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Overview

Using energy as only constituent conserved quantity, canonical Hamiltonian dynamics is not capable to treat enstrophy conserva-
tion on the same level. Nambu mechanics as a generalization of Hamiltonian dynamics gives the possibility to represent the
evolution of a system using various streamfunctions, which has been applied for atmospheric systems by Névir (1993, 1998).
Possibilities for application in meteorological modelling lie in the grid-point model branch in the style of Arakawa (1966) and
Sadourny (1975) as well as in the finite element model branch with the base functions to represent localized vortex structures.
Salmon (2005) suggested a general discretization to the Nambu bracket in which its antisymmetry is preserved and thus
conservation quantities are also automatically preserved in the numerical scheme. That conservation property is of great
importance in any numerical modelling, and especially in climate simulations.

A thorough application of Salmons ideas to atmospheric modelling generates a new class of numerical schemes. With such a
project, Névir's theoretical work (1993, 1998) is applicable to a wide field of atmospheric simulations.

From Hamiltonian to Nambu Mechanics Atmospheric Dynamics in Nambu Representation (Névir)

Systems with zero divergence in phase space: Atmospheric Model Nambu Dynamics Coordinates Integrals of Motion
«Canonical Hamiltonian Systems: Poisson Tensor, one
constituent conserved quantity (energy), Poisson brackets

«Nambu systems: Nambu tensor, N constituent conserved 2D Incompressible %6 _ _ ;¢ 97, Vorticity Eir:lset{i%prl%er
quantities (the Casimirs of noncanonical theory), Nambu ot 3¢ o &
brackets
. [ oh M s Helicity,
3D Incompressible 5 — —V X (VX 55) x (V< 720 Vorticity Vector KineticyEnergy
Hamiltonian Formalism: Generalization L Nambu Formalism:
implicitly divergence free ~ | implicitly divergence free 5
. i : L= v, b HIH v M H}H vV, S HY} : : P
de; _ o, OH Equation de; _ . OH\0H, Inviscid Adiabatic % — ) Velocity, Density, Helicity, Mass,
=iy, = ety | e & = ok [ lo M1} (n.5.7y  ENMOPY Density Entropy, Total Energy
: .S
. , Quasigeostrophic ol 68, dH - - Potential Enstrophy,
G _ _ Liouville Ip _ Shallow Water ar 7 SII° 8L Potential Vorticity Total Energy
{p. I} i
ol equation ol
OIf(r) _ D(ﬂ)ﬁH[u] Field "(’)(L” - N M[“'( oLM Quasigeostrophic Mo __ 08, OH Potential Quasigeo- Potential Enstrophy,
ot ou equation Baroclinic ol Sllge’ dllge strophic Vorticity Total Energy
Wave-vortex duality Arakawa's conserving scheme Discrete Structures: Point Vortices
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sLocalized vortex structures: Point vortex dynamics
instead of spectral methods (Kuhlbrodt & Névir,
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Meteorology

Global Waves Phenomena Localized Vortex Structures
Mean Flow Blockings, Cut-Off-Vortices
Inverse Energy Cascade Energy Flow Point Vortex Clustering
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strophy and energy (Arakawa & Lamb, 1981). *Nambu mechanics as geometrical method:
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