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Lorenz Energy Box Diagram
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Lorenz cycle, Saltzman cycle
Spectral Energetics
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2D Spectral model

e 1D: Expansion in Fourier harmonics
e 2D: Expansion in spherical harmonics
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3D Spectral model

 Vertical normal mode
e Horizontal normal mode: Hough harmonics
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Spherical harmonics (n=0) Hough harmonics

Kelvin mode Mixed Rossby-gravity mode
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Vertical energy spectrum
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Barotropization
by baroclinic instability
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3D Normal Mode Energetics

Zonal Energy Spectrum n
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Normal Mode Energetics

Meridional Energy Spectrum /
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Energy spectrum in the
3D wavenumber space
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Observed energy spectrum in c-domain
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Energy flow box diagram

In barotropic-baroclinic decomposition
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Arctic Oscillation
Barotropic height (EOF-1)

NCEP/NCAR Barotropic S-Model
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Blocking in the model
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Blocking on 30 January 2018
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Potential Vorticity
Day 79

(Tanaka and Watarai 1999)

Blocking

Blocking formation by
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Zonalization

Rossby wave breaking for n=6
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Total Energy (Jm2)

Rossby wave breaking and saturation
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3D energy spectrum

Total Energy Spectrum

JMA/GPV (DJF 2002/03)
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Saturation theory of gravity waves

Saturation spectrum
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Saturation theory of Rossby waves

Tanaka and Watarai (1999)
PV in barotropic model
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Saturation energy spectrum
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Observed energy spectrum in c-domain
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Global energy spectrum of |E = mc?

Total Energy Spectrum
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Spherical Rhines Ratio

Rhines sclae on a sphere

Spherical Rhines Ratio
JMA/GPV (DJF 2002/03)
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Total Energy (Jm)

Energy Anomaly during Blocking
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Total Energy (Jm)

Energy Flux during Blocking
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Total Energy (Jm)

Excitation of blocking and AO by
up-scale energy cascade

Barotropic Component of Geopatential Height
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Total Energy Spectrum
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Summary

(1) Energy spectrum Is examined in the 3D
wavenumber domain using phase speed c.

(2) Energy spectrum of E=mc? is obtained
and explained by Rossby wave saturation

(3) Up-scale energy cascade to Rhine’s
scale forms blocking

(4) Further up-scale cascade to zonal
energy forms the Arctic Oscillation
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