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Three-Dimensional Baroclinic Instability Analysis
with a Newly Developed Linear Baroclinic Model of the Atmosphere
Sawaka SEKI
Abstract
[0 A three-dimensional spectral primitive model was developed into a Linear Baroclinic
Model (LBM) using a three-dimensional normal mode expansion. The LBM can compute
all the wave-wave / zonal-wave interactions and barotropic-baroclinic interactions. The aims
of this study are to speculate a three-dimensionally spatial relationship between the Arctic
Oscillation (AO) and the baroclinic instability and to analyze the AO in terms of a singular
eigenmode under the barotropic-baroclinic interactions with the LBM.

Computational results of the LBM show the reasonable correspondences with the past
researches. In addition, the LBM revealed that the barotropic atmosphere contains an
origin of the AO as an eigen solution in stationary barotropic instability modes. In general,
the AO is known as a singular eigenmode in the barotropic atmosphere with the damping
effects. However, this study represented that the origin of the AO is already contained in
the barotropic atmosphere without any forcing effects.

The relationship between the AO and the baroclinic instability waves was also examined
spatially. As a result, as the AO index became positive and high, an ordinary Charny
mode (Mc) changed its structure transferring the eddy momentum to the higher latitudes to
intensify the polar jet especially in the Atlantic Ocean. Thus, the positive AO constructed
a positive feedback with the baroclinic instability wave in the Atlantic Ocean. This is
because the subtropical jet and the polar jet were well separated in the Atlantic sector by
the positive AO. In addition, as the AO index became negative, the baroclinic instability
waves transported the eddy momentum to the higher latitudes to shift the location of the
subtropical jet poleward.

Moreover, the AO described by a singular eigenmode, which is excited by the resonant
response to the arbitral forcing, was well recognized under the barotropic-baroclinic in-
teractions. So, it was proved that the AO is not a statistical unrealistic mode, but an
atmospherically realistic state in the Northern Hemispheric winter.
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Vertical Structure Function
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Spectrum
n=0 linear stability analysis with LBM
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Spectrum

Barotropic matrix without diffusion
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Spectrum

Barotropic matrix with diffusion
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Spectrum

Baroclinic FULL matrix without diffusion
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Spectrum

Baroclinic FULL matrix with barotropic diffusion
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