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Intra-seasonal oscillations - main facts:

Periods: 10-100 days

Location: everywhere (SH, NH; mid-latitudes,
tropical zone)

Eec)xson (NH, m.-l. - topography? SH, tropics -

odeling (ho general model, particular numerical
models, e.g. m.-I. IOs - reproduced with and
without topography)

Open questions - many (later)




Nonlinear resonance theory
(NRT)

wiky) +wlks) — wiks) = €, =0
ki + ks — kg =10,

Not all modes interact resonantly

Resonant modes form small dynamically independent
clusters

Form of clusters, if any, is defined by boundary
conditions

Resonant interactions are not local in Kolmogorov's sense
Quasi-resonances possess similar properties

EK: Amer.Math.Soc. (1998); PRL (1994,2007) 3




Planetary waves on a sphere
LY [0t + 28 [ON = —J(, Ay) wj = —=2m; /¢ (¢ + 1)

r'N1,%\1 =27 (N3 — N,)Az A3, Qli;gij;rers inm,| «=21
N2Az = 2Z(Ny — N3)AT A3, 3 butterflies,

stAs = 2Z (N> — Ny)A4A;, 1 cluster of 6 connected triads

N

Maximum Z at ,interaction latitude":

We can interpret the latitude ¢y as tollows. The overlap
of three wave functions in a triad Z(A, @}E’ >
(A, cp}}“gf (A, @}FE'*{A. ¢ ) shows a contribution to the in-
teraction coefficient £ o J|" Z(A, ¢)dAd e from a particular
location on the sphere. The overlap Z(A, ¢) has a maxi-
mum at a particular latitude ¢, and a narrow latitudinal
belt around ¢, gives the main contribution to the global

interaction amplitude Z. That is whyv ¢ can be understood
as the interaction latitude.

EK, L.Piterbarg, 6.Reznik,Oceanolgy (1990)
EK, V.L'vov, PRL (2007); 4




Main idea: IOs are due to resonance
clusters of spherical Rossby waves

Galerkin:
2500 Fourier
harmonics
(m, n <= 50)

Clipping:
Only 128
are important

Structure of resonances in spectral space < 50
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Spectral domain < 21
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and 1 group of 6 connected triads.

EK, 6.Mayrhofer. Physica A (2007) 5




Connection types within a cluster
Wj = —2mf/€j(€j -+ 1)
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EK, V.L'vov, EPL (2008)




Connection types (continuation)




Connection types (continuation)
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Connection types (continuation) E\\
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Examples of dynamical systems

1. ﬂ?m = Ao B3, Ba, , E1_.5 = — 4y B, Bag AA-buTTer'fly
Eﬁa = EGBEGBEG , Ba2p= Ebﬂibﬂﬂa .
Bzq = —ZaB1aB2a — ZpB1pBap . e

l2a = |B1a|® — |B2a|*,  T126 = |Bus|* — | Bas|*,
Iab — |B].ﬂ.|2 + |B3-:e.|2 + |BS|!:-|2 0

;o=

33& = _EGBIGBEH ' -E?Ea, = zﬂBlﬂBSG ' PPA_S.l.ar.
2. 3:_?31: = —ZpB1aBap :_5’2.5 = ZaB1pBaa .
E_FLL: = EC'BéCB].G y Bic - ‘ZCBIGBSG y

= s
! Bia = EGBQ.GBSG + Eng‘bBEb — ZeB1eBac .
13
@Bacad = P @eo13)

PPA-star: Taa = |B1.-_1|E — |Bga|2 . ~a1.903-
A
Iysp = |Baw|* + |Bap|® . T2sc = |Bac|* 4 |Bac|* . -
Tabe = |Bm|2‘|‘|B,'i--.1|2‘|'|B‘3|5||E_|_|Bﬂl'-"|E . _
e aw

CLs constructed as combinations of known CLs for a triad
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New Conservation Laws, PP-butterfly :

Bla = ZQBERBEE + ZbBEbBBb: Bla = Bl,g., : 330 = |BEG|2 + |BS|:.|E . a3y = |Bg.{:.|2 + |BEE:|2\
Byo = ZoBi Bsy, Boy=Z,B! B, Iob = |Bia|* + [Bsaf* + [Bas|?
Bga = —ZaBlaBga ; Bg,g. = —Z,r_-,Blang . f.:. = [m(ZGBlBEaﬂéa + ZbBIBEbB&{:-:I '

Reduction: from 10 equations to 4:

dCa, 3 y
d? — _Z,01Ca, cos oy , B; = Cexplif;)
A
dfb = —Eb Clﬂgb COS O , Fa = Hla + Hﬂa — Hﬂa
d"jf."‘a {-FE.:[ {?3.1 . Iﬂ
= Z,C — o — —— on = By + Gop — Hap,.
dt ! (f'aa -‘i?z._rr,) S ()2 o Lo 20 .
dypp (Czb Cab) : Ig
= A — SN (o, — ———
ot b1 Cap Clap, o [{:?1}2

Integrable cases of butterflies:
1. Real amplitudes: 2. 1, =0 : 3. Zo = Z; . 4. Some more
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4-triad's chain, real amplitudes

Ly, . —“'ﬁ_"-rﬂr.".'-- A= i)
_Li-ll-_uﬁil__w;ﬁ,..;'_.#ﬂ-%jafir "': "—'|‘--|-I-J--|—-'+I.-'I|"—
(T peay) ot oog '\ apay | m.ﬂ.ﬂ
_2of0 W v I',III v v l"I
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Open questions (M. Ghil, 2004)

Cause of IOs in the SH? The same

NH oscillation: why by some researchers - 40 days, by
others - 20-30 days. Period is inversly proportional fo the
energy, more energy -> shorter period

Why IOs are better observable in winter data? For
larger energies appr. resonances may destroy the clusters

How do tropical and mid-latitude IOs interact? Two
mechanisms are possible:

One cluster, different latitudinal belts;

Via mode which is quasi-resonant for one triad and exact
for another

How to predict IOs in data? Obvious (spher. Harmonics
with known wavenumbers)
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Energy flux between latitudinal belts

Triad Modes [m. (] 4 oo || K[i] | 10°Ep | Ty
Ay | B12][5.14][0.13] | 7.82 |34 | 162 | 144 | 24
A, | [3.14][1.20][4.15] | 3746 | 19| 114 | 54 | 5
As; | [6,18][7,20][13,19] | 13.66 | 34 || 1.74 | 32.0 | 19
A, | [1.14][11.21][12,20] | 4767 | 28 | 1.21 | 058 | 13
> 2.6][3.8][5,7] | 3.14 |35 1.64 | 508 | 30
[2,6] [4,14][6,9] | 14.63 |37 | 1.61| 0.395 | 10
~> | [6,14][2,20][8,15] | 69.25 | 31 || 1.13 | 061 | 8
13.6][6,14][9,9] | 11.31| — || 1.17 | 0.360 | 13
>3 | [3.10][5,21][8.14] | 6199 | 31 || 127 | 0.133 | 7
18,111 [5,21]1[13,13] | 8.71 | — || 1.36 | 0.784 | 24
< [1.6][2,14][3.9] | 2898 |17 1.38| 0247 | 6
[2,71[11,20][13,14] | 2.77 | 42| 1.08 | 1.78 | 26
[1,6][11,20][12,15] | 15.08 | 29 || 1.06 | 0.262 | 11
[9,14] [3,20] [12,15] | 74.93 | 50 || 1.36 | 0.487 | 8
13,91 [8,20] [11,14] | 32.12 |40 || 1.11 | 0251 | 9
[2,14][17,20][19,19] | 11.05 | — || 1.05 | 3.33 | 24

the mode (13.19) 1s near-resonant for A. (with resonance

discrepancy & = 0.16) and is resonant for A;.
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