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Motivation Identitying Lagrangian coherent vortices (HBV13)

* Ocean Lagrangian coherent vortices, by definition, have the ability to carry particles in
their interior without exchange with surrounding waters. Due to this characteristic, these
vortices efficiently transport water properties (heat, salt, and oxygen) and tracers (o1l, larva,
and Sargassum algae) across the ocean.

The methodology requires the evaluation of a set of trajectories distributed across the domain. The
evolution of those trajectories can be represented with the flow map FtZOJrT: Xo = X(t; ty, Xg), which

maps the final position of a T-long trajectory starting at (xq, tp).

* Haller and Beron-Vera (2013; HBV13) developed a method to identify Lagrangian To identify the structures of a flow field, this Lagrangian method is based on the Cauchy-Green tensor,

coherent vortices from the velocity field. However, the HBV13 method 1s computationally which is formed from the derivatives of the flow map operator.
expensive, and its usage 1s limited to a small community familiar with the algorithm.
* Machine learning allows for faster computation (1s vs. 180s with HBV13) and user- Cf(‘)’”(xo) = \7th)°+T(xO)T|7Ft2°+T(xO)

friendly detection of Lagrangian coherent vortices across the oceanographic community. The eigenvectors of C tt((,)+T (x,) represents the stretching direction of the flow at x, during the

VW \ig ‘|88°W|\‘ 86°W == 84OW-— - ===\ 82oW ,

-—

Lot y Figure 1. Altimetry sea 30°N SIS Y . trajectories. Similarly, the eigenvalues of the tensor represents the stretching magnitude. In two

LA 'Jb'
& 3\ surface temperature. ! Io.4 dimension, the Cauchy-Green tensor is a two-by-two matrix, so it has 2 sets of eigenvectors (¢4, ;) and
: 0.3

N,
", 2

A 42040
Vi |$$|ppr‘/3‘:_“t§1/5,8 * OIL

;;aon_Dv"a—Qj R Yy Walker etal. (2013). 28°N | eigenvalues (A4, 4,) defined at each 1nitial position x.
| \4,26 3 ‘ : - Figure 2. Lagrangian /_\ J
N =7 | coherent. vortex 26°N /\ = o Lagrangian Coherent vortices are 1dentified as material loops that defy the typical exponential
L - boundaries (yellow " " K stretching occurring in unsteady fluids. Such loops r(s) are closed trajectories of the vector field nf

contours) during the 01

2010 Deepwater Horiz on V| 1. and uniformly stretch by some amount A. The nf field 1s formed from a combination of both
f A _. (black diamond) oil spill. oVl IE eigenvectors and eigenvalues of Ctt:JrT (xg), as follows:
— LR L Hiron et al. (2022) el g 50W 83°W /
, N 4 Ay — A2 A4 — 4
r'(s) = ny(r(s)), Ny = 1 — §1 % 21— $2-
Machine Learning TR N

The last step of the methodology is to integrate r'(s) and identify outermost limit cycles of nf across
the domain. To speed up this process, we used a methodology described 1n Karrasch et al. (2015), which
allows to efficiently i1dentify locations where coherent eddies can be present, hence speeding up

* We employ a variation of the U-Net architecture (Ronneberger et al., 2015) to detect the
area of Lagrangian coherent vortices from altimetry SSH maps of the Gulf of Mexico.

* The network is trained with contours detected by the HBV 13 method for years 2010, 2015, calculations.
and 2018 and uses the first 60 days of 2020 as the validation set. 18-Jun-2010 SSH (m)
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* The learning 1s perf(?rmed with an Adam optimizer with a learmgg rate of.0.00I and a 30°N Figure 4. Altimetry Sea Surface
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Main findings: Validation Loss by Mode|
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* The proposed technique can successfully 1identify more than half of the ocean vortices that maintained Lagrangian = . o
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Future work: The model will be trained using all altimetry data available from 1992-2022 (20% will be left out for validation) , , , , , , , ,
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