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Existing high accuracy decomposition methods are 4. Optimal Bal?ncec‘;\g:(l'l;
limited to idealized models (e.g. no topography). time averaging (OBTA)

o Theory: | |
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5 * We modify the “Optimal Balance” method, to make it applicable to damp'”gfa“‘”\ A
realistic model setups Bosra(z) = Bog(2) + 6(z — Bop(2)) (5)
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Fig. 1: 3. Modification of OB: = Bpgpr4 CONverges to Byg when 6 converges to zero
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AR 5 TR R in alance an un-
) 3 balanced fields using
optimal balance. The O I I I I . . . .
For how e e | = Define cumulative finear time average Numerical Experiments:
thickness. 1 Lo+T GitHub:
(z)r = ?f z(t)dt (1) = Two different models ESHE crioon
1 t X g Eyqkh |
‘ z stands for u, v, w, etc. 0 linear evolution (no advection) - 2D shallow water model r:ﬁ;l!:ﬂ: 1 Framework for Idealized
. . . | | | | . ‘ "ﬁﬂnq: Ocean models
» Linearized shallow water / non-hydrostatic boussinesq - 3D non-hydrostatic boussinesq model T
equations on f_p|ane can be decomposed into two modes™: = Different initial conditions (unstable jet, random phase)
» = Rossby numbers ranging from 0.03 to 0.5
z(k,t) = Zgeo (k) + zyqve(k)e Lokt (2)
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Why do we need flow decomposition? v v a) Unstable Jet b) Random Phase
geostrophic mode inertia-gravity wave mode el N ] .
= To understand and quantify energy transfer between different scales (e.g. \\~\ N '\ IT:E';]ancmg e
. . = Time aver nverge t trophic mode: 5 - _
dissipation of mesoscale eddies) € aVerage converse 1o geostrop ode | £ 1 gzcijfigjtlciffﬁéﬁiﬁ:‘e:phjn dbij‘]'g
. S - 1 _ D 107 . method and Byg(z) for ten
What high accuracy decomposition method exists? (Z)1 = Zgeo + 67 * Zyave  With Oy = — (e7ioT — 1) (3) 5 terations. Experiments are per-
= Nonlinear normal mode decomposition (Machenhauer, 1977) @ S 10| o 0578 0o | = 0BTA 11 model with éhﬁosiﬁi'flvmb“ﬁti?
= Optimal Balance (Viudez et al., 2004; Masur et al., 2020) = Faster convergence with multiple time averages: 103 m OBTA 1 ~ el S = : namber or;l’Jcinr:nbee;vT;r;jeesr.s o
i éptirr?al B:Iancé Itergtion; é i 2I()ptir:)lal Bzilanceé Iteraétionsj ;
2 O t. I B I (OB) (---<Z>T1 ---)Tn = Zgeo T (6T1 ST STn)Zwave (4)
. p IMma dlance = All numerical results show general agreement with Eq. (5)
= Transforms nonlinear decomposition problem into linear problem o = Differences between Bygra(z) and By (2) get extremely small
. . . . . . 10731
= Linear problem: Projection onto linear geostrophic eigenspace .
E 10-51
= Solve linear problem with spectral decomposition 5
: 10—7_
= Spectral decomposition require idealized model setups: 2 Fig. 2: .
. TR 8 The projection error Is the norm of New method OBTA can be applied to models
= no topography, no lateral boundaries o . dt'ffterencz t:ﬁtween :he time av;ragebd
single time average state an e geostrophic mode ob- ° °
= constant CoriOIiS paramEter. E E = . — mu?tiple time avegrjages tained with spectral decomposition. Wlth tOpog ra phy a nd Iate ral bOU nda rIES!
1075 Experiments are per-formed in the
= We replace spectral decomposition with time averaging =] jorisl . . . | . | shallow water model with the initial e Solution of OBTA approaches solution of OB
1 3 5 7 9 11 13 condition shown in Fig. 1.

Averaging Time / Inertial Periods
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) = U There are actually two inertia-gravity wave modes which are here simplified to a single one
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