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ABSTRACT

The analysis of spectral energetics in the frequency domain has been applied to several observed datasets and
those simulated by a GFDL general circulation model. There exists good agreement on the directions of energy
flows between the observed and the simulated atmospheres. The conversion from available potential energy to
kinetic energy in the tropics and extratropics is the major source of eddy kinetic energy for all the low and high
frequency bands discussed. The energy balance in the tropics has quite different characteristics from those in
the extratropics. Instead of an up-scale decascade as in the case of the extratropics, kinetic energy is transferred
in an opposite sense, namely from transients of longer time scales to those of shorter time scales.

Using a 5-year dataset from the ECMWF operational analysis, an energy cycle is obtained that is in general
agreement with the one computed using the data of the FGGE year alone. The interannual variability of the
spectral estimates is relatively small compared with the discrepancies caused by the variety of data origins.

1. Introduction

In a preceding paper (Sheng and Hayashi 1988,
hereafter denoted SH), an energy analysis in the fre-
quency domain was applied to the Level IIIb datasets
from the First GARP (Global Atmospheric Research
Program ) Global Experiment (FGGE ) processed at the
Geophysical Fluid Dynamics Laboratory (GFDL) and
the European Centre for Medium Range Weather
Forecasts (ECMWF). The scheme used followed Hay-
ashi (1980), which permitted a spectral view of at-
mospheric energetics as a function of frequency and
diagnosed interactions among disturbances of different
time scales. Among the results presented, it was dem-
onstrated that the baroclinic conversion from available
potential energy (APE) to kinetic energy (KE) played
a major role in the energetics of maintaining both high
frequency (periods shorter than 10 days) and low fre-
quency (periods longer than 10 days but shorter than
the annual cycle) motions. Another important obser-
vation found was that a substantial amount of KE was
transferred by nonlinear interactions from the high
frequency transients into the low frequency transients.

* Present affiliation: Department of Meteorology, McGill Univer-
sity, Montreal, Quebec, Canada.

Corresponding author address: Dr. Jian Sheng, Dept. of Meteo-
rology, McGill University, 805 Sherbrooke Street, Montreal, Quebec,
Canada H3A 2K6.

© 1990 American Meteorological Society

On the other hand, APE flowed in the opposite direc-
tion, namely from the slow to fast transients. Therefore,
in the frequency domain, there exists an up-scale de-
cascade of KE and a down-scale cascade of APE. As
shown in Fig. 1 (from SH), the energy balance of high
frequency transients, averaged over the Northern
Hemisphere, is very similar to the classic diagram given
by Oort (1964); i.e.,

A(0) = A(n) = K(n),

where A(n) and K(n) are the APE and KE of the fast
transients and 4(0) is the APE of the time mean. For
the low frequency transients, although baroclinic con-
version is the most important energy supply, the non-
linear exchange of KE results in some complications.
The ECMWEF analysis of the FGGE year indicates the
amount of KE gained through nonlinear exchange is
comparable to the baroclinic conversion at the low fre-
quency range, while it is only of secondary importance
for the GFDL analysis. On the other hand, the gain of
APE due to nonlinear interactions is very small in the
low frequency range. Equally important is that the ef-
fect of barotropic energy conversion, denoted by
(K(0)- K(n)) in the diagram, stabilizes disturbances
of both high and low frequencies, although its mag-
nitude is relatively small in comparison with the baro-
clinic conversion term {A(n)- K(n)).

One of the goals of this paper is to discuss the vari-
ability of energy parameters as functions of latitude
and height. In particular, the energy cycles will be es-






