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Introduction Conclusion

Lagrangian structures derived from altimetry

Identification of  Lagrangian Coherent Structures 

→ Ex: Finite-Size Lyapunov Exponent (FSLE)

d’Ovidio et al., 2013

Identification of retention structures:

→ Ex: Retention Parameter (RP)
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Data & Methods Results & Discussion
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Lagrangian structures → Fish concentration

2018
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Catches

DSR, 2014

Lagrangian structures → Fisheries
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Image: © E. Pauthenet

Scientific Report, 

2015

PNAS, 2009

Lagrangian structures → Top predators
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PNAS, 2018

Lagrangian structures → Fishery bycatch
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- Nadir altimetry limited to the large mesoscale >100–150 km in wavelength (eddy diameter >50–75 km) 

(Ballarotta et al., 2019)

- Fine scales (1–100 km, hours to weeks) ~= temporal scales of ecological processes

- SWOT (Surface Water and Ocean Topography): spatial resolution 15–30 km in wavelength (Morrow et al., 

2019) → Will see a large part of fine-scales (eddy diameter >7–15 km) 
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- Should we expect a breakthough in Lagrangian structures detected from altimetry

with the SWOT mission?

- What are the implications for ecological studies?

→ Changes in the strength of these structures? 

→ Qualitative changes: structure details? New structures?

Introduction
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Questions
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Data (CLS): 

Methods:

- 01/02/2013 (winter, weak stratification) & 01/08/2013 (summer, strong stratification)

- Surface geostrophic velocities (Arbic et al., 2012) 

- Finite-Size Lyapunov Exponent (FSLE) & Retention Parameter (RP)

Model NEMO–NATL60 

SSH (1/60°)

Hourly outputs DUACS reconstruction 1/4°

daily (~nadir altimetry)

Interpolated on a 1/20°

grid & daily-averaged

(~SWOT)

Study area: North Atlantic 

+ zoom Gulf Stream

~100 km

~100 km
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Lyapunov exponent (FSLE) 

Aurell el al., 1997

Lagrangian diagnostics

Retention Parameter (RP) 

d’Ovidio et al., 2013

1) Compute Okubo-Weiss parameter (OW)

2) Particles initialized where OW < 0

3) Compute particle trajectories backward in time

4) RP = number of days particles remain in OW < 0

𝜆 =
1

𝜏
ln
𝛿𝑓
𝛿𝑖

≅ 𝑠𝑡𝑟𝑎𝑖𝑛 𝑟𝑎𝑡𝑒

OW < 0

𝑅𝑃 = 𝑡0 − 𝑡𝑏𝑎𝑐𝑘

𝑡0 𝑡𝑏𝑎𝑐𝑘δi = resolution = 0.01° et δf = 0.2° (resolution = 0.02°, 

max 121 days)

Example : 

eddy core
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FSLE (stirring) 2 to 3 times underestimated on 

average by Nadir vs SWOT

- With high spatial heterogeneity

- And high seasonality

FSLE & strain rate

Similar results for the strain rate
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FSLE & strain rate

→ The strain rate controles mostly FSLEs

→ Underestimation of the stirring mostly due 

to the smoothing of the SSH field by nadir 

altimetry

Log-normal Probability Density Function of 

the FSLE & the strain rate
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FSLE : zoom Gulf Stream

DUACS DUACS

NATL60 NATL60

SWOT vs NADIR : 

- Better eddy identification

- Clearer separation eddy core & 

boundary

- Identification of fine-scale structures

Eddy extended by NADIR 

Eddy missed by NADIR 
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DUACS DUACS

NATL60
« Exchange » → « Exchange »

« Exchange » → « Trap »

New type of eddy

« Trap » → « Exchange »

Enhanced retention

Weakened retention

Retention Parameter : zoom on Gulf Stream
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NADIR in comparaison with SWOT:
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DUACS DUACS
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DUACS DUACS

NATL60

Retention Parameter : zoom on Gulf Stream
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« exchange » → « exchange »

« exchange » → « trap »

New type of eddy

« trap » → « exchange »

Enhanced retention

Weakened retention

NADIR in comparaison with SWOT:
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DUACS DUACS

NATL60 NATL60

A new class of eddies?

~150 km

SWOT

NADIR

~150 km

~150 km

- Identification of an « eddy

inside an eddy »

- Permeable ring + highly

retentive core

→ Different ecological & 

biogeochemical implicaions?
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"Ecologically relevant retentive regions"

DUACS DUACS

NATL60 NATL60

- 7 days: ~ temporal scale of 

planctonic interactions 

(competition, grazing)

- 30 days: ~ temporal scales of 

complex ecological interactions 

(foraging trips of top marine 

predators)
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NADIR vs SWOT:

Total area:

→ Winter: +38% & +58%

→ Summer: +5% & −6%

→ Regions are more numerous but  

fragmented in fine-scale structures 

(O(1–10) km)
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- Need of ground truth

- Coupling future real SWOT data with ecological/biogeochimical data

- Impacts of vertical & ageostrophic velocities?

- We expect major changes in the identification of Lagrangian structures from altimetry with SWOT, especially 

in regions with small Rossby radius 

- Large improvement of the identification and description of fine-scale structures

- SWOT data should be crucial for many ecological, conservation & social applications

Conclusion

Perspectives



Thanks for your attention!



FSLE (jour-1)
01-02-2013 01-08-2013

NADIR SWOT Scale NADIR SWOT Scale

Moyenne 0.078 0.238 3.03 0.082 0.181 2.21

Médiane 0.054 0.169 3.15 0.054 0.128 2.37

Écart type 0.084 0.233 2.79 0.093 0.177 1.91

Taux d’étirement 

(jour-1)

01-02-2013 01-08-2013

NADIR SWOT Scale NADIR SWOT Scale

Moyenne 0.479 1.542 3.22 0.472 1.048 2.22

Médiane 0.330 1.122 3.40 0.323 0.755 2.34

Écart type 0.532 1.520 2.86 0.500 1.017 2.04





01-02-2013 01-08-2013

Averaged FSLE on 10° x 10° boxes, 
every 1°
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