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Project title: Leveraging Tracer Observations to Infer Ocean Dynamics Using Machine Learning.

About the internship:

Lagrangian Coherent Structures (LCS) serve as fundamental indicators of ocean dynamics, delineating transport
barriers and guiding pathways for water masses, nutrients, and pollutants. Typically derived from ocean currents, LCS
reveal infricate features of ocean flow that are challenging to observe directly. However, fracers like Sea Surface
Temperature (SST) and chlorophyll, which are shaped by underlying ocean dynamics, often exhibit strikingly similar
patterns to LCS. This suggests that these fracers inherently embed information about the dynamic processes governing
ocean circulation.

Machine learning, with its ability fo capture complex nonlinear relationships, provides a good opportunity to explore
these embedded connections.

This project aims to leverage machine learning to predict LCS directly from SST, uncovering the latent dynamical
information within this readily observed ocean tracer.

Objective:
The primary aim is fo design a machine learning model that utilizes SST observations to infer dynamic flow features
typically derived from velocity fields.

Specific objectives include:
1. Identifying the nonlinear relationships between tracer fields and ocean circulation patterns.
2. Developing a robust machine learning framework to retrieve flow features from SST images.
3. Exploring the use of these inferred dynamics in improving ocean model predictions through data assimilation.

Motivation:

Satellite-derived SST is one of the most consistently observed variables in oceanography, offering high spatial and
temporal coverage. In contrast, direct observations of ocean currents are limited. By leveraging the rich information
embedded in SST to infer dynamic structures, this project can provide new insights info ocean circulation while
enhancing the predictive capabilities of numerical models. Such innovations hold promise for improving ocean
forecasting, particularly in regions where direct measurements of ocean dynamics are unavailable.

Prerequisites:
We are looking for a Master's student in Machine Learning, preferably in computer vision, with the following skills:

e Proficiency in Python
e Good level of English

Familiarity with oceanography or fluid dynamics is considered an asset.

Supervisor:
Anass El Aouni (aelaouni@mercator-ocean.fr)

Useful references:
El Aouni, Anass. "A hybrid identification and tracking of Lagrangian mesoscale eddies." Physics of Fluids 33.3 (2021).

Haller, George. "Lagrangian coherent structures." Annual review of fluid mechanics 47.1 (2015): 137-162.

MERCATOR OCEAN

INTERNATIONAL

2 avenue de I'aérodrome de Montaudran, 31400 Toulouse, FRANCE

Tél: +335 6139 38 02 mercator-ocean.eu
Société civile de droit frangais au capital de

2000 000 € - 522 911 577 RCS Toulouse - SIRET 522 911 577 00024


mailto:recruitment@mercator-ocean.fr
mailto:aelaouni@mercator-ocean.fr

@ Internship Master Project - M/W How to apply:

Send your cover letter and detailed resume with

MERCATOR - : the following reference 2024-12/OM/AI_LCS
OCEAN SR THETIRE (BIERITE] ST AL) to recruitment@mercator-ocean.fr

INTERNATIONAL

Date of publication: 10/12/2024

Dosovitskiy, Alexey. "An image is worth 16x16 words: Transformers for image recognition at scale." arXiv preprint
arXiv:2010.11929 (2020).

Kingma, Diederik P. "Auto-encoding variational bayes." arXiv preprint arXiv:1312.6114 (2013).

Who are we?
Mercator Ocean International has been developing operational oceanography activities for nearly 25 years, as part
of its public interest mission to preserve the ocean.

Many scientific and societal challenges must be met to ensure a sustainable ocean, whether they concern the
environment, biodiversity, climate change, the blue economy or education. To meet these challenges, Mercator
Ocean designs, develops, operates and maintains state-of-the-art digital systems capable of describing, analysing
and forecasting the state of the ocean in 3D, continuously and in real time. The scientific information is then franslated
to be accessible to all, whether they are public or commercial services, political decision makers, industrialists,
associations, NGOs, feachers or citizens. Mercator Ocean International thus combines scientific excellence and social
commitment on a daily basis.

As a non-profit company under multinational governance (ES, FR, GB, IT, NO), we work in a climate of trust with our
ten shareholder partners, all key players in the development of European oceanography.
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