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• CNRS (National Center for Scientific
Research
• University of Lille 1
• Littoral University
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de Géosciences
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• Benthic organisms: Eulerian point of view

• Plankton: advected by turbulence; Lagrangian point
of view

How marine organisms “see the world”
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Eulerian framework: classical Kolmogorov-
Richardson cascade picture

 Cascade ideas of Richardson (1922)
• Formalized by Kolmogorov (1941)
• Energy input at large scales; dissipation at small scales:
between=intertial range scales; energy cascade
• Inertial range scales characterized by a –5/3 power law spectrum
• in real space: structure functions

• Exact result:
• other property: ζ(q) nonlinear and concave: multifractality
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Lagrangian framework: less classical
Landau-Novikov Lagrangian cascade

 V(x0,t) velocity of an element of fluid at time t, initially at position
x(0)= x0  Denoted V(t) by statistical homogeneity
• Landau and Lipschitz framework:
• Later generalized by Novikov (1989) to take into account
intermittency:

• Exact result:
• other property: ζ(q) nonlinear and concave: multifractality
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Eulerian framework: Corrsin-Obukhov
cascade

• Obukhov (1949) and Corrsin (1951)
• Coupling of two cascades: flux of energy and passive scalar
variance

• Inertial range scales characterized by a –5/3 power law spectrum
• in real space: structure functions

• No exact result:
• other property: ζ(q) nonlinear and concave: multifractality
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Experimental convergence

Passive scalars
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Experimental convergence

Passive scalars
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Mixed structure functions

• Yaglom (1949)ʼs relation
• Generalized for other order of moments:

• Exact result:

• Other property: ζm(q) nonlinear and concave; close to velocity
structure functions
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Mixed structure functions
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Mixed structure functions
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Lagrangian framework: Inoue-Novikov
Lagrangian intermittency

 Θ(x0,t) velocity of an element of fluid at time t, initially at position
x(0)= x0  Denoted Θ(t) by statistical homogeneity

• Inoue (1952)ʼs framework:
• Later generalized by Novikov (1989) to take into account
intermittency:

• Exact result:
• other property: ξ(q) nonlinear and concave: multifractality

  
< !"

#

q
>$ #

%
&

(q)

 
!
"
(2) =1

 
!"

#
$ %1/ 2# 1/ 2

Passive scalars

No experimental results up to now



13

2 sets of hypotheses

 2. A statistical relation between
Eulerian and Lagrangian
variables

 1. A statistical relation linking
space and time

How to relate Eulerian and Lagrangian
scaling exponents?
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2 sets of hypotheses: 4 possible relations

 2. A statistical relation between
Eulerian and Lagrangian
variables

 1. A statistical relation linking
space and time

Other law taking into
account the intermittency
of velocity fluctuations
(Boffetta et al, 2002)

Direct scaling relation
by dimensional
analysis:
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Results for the links between ξθ and ζθ, ζm

 1. Deterministic time and eddies argument
Β

α
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Results for the links between ξθ and ζθ, ζm
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Results for the links between ξθ and ζθ, ζm

Α

β

 3. Intermittent time and eddies argument
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Results for the links between ξθ and ζθ, ζm

Α

β

 3. Intermittent time and eddies argument
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Results for the links between ξθ and ζθ, ζm
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 4. Intermittent time and ergodicity argument

Here an additional
hypothesis is
needed:
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Results for the links between ξθ and ζθ, ζm

Β

β

if

 4. Intermittent time and ergodicity argument

Gives using several  Legendre transforms:
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Comparing predictions

Using experimental
averages for ζθ, ζm

Cases I and II are not realistic
Cases III and IV are more

realistic
Case IVʼs curve is quite different

from the others

Schmitt, Eur. Phys. J. B 48, 129-137 (2005)
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The same approach for velocity: 3 predictions

 Lagrangian
experimental and
numerical values
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Approche expérimentale

Flotteur lagrangien océanique de petite taille

Capteur de température
miniature

Fréquence
dʼéchantillonnage: 1 Hz

8 cm de long
50g

Alec Electronics MDS MkV/T

Etude préliminaire: 2 séries temporelles de 80 et
50 min, enregistrées à partir dʼun zodiac près du

flotteur lagrangien (contact visuel)
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Approche expérimentale
Flotteur lagrangien océanique de petite taille

Intermittence malgré des problèmes de précision des
mesures (discrétisation)

Spectre en
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Approche expérimentale
Flotteur lagrangien océanique de petite taille

 Multifractalité des fluctuations de
scalaire passif lagrangien
 mais les relations proposées ne
semblent pas vérifiées
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Conclusion

 • Multifractalité des fluctuations de scalaire passif lagrangien
 mais les relations proposées ne semblent pas vérifiées
• Plus de données? Nouvelle campagne prévue, avec capteur
plus précis, et durée plus longue

• Capteur de plus petite taille?
• Données DNS?

Perspectives
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