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A new approach

� Enforce PV conservation explicitly

(preserve its advective character)

⇒ use contour advection;

� Distinguish the PV-controlled balanced

motions and the residual imbalanced

motions, at least to leading order

⇒ use imbalanced prognostic variables.

— Dritschel & Mohebalhojeh (2000),

M & D (2000,2001,2004), D & Viúdez (2003),

V & D (2003,2004)



Explicit PV conservation

A particle representation for PV is natural:

each particle x = X conserves its value of Π

DΠ

Dt
= 0 ⇒

dX

dt
= u(X, t)

A contour representation is even more natural,

since exchanging any pair of particles on a

contour Π = constant does not alter

the distribution of Π



Numerics: an ideal algorithm?

The Contour-Advective Semi-Lagrangian (CASL)

algorithm (Dritschel & Ambaum, 1997) makes

direct use of this contour representation, and

deals with the non-locality (inversion) efficiently.

It represents the PV by a finite set of

contours

— the Lagrangian aspect —

represents the velocity by fixed grid points

— the Eulerian aspect —

and provides efficient means of communication

between the two representations

— interpolation, and its inverse, filling.



Each PV contour is represented by nodes,

connected together by cubic splines.

Shown also is the underlying grid.

Note that Π is permitted to have much finer

structure than u. This exploits the fact that u

is typically a smoother field than Π.


