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Intra-seasonal oscillations – main facts:

• Periods: 10-100 days
• Location: everywhere (SH, NH; mid-latitudes, 

tropical zone)
• Data: AAM (atmospheric angular momentum, 

zonal winds, ) 
• Reason (NH, m.-l. – topography? SH, tropics –

?...)
• Modeling (no general model, particular numerical

models, e.g. m.-l. IOs – reproduced with and 
without topography)

• Open questions – many (later)
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Nonlinear resonance theory
(NRT)

• 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) 
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Planetary waves on a sphere

All clusters in m,l <=21
4 triads, 
3 butterflies, 
1 cluster of 6 connected triads

Maximum Z at „interaction latitude“:

EK, L.Piterbarg, G.Reznik,Oceanolgy (1990)
EK, V.L‘vov, PRL (2007); 
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Main idea: IOs are due to resonance
clusters of spherical Rossby waves

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

Clipping:
Only 128
are important

EK, G.Mayrhofer. Physica A (2007)
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Connection types within a cluster

EK, V.L‘vov, EPL (2008)
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Connection types (continuation)
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Connection types (continuation)
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Connection types (continuation)

16-triad‘s PP-reducible cluster
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Examples of dynamical systems

AA-butterfly

PPA-star

1.

2.

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

Integrable cases of butterflies:
1. Real amplitudes; 2.         ; 3.          ; 4. Some more

Reduction: from 10 equations to 4:
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4-triad‘s chain, real amplitudes
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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 to 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:

1) One cluster, different latitudinal belts;
2) 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
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Thank you!
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