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Interaction between Baroclinically Unstable Waves

and Subtropical and Polar-frontal Jets
FUJIWARA Fuyuki

Abstract

In the upper troposphere, the subtropical jet and the polar-frontal jet exist in
both of the Nothern and Southern Hemispheres. The strength and location of
the polar-frontal jet are variable, whereas that of the subtropical jet is relatively
steady. The action of these westerly jets is related to the baroclinically unstable
waves. By Tanaka and Tokinaga(2002), it is confirmed that two different kinds of
baroclinic instability exist; the Polar mode excited by the baroclinicity of the polar-
frontal jet and the Charney mode exited by the baroclinicity of the polar frontal
jet. These baroclinic instabilities have different feedback process that makes the
polar-frontal jet weaker or stronger.

In this study, baroclinic instability of Nothern Hemisphere is investigated, using
a method of expansion in 3D normal mode functions introduced by Tanaka and
Kung(1989). Here, the 3D normal mode functions consist of vertical structure
functions as the vertical normal modes and Hough harmonics as the horizontal
normal modes. The basic states used for the linear stability analysis are observed
zonal mean wind for strong and weak polar vortex and a virtual one which is added
the anomaly by the strength of the AO index to the climatic average.

As a result of the eigenvalue problem for such basic states, we confirmed that
the polar mode become the most unstable mode exceeding the Charney mode in
each wavenumber when the polar vortex is strong enough. And we also confirmed
that the structure of dipole Charney mode becomes the polar mode as the strength

of polar-frontal jet is increased.

Key Words:
baroclinic instability, zonal mean wind, polar-frontal jet, subtropical jet,

polar mode, Charney mode, Arctic Oscillation
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Unstable Mode Structure
( N=4, Mc, Barotropic Height )
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Unstable Mode Structure
( N=5, Mc, Barotropic Height )
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Unstable Mode Structure
( N=6, Mc, Barotropic Height )
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Unstable Mode Structure
( N=7, Mc, Barotropic Height )
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Unstable Mode Structure
( N=8, Mc, Barotropic Height )
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Unstable Mode Structure
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Unstable Mode Structure
(N=2, M2, Phase )
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Unstable Mode Structure
( N=3, M2, Phase )
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Unstable Mode Structure
( N=3, M2, Barotropic Height )
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Unstable Mode Structure
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Unstable Mode Structure
( N=8, M2, Barotropic Height )
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Unstable Mode Structure
( N=3, M3, Amplitude )
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Unstable Mode Structure
( N=2, M3, Barotropic Height )
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Unstable Mode Structure
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Unstable Mode Structure
( N=4, M3, Barotropic Height )

January clim clim + AO*0.5

A
%!4,

[
e

R

/
(g

«

f\\{\

[ W ,\Qé ':“‘":' %
ek )
N ‘e\d ‘x,j\ I
S

7

S 577,

068: 0000000D0O0OOAOIODOODOOOODOSODO0ODOIIO0DOO
gisbuobobobobdbdbobobobobobobooboooooon
40000 M3ODOOODOODOODOODOODODOOOOOOLOODbODODO

000 [m]0 <3



Unstable Mode Structure
( N=5, M3, Barotropic Height )
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