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- en;i:geostrophic theory

LS and fronts — two length scales
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SEMIFGEOStrophIC equations: shallowANatermsss

Du, oh  Dv, , oh

= — fo+g— = 0. U+ g— =0
Dt ety Ox - Dt Tutyg Y

Dh
D_; +hV -u =0,

h(x,y,t) is the depth of the fluid
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Legendre transformation == s
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12. Example in §16 of P[x,2] for g = 1.
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i.gher-order balanced mogdels

.‘1 £ dv,  Ju, L (1 —c?)O(uy, v,)
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g;l;])?_fclntyre and Roulstone (1996)
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1s an almost-Kahler manifold

(Delahaies & Roulstone, Proc. R.
Soc. Lond. 2010)
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Complex structure:
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pVorticity and Rate of Stram P

(WeISS Crlterlon)

G>0 1implies almost-complex
structure (ellipticity)
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A geometric interpretation of coherent
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"6 pon (Physica D' 2008~ Euler, 250 years on):

1ptlc equation for the pressure is by no means

1 derstood and locally holds the key to the

_ on of vortical structures through the 51gn of the

N~

St 011ght of as a constramt may lie a deeper knowledge of

e v

“"f— = the geometry of both the Euler and Navier-Stokes

~—_ equations...The fact that vortex structures are
dynamically favoured may be explained by inherent
geometrical properties of the Euler equations but little is

known about these features.”




EEOMmetry-of.3-forms«(Hitchin)™
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= [ychagin-Roubtsov (LR) metric
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| @ = (1 + i) A (ug +ivg) A (ug +ivg) + (g — 1) A (p — ivg) A (ug — irg)

f ey 1:." 3 I . - tay — l"'F - e
where w; = (Ap/2)"” dz; and v;= (Ap/2) """ du,, when Ap>0
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SVerticity-dominated 1ncompr6531ble Euler
HOWS 1 =2D are associated with almost-
iKalile r'structure — a geometric version of

),'_t * -Welss criterion”, much studied in

,,_,.- fbulence

- » Using the geometry of 3-forms in six
dimensions, we are able to generalize this

criterion to 3D incompressible flows
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ideas originate in modglsﬂ'éﬁ’geb'

mospheric ¢ flows, in which rotation
itespandianse ilpii@d@ﬁ@laitesithe——-
10(:1ty to the pressure field

L_l)r». and Roulstone (1997, 2001)
g wed how hyper-Kihler structures
ovide a geometric foundation for

1{1 "‘derstandmg Legendre duality
(smgularlty theory), Hamiltonian
structure and Monge-Ampere equations,
in semi-geostrophic theory
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