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Abstract.  The Antarctic Circumpolar Current (ACC) is the world’s strongest current, and acts as a conduit 
that transports water between Atlantic, Pacific, and Indian Oceans. ACC transport is a key metric used to 
evaluate the accuracy of ocean and climate models. The canonical transport of 134 Sv through Drake Passage, 
the narrowest choke point of the ACC, derives from a year-long experiment conducted in 1979 (DRAKE79). 
Recent studies suggest that this historical value may be biased low by as much as 20%. DRAKE79 transport 
estimates resulted from a complicated synthesis of historical data and in-situ measurements, and relied heavily 
on the outcome of referencing three hydrographic sections with directly measured currents. This study focuses 
on evaluating DRAKE79’s geostrophic referencing technique. We hypothesized that the horizontal spacing 
and temporal averaging of current meters led to a bias in the historical estimate. Southern Ocean State Estimate 
(SOSE) was used as a test bed to evaluate DRAKE79 methods. A mean AAC transport of 181.5 ± 17.6 Sv was 
obtained by applying DRAKE79 methods to 2005 SOSE output. This value is greater than SOSE’s “true” 
geostrophic transport (153.0 ± 5.7) by 29 Sv. This difference resulted primarily from linear interpolation 
between two lost moorings; however the horizontal spacing of the current meters did not resolve the narrow 
jets of the ACC regardless of mooring loss. Within SOSE, geostrophic transports referenced with velocities at 
all mooring locations resulted in a mean transport of 161.0 ± 10.2 Sv. Temporal smoothing of the reference 
velocities, using up to a 20-day running mean, had minimal impact on the mean transport estimate. A next step 
would evaluate whether the mooring positions should be modified within SOSE to capture the same circulation 
features as DRAKE79.  

1.  Introduction  

 The Antarctic Circumpolar Current (ACC) is a strong 

wind-driven eastward current. The ACC acts as a conduit 

transporting water between the Atlantic, Pacific, and Indian 

Oceans. Due to its size and connection to the world’s ocean 

ACC transport is a key metric used to evaluate the accuracy 

of ocean and climate models. ACC transport is concentrated 

in three fronts, the Subantarctic Front, the Polar Front and 

the Southern Antarctic Circumpolar Front (Orsi et al. 1995). 

Transport is not evenly distributed across Drake Passage, 

the majority of the ACC transport is due to the northernmost 

fronts; the Subantarctic Front and the Polar Front 

(Whitworth et al. 1982).  

 Drake Passage is the ACC’s narrowest channel as it 

travels around Antarctica. Measuring ACC transport in 

Drake Passage is challenging; measurements have only been 

made here on two occasions. Transport can be measured 

with a variety of techniques.  One approach is to use current 

meters to directly measure the current speeds. This approach 

places a heavy demand on resources because the point-wise 

current meter measurements must resolve the horizontal and 

vertical structure of the velocity field. Another approach is 

to measure the vertical and horizontal density distribution to 

determine the geostrophic shears using the dynamic method. 

 The DRAKE79 total transport estimate resulted from a 

complicated synthesis of historical data and in-situ current, 

pressure, and temperature measurements, and utilized three 

hydrographic sections. The geostrophic referencing of the 

three hydrographic sections was critical in their methods. 

The DRAKE79 approach relied heavily on the outcome 

from referencing three hydrographic sections with directly 

measured currents.   

 A hypothesis is put forward that the horizontal spacing as 

well as the temporal averaging of the current meters led to a 

bias in the historical measurement. The horizontal spacing 

of measurements (~45 km) may have not resolved the 

narrow jets of the ACC. In addition, two critical moorings 

were lost in a particularly energetic region of Drake Passage 

within mooring line. DRAKE79 chose averaging periods for 

the reference current meters that minimized the difference 

between measured and geostrophic shears. 

 The study uses the Southern Ocean State Estimate 

(SOSE), as a test bed to evaluate the DRAKE79 methods. 

SOSE is a general circulation model with 1/6° horizontal 

resolution that is informed by real observations (Mazloff, 

2010). ACC circulation through Drake Passage is well 

modeled in SOSE with accurate spatial representations of 

all three fronts compared with ADCP data. SOSE’s Polar 

Front is weaker than ADCP observations. The opposite is 
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2.  Methods  

2.1.  Historical Methods 

 The 1979 ACC transport estimate (Whitworth et al. 

1982) derived from a complex synthesis of historical data, 

hydrographic sections, and current meter measurements. A 

mooring line spanning Drake Passage from 68°W 54°S to 

60°W 63°S consisted of 17 current meter moorings (Fig. 1).  

Moorings in northern and central Drake Passage were 

spaced at approximately 45 km. Southern moorings were 

spaced at 65 km intervals.  These moorings utilized current 

meters at 500 and 2500 meters. Hydrocasts between 

moorings at three discrete times during the one-year study 

provided a meridional density gradient. Data were not 

recovered from two of the 17 moorings (ML3 and ML4). 
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Linear interpolation between moorings ML2 and ML5 

provided velocity data at moorings ML3 and ML4. 

 Results of the 1979 study relied heavily on geostrophic 

referencing techniques. The dynamic method yielded 

vertical geostrophic shear profiles, ug(z), referenced to zero 

at 2500 m for each hydrocast pair. For pairs with deepest 

common level shallower than 2500 m, geostrophic shear 

was referenced to zero at the deepest common level. 

Optimal averaging was applied in attempt to form an 

accurate representation of transport between hydrocasts. 

Whitworth et al. (1982) assumed remaining long-period 

current fluctuations to be geostrophic. Applying a moving 

average should remove ageostrophic motion from the 

record. Whitworth et al. (1982) rationalized that optimal 

averaging period would not be critical away from fronts 

where flow is assumed to be steady. Near the fronts, the 

averaging period would be dependent on the motion of the 

front relative to the mooring and might need to be longer for 

an adequate representation of the flow.  This value differed 

from mooring to mooring. 

 To reduce influence from ageostrophic flow, an optimal 

averaging technique was applied. Current meter measured 

velocities were rotated to form cross-track velocities, and 

then smoothed using seven different moving-average 

periods (6 hr to 20 day) to create seven additional time-

series. For each day the optimal averaging period was 

determined by selecting the moving-average period that 

reduced the absolute difference between offsets at 500 and 

2500 m, C500 and C2500, respectively, where offsets are 

defined by 

 

 

Here, the final term is the optimal offset added to daily 

geostrophic shear. 
 

2.2.  SOSE method 

 Here, the Southern Ocean State Estimate (SOSE) was 

taken as the real ocean to evaluate the historical methods 

described above. A mooring line in SOSE was created using 

the 1979 mooring latitude and longitude (Fig. 1). Modeled 

Figure 2.  Time series of SOSE baseline (gray; 153 Sv) and geostrophic (black; 161 Sv) transport. SOSE 

geostrophic transport is higher by 8 Sv, so mooring spacing has a small, but noticeable effect on total 

transport.   
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CTD casts were created at SOSE grid points chosen to 

retain a constant slope of the modeled mooring line, while 

minimizing the distance from midpoints between adjacent 

mooring sites. Between each modeled CTD pair, a velocity 

profile was determined. The profile represents the average 

cross-track velocity between the CTD stations.  Model 

velocity at 500 m and 2500 m was linearly interpolated to 

mooring locations and rotated to cross-track, produced 

reference velocities at each mooring location. These 

reference velocities were used to geostrophically reference 

SOSE velocity profiles in a method mirroring Whitworth et 

al. (1982). 

 To evaluate the linear interpolation across lost moorings, 

a second modeled mooring line was created. Velocity across 

M2 and M5 was linearly interpolated and modeled velocity 

records at ML3 and ML4 were replaced with interpolated 

values. This resulted in a second dataset: a duplicate of the 

modeled line with interpolated values replacing ML3 and 

ML4. 

 The sensitivity of transport estimates to optimal 

averaging period was also tested. The optimal averaging 

technique described above was adapted and applied to the 

modeled mooring line (with interpolated M3 and M4) to 

create a third dataset. Here, smoothing periods of 1, 3, 5, 7, 

11, 15, and 21 days were used to reduce computational 

complexity. 

 Finally, a 4
th

 time-series was created using the actual 

SOSE grid points across Drake Passage. This is the “true”, 

or baseline, SOSE transport, and yielded a time-averaged 

transport of 153.0 ± 5.7 Sv. This value acted as a 

and v) a baseline transport calculated using SOSE grid 

points across Drake Passage. 

3.  Results and Discussion 

 The horizontal spacing of the DRAKE79 moorings were 

expected to resolve the estimated 30-40 km widths of the 

two northern fronts in Drake Passage (Subantarctic Front 

and Polar Front; Fig. 1). To test this, SOSE geostrophic 

transport using all moorings was compared to SOSE 

baseline transport (Fig. 2 & 3). Average SOSE geostrophic 

transport was 161.0 ± 10.2 Sv. This estimate fell within one 

standard deviation of the SOSE baseline transport and was 

biased higher by 8 Sv. A time series transport comparison 

showed some temporal agreement (Fig. 2) with a low, but 

statistically significant correlation coefficient (R
2
=0.25; Fig. 

3). Hence, we conclude that the horizontal spacing of the 

Figure 4.  Time series transport comparison of SOSE geostrophic transport using linearly interpolated values 

at ML3 and ML4 to SOSE baseline transport. Linear interpolation of ML3 and ML4 biases the transport 

estimate above baseline transport by almost 28 Sv.  
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1970 moorings did not resolve the narrow jets of the ACC. 

 The transport estimate was more sensitive to linear 

interpolation of ML3 and ML4 than to horizontal spacing of 

moorings. Replacing SOSE geostrophic velocity at ML3 

and ML4 with linearly interpolated values increased the 

total transport estimate to 180.8 ± 21.1 Sv, an upward bias 

of 27.8 Sv from the SOSE baseline, and 19.8 Sv above 

SOSE mooring referenced geostrophic transport. This 

difference is evident in both time series comparison and 

scatter plot representations (Fig. 4 & 5), with essentially no 

correlation to baseline transport (R
2
 = 0.03) and weak 

correlation to the case of no interpolation (R
2
 = 0.24). The 

source of this difference is evident in observed time series 

of velocity at moorings ML2 through ML5, which show 

little agreement between ML2 and ML5 (R = –0.19), and a 

positive shift of ML3 and ML4 velocity when interpolation 

is applied (Fig. 6). Hence, the total transport was 

overestimated due to linear interpolation of velocities at the 

missing mooring sites. 

 Whitworth et al. (1982) suggested that transport 

estimates should not be dependent upon optimal averaging 

periods away from ACC fronts. In close proximity to the 

fronts, however, averaging periods may need to be quite 

long to reduce the influence of geostrophic motion on 

geostrophic transport estimates. Hence, some level of 

sensitivity was expected to be seen in modeled transport. 

The optimal transport estimate was 181.5 ±17.6 Sv. A time-

series transport comparison showed close agreement 

between interpolated and optimal transport, with optimal 

transport having consistently, but subtly, lower amplitude 

(Fig. 7). Optimal transport showed little correlation with 

SOSE baseline transport (R=0.09), but high correlation with 

interpolated transport (R=0.91). Hence, little sensitivity is 

attributed to the choice of optimal averaging period, and 

linear interpolation created the largest bias in transport 

estimates. 

 

Figure 6. Time series of cross track SOSE geostrophic velocity for SOSE 2005 data for ML2, ML3, ML4, 

and ML5 (blue; bottom-to-top) and interpolated ML3 and ML4 velocity (red). Interpolation biases ML3 and 

ML4 velocity high.  
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4.  Conclusions and Future Work 

 Fronts in Drake Passage account for approximately 60% 

of the total ACC transport (Whitworth et al. 1982), so 

adequate meridional instrument spacing is necessary for an 

accurate transport estimate. Contrary to the assumptions of 

Whitworth et al. (1982), DRAKE79 moorings were not 

spaced closely enough to adequately resolve the narrow 

ACC jets. The Subantarctic and Polar Fronts have an 

average width of 44 km and meander over lateral distances 

of about 75 to 100 km (Gille, 1994). The fronts have a 

slightly smaller average width than the spacing of the 

DRAKE79 moorings. So there is a possibility that the jets 

were not adequately resolved. 

 The loss of moorings ML3 and ML4 in an energetic 

region of the ACC impacted the 1979 transport estimate. 

Our analysis of SOSE indicated that linear interpolation of 

velocity at ML3 and ML4 overestimated velocity, and hence 

biased transport high by almost 28 Sv. It is possible, 

however, that modeled fronts in the SOSE data analyzed 

here differ from those observed in 1979, due to the high 

meander and eddy activity of the ACC through Drake 

Passage. Further analysis is necessary to determine the level 

of agreement between observations in 1979 and SOSE. One 

future step would be to examine more appropriate mooring 

locations in SOSE other than the literal DRAKE79 

locations. The moorings from 1979 may have captured other 

different circulation features than SOSE in 2005. 

 Despite the fact that averaging periods may be important 

in the vicinity of ACC fronts, we found little sensitivity of 

transport estimates to application of optimal averaging. 

Hence, the largest impact on ACC transport estimates came 

from interpolation, not from optimal averaging techniques, 

with the possibility of additional bias introduced by low 

horizontal resolution of instrument arrays. 
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