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The Verification of Energy Spectrum in the
General Circulation of the Atmosphere by
Breaking Rossby Waves

Akio YAMAGAMI

Abstract

The energy spectrum of large-scale atmospheric motion has a characteristic slope
represent by the -3 power law with respect to the horizontal wavenumber k over
the synoptic to sub-synoptic scales. In the framework of the 3D nomal mode
decomposition, the horizontal scale of atmospheric motion can be represented by
the phase speed of the Rossby mode ¢ instead of the horizontal wavenumber k.
With a constant m describing total mass of the atmosphere for a unit area, the
barotropic energy spectrum of the general circulation £ can be represented as
E = mc?. This theory is derived from the criterion of Rossby wave breaking
by Garcia(1991), such that the local gradient of potential vorticity ¢ is negative
0q/0y < 0 somewhere in the domain. Due to this reason, the energy spectrum of
the general circulation seems to be governed by Rossby wave breaking.

The result from the energy spectrum amplified to reach the criterion of the
Rossby wave breaking is summarized as follows: For the barotropic mode, the
energy spectrum depends on the latitude, and shows the most correspondence with
the theory by choosing the latitude from 30°N to 45°N. However, the total value of
the energy spectrum from the criterion of Rossby wave breaking is higher than that
from E = mc?. The value of the energy spectrum increases from narrowing the
latitude, but the variability increases by assuming that the meridional differential
and Laplace operator are commutative. For planetary wave, Rossby wave breaking
initially caused at high latitudes and at mid-latitude for synoptic and smaller scale
waves. The zonal mean flow shifts the latitude of synoptic and smaller scale wave
breaking which initially occur from the mid-latitude to the low latitude. However,

the zonal mean flow does not play an important role in the Rossby wave breaking.

v



Although the energy spectrum of the barotropic mode agree with the theory, the

energy spectrum of the baroclinic mode cannot be explained by this criterion.

Key Wards: Rossby wave breaking, Energy spectrum, 3D nomal mode decom-

position, barotropic mode, baroclinic mode
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Barotropic Height
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Barotropic Height

Initial data +40 day Initial data +45 day
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Barotropic Height

Initial data +60 day Initial data +65 day

=
7 =

7 T ‘ @3‘ )

/ »’3’2\\ \\
~ AN ' I\ )
RIINE W WS
8 a T
(// / —~, NN »ZE \ i’h\\‘
"’ 7 R S 7 ! N]
, ¥ SRR NN
iﬁ( (k\ ENRERS
X A N N 2
\w\%\\ AN e .
X N\ 7 v 7
\ AN
\\ ’
00

.‘g"“\‘\\*' 4 / ’;ﬁ‘;"i‘\\
MG Uiz~
b Y ‘t\{\\\k:;@‘w’ \§§\\: / / //l o v/;»(‘""f ‘7:';%\'\\“ 0
\ A\ %ﬁ%@%’)' i{ [ o &lg’v ‘w ©
NS /////‘ X

N

X,

>

&

N

U4 000060000000 0O0DLO0ODODOOSMODOODOODODODO 60075
ggn

48



Potential Vorticity
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Potential Vorticity

Initial data +40 day
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Potential Vorticity

Initial data +65 day

Initial data +60 day
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Total Energy Spectrum
JRA25 (1979 - 2009)
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Total Energy Spectrum

JRA25 (DJF 1979 - 2009)
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Total Energy Spectrum
JRAZ25 (JJA 1979 - 2009)

106 : Ll Ll Ll
105 - i
104 4 :
-~ 1
£ -
:J’ 103_- -
> :
9 ] o
)
c |
102 - i
8 :
o
I_ 5
101 _ © n=01-10 Rossby mode
+ n=11-20 Rossby mode
100 - Cr -
10_1 ! R ! U ' U Crrt
104 103 102 101 100

Phase speed

O 11: JRA-25/JCDASO OO 1979020090000 (JJA)DOOoOoooooOoO

ggbobobooggoon

95



Total Energy Spectrum
lul > Icl (barotropic, 10N-80N)
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Total Energy Spectrum
lul > Icl (barotropic, 3ON-60N)
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Total Energy Spectrum
lul > Icl (barotropic, 10N-80N)
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Potential Vorticity

lul > Icl ( k=6, 1=3, 30N-60N )
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Total Energy Spectrum
0q/dy < 0 (barotropic, 10N-80N)
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Total Energy Spectrum
0q/dy < 0 (barotropic, 30N-60N)
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Potential Vorticity

dq/dy <0 ( k=6, 1=3, 30N-60N )
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Total Energy Spectrum
0q/dy < 0 (barotropic, 10N-60N)
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Total Energy Spectrum
0q/dy < 0 (barotropic, 30N-80N)
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Potential Vorticity

dq/dy <0 (k=3,1=3, 30N-60N )
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Potential Vorticity

dq/dy <0 ( k=6, 1=3, 30N-45N )
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Total Energy Spectrum
V2u + B < 0 (barotropic, 10N-80N)
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Total Energy Spectrum
VZu + B < 0 (barotropic, 30N-60N)
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Potential Vorticity

Vu+B <0 (k=6,1=3, 30N-60N )
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Potential Vorticity

V2u+B <0 (k=6,1=3, 30N-45N )
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Zonalmean Wind
(DJF 1958 - 1997)
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Zonalmean Wind (Vertical mean)
(DJF 1958 - 1997)
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Total Energy Spectrum
d(q+q’)/dy < 0 (barotropic, 10N-80N)
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Total Energy Spectrum
d(q+q’)/dy < 0 (barotropic, 30N-60N)
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Total Energy Spectrum
d(q+q’)/dy < 0 (barotropic, 30N-45N)
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Total Energy Spectrum
d(q+q’)/dy < 0 (barotropic, 10N-60N)
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Total Energy Spectrum
d(q+q’)/dy < 0 (barotropic, 30N-80N)
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Total Energy Spectrum
lul > lel (m=4, 10N-80N)
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Total Energy Spectrum
lul > lel (m=4, 30N-60N)
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Total Energy Spectrum
lul > lel (m=4, 30N-45N)
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Total Energy Spectrum
0q/dy < 0 (m=4, 10N-80N)
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Total Energy Spectrum
0q/dy < 0 (m=4, 30N-60N)
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Total Energy Spectrum
0q/dy < 0 (m=4, 30N-45N)
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