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Abstract

The energy cascade is key to a good understanding of the dynamics of a turbulent flow like the ocean.
In the recent years, the investigation of the energy cascade has been exploring the spatial properties of the
flux of energy between scales, IL.(Z) [1l 2} [3]. This article tackles the investigation of the local scaling of
II, relaying on the multifractal theory of turbulence. This formalism is constructed around the assumption
that, within an inertial range of scales, the turbulent flow obeys a local sense of scale invariance, and the
scaling is quantified through the singularity exponents, h(Z,t), which constitute a measure of the local
singularity of the flow and define a multifractal decomposition into universality classes [g].

A month long numerical simulation of the circulation in the upper North Atlantic Ocean was generated
with the Coastal and Regional Ocean COmmunity model (CROCO) with a 7.5 km spatial resolution and
a one day temporal resolution. First, IT, was computed from the velocity fields using a top-hat filter.
Then, h(Z,t) were extracted from the velocity gradients, rather than from the dissipation or the velocity
differences as it has been historically done. Results show that the regions with more intense Il have a
relevant correlation with those of higher singularity, that is, with stronger currents [5]. Besides, a theoretical
analysis of the scaling properties of II,. predicts a scaling of:

HT(CE, t) ~ T3h(§f,t)+2

(see [7] and references therein). However, II, was revealed to scale with 2h + 1. This finding is supported
by the computation of the critical exponent in the singularity spectrum, hoo &~ —0.5 with a numerical error
of 0(0.1). Such a scaling for II, implies that the Reynolds tensor scales as h + 1 rather than 2h + 2.
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Figure 1:

Temporally-averaged —over 30 days— two-channel histogram representing the correlation of the

local scaling of the surface flux of energy across the mesoscale with a prediction arisen from the singularity
exponents. The vertical means (u) and standard deviations (o) were fit to a correlation line which closely
resembles the x = y line.



Acknowledgement

Author Gea was funded by a predoctoral contract from the Agencia Estatal de Investigaciéon (PRE2022-102957).
This work was supported by the DEMON project, Grant PID2021-1234570B-C21, funded by MICIU/AEI/10.13039/
501100011033 and ERDF/EU. This work was also supported by the European Maritime, Fisheries and Aquaculture
Fund (EMFAF). This work also acknowledges the “Severo Ochoa Centre of Excellence” accreditation, Grant CEX2019-
000928-S funded by MICIU/AEI/10.13039/ 501100011033.

References

[1] H. Aluie, M. Hecht and G. K. Vallis, Mapping the Energy Cascade in the North Atlantic Ocean: The Coarse-
Graining Approach, Journal of Physical Oceanography, 48, pp 225-244, 2018.

[2] M. Contreras, L. Renault and P. Marchesiello, Understanding Energy Pathways in the Gulf Stream, Journal of
Physical Oceanography, 53, pp 719-736, 2022.

[3] G.L. Eyink, Locality of turbulent cascades, Physica D, 207, 91-116, 2005.

[4] M. Germano, Turbulence: the filtering approach, J. Fluid Mech., 238, 325-336, 1992.

[5] J. Isern-Fontanet, X. Capet, A. Turiel, E. Olmedo and C. Gonzdlez-Haro, On the seasonal cycle of thestatistical
properties of Sea Surface Temperature, Geophysical Research Letters, 49, e2022GL098038, 2022.

[6] J. Isern-Fontanet, A. Turiel, E. Garcia-Ladona and J. Font, Microcanonical multifractal formalism: Application to
the estimation of ocean surface velocities, Journal of Geophysical Research, 112, C05024, 2007.

[7] J. Isern-Fontanet and A. Turiel, On the connection between intermittency and dissipation in ocean turbulence: A
multifractal approach, Journal of Physical Oceanography, 51, pp. 2639-2653, 2021.

[8] A. Turiel, H. Yahia and C. J. Pérez-Vicente, Microcanonical multifractal formalism—a geometrical approach to

multifractal systems: Part I. Singularity analysis, Journal of Physics. A: Mathematical and Theoretical, 41, 015501,
2008.



