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ABSTRACT

A wavenumber spectral analysis has been made of the nonlinear energy transfer between the tropospheric
stationary (January mean) and transient waves in the midlatitudes simulated by a GFDL 9-level spectral
general circulation model with 30 zonal wavenumbers.

1t is shown that the wavenumber energy spectra are fairly well simulated, although the kinetic energy of
simulated ultralong waves is about 60% of that observed. In particular, both simulated and observed ultralong
waves are maintained primarily by energy transfer from zonal available potential energy. The model’s energy
spectra are then partitioned into stationary and transient wave parts. It is found that stationary -ultralong
waves gain kinetic energy but lose available potential energy through the nonlinear interaction with transient
waves. Since this loss is much larger than the gain, transient waves act to destroy stationary wave energy
which is maintained primarily by conversion from the zonal available potential energy, being consistent with
observations. On the other hand, transient ultralong waves gain both kinetic and available potential energy
through wave-wave interactions. This gain is comparable to the gain from the zonal available potential
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energy.

1. Introduction

Nonlinear wave-wave interaction distributes energy
among different wavenumber components, It transfers
energy not only from one wavenumber to another
but also from one frequency to another. According
to observational analysis (Saltzman, 1970) tropo-
spheric ultralong waves in the midlatitude gain kinetic
energy and lose available potential energy by wave-
wave interaction. However, this analysis did not
isolate transient waves from stationary waves. Ac-
cording to Steinberg et al. (1971), not only stationary
(seasonal mean) but also transient ultralong waves
gain kinetic energy and lose their available potential
energy by wave-wave interaction. However, as pointed
out by Hayashi and Golder (1983b), this conclusion
can be erroneous, since their calculation of wave-
wave energy transfer of transient waves implicitly
includes stationary-transient wave interactions which
probably dominate their estimate.! According to Hol-
opainen (1970) and Lau and Oort (1982), stationary
waves transfer their available potential energy to
transient waves.

The present paper studies the energy transfer be-
tween stationary (January mean) and transient waves
simulated by a 9-level GFDL 30-wavenumber spectral
general circulation model with the biharmonic vis-

! Steinberg et al. (1971) subtracted energy transfer among sta-
tionary waves from the total wave-wave energy transfer to obtain
the estimate.

cosity coefficient of 0.25 X 10** cm® s™! (see Manabe
et al., 1979 for the model’s detail), and is an extension
of Hayashi and Golder (1983a,b) which analyzed
only transient planetary waves simulated by 9-level
GFDL 15-wavenumber models with and without
topography.

2. Wavenumber energetics

Although there is no unique formulation of energy
cycles and the conventional formulation does not
describe the zonal-wave energy transfer in the simplest
manner, it still serves as a diagnostic tool for com-
paring observed and simulated energy cycles. Unfor-
tunately, the transformed energy cycle proposed by
Plumb (1983) and Kanzawa (1984) is not applicable
to the present problem, since it does not describe
wave-wave interactions.

a. Wavenumber equations

The conventional wavenumber energy equations
(Saltzman, 1957) are written as

0K, /3t = (K Kn) + (Ko  Kn) + (A Kp) + « + ,
(1)

04,/8t = (Am*An) + (Ao* An) — (An-K) + « + +,
0))

where energy flux convergence, diffusion and heating
terms have been omitted.






