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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

Hamiltonian Formalism:
implicitly divergence free

Nambu Formalism:
implicitly divergence free

Systems with zero divergence in phase space:
•Canonical Hamiltonian Systems: Poisson Tensor, one  
constituent conserved quantity (energy), Poisson brackets
•Nambu systems: Nambu tensor, N constituent conserved 
quantities (the Casimirs of noncanonical theory), Nambu 
brackets

Equation
of motion

Field
equation

Liouville
equation

Generalization

Atmospheric Dynamics in Nambu Representation (Névir)

Atmospheric Model Nambu Dynamics Coordinates Integrals of Motion
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Discrete Structures: Point Vortices

•Localized vortex structures: Point vortex dynamics 
instead of spectral methods (Kuhlbrodt & Névir, 
2000)
•Vortex Trio: Dynamics in Nambu form, on inter-
section of energy and angular momentum isosurface

•Nambu mechanics as geometrical method: 
Nonlinear dynamics restricted to intersection of 
isosurfaces

Wave-vortex duality
Mathematical Structure

Rossby Waves Nonlinear Solution Point Vortices

Wave Amplitudes Dynamics Vortex Positions

Wave Vectors Parameters Circulations

Wave Triad Base System Point Vortex Trio

Canonical Nambu Form Noncanonical Nambu

Energy, Enstrophy Conserved Quantities Energy, Ang. Momentum

Equations of motion

Numerics
Wave Vector Space Discretization Position Space

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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Energy flow towards large scales

•Spectral representation: Inverse energy cascade for 
energy and enstrophy conserving flows
•Many-vortex-system: clustering due to conservation 
of energy and angular momentum

•Structure formation on large scales: Vortex 
analogon to inverse energy cascade

Arakawa's conserving scheme

Simulated flow over a steep ridge without (top) 
and with (bottom) conservation of potential en-
strophy and energy (Arakawa & Lamb, 1981).

Outline of strategy / MetStroem Project

Starting with a recapitulation of the history of 
meteorological modelling that went from the 
barotropic vorticity equation over baroclinic 
filtered models and the primitive hydrostatic 
models up to the nonhydrostatic compressible 
models, an equivalent hierarchy of Nambu-
brackets will be formulated.

Beginning from the most simple form, numerical 
schemes according to the proposal of Salmon 
will be implemented into a simulation model and 
compared with traditional forms of 
implementations.
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