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MG Bertolacci, LC Astfalck, EJ Cripps. (2024). ‘Bayesian integration of surface current astronomic potential and stochasticity’. In preparation for Ocean Engineering.

Surface Currents



(u, v)t ∼ GP (Xβ, K ⊗ k( ⋅ , ⋅ ))
k( ⋅ , ⋅ ) = periodicM2 + periodicS2 + periodicM1 + periodicS1 + maternshort + maternlong

MG Bertolacci, LC Astfalck, EJ Cripps. (2024). ‘Bayesian integration of surface current astronomic potential and stochasticity’. In preparation for Ocean Engineering.

Surface Currents



Numerically

Modelled:

Observed:

Kimberley Internal Soliton, Sediment and Mixing Experiment (KISSME)

Non-linear Internal Waves

AP Zulberti, NL Jones, GN Ivey. (2020). Observations of enhanced sediment transport by nonlinear internal waves. Geophysical Research Letters
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Non-linear Internal Waves

MD Rayson, LC Astfalck, AP Zulberti, EJ Cripps, NL Jones. (2024). ‘Inferring nonlinear internal wave properties from sparse 
observations using Gaussian process regression’. In preparation for JAMES.
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Non-linear Internal Waves

MD Rayson, LC Astfalck, AP Zulberti, EJ Cripps, NL Jones. (2024). ‘Inferring nonlinear internal wave properties from sparse 
observations using Gaussian process regression’. In preparation for JAMES.



Non-linear Internal Waves

MD Rayson, LC Astfalck, AP Zulberti, EJ Cripps, NL Jones. (2024). ‘Inferring nonlinear internal wave properties from sparse 
observations using Gaussian process regression’. In preparation for JAMES.



Berlinghieri, Renato, et al. "Gaussian processes at the Helm (holtz): A more fluid model for ocean currents." arXiv preprint arXiv:2302.10364 (2023).

The Helmholz kernel

u = − ∂yψ + ∂xϕ
v = ∂xψ + ∂yϕ

Purely Rotational Purely Divergent A bit of both

Streamfunction = Rotation

Velocity potential = Divergence

kuu = − ∂yykψψ − ∂xxkϕϕ + ∂xykϕψ + ∂xykψϕ,
kvv = − ∂xxkψψ − ∂yykϕϕ − ∂xykϕψ − ∂xykψϕ,
kuv = ∂xykψψ − ∂xykϕϕ + ∂yykϕψ − ∂xxkψϕ,



ALS Ponte, LC Astfalck, MD Rayson, AP Zulberti, NL Jones. (2024). ‘Inferring flow energy, space and time scales: freely-drifting 
vs fixed point observations’. Nonlinear Processes in Geophysics.

•What features of the flow are better inferred with each observation platform?


•How do we parameterise our kernels for real-world data?

Lagrangian Observations
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The power spectral density
The power spectral density (PSD) describes the distribution of power/variance 
into sinusoidal frequencies that describe the signal


For most  there exists a power spectral density  so that 


        


are Fourier pairs. 


We may describe a process either by its ACF or PSD

k(τ) f(ω)

f(ω) =
∞

∑
τ=∞

k(τ)e−iωτ, k(τ) = ∫
1/2

−1/2
f(ω)eiωτ dω



What if we get it wrong?

Numeric Models Real-world 
Observations



Background energy 
continuum

Matérn?

Phase locked tides

Harmonic Analysis

Non-phase locked tides

Lorenzian? Gaussian?
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Ponte, A. L., & Klein, P. (2015). ‘Incoherent signature of internal tides on sea level in idealized numerical simulations’. Geophysical Research Letters.



MD Rayson, LC Astfalck, ALS Ponte, AP Zulberti, NL Jones. (2024). ‘Spectral model parameter estimation for non-phase-locked internal tides in a 
mesoscale eddy field’. Submitted to JGR Oceans.

kbroadening(τ) = η2 exp( − |τ/τd |γ ) cos(ω0τ)



Sea-surface height Meridional Velocity

MD Rayson, NL Jones, GN Ivey, & Y Gong. (2021). A seasonal harmonic model for internal tide amplitude prediction. JGR Oceans.



WC Edge, MD Rayson, NL Jones, AP Zulberti, LC Astfalck. Uncovering involute spatiotemporal dynamics of surface currents in the ocean. 2024 Ocean Modelling and Observations Workshop.

PS
D

s
AC

Fs



Warm-up GPs Merging DataPhysics Informed 
Covariance



2 x Moorings + u velocities + u gradients

(Radar) (Optical Imagery)
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Moorings
What data do we have?

Drifters

Vessel Obs Satellite



A shout out to SWOT



A shout out to SWOT



Computation Kernels From 3D to 4DNonlinearity

Ongoing Challenges



• MG Bertolacci, LC Astfalck, EJ Cripps. (2024). ‘Bayesian integration of surface current astronomic potential and stochasticity’. In preparation for 
Ocean Engineering.
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