated from ship drifts (Barlow, 1931) 
and 2.6 m/ s from a free-drifting satellite-tracked buoy (Griindlingh, 1977). Corre-
sponding peak speeds in the Gulf Stream/ Florida Current system have mean values 
of 1.5 m/ s (Schmitz, 1969) or 2 m/ s (Diling, 1975), with individual speeds of up 
to 2.5 mi s from GEK measurements (Worthington, 1954) and also 2.5 m/ s using 
transport floats (Richardson and Knauss, 1971). The maximum observed speed in 
the Kuroshio seems to be 2.6 m/ s (chart 42 of Taft, 1972) and in the East 
Australian Current 2 m/ s (Hamon, 1970). It is noteworthy that the figure of 2.5 
to 2.6 m/ s crops up for the Agulhas, Florida and Kuroshio Currents. 

The highest surface temperatures are normally closely associated with the peak 
current speeds (at least within the IO km station interval). 

c. Eastern boundary region. In the anticyclonic shear zone beyond the Current 
core the horizontal gradients of temperature and current velocity are much lower 
than in the cyclonic region. The mean shear is about 2 X 10-5 

/ s ( about 3 0 % of 
the cyclonic value, see Table 2), which compares with 1.3 X 10-5/ s in the Florida 
Current (Schmitz, 1969) and 2.6 X I0- 5/ s in the East Australian Current 
(Hamon, 1970). The mean temperature gradient is also less than 30% of that in 
the western boundary region, and on some occasions the temperature profile was 
fiat from the core out to at least 100 km offshore. As shown by Duncan (1970), 
the flow in this region is linked with a permanent anticyclonic gyre (the "Agulhas 
Eddy") centered some 400 km offshore. 

d. " Width" of the Agulhas Current. It is not easy to specify accurately the "width 
of the Current". Choosing the 0.5 m/ s isotachs as the "edges", and extrapolating 
the mean velocity profile beyond 100 km to estimate the position of the eastern 
edge results in a width of some 90 to I 00 km. The corresponding width of the 
Florida Current is about 75 km (taken from Figure 4 of Schmitz, 1969), while 
Hamon (1970) quotes a range of 40 to 80 km for the East Australian Current. 

4. Subsurface thermohaline structure off Durban 

The daily vertical temperature and salinity sections during the July, 1973, 
cruise (Fig. 3) are typical of the thermohaline structure of western boundary cur-
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Figure 4. T-S envelop_e for the 44 sections out to 100 km off Durban. For convenience, the 
envelope for mid-summer is shown separately. The "source" water masses are also indicated. 
The number of data points totals about 3600. 

rents, as shown for example by Worthington and Kawai (1972) for the F1orida 
Current and the Kuroshio. 

Fuglister and Voorhis (1965) found that the subsurface thermal structure may 
be a better indicator of the axis of the Gulf Stream than is the surface temperature; 
the position of the 15°C isotherm at 200 m depth marks the left-hand edge of the 
Stream and also lies under the peak surface current. Uda (1965) found a similar 
situation in the Kuroshio. The present results indicate that, for the Agulhas Current 
off Durban, the current peak at the surface is also associated with the 15°C 
isotherm as well as the 35.35%0 isohaline at 200 m depth (e.g. Fig. 3, and Table 2). 
It may be noted that the seasonal variations in temperature and salinity are largely 
restricted to the upper 100 m so these relationships are applicable throughout the 
year. 

A significant feature of the temperature/salinity field is the "dome" of cool, low-
salinity water (95 10°C, 34.9%0) which was frequently observed below about 300 m 
depth between 30 and 50 km offshore. This dome was observed on 3 of the 5 days 
of the selected cruise (Fig. 3 and 7) and was present in 40 of the 44 vertical sec-
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tions measured off Durban, although it was not always as strongly defined as in 
July, 1973. As will be shown later, similar structure has not been found at Port 
Edward or in the shallow measurements off Richards Bay, so the dome at Durban 
is presumably associated with the topography there and may be linked with the 
inshore counterflow normally encountered at Durban (this is not well shown in 
Figure 5, where a countercurrent was present on the first day of the cruise only, 
but the average net current ,at station A is in fact northward, Figure 9). The exist-
ence of cyclonic eddies off Durban has been shown by Anderson, Sharp and Oliff 
(1970) and by Pearce (1975). Similar domes or ridges can be seen in vertical sec-
tions across the Florida Current and the Kuroshio (Worthington and Kawai, 1972) 
as well as in the East Australian Current (Boland and Hamon, 1970) but their 
significance is not clear. 

The water mass relationships can be seen from the T-S diagram in Figure 4, 
which demonstrates the change in water properties between summer and winter in 
the upper 100 m and the close relationship between temperature and salinity 
below this level. Following Duncan's (1970) definitions of the water masses, the 
surface water can be taken as a mixture of Tropical Surface Water (TSW, with a 
salinity of less than 35.0%0 and entering the Agulhas Current mainly down the 
Mozambique Channel) and Subtropical Surface Water (STSW, with a salinity of 
more than 35.5%0, entering the Current from the east). "Pure" STSW is found in 
the high-salinity tongue which intrudes into the Agulhas Current at depths of 150 
to 200 m (Figs. 3 and 7a). 

Underlying the mixed TSW / STSW is Central Water, characterized by the linear 
portion of the T-S diagram. The upper limit of CW in the Agulhas Current has 
been defined by Anderson (in press) as the point (14°C; 35.3%0); this corresponds 
to <Tt of 26.4, which rises from about 350 m in the anticyclonic shear region to 
about 150 m near the coast. 

5. Subsurface velocity structure off Durban 

Geostrophic velocity sections have been plotted by computing the vertical shear 
from the dynamic heights at each station, and then fitting these shears to the 0-100 
m depth-averaged current components at 50 m. It is estimated that the accuracy 
of the geostrophic computed currents is about 10 cm/ s, giving a total possible 
error of the absolute subsurface currents of up to 20 cm/ s. 

The daily velocity sections and the <Tt sections for the cruise in July, 1973, are 
illustrated in. Figure 5. The current core is generally well defined. The velocity shear 
in the upper 100 m of the cyclonic region is of the order of 3 X 10-3 / s while that 
in the anticyclonic region is about 0.6 X 10-3 / s. These values are lower than the 
corresponding values of 10 X 10-s; s and 2 X 10-s;s respectively measured by 
Oiling and Johnson (1972) in the Florida Current. 
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6. Daily variability and meandering off Durban 

One of the most interesting features of the Agulhas Current is the meandering 
toward and away from the coast. It has not yet been possible to explain the mech-
anism of the meandering so a fairly brief description of the process must suffice 
here. 

The day-by-day variations in the shape and position of the Current core during 
the July, 1973, cruise are clearly seen in the daily vertical sections (Figures 3 
and 5) and the horizontal "space-time" maps (Figures 6 and 7). 

Briefly, the sequence of events was as follows: on the 23rd July, the Current core 
was roughly in its "mean" position (as per Table 2) and was clearly defined. The 
current near the coast was northerly, i.e. counter to the Agulhas Current. By the 
following day the Current core had meandered away from the coast by about 
10 km, the velocity field had weakened and the countercurrent had been replaced 
by a southerly flow. (The apparent southerly "jet" near the seabed is probably not 
real, but results from the reversed vertical shear, over the inner edge of the "dome", 
being tied to a southerly current near the surface). During the night of the 24th/ 
25th the Current decelerated further and swung shoreward by some 35 km, the 
mean onshore meander velocity therefore being about 0.4 m/ s. However, a rem-
nant of the core was still in the original position so that a temporary bi-axial flow 
existed below 100 m depth. Note that the tongue of STSW had penetrated 25 km 
further inshore to follow the meandering of the core. By the following day the flow 
had accelerated again, and the cyclonic and core regions were once again strongly 
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Figure 7. "Space-time" maps of temperature (solid) and salinity (dashed) at (a) 200 m and (b) 
400 m for the July 1973 cruise. 

defined. On the 27th no salinity or current measurements were possible inshore of 
50 km due to rough weather (XBT's revealed the thermal structure). It is note-
worthy that the potential vorticity structure of the flow is conserved during the 
meandering process, so that the potential vorticity can also be used as a tracer of 
the lateral movement of the Current (see the Appendix by A. Gill). 

Although the meandering during the July, 1973, cruise as described above was 
the most pronounced in terms of the overnight movement of the Current, in most 
of the other cruises in the series off Durban similar meandering tendencies were 
observed. The mean distance offshore of the western edge of the core is about 
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40 km, but the closest and furthest distances observed have been 25 km and almost 
100 km respectively. The latter result (from a cruise in June, 1973) is interesting 
as it has been generally believed locally that the Current does not move more than 
about 50 km from the coast (Natal Town and Regional Planning Commission, 
1969). However, the surface and subsurface structure on that occasion (not illus-
trated here) demonstrates that the Current core was in fact about 100 km offshore 
at the start of the cruise and then meandered toward the coast. 

As these results were derived from a single (repeated) line of stations, it is not 
possible to determine whether this meander pattern represents a wave-like disturb-
ance propagating northward or southward along the coast or a straight current 
boundary moving directly onshore/ offshore. ART work (unpublished) has shown 
that the boundary is in fact wave-like, and a vital clue to the propagation direction 
would be given by the cross-stream current component. Although the measured 
cross-stream components were generally too low to be significant, it appears that 
there was an offshore tendency while the core was moving toward the coast and 
vice versa. This indicates a downstream propagation of the wave-like meanders 
as was observed by Diiing (1975) in the Florida Current. Diiing found the period 
of the meanders to be 4 to 6 days, with a phase speed of about 0.5 mi s and a 
resulting wavelength of roughly 200 km. The present data are inadequate in both 
temporal and spatial coverage for corresponding values to be derived. However, 
the dominant time-scale of local weather events and of inshore current reversals is 
about 5 days. Furthermore, a length-scale of about 240 km seems applicable, cor-
responding to the topographically-disturbed region between Port Durnford and 
Port Shepstone in Figure 1 (Natal Town and Regional Planning Commission, 
1969), and as will be shown in the next section the meandering motion seems to 
be accentuated between these two places. On this basis, it appears that the time 
and length scales of meandering in the Florida Current off Miami and the Agulhas 
Current off Durban may be similar. 

The mechanism of the meandering is not known at present. Diiing (197 5) con-
sidered that atmospheric forcing may be responsible for the fluctuations in the 
Florida Current, while Webster (1961) found a good correlation between meander-
ing of the Gulf Stream and the longshore atmospheric pressure gradient (lagged 
by 4½ days) but suggested that this may have been coincidental. Anderson, Sharp 
and Oliff (1970) considered that the local weather cycles may be partly responsible 
for the meandering of the Agulhas Current, with the Current moving onshore while 
a coastal "low" is approaching from the south and the pressure at Durban is there-
fore falling, and then moving away from the coast again while the pressure is 
rising. Figure 8 suggests that there may have been some relationship between the 
wind/ pressure cycle and the behavior of the Current during the July, 1973, cruise 
but the correlation is not very good. A detailed analysis of the full series of 10 
cruises may clarify the weather/ Current relationship. 
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Figure 8. (a) Atmospheric pressure (smoothed) and alongshore wind component measured at 
Durban in July 1973. (b) Distance from the coast of the surface 21 °C isotherm; 14 °C at 
200 m and 11 °Cat 400 m; and "surface" 1 m/ s component isotach. 

7. Alongshore variations of the Agulhas Current 

Structure of the Current. Because of the short-term (daily) variability in the Cur-
rent, as illustrated in Figures 2 to 4, the changes in the Current structure between 
Richards Bay and Port Edward (Fig. 1) are not immediately evident in individual 
daily sections. For this reason, the "climatological" mean sections for Richards 
Bay, Durban and Port Edward have been drawn up in Figure 9. Two comments 
are necessary: firstly the apparently higher near-surface water temperatures at 
Richards Bay are due to the summer bias of the cruises (Table 1); and secondly 
the mean gradients shown off Durban are different from those in Table 2 because 
the latter "followed" the meandering of the Current whereas in Figure 9 the sec-
tions have been averaged directly and the gradients correspondingly smoothed to 
some extent. 

The only major difference in the thermohaline structure between Durban and 
the other two sites is that the cool low-salinity dome is absent at Richards Bay and 
Port Edward. As discussed in Section 4, this suggests that the dome is topograph-
ically-induced as a result of the varying bathymetry just north of Durban rather 
than being an inherent characteristic of the dynamics of the Current itself. It may 
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Figure 9. Overall mean sections at Richards Bay, Durban and Port Edward (for locations see 
Figure 1). The shaded region in the mean velocity section off Durban denotes a northerly 

countercurrent. 

be noted that the mean inshore fl.ow is southerly at Richards Bay and at Port 
Edward, compared with the net counterflow at Durban (Fig. 9). 

The tongue of high-salinity STSW ('=' 35.5%0) at 200 mis present in all 3 areas. 
Very little is known about the mesoscale structure of the Agulhas Current north 

of Richards Bay. Duncan (1970) considered that the Agulhas Current becomes 
identifiable as a western boundary current between 25° and 30°S, being derived 
basically from the Mocambique and East Madagascar Currents in a confused mix-
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Figure 10. Mean seasurface temperature (°C) off the Natal coast, as averaged from 14 ART 
flights in 1968 (with acknowledgement to C. G . Snyman). The aircraft track is shown dashed. 

ing region in the southern Mocambique Channel. South of Port Edward the 
Agulhas Current appears to maintain the intense structure illustrated in Figure 9c 
(Duncan, 197 6) until it veers away from the coast in the so-called "retroflexion 
area" west of Port Elizabeth (26°E) (Bang, 1970). 

Meandering. Some idea of the meandering behavior of the Agulhas Current along 
the Natal coast can be gained from the ART mean sea-surface temperature picture 
in Figure 10. Off Richards Bay and south of Port Shepstone, the isotherms mark-
ing the thermal front in the cyclonic shear boundary of the Current are closely-
packed, signifying that the Current is relatively "stable" in these areas with little 
meandering being found. Between the Tugela River and Port Shepstone, however, 
the mean isotherms are more separated due to the wider meandering range there. 
It appears from Figures 1 and 10 that the Current tends to follow the shelf break, 
and the "instability" results from the sudden widening of the shelf off the Tugela 
River. The process is accentuated just north of Durban by the alongshore terrace-
like topography, to the extent that a semipermanent cyclonic eddy tends to form 
off Durban (Pearce, 1975) as evidenced by the kink in the 22° to 22.5°C iso-
therms. Further south where the coastline and the shelf break are parallel, the 
Current becomes more stable again. 

These deductions from the ART are supported by the current measurements 
made from the ship. The rather limited observations off Richards Bay suggest that 
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the inner edge of the core (i .e. the coastal 1 m/ s isotach) approaches to within 10 
km or so from the coast on occasion and can move out to some 40 km or more; 
the meandering range is thus half to twice the 20 km shelf width. Unpublished 
results from the 19 lines off Port Edward indicate that the 1 m/ s isotach can be 
found between 3 km and 36 km offshore, with the most likely (average) position 
being about 5 km from the coast. In the Appendix, Gill shows that the alongshore 
variations in the structure of the Current are consistent with the conservation of 
potential vorticity; further, Schumann and Gill (1977) have used the same concept 
to model the alongshore variability of the mean flow. 

8. Summary and conclusions 

The Agulhas Current is a typical western boundary current and is in many ways 
remarkably similar to the Florida Current and the Kuroshio. In a study of the 
upper region of the Agulhas Current off Durban, involving measurements of tem-
perature, salinity and currents out to 100 km offshore, some features of the meso-
scale structure and variability of the Current have been observed. 

The surface structure is generally well-defined, and three regions can nearly 
always be distinguished: 

a) Western (inshore) boundary: region of intense cyclonic shear(== 7 X 10-5/s) 
accompanied by a relatively strong thermal gradient, separating the high speed 
core of the Current from the cooler water near the coast. 

b) Current core: defined here as the region where the alongshore component 
exceeds 1 m/s. The mean peak speed is about 1.4 m/ s and maximum observed 
speed 2.5 m/ s; the highest temperature also occurs in this region, whose width is 
about 34 km. The mean position of the inshore edge of the core is 42 km from 
the coast, but it meanders between 25 km and 100 km offshore. 

c) Eastern (offshore) boundary: poorly defined region of anticyclonic shear, with 
velocity and temperature gradients much less intense than in the cyclonic region. 
The total width of the Current between 0.5 m/ s isotachs is of the order of 100 km. 

Interesting features of the subsurface structure (down to 500 m) include a cool, 
low-salinity "dome" below 300 m near the coast off Durban and a tongue of rela-
tively high-salinity Subtropical Surface Water intruding from the east at about 
200 m depth. 

The basic structure of the Current at Richards Bay and at Port Edward is very 
similar to that at Durban although the dome is restricted to Durban and may there-
fore be topographically-induced. The meandering behavior of the Current is less 
pronounced at Richards Bay and Port Edward than at Durban. 
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APPENDIX: Potential vorticity as a tracer 

by A. E. Gill 1 

[35, 4 

A basic concept in modelling changes in coastal currents over sufficiently short distances or 
sufficiently short times (for friction and mixing to be ignored) is that of conservation of poten-
tial vorticity by fluid elements. The velocity measurements presented in Fig. 5 above appear 
to allow potential vorticity to be estimated sufficiently well for this quantity to be used as a 
tracer. Since temperature (or more precisely potential temperature) is also conserved, it is con-
venient to estimate potential vorticity between two isotherms (e.g. 16° and 20°) by the formula 

P=(f+avlax)ID (Al) 

where f is the Coriolis parameter, v is the along-shore component of velocity, x distance from 
the coast and D is the vertical separation of the two isotherms. This formula assumes cross-
stream variations are rapid compared with variations along the stream. 

In a steady state situation, a stream function tJ, can be defined for the flow between the two 
isotherms. The variation of tJ, across a section y = constant can be calculated from 

tJ,= f Dvdx. (A2) 

Conservation of potential vorticity requires P =P(tJ,). This means that the function P(tJ,) should 
have the same form at every section. Figure Al shows a comparison between P(tJ,) calculated 
for the section off Durban for 25 July, 1973 and P(tJ,) calculated for a section off Port Edward, 
200km to the south, for 22 April, 1975, (using data from an internal data report by G. Lundie). 
The origin for tJ, has been chosen to give the best fit. The marks show the distance off-shore in 
km for each point on the curve. Despite the difference in dates, the functions P(tJ,) are quite 
similar. The implication is that fluid particles that are 90km off-shore when they pass Durban 
move closer inshore as they move south and are only 55km off-shore at Port Edward. This 
is presumably because a plateau at a depth of 400-500m extends from 10km to 40km off-shore 
at Durban, but is nonexistent at Port Edward (Fig. A2). 

A difficulty is that, as Figure 5 shows, the current is not steady. However P is still constant 
for a fluid particle, so movements normal to the shore can be detected by the displacements of 
a particle of given P (assuming the perturbations are on a state with fixed P(tJ,)). Figure A3 
shows the curves P(tJ,) calculated for 23 and 25 July, 1973, the origin being chosen to make 
the curves coincide. Although P(tJ,) does not have the same significance as in the steady state, 
one can still compare positions of particles with the same P. Thus the fluid 35km off-shore on 
the 25th corresponds to the fluid found 55km off-shore on the 23rd. The Agulhas current is 
clearly much further off-shore on the 23rd, and this is consistent with the surface temperature 
traces shown in Figure 2. The sudden change in slope found 48km off-shore on the 23rd is 
found 18km off-shore on the 25th. This is consistent with the evidence from the potential vor-
ticity, and also with the appearance of an inshore region of reversed flow on the 25th. 

Thus potential vorticity seems to be a useful tracer quantity. Also knowledge of how poten-
tial vorticity varies across the current should be valuable for constructing models of the current. 

1. University of Cambridge, Department of Applied Mathematics and Theoretical Physics, Silver 
Street, Cambridge CB 3 9EW, England. 
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Figure AI. Potential vorticity P, as defined by (Al), plotted against stream function 1/J, as de-
fined by (A2), for the water with temperatures between 16° and 20°C. The solid line is for 
the Durban section of 25th July, 1973, the squares marking points where estimates were 
made. The figure above gives the distance offshore in km of such points. The broken line is 
for a section at Port Edward, about 200 km to the south, on 22 April, 1975. Estimates 
were made at the points shown by circles and the figures below give the distance offshore in 
km. of these points. 

Figure A2. Bottom topography for the Durban and Port Edward sections. The Port Edward 
section is the one with the steep slope. 

Figure A3. Potential vorticity P, as defined by (Al), versus 1/J, as defined by (A2) for the Dur-
ban sections of 23rd July, 1973 (broken line) and 25th July, 1973 (solid line). Distance off-
shore in km is marked as in Figure AI. 


