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Background

1922 Richardson: energy cascade from large to small scales


1941 Kolmogorov-Obukhov:


1967 Kraichnan:


1971 Charney: Geostrophic Turbulence

A. N. Kolmogorov, Dokl. Akad. Nauk SSSR 30, 299. (1941)

A. M Obukhov, Dokl. Akad. Nauk SSSR, 5, 453–466. (1941)
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L. F. Richardson,  Cambridge Univ. Press. (1922).

J. G. Charney, J. Atoms. Sci., 28(6), 1087-1095.(1971)

R. H. Kraichnan, Phys. Fluids, 10(7), 1417-1423. (1967)

-5/3

-3

Energy
Inverse

Enstrophy


Direct

<latexit sha1_base64="5ua37GUDQGCYMgJ0yOim3CwBP+w=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiCB4r2A9ol5JNs21oNlmTrFCW/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLRzdRvPTFtuJIPdpywICYDySNOiXVSuyvUAN/2Rr1yxat6M+Bl4uekAjnqvfJXt69oGjNpqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVJKYmSCb3TvBJ07p40hpV9Limfp7IiOxMeM4dJ0xsUOz6E3F/7xOaqOrIOMySS2TdL4oSgW2Ck+fx32uGbVi7AihmrtbMR0STah1EZVcCP7iy8ukeVb1L6rn9+eV2nUeRxGO4BhOwYdLqMEd1KEBFAQ8wyu8oUf0gt7Rx7y1gPKZQ/gD9PkDfsiPoA==</latexit>

logEk

<latexit sha1_base64="WovLVLxzbyTWxF3+SHAsm0fqVis=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSqyfUEI/75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8ATfmjug=</latexit>

log k

Kraichnan picture

2



Background
— complexity of oceanic flow
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S. Groeskamp, et al. Ann. Rev. Mar. Sci. 11,271-305.(2019)
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 (Lindborg 1996; Antonia et al. 1997)

—Under different hypotheses
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Boffetta and Musacchio, Phys. Rev. E, 82, 016307, (2010)
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Batchelor–Kraichnan theory

Extension to d-dimension

sketch of longitudinal structure-function method

typical geophysical scaling 
 neglect viscous term, local isotropy...

See details in review by Alexakis A and Biferale L. on Physics Reports. 20184



Data
— Grand LAgrangian Deployment (GLAD)

Time Span: 2012.7 - 2013.1

Trajectories

http://carthe.org/glad/

/5min
Max Number: ~300
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Data

Trajectories

— LAgrangian Submesoscale ExpeRiment (LASER)

http://carthe.org/laser/

Time Span: 2016.1 - 2016.4

/15min
Max Number: ~750
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Data
— Global Drifter Program (GDP)

Trajectories

https://www.aoml.noaa.gov/phod/gdp/

Time Span: 1999.2 - 2020.4

/1h

Max Number: ~35
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Results

GLAD

LASER

GDP
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2012

Jan. - Apr.

2016

1999-2020
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Conclusion

• Sign change of               in the scale of ~10km in Golf of Mexico


• The oceanic cascade is confirmed by r-dependent 3rd SFs.


• Either Kraichnan or Charney theory cannot be excluded.
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Thank you !
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