\

Deep Learning for Lagrangian Drift Simulation at Sea Surface
Daria Botvynko, Carlos Granero-Belinchon, Simon Van Gennip, Abdesslam

Benzinou, Ronan Fablet

» To cite this version:

Daria Botvynko, Carlos Granero-Belinchon, Simon Van Gennip, Abdesslam Benzinou, Ronan Fablet. Deep
Learning for Lagrangian Drift Simulation at Sea Surface. 2023 - 54th International Liege Colloquium on Ocean
Dynamics, Université de Liege, May 2023, Liege, Belgium. <hal-04461939)

HAL Id: hal-04461939
https://hal.science/hal-04461939v1

Submitted on 13 Mar 2024

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License


https://hal.science/hal-04461939v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

DEEP LEARNING FOR LAGRANGIAN DRIFT
SIMULATION AT SEA SURFACE

DARIA BOTVYNKO!, CARLOS GRANERO-BELINCHON?, SIMON VAN GENNIP?, ABDESSLAM
BENZINOU', RONAN FABLET?
L Lab-STICC, ENIB, France
2 Lab-STICC, IMT-Atlantique, France
3 Mercator Ocean International

Lagrangian drift simulations are widely used in operational oceanography. Among
others, simulated trajectories at the sea surface can be used in plastic drift and oil spills
diffusivity prediction as well as in Search and Rescue missions. Whereas state-of-the-art
operational schemes generally rely on physics-informed drift models, machine learning ap-
proaches arise as appealing alternatives, especially regarding the potential impact of fine-
scale sea surface dynamics on Lagrangian trajectories and the limited ability of operational
products to reconstruct these sea surface fine-scale dynamics.

Here, we present a novel deep learning scheme for the simulation of Lagrangian
drift at sea surface. Our network, called DriftNet, is a fully convolutional generative model
including a convolutional LSTM unit. It uses as inputs the sea surface ocean current con-
ditions around the initial position of the simulated trajectory. Inspired by Fokker-Planck
equation for Lagrangian dynamics, DriftNet mimics an advection scheme where the train-
able spatially-explicit field-based representation of the particle’s distribution is advected by
the sea surface currents.

We run numerical experiments for a case-study area of California using the ocean
surface currents of the global Copernicus Marine service reanalysis products as input for our
model. DriftNet outperforms classic Deep Learning approaches for the simulation of mul-
tivariate time series and trajectory data, including LSTM-based architectures. Beyond its
simulation performance, we showcase how DriftNet can further be used as a novel inversion
scheme to provide reanalysis sea surface current corrections from real drifters’ trajectories
data.



