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Detection of transport barriers and fronts in 
the ocean (turbulent flow)

Singularity AnalysisFinite Lyapunov
Exponents

Need to know the velocity field

Eulerian
analysis

Lagrangian
analysis

Independent of the velocity field

From remote sensed images of  
ADVECTED flow.

Lagrangian Coherent Structures
Multifractal structure

Irregularity / 
diferenciability

Exponential
separation

Units of time Dimensionless
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Lagrangian structures detection via FTLE

Lagrangian coherent 
structure
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FSLE

Finite-size Lyapunov Exponents 
(FSLE)

• Backward in                                                     
time

• Negative exponents
• Transport barriers

SOURCE: AVISO+ [4]
<<Backward-in-time, Finite Size 
Lyapunov Exponents and 
orientations of associated 
eigenvector>> 
Units of day−1 
Results for January 25th, 2022
0.25º
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Relation between FSLE and FTLE

Finite Size Lyapunov Exponents (FSLE)Finite Time Lyapunov exponents (FTLE)

Fixing r to find tFixing t to find r
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Singularity exponents

The ocean, a turbulent environment with multifractal structure, Leonardo da Vinci

Fractal components
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Computation of the singularity exponents

“Equation of the singularity exponents”

Wavelet transform

“Singularity exponents equation for the gradient”

“Singularity exponents equation for the wavelet transformation” 
(invariant)
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Singularity exponents from SST and ADT

SST                                                                    SST SE

The curvilinear shape of the negative fractal components ->
Fractal dimension:

Positive fractal components with unclear shape ->
Maxim fractal dimension:

SOURCE: SST global images from [5] Global
Ocean OSTIA Sea Surface Temperature and
Sea Ice Analysis Results for January 25th,
2022. 0.25º spatial resolution
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Functional relation FSLE i SST SE                                                            (Global) 8



Reconstruction of FSLE via SST SE                                                           (Global)

Absolut error of the reconstructed map 70% of the pixels with an accuracy of 0.05                            

FSLE                                                                               Reconstructed FSLE via SST SE 
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Singularity exponents from ADT

SST SE

ADT

ADT SE                                                                                             

SOURCE: ADT global images from [5]. NRT merged all satellites Global Ocean Gridded 
SSALTO/DUACS Sea Surface Height L4 product and derived variables. 
Results for January 25th, 2022.
0.25º  scale resolution
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Altimetry SE                                                                             (Global analysis)

ADT SE vs SST SE                                                     FSLE vs ADT SE 
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Regional analysis

South Africa – Angulhas current [0E, 45E E] lon, [60S, 30S] lat

SST SE                                              ADT SE                                              FSLE
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Regional analysis

South America – Brazil-Malvinas Confluence (BMC) [75W, 30W] lon, [60S, 30S] lat

SST SE                                             ADT SE                                              FSLE
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Further work

• Use of extended temporal series of satellite images

• Combination of different advected variables (SST,  ADT, SSS) to 
produce singularity exponents

• Establishment of a finer functional relation (higher order 
polynomial, DL algorithm, …)

• Geometrical study on the coincidence of the tracks or streams

• Consideration of repealing LCS also

• Temporal stability of the relationship 
(using correlation coefficient)

• More robust relationship

• Is the equivalence also holding in the areas with fractal 
dimension 2?

• Should we consider both attractive and repulsive LCS?
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Regional analysis

Gulf Stream [75W, 30W] lon, [30N, 60N] lat
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Singularity exponents

The ocean, a turbulent environment with multifractal structure, Leonardo da Vinci

Smallest exponent

Fractal components

Most Singular Component (MSC)
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Data sources

SST global images from [5] Global Ocean OSTIA Sea Surface Temperature and Sea Ice Analysis 
Results for January 25th, 2022.

FSLE used in this project are <<Backward-in-time, Finite Size Lyapunov Exponents and orientations of 
associated eigenvector>> provided by AVISO+ (Archiving, Validation and Interpretation of Satellite 
Oceanographic data) [4]
Units of day−1 
Results for January 25th, 2022
0.25º (720X1440)

.

.

. ADT global images from [5]. NRT merged all satellites Global Ocean Gridded SSALTO/DUACS 
Sea Surface Height L4 product and derived variables. 
Results for January 25th, 2022.
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