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ABSTRACT

The energetics of atmospheric motions are studied in the frequency domain using the two versions of the
FGGE IIIb dataset, processed at GFDL and ECMWF. It is demonstrated that the frequency spectra of kinetic
energy (KE) and available potential energy (APE) can be approximated by a power law. On a log-log diagram,
a slope of minus one results for both KE and APE in the period range of 7 to 35 days, when integrated over
the Northern Hemisphere.

The conversion from APE to KE is the major source of eddy kinetic energy for all the low and high frequency
bands discussed. Through nonlinear interactions, motions of high frequencies (with periods shorter than 10
days) gain APE from, and lose KE to the motions of low frequencies (with periods longer than 10 days but
shorter than the annual cycle). The nonlinear energy exchanges are relatively more important for the energy

balance of low frequency modes. It is also shown that both high and low frequency transients extract APE from
and supply KE to the time-mean flow. The intercomparisons between the two versions of FGGE data indicate
an overall agreement between the energy cycles derived from the GFDL and ECMWF datasets, despite the

differences in calculated values of spectral estimates.

1. Introduction

Early in his study of the general circulation, Lorenz
(1955) introduced the concept of available potential
energy (APE) in discussing the flow of atmospheric

energy. He partitioned kinetic energy (KE) and avail-

able potential energy into zonal and eddy components
and formulated equations governing their mutual ex-
change. This energy partition permitted a meaningful
physical interpretation of the atmospheric energy cycle
(e.g., Oort 1964; Lorenz 1967; Hayashi 1987). The
energetic role of atmospheric disturbances has been
studied extensively. The wavelike nature of the global
distribution of the wind and temperature suggests the
appropriateness of a further decomposition of KE and
APE into a spectrum of spatial scales by one-dimen-
sional Fourier analyses around latitude circles (Saltz-
man 1957). Decomposition of the total energy into
barotropic and baroclinic components has been pro-
posed by Wiin-Nielsen (1962). Chen and Wiin-Nielsen
(1976) studied the energy conversion between diver-
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gent and nondivergent flows based upon the primitive
equations. Recently, energy decomposition was further
pursued in terms of three-dimensional normal mode
functions by Tanaka (1985).

Low frequency motions in the atmosphere have at-
tracted special attention in the meteorological com-
munity in recent years. The term “low frequency” is
used here to distinguish this class of disturbances from
the synoptic systems of relatively high frequency (pe-
riods 1 to 10 days) and from those of annual or inter-
annual time scales. In the middle latitudes, Blackmon
et al. (1977) observed that the principal storm tracks
over the oceans coincided with sites of elongated max-
ima in the variance of band-pass filtered (periods 2.5-
6 days) geopotential height fields at the jet stream level,
where baroclinic wave activity is most intense. How-
ever, regions of frequent blocking corresponded closely
to the variance maxima of low-pass filtered data (pe-
riods longer than 10 days) located over the North At-
lantic and Pacific oceans and over the Siberian Arctic.
Furthermore, simultaneous and lagged correlation
maps suggested that the band-pass filtered data were
characterized by wavelike fluctuations in the upper
level flow with wavelengths on the order of 4000 km.
Similar maps with low-pass filtered data, however, in-
dicated geographically fixed patterns, most notably, the
PNA (Pacific-North America) pattern (Blackmon et
al. 1984a,b). Theoretical work on Rossby wave dis-
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