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•

Future work: Construction of the templex for each embedding in order to identify topological classes and the coherent sets. The templex is the combination of a cell complex and a directed graph that shows how the cells are connected by the flow . The templex provides a complete description of the dynamics.

What is topology?

• Topology studies the properties of objects that remain unaltered by continuous transformations (stretching, squeezing, bending). • Two objects are topologically equivalent if there is a continuous deformation from the one to the other (homeomorphism).

A donut and a coffee mug are topologically equivalent ( Kinsey, 1993).

• It allows one to describe the connectivity of the object under study.

• Homology : seeks to make a distinction between topological spaces by determining the number of nonequivalent n-holes they contain. What is an n-hole? cell complex

• Are we interested in all the n-holes? NO, we are interested only in the nonequivalent holes. Two holes are topologically equivalent if there is a smooth deformation from one hole to the other. Geometry can differ, but if the underlying dynamics is equivalent, the topology should be the same.

Point cloud -Cell complex

Relaxation oscillations in an optically pumped molecular laser (Gilmore,1998).

Time series x(t)

Use topology to understand the flow dynamics.

Reconstruction of the state space by (x(t), x(t-τ), x(t-2τ)) delay embedding 

  Data analysis: Velocity field: Surface geostrophic sea water velocity obtained from the altimeter satellite gridded dataset(*) Pierini's model (2011) : This model is a four dimensional spectral ocean model, with equations derived by expanding the streamfunction in a rectangular domain. • Non-autonomous dynamical system. https://data.marine.copernicus.eu/product/SEALEVEL_GLO_PHY_L4_NRT_O BSERVATIONS_008_046 Streamfunction Velocity field Chaos topology: It considers the problem of how n-dimensional trajectories/point-clouds are topologically structured in state space.The advantage of using topology instead of geometry or fractality to describe chaos lies in the fact that topology provides information about the stretching, folding, tearing or squeezing mechanisms that act in phase space to shape the flow.

  In order to study the Lagrangian dynamics associated to the Kuroshio Extension, we use topological methods for Lagrangian time series analysis. The method in Charó et al(Physica D, 2020; JFM, 2021) successfully captures the coherent sets formed in the meandering jet configurations described by simplified kinematic models, such as the Bickley jet or the Driven Double Gyre. Pierini(JPO, 2011) proposed a dynamically motivated model to approximate the Kuroshio Extension's low-frequency variability with a primitive-equation ocean model. Here, we perform a Lagrangian study of particle advection using our topological approach for Pierini's (2011) model. Results are compared against AVISO altimeter satellite data sets of the Kuroshio and its extension.
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• Homology groups H n : identify the nonequivalent n-holes in the complex. Notation:

k nonequivalent n-holes H n ~ ℤ k
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