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The Southern Ocean (SO) is a critical component of Earth's climate system, having thus far absorbed 
roughly 90% of the extra heat added to the climate system via anthropogenic greenhouse gas 
emissions. The Antarctic Circumpolar Current (ACC), a powerful current consisting of many deep-
reaching jets, is a key feature of SO circulation; its sharp fronts separate the warmer subtropical 
regime from the colder polar oceans. Even small shifts in jet position can change ACC transport, 
heat uptake, and the behaviour of sea ice. In this project, we will use machine learning to develop 
a robust, algorithmic method for identifying fronts in the ACC. We will apply unsupervised 
classification techniques to existing Southern Ocean data, using the unique properties of these tools 
to define the relative sharpness of ACC fronts. The result will be an objective method for quantifying 
front position and the associated uncertainties.    
 
The student will work as part of the BAS Polar Oceans Team under ORCHESTRA, the five-year, cross-
centre NERC project on Southern Ocean heat storage and transport. The student will have 
opportunities to interact with scientists involved in oceanographic field work, high-level numerical 
analysis, and ocean/climate modelling. They will be supervised by Drs Dan Jones, Andrew Meijers, 
and Emma Boland – BAS oceanographers with expertise in SO circulation and machine learning 
methods. The student will have a desk at BAS and access to BAS/NERC HPC facilities.  
 
The student will gain competence with important machine learning methods, as well as familiarity 
with handling, visualising, and analysing large oceanographic datasets. They will also learn about 
oceanography as an active area of scientific research. The student will retain ownership of their 
work and will be credited in any publications that use their results. 
 
 

• Week 1: Get oriented at BAS and conduct literature review. 

• Week 2: Learn how to read, manipulate, and visualise Southern Ocean State Estimate 

(SOSE) data. 

• Week 3: Learn about unsupervised classification methods (e.g. Gaussian Mixture 

Modelling, MeanShift) and try simple examples (e.g. in scikit-learn). Select an 

appropriate unsupervised classification method for the front identification problem. 

• Weeks 4-6: Write and implement code to apply unsupervised classification to SOSE 

data. 



 
 

• Weeks 7-8: Finalise results, plots, and analysis. Write up a summary and give a short 

presentation to a small group at BAS and U. Cambridge. 

 

 

The ideal student has strong mathematical and computing skills, including some experience with 
machine learning methods. Experience with python, especially the scikit-learn package, is an 
advantage. 
 

 

To apply, please complete a Student Pro Forma and submit directly to SPITFIRE by noon, Friday 10th 
May 2019.  Further information can be found on the SPITFIRE website or by contacting Dr Dan Jones 
in the first instance. 
 
Please check your eligibility before applying.   
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