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Asymptotic behaviours of different A cellular automaton approach
sets of partial differential equations
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Scaling Emergence

Traditional cellular automatons in geophysics
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Let us develop new and more theoretical CAs
to combine more efficiently scaling and emergence




Different types of sand dunes
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Superimposed dune patterns




Superimposed dune patterns







A cdllular automaton
Action of topography for sediment transport

on fluid flow

A lattice gas
cdalular automaton

Action of fluid
shear stress

on topography
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Cédlular automaton for
sediment transport

— A 3 dimensional model.

— State variables.

— Nearest neighbour interactions.

— Individual physical processes.




An edementary length scale




Nearest nelghbour Interactions
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Physical states
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Erosion

wind orientation
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Deposition



Avalanches
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Boundary conditions

Neutral boundaries

Removal boundaries

Out

Injection boundaries




Wind orientation L = 600 cells




A cellular automaton
Action of topography for sediment transport

on fluid flow
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A lattice gas model

A lattice gas model is composed of a set of fluid particles
flying from one lattice node to its neighbour in one unit of
time. Possible velocity vectors are
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A lattice gas model

Two particles cannot sit simultaneously on the same node.

e Propagation: the particles move from their node to the
nearest neighbour in the direction of their velocity vector.
e Collision: particles on the same node may exchange mo-
mentum according to the imposed collision rules.
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Action of topography for sediment transport
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Boundary conditions




The bed shear stress
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Erosion
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A fully coupled system
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High wind speed <— low 7,,,;,-value
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Transverse dunes
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Transverse dunes




e Length and time scales of the model.

e Dune propagation speed.

e Phenomelogy of dune-fields.

e Control parameters for the dune instability.
¢ Role of the top boundary layer.

e Role of lateral sediment motions.

e Role of dune-dune Interactions.

e Multiscaling in dune-fields.
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Initiation of dunes patterns
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In the model:
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In arid desert on Earth:
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Propagation speed of dunes

crest flat
sat a sat

" H+H, H+H,
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H I1s dune height.
Hy i1s a minimum dune size.

Q< is the saturated flux at the crest.
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Qlat js the saturated flux upstream of the dune.
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Conclusion

The numerical engine is ready for applications
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L ongitudinal dunes

Transverse




From transverse to barchan dunes




Star dunes










Rotating table for variable
wind orientations




Rotating table for variable
wind orientations




Rotating table for variable
wind orientations




Rotating table for variable
wind orientations




Rotating table for variable
wind orientations
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