Imperial College

Hamiltonian Particle Mesh Methods for Non-Hydrostatic Weather Prediction Models

Matthew Dixon and Professor Sebastian Reich

Murnerical Aralysis Section, Departrent of bMathenatics, matthews dizond@ mperis =0k
FIGU RE 1:Verlcal comporen of ke wird wiod iy el oere
e ot ve A Eeuresy o e U e rerenien o |1y TRODUETION HAMILTO MIAN PARTICLE MESH.(HPM) METHODS

= The HP M approximation of the Hamiltonian equ ations of motion for the BEulerWedical Slice Model is
zimilarte atechnique called Swoodr Fadicke Aw'mod wraaries but adds a fixed gid to efficdenty smooth the

1 \ ; = The atmosphere is a highly complex chaotic system. £
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] = To simplify the dynamicz, westher prediction models of be selulon 16d wsirg bels Arcioms
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in the vetical momentum equation by assuming thatthe
atmosphere is hydrostatic, that is the pressure gradient

= Thiz is inadequate for high resolution weather pradiction,
espedally where vertical dynamics are significant, such as
mountainous regions as shown inthe plot of the werical
wind welocity in Figure 1.

11 Each paint of the mesh x; is
assigned a comp act, basis function pix—.0, such as a cubic
=pline, as shownin Figure 4to the right.

THE ELILER YERTICAL SLICE MODEL

21 BEach paride's position g; is initially distributed at unifarm
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= Afirst step towards modelling non-hydmostatic dynamics is to
cansider just 3 verical slice of the atmosphens.

31 Each paride’s momentum py and position are then updated by
the differential of the Hamiltonian M- 3 -.‘H+|$I#-|+¥:m
with respectte g,and pyusing a gid smoothed layer depth field.

= The hydrodynamic equations in u, the wind welocity wedar,
the potential temperature @ and modified de nsity p, defined fo
the right, are referred to as 3 Wertical Slice Euler Modd .

= Cormentioral nurmerica methods typicaly smooth the soluf u:;n fiald to improve the numerical stability but f=il

to preserve the flowe strudure, violating for example energy, rmass o potential wvorticity consenvation lavs.
= Ghiost parides can be used to enforee boundany conditions with

position and momentum defined by a reflection Rig, p as shown

= This ¢an lead to numerncal weather predicdion models which do not accurately representthe real physical
in Figure 3.

charactenstics of the amospherz because the discretization does not presence the flow's wariatioral structure.
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YARIATIONAL APPROACH

= In the eighteenth century, Euler and Lagrange, pictured top rght, took a waration al approach to dassical
mechanics by defining equations of motion thatminimise an action pinciple.
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= Hamilton extended this approach in defining Hamiltonian systems whose motion preserves 3 scalar called the Pl e

Hamvilfamian, which for the Euler model is energy, and whose solution has Hamittonian strochure.

ADVANTAGES DISADYANTAGES

= Conzenves impotant physical quantiies - More dificult o implement than tradtional numencal approaches

= Soalable to the modelling oflange regions = Requires numerical smoothing to remain stable as showwn in Figure

= hdore pracisely, 3 Hamiltonian flid can be approsim ated by a finite system of padides each with position gy S above.
and momentum p; defined by Hamiltonian's equation of motion as shown in Figure 3. =ell suppoted by the theony of dassical - Implementation of bound ary conditions is =till an open area of
research

How oan parfoles defining stwosahedt mofon e modeled of 3 comauer? mechanics



