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ANIMATION OF PARTICLES MOVING
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The Double Gyre
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Mathematical Formulation
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Mathematical Formulation



• Lagrangian - patterns in
particle trajectories.

• Wide range of diagnostic fields
and techniques for extracting
LCSs.

• Some look to partition Ω into
coherent regions.
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Lagrangian Coherent Structures (LCSs)



• Measure of maximal stretching
of fluid.

σ :=
l1
l0

• One of the most common
methods, established by Shadden
et al. (2005).
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Finite-Time Lyapunov Exponent (FTLE)
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• Vorticity measures local rotational rate.

• LAVD is the vorticity relative to spatial mean,
averaged along trajectory, proposed by Haller
et al. (2016),
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Lagrangian-Averaged Vorticity Deviation (LAVD)
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Lagrangian-Averaged Vorticity Deviation (LAVD)
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Can we combine these perspectives into one way of
looking at the flow?
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Can we combine these perspectives into one way of
looking at the flow?

How does this look on real data?
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The Real Data
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• Grouping similar points together into clusters.

• Key idea: any partitioning of the flow is a
clustering.

• Fuzzy consensus clustering combines different
clusterings of the same data, proposed by Wu
et al. (2017).
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How Can We Combine Perspectives: Clustering
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How Can We Combine Perspectives: Clustering



Consensus of FTLE Ridges & LAVD vortices

M
e

m
b

e
rs

h
ip

 V
a

lu
e

17



• But coherency can extend beyond just the flow
itself...

• Co-evolving variables such as temperature can
reflect LCSs in flow or suggest their own
coherency, from Balasuriya et al. (2018).
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Temperature Field
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Temperature Field
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• Combining FTLE & LAVD is not quite right.

• Parameters are tricky.

• Addition of temperature was promising.
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Conclusions
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