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Analysis of the 3 Dimensional Energy Spectrum of
the General Circulation of the Atmosphere

Koji TERASAKI

Abstract

In this study, the energy spectrum and the energy interactions of the atmospheric
general circulation are analyzed, using the expansion in three dimensional normal
mode functions. The analytical solutions of the vertical structure equations, which
have non-aliasing, are used for the vertical direction. I could calculate the non-aliased
atmospheric energy spectrum and the energy interactions.

According to the result of the analysis, most of kinetic energy is included in the
barotropic mode. The secondary peak of kinetic energy is seen at one of the baroclinic
modes which has an equivalent height about h,, = 250 m. Most of available potential
energy is included in the same vertical scale at the secondary peak of kinetic energy.

According to the result of the analysis of the energy interaction, following energy
flows are found for the general circulation of the atmosphere. Energy of the atmo-
spheric circulation is supplied by the solar radiation as the zonal baroclinic available
potential energy. And this energy is converted into baroclinic available potential en-
ergy at the synoptic scale. As soon as the conversion is completed, the baroclinic
available potential energy is converted into baroclinic kinetic energy at the same syn-
optic scale. Moreover, the baroclinic kinetic energy is converted into the barotropic
kinetic energy at the same synoptic scale. The barotropic energy is then transferred to
zonal barotropic energy by the up-scale energy cascade. Finally, the zonal barotropic
kinetic energy is dissipated by the friction and the viscosity. It is found in this study
that the energy spectrum and the conversions are consistent with that by Tanaka
(1985), although the present study is based on the analytical vertical structure func-

tions.

KEYWORDS : analytical solutions, vertical structure functions, three dimensional

normal mode functions, energy spectrum, energy interaction
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0000000000000O000 (0 20)0

Pressure (hPa) Static stability v(K) Vertical mode Equivalent height (m)

0.4 62.24 0 9908.7
1.0 69.71 1 5961.4
2.0 94.72 2 2641.1
3.0 102.94 3 1262.9
5.0 87.06 4 792.7
7.0 77.54 ) 501.2
10.0 74.56 6 402.6
20.0 77.80 7 268.1
30.0 76.43 8 232.8
50.0 70.79 9 181.7
70.0 68.49 10 160.1
100.0 57.66 11 127.2
150.0 41.11 12 92.1
200.0 34.21 13 86.8
250.0 28.19 14 67.0
300.0 22.71 15 44.9
400.0 20.67 16 28.5
500.0 25.20 17 194
600.0 30.36 18 12.6
700.0 37.25 19 9.5
850.0 45.72 20 7.9
925.0 38.05 21 7.0
1000.0 27.89 22 1.9
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Vertical Structure Function
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Vertical Mode (18 - 22)

| | |
6 u
S n
4 - i
3 n
2 4 B
> -
1 4\ Mm=19 -«-«---- B
<’ m=20 - -
~/> m=21
§> m=22 e
-20 -15 -10 5 0 5 10 15 20

33



Vertical Structure Function

Vertical Mode (0 - 5)
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Vertica Structure Function

Vertical Mode (6 - 11)

-20 -15 -10

35




Vertica Structure Function

Vertical Mode (12 - 17)
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Vertica Structure Function

Vertical Mode (18 - 22)
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Zonal Energy Spectrum
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Hough Function
Mixed Rossby-Gravity Mode 1 zonal wavenumber=6
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Vertical Energy Spectrum

1 Jan 1979 - 31 Jan 1979
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Zonal Energy Spectrum

1 Jan 1979 - 31 Jan 1979
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Energy Conversion
1 Jan 1979 - 31 Jan 1979 (al vertical mode)
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Energy Conversion
1Jan 1979 - 31 Jan 1979  (All Zona Components)
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Kinetic Energy Conversion
1 Jan 1979 - 31 Jan 1979
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Kinetic Energy Conversion
1 Jan 1979 -- 31 Jan 1979
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Available Potential Energy Conversion
1 Jan 1979 -- 31 Jan 1979

o
-

Vertical Mode Number

| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! |
0 2 4 6 8 10 12 14 16 18 20 2
Zonal Wavenumber

I
2 24

017 0D000-00000000000000000000D00000O0 (Unit : 10_2W/m2)

27



Vertical Mode Number

Energy Source and Sink
1 Jan 1979 -- 31 Jan 1979
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