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Abstract 

The location of fronts has a direct influence on both the physical and biological processes in 
the Southern Ocean. Moreover, the Subtropical Front (STF) is believed play a key role in the global 
climate system. Model simulations have shown that a wind induced poleward shift of the STF may 
strengthen the Atlantic Meridional Overturning Circulation by allowing a stronger salt flux from the 
Indian to the Atlantic Ocean. This hypothesis has important implications for our future climate, as 
global warming scenarios predict an intensification and southward shift of the Southern Hemisphere 
Westerlies. Nonetheless, confirmation of the theory has been limited by a lack of data and also our 
poor dynamical understanding of fronts. In this thesis we produce a new working dynamical 
definition of the STF and study the relation of this and other Southern Ocean fronts to the winds and 
topography.  

We first explore the relative importance of bottom topography and winds for determining the 
location and structure of Southern Ocean fronts, using 100 years of a control and climate change 
simulation on the high resolution coupled climate model HiGEM. Topography has primary control on 
the number and intensity of fronts at each longitude. However, there is no strong relationship 
between the position or spacing of jets and underlying topographic gradients because of the effects 
of upstream and downstream topography. The Southern Hemisphere Westerlies intensify and shift 
south by 1.3° in the climate change simulation, but there is no comparable meridional displacement 
of the Antarctic Circumpolar Current’s (ACC) path or the fronts within its boundaries, even over flat 
topography. Instead, the current contracts meridionally and weakens. North of the ACC, the STF 
shifts south gradually, even over steep topographic ridges. We suggest the STF reacts more strongly 
to the wind shift because it is strongly surface intensified. In contrast, fronts within the ACC are more 
barotropic and are therefore more sensitive to the underlying topography. 

We then use satellite sea surface temperature (SST) data to show that the traditional STF, as 
defined by water mass properties, is comprised of two distinct dynamical regimes. On the western 
side of each basin the traditional STF coincides with a deep current that has strong SST gradients and 
no seasonal cycle. We define this as the Dynamical STF (DSTF). Further east, the DSTF diverges from 
the traditional STF and tracks south-eastwards into the centre of each basin to merge with the Sub-
Antarctic Front. The traditional STF continues to the eastern side of the basins where it coincides 
with the so-called Subtropical Frontal Zone, a zone of shallow SST fronts that have little transport and 
large seasonal cycles. 

Finally, we compare the position of our DSTF and previous STF climatologies to the mean wind 
stress curl field, from satellite scatterometry winds. We find that contrary to previous suggestions, 
the position of the STF does not coincide with the zero or maximum wind stress curl. Using output 
from the HiGEM model we show that instead of being controlled purely by the wind field, transport 
south of the subtropical gyre, including the latitude of the zero wind stress curl, is forced strongly by 
the bottom pressure torque that is a product of the interaction of the ACC with the ocean floor 
topography. 

Here in these studies we have provided a new simple and reproducible method for identifying 
fronts. We have also given new insights into the seasonal and decadal variability of fronts, as well as 
how fronts may respond to future climate change. This has highlighted previous misconceptions 
regarding the relationship between the position of fronts and winds. Finally we have provided a new 
framework to study the behaviour of the STF and interpret observations, paving the way for better 
predictions on the likelihood and impact of future STF changes. 
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1. Introduction  

The Southern Ocean encompasses all ocean south of 60°S. This ocean is unique for many 

reasons. For example, the Southern Ocean is the only ocean on Earth today with no meridional 

(north-south) boundary [Olbers et al., 2004] (Figure 1, [Kuhlbrodt et al., 2007]). This enables the 

Antarctic Circumpolar Current (ACC) to exist, which is both the longest and also strongest (~ 130 Sv = 

130 x 106 m3/s) ocean current [Whitworth, 1983]. The ACC interlinks the three other major ocean 

basins; the Atlantic, Pacific and Indian Oceans. This makes it an important component of the climate 

system as it can transmit signals from one region to another [Gille, 2002]. Interestingly the ACC is not 

a single current. Instead it is made up of a number of small and intense currents or jets. These act to 

separate water masses with different properties such as temperature and salinity. The boundary 

between these water masses are referred to as fronts. The location of these fronts is important for 

understanding the distribution of species within the Southern Ocean [Pollard et al., 2002].  

Fronts of the Southern Ocean are an integral part of the ACC. Therefore, in order to monitor 

variability in the ACC, it is necessary to accurately monitor variability in both the intensity and 

position of individual fronts. Likewise, to improve our understanding of the driving mechanisms of 

Figure 1  Strongly simplified sketch of the global overturning circulation system. In the Atlantic, warm and 

saline waters flow northward all the way from the Southern Ocean into the Labrador and Nordic Seas. By 

contrast, there is no deepwater formation in the North Pacific, and its surface waters are fresher. Deep 

waters formed in the Southern Ocean become denser and thus spread in deeper levels than those from the 

North Atlantic. Note the small, localized deepwater formation areas in comparison with the widespread 

zones of mixing-driven upwelling. Wind-driven upwelling occurs along the Antarctic Circumpolar Current 

(ACC). (From Kuhlbrodt et al. [2007]) After Rahmstorf [2002]. 
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the ACC, and how it may change under future warming scenarios, we must improve our 

understanding of fronts. 

The location of fronts, and in particular the Subtropical Front (STF), is also thought to be of great 

importance for climate [Bard and Rickaby, 2009; Biastoch et al., 2009; Beal et al., 2011]. The STF 

extends eastwards from the Western Atlantic, at ~40°S, below the southern tip of Africa and into the 

Indian Ocean [Orsi et al., 1995; Belkin and Gordon, 1996; Sokolov and Rintoul, 2009a]. On the east 

coast of Africa is the strong southward flowing Agulhas Current, which carries warm and saline water 

[Lutjeharms and Valentine, 1984]. This current continues south until it meets the STF. At the STF the 

Agulhas Current is blocked and forced to retroflect eastward, back into the Indian Ocean (Figure 2, 

[Beal et al., 2011]). However, there is a small gap between the STF and southern tip of Africa. This 

allows some of the warm and saline Indian Ocean water, transported by the Agulhas Current, to leak 

into the Atlantic Ocean [Beal et al., 2011]. This flux of water from the Indian to the Atlantic Ocean 

provides an important source of salinity that is needed to sustain the Atlantic Meridional Overturning 

Circulation (AMOC) [Beal et al., 2011].  

Figure 2 Agulhas leakage affected by westerly winds and position of subtropical front. Schematic of the 

greater Agulhas system embedded in the Southern Hemisphere supergyre. Background colours show the 

mean subtropical gyre circulation, depicted by climatological dynamic height integrated between the surface 

and 2,000 dbar, from the CARS database [Ridgway and Dunn, 2007]. Black arrows and labels illustrate 

significant features of the flow. An outline of the Southern Hemisphere supergyre is given by the grey dashed 

line. The plot on the right shows the southward expansion of the Southern Hemisphere westerlies over a 30-yr 

period, from the CORE2 wind stress [Large and Yeager, 2004] averaged between longitudes 20uE and 110uE 

(Indian Ocean sector). The expected corresponding southward shift of the subtropical front is illustrated by 

red dashed arrows and would affect Agulhas leakage (shown as eddies) and the pathway between leakage and 

the AMOC, which is highlighted with a red box. (from Beal et al. [2011]) 
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The AMOC transports a large amount of heat energy northwards, and is responsible for northern 

Europe’s mild climate [Barker et al., 2009; Denton et al., 2010]. It has been hypothesised that 

changes to the position of the STF, and therefore volume of Agulhas Leakage, may have helped 

initiate transitions between glacial and interglacial climate states, through their effect on the AMOC. 

For example, during glacial intervals the STF may have been positioned further north, restricting the 

flow of salt into the Atlantic and shutting down the AMOC [Bard and Rickaby, 2009; Beal et al., 2011; 

De Deckker et al., 2012]. 
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2. Background 

2.1. Identification and definitions of Southern Ocean fronts 

Traditionally fronts have been defined as the boundary between different water masses. Often 

these boundaries are identified using scalar water mass properties such as isotherms or isohalines. 

Early studies determined these boundaries from in situ hydrographic measurements. Due to the vast 

size of the Southern Ocean, these data have historically been sparse. However, some studies have 

successfully synthesised the available data to produce mean climatologies of these fronts. Five 

primary fronts were identified in these assessments of the Southern Ocean [Orsi et al., 1995]. 

Starting from the South these are the Southern Boundary Front, the Southern ACC Front, the Polar 

Front, the Sub-Antarctic Front and the Sub-Tropical Front (Figure 3) [Orsi et al., 1995]. By defining 

fronts as the boundary between different water masses, or using scalar quantities such as 

temperature and salinity, we inherently assume that fronts are continuous. Also, if we use an 

isotherm or isohaline to define a front we assume that these properties are conserved along the 

front’s path.  

 

Recently satellite data have become widely available, in particular SST and sea surface height 

(SSH) products. These satellite data are ideal for observing fronts; they have high spatial resolution, 

wide spatial coverage and also high temporal resolution [Sokolov and Rintoul, 2002; Kostianoy et al., 

2004]. High resolution data is favourable for studying fronts, due to the small spatial scale and highly 

variable nature of these features. The availability of satellite data has led to huge advances in our 

understanding of fronts. These high resolution data sets have allowed us, for the first time, to see in 

detail the intricate pattern of fronts over the Southern Ocean. 

 

Figure 3 – Location of fronts defined by Orsi et al. [1995]. From the top these fronts are the Sub-Tropical 

Front, Sub-Antarctic Front and Antarctic Polar Front. 
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Fronts are often identified as enhanced horizontal gradients, in SST or SSH, when using satellite 

data [Moore et al., 1999; Sokolov and Rintoul, 2002; Kostianoy et al., 2004; Burls and Reason, 2006; 

Dong et al., 2006; Dencausse et al., 2011].  If using this method for identifying fronts, fronts are 

considered to be dynamical features as opposed to water mass boundaries.  

A dynamical front is essentially a strong current (Figure 4c).  It is difficult for a parcel of water to 

move across a fast current. Instead of moving across the current, the parcel of water will be carried 

along with the flow. This means fronts act as barriers in the ocean, and this prevents water on either 

side of the front from mixing [Thompson, 2010]. As a result dynamical fronts often coincide with 

water mass boundaries and are coincident with enhanced horizontal gradients in water mass 

properties. Thus, it possible to identify a dynamical front simply as a peak in SST gradient (Figure 4a) 

[Hughes and Ash, 2001; Kostianoy et al., 2004]. 

When we consider fronts as dynamical features we lose the simple concept of five continuous 

circumpolar fronts, which was found from using water mass boundary definitions. Instead, a far more 

complex pattern of multiple fronts merging and splitting is seen. Sokolov and Rintoul [2007] tried to 

resolve this apparent discrepancy. They identified dynamical fronts as enhanced gradients in SSH 

(like the SST gradient, the SSH gradient is also increased over strong currents). In order to determine 

how certain fronts related to features up/downstream they derived a method of selecting SSH 

contours that have paths which coincide best with the regions of enhanced gradients. They define 

Figure 4 – Ideal front. 30 year mean output from 

HiGEM control simulation. Meridional transect at 

25°E. (a) Sea surface temperature gradient. (b) Sea 

Surface temperature. (c) Zonal velocity (red – 

eastwards, blue – westwards). 
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these SSH contours as fronts, in a similar way to which past studies have used isotherms and 

isohalines to define fronts. This new method has proven to be a simple and powerful tool. It makes 

fronts very easy to identify and track, enabling us to learn about their temporal variability. For 

example, it was shown that fronts migrate north and south seasonally [Sallée et al., 2008]. Also new 

and updated climatologies of fronts in the Southern Ocean were produced. In this climatology 10 

fronts were defined, relating to separate branches of previously defined fronts [Sokolov and Rintoul, 

2009a].  

The work of Sokolov and Rintoul has been extremely influential in the field of ocean fronts. Many 

studies over the last decade have used their method of defining fronts as a SSH contour [Sokolov and 

Rintoul, 2002, 2007, 2009a, 2009b; Sallée et al., 2008; Billany et al., 2010; Volkov and Zlotnicki, 2012]. 

However, a number of important caveats of the method are often overlooked. The first is the key 

assumption that the SSH value of a front is constant in both space and time. It is suggested that this 

assumption is valid in the study Sokolov and Rintoul [2007]. However, previous studies have 

highlighted the fact that water mass properties such as temperature can change significantly at 

fronts in both space and time [Kostianoy et al., 2004]. Therefore tying the position of fronts to scalar 

quantities such as these can be misleading [Pollard et al., 2002]. Thus, we must treat these 

assumptions with caution. Secondly, Sokolov and Rintoul [2007] acknowledge that any SSH contour 

associated with a front will not coincide with a dynamical front at all points along the contour. 

Therefore, it is possible to have a large shift of a SSH contour in time that resembles a frontal shift 

and yet have no current present at this particular point. This factor introduces considerable 

uncertainty to the conclusions of studies interpreting frontal variability using the SSH contour 

method of Sokolov and Rintoul [2002]. Sokolov and Rintoul [2009] also highlighted that their method 

performs poorly at tracking the STF, which is an important front for climate. 

Other studies have identified fronts using satellite SST data. These studies have often used a 

threshold value of SST gradient to identify a front. Dong et al. [2006] and Moore et al. [1999] defined 

the polar front as being the southernmost point at any longitude where the SST gradient exceeded 

this threshold and created a new climatology of this front . By simply using a threshold value of SST 

gradients, this method potentially neglects regions where the SST gradient may be higher and 

therefore does not necessarily locate the core of a front. Moreover, these studies indicate that the 

Polar Front is a continuous dynamic feature. Kostianoy et al. [2004] also studied the variability of 

fronts using SST gradients and SST maps, but include the positions from past climatologies in their 

method to identify fronts. 
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The number of different methods used to identify fronts introduces considerable uncertainty 

when comparing the results of different studies. Moreover, each method of identifying fronts has its 

own uncertainties. There is also considerable confusion regarding whether fronts should be defined 

as water mass boundaries (temperature and salinity values) or dynamical features (strong currents). 

This confusion is hindering our ability to accurately locate fronts and monitor variability. There is 

therefore a clear need for a simple and robust method of identifying fronts.  

Reconstructing the position of fronts in past climates has become a key goal of paleo-

oceanography. This is both to improve our understanding of the relationship between the latitude of 

the STF and volume of Agulhas Leakage [Bard and Rickaby, 2009], and to infer details about the 

position of the Southern hemisphere Westerly Winds [De Deckker et al., 2012; Ho et al., 2012; 

Kohfeld et al., 2013]. When trying to establish the position of fronts in the paleo-record, fronts are 

identified using water mass properties. The distribution of deep sea cores is relatively sparse. It is 

therefore not possible to reconstruct paleo SST gradients on the scales required to resolve frontal 

features. As a result it has become common practice to locate fronts at past time intervals using 

mean SSTs at modern day frontal zones [Prell et al., 1980; Howard and Prell, 1992]. This assumes not 

only that SSTs are constant along a front (spatially), but also that the SST at a front remains constant 

in time (temporally). Notably, these are very long time periods considered here (~100 ka or more), 

and typically during intervals of major climatic change; glacial-interglacial cycles, for example. 

Unfortunately this assumption is difficult to justify, not least because in the present day ocean, 

satellite studies have shown that the SST varies considerably both spatially and seasonally along a 

front [Kostianoy et al., 2004]. Thus it is difficult to see why the SST at a front should remain constant 

over glacial-interglacial time periods.  

The reconstruction of paleo frontal positions is challenging. Most studies interpret frontal 

positions to be displaced northwards during glacial intervals [Kohfeld et al., 2013]. Fronts mark a 

boundary between warmer and cooler water. Thus if a front is displaced northwards (equatorward), 

the region of colder water would expand and extend further north. Therefore, we would expect to 

see a cooling signal in our record. The challenge in interpreting past frontal positions arises in trying 

to determine what portion of the cooling signal is the result of frontal shifts and which is due to a 

general global cooling, in response to the glacial climatic state [Kohfeld et al., 2013]. As of now this 

issue remains unresolved and creates large uncertainty in these interpretations.  
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2.2. The Relationship between fronts and wind stress 

Many studies assume that the position of fronts is related to the pattern of overlying wind stress. 

Winds insert energy into the ocean which helps drive the circulation. Thus, it seems logical that if you 

change the overlying wind stress you will alter the ocean circulation. However, studies disagree on 

the exact relationship between winds and fronts, and in particular the STF. Some studies suggest that 

the STF coincides with the latitude of the zero wind stress curl [Peeters et al., 2004; Zharkov and Nof, 

2008; Dencausse et al., 2011], which corresponds to the maximum wind stress. In contrast, others 

suggest that the STF coincides with the maximum winds stress curl [Deacon, 1982; Burls and Reason, 

2006; Bard and Rickaby, 2009], which relates to the maximum north-south gradient of zonal wind 

stress. Nevertheless, these studies all assume some near linear relationship between the STF and the 

band of Westerly winds over the Southern Ocean. Simulations of future warming scenarios on 

modern high resolution climate models suggest that the Southern Hemisphere Westerly Winds will 

shift southwards [Fyfe and Saenko, 2006; Wang et al., 2011]. Thus, if we are to assume such a 

relationship exists between the STF and Westerly Winds, we should expect a southward shift in the 

position of the STF in response to future warming, and the affect that this shift may have on climate 

[Biastoch et al., 2009; Beal et al., 2011]. 

Despite the assumed relationship between the position of fronts and the Westerly Winds, such a 

relationship has never been shown. Moreover, the fact there is confusion in the literature about 

whether the position of the STF corresponds to the maximum wind stress curl or zero winds stress 

curl, highlights that we do not yet understand how modern day frontal positions relate to the wind 

field, let alone past or future scenarios.   

The idea that the STF should coincide with the zero wind stress curl stems from assuming that 

Sverdrup Balance holds in the Southern Ocean, and that the STF corresponds to the southern 

boundary of the Subtropical Gyre. If an ocean is in Sverdrup Balance then the circulation is driven 

purely by the wind. Key to the location of the STF, flow will be completely zonal (eastwards) at the 

latitude of the maximum wind stress, and this marks the southern boundary of the subtropical gyre. 

This theory holds for the STF in flat bottom closed basins [De Ruijter, 1982]. However, the Southern 

Ocean is not a closed basin as it has no meridional boundary and furthermore, it does not have a flat 

bottom. 

The concept that the STF should coincide with the maximum wind stress curl, stems from a 

different reasoning. Here people assume that the STF is formed as a result of wind driven 

convergence at the ocean surface [Burls and Reason, 2006; Bard and Rickaby, 2009]. Therefore the 

STF should sit where there is maximum convergence, which is at the maximum wind stress curl.   
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The confusion within the literature over what the STF is highlights our poor dynamical 

understanding of this oceanic feature, despite its potential importance in our climate system. Clearly 

there is a need for a detailed study of how the position of the present day STF is related to the 

overlying wind field.  

While the exact relationship between the wind field and location of fronts remains unclear, a 

number of studies have shown that seasonal and inter-annual variability in frontal positions maybe 

driven by variability in the wind field. For example, a positive anomaly of the Southern Annular Mode 

is thought to push the Sub-Antarctic and Polar Fronts southwards in the Atlantic and Indian Sectors, 

and Northward in the Pacific Sector of the Southern Ocean [Sallée et al., 2008]. These correlations 

have been found using satellite data. These data only extend back ~20 years, and it is therefore 

unclear whether these relationships will hold over longer timescales or major climatic shifts. To 

answer these questions it is necessary to perform modelling studies.  
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2.3. The relationship between fronts and topography 

The topography of the sea floor is believed to be important for determining the location of ocean 

fronts [Moore et al., 1999; Thompson, 2010]. It is clear from climatologies of fronts that their 

synoptic scale distribution follows a path around the major topographic features; namely the mid 

ocean ridges, continental shelves and plateaus [Orsi et al., 1995; Belkin and Gordon, 1996].  

The flow of fronts around topography is primarily due  to the  conservation of potential vorticity 

in the ocean [Moore et al., 1999].  The potential vorticity (PV) is defined as: 

  PV = (ζ – f) / H 

Where ζ is the relative vorticity, which is the curl of the velocity field (∇ x V = dv / dx – du / dy), H 

is the depth of the ocean and f is the planetary vorticity, which is a measure of the local effect of the 

rotation of the earth. The rotation of the earth becomes more important closer to the poles as we 

approach the axis of rotation (i.e. the magnitude of f increases) In reality the planetary vorticity is 

much larger than the relative vorticity and so  the potential vorticity can be approximated as simply 

the planetary potential vorticity [Moore et al., 1999]. 

PV ≈ f/H   

This means for example, if we move a column of water over a mid ocean ridge, the depth will 

decrease and we reduce the magnitude of H. Therefore, to conserve (keep constant) the potential 

vorticity we must also reduce f. This means reducing the effect of the earth’s rotation and so moving 

the water column equatorward, away from the axis of rotation. Thus, fronts are displaced 

equatorwards as they pass over a mid ocean ridge, and will return polewards again as they move off 

the ridge [Moore et al., 1999; Sinha and Richards, 1999; Sokolov and Rintoul, 2002; Thompson, 2010]. 

We call this affect topographic steering. 

It is still unclear how well this approximation holds, and therefore how strong the topographic 

steering of fronts is in relation to the importance of winds. For example, if the band of westerly 

winds over the Southern Ocean were to shift north by 5 degrees latitude, and there was a front 

sitting on the southern side of a plateau spanning 10 degrees latitude, what would the effect be on 

the location of the front?  

One of the main reasons we cannot yet answer this question is a lack of computer power. Most 

climate models are run at a resolution too coarse to be capable of resolving small scale frontal 

features. High resolution climate models that are able to accurately model fronts have been available 

for a number of years now [Sinha and Richards, 1999]. However, these models are extremely 



15 
 

computer intensive and so only short simulations (e.g. 10 years) are feasible. High-resolution models 

are still too computer intensive for the type of sensitivity experiments required, to investigate in 

detail the relationship between fronts, topography and winds, to be justifiable. As a result, the 

relative importance of wind and topography for determining the location of fronts is still unknown. 

Nonetheless it is often stated in literature that in the vicinity of steep bottom slopes the location of 

fronts is constrained by the topography, while in regions where the ocean floor is flat fronts will 

follow changes in the wind field [Hayward et al., 2008; Ho et al., 2012]. However, there is little 

physical evidence to support this hypothesis.   
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3. Summary of Manuscripts 

 

3.1. Manuscript I 

In this study we take advantage of newly available high resolution (1/3 degree in the ocean) 

output from the eddy permitting model HiGEM; the UK Met Office’s High Resolution Global 

Environment Model. We analyse output from two 100 year simulations that were performed as part 

of a much larger modelling initiative to study the effects of global warming. There is a control and a 

climate change simulation in which CO2 concentrations are increased to four times present day 

values. This model output gives us, for the first time, high resolution and full depth fields of ocean 

properties with a longer time series than is currently available from satellites to study ocean fronts.  

We derive a new, simple and robust method of identifying fronts; as local maxima in horizontal 

gradients of ocean properties (e.g SST, SSH) or zonal transport. Using this method we explore how 

the locations of fronts change in the climate change simulation. We also investigate how the mean 

location and number of fronts are related to the underlying topography.  

We show that the number of fronts decreases in the vicinity of large topographic features and 

the intensity of fronts here increases. We also show that the location of fronts changes very little in 

response to a southward shift of the wind field in the climate change simulation, even where the sea 

floor is flat. The fronts which respond most to the changes in wind forcing are shallow (baroclinic) 

fronts such as the STF, and the presence of steep ridges does not hinder movement of these fronts. 

3.2. Manuscript II 

Here we use satellite SST data and our new method of identifying fronts to create the first 

climatology of the Dynamical STF. We find that there are two distinct dynamical regimes operating 

within the STF water mass boundary, as defined by previous studies. The STF is only a dynamical 

front on the western side of basins, and this current tracks south eastwards to merge with the Sub-

Antarctic Front. On the eastern side of basins the STF water mass boundary coincides with an 

unrelated feature, the Subtropical Frontal Zone. This zone is comprised of numerous shallow SST 

fronts with little transport. In contrast to the Dynamical STF, which has no seasonal cycle, the 

Subtropical Frontal Zone experiences a large seasonal cycle of several degrees latitude. The 

identification of these two dynamical regimes helps resolve historic confusion within the literature 

about the characteristics of the STF, and paves the way for better observations to improve our 

understanding of the dynamics and variability of this feature. 
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3.3. Manuscript III 

In this study we compare the position of our new climatology for the dynamical STF, and past 

climatologies of the STF water mass boundary, to the wind stress curl field. We show that, contrary 

to what is often stated in literature, the position of the present day STF does not correspond to the 

zero or maximum wind stress curl. The zero wind stress curl is located far south of the STF. 

We next calculate the relative contribution of individual terms to the vorticity budget from 

HiGEM model output. This analysis shows that the Sverdrup Balance breaks down north of the STF. 

South of the STF the importance of wind diminishes and the meridional flow is controlled primarily 

by the bottom pressure torque, due to the presence of the ACC. The position of the STF is therefore 

controlled also by the northward extent of the ACC compared with simply the latitude of zero wind 

stress curl. 
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4. Future Work 

Our next goal is to use a combination of satellite data (sea surface height and temperature) and 

in-situ observations from ARGO floats and elephant seals to produce a new climatology of all 

dynamic fronts in the Southern Ocean and relate these to water mass boundaries. 

We will also perform our own modelling study to investigate the effect of removing key 

topographic features from the Southern Ocean on the general circulation. In particular, we would like 

to test the hypothesis that removing the Scotia Ridge, east of Drake Passage, would reduce the 

northward penetration of the ACC in the Atlantic and shift the Subtropical gyre southward to the 

position of zero WSC. 
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