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ABSTRACT

A modified energy flux is defined by adding a nondivergent term that involves S to the traditional energy
flux. The resultant flux, when normalized by the total eddy energy, is exactly equal to the group velocity of
Rossby waves on a 8 plane with constant zonal flow. In this study, we computed the normalized energy flux for
linear wave packets in baroclinic basic states with different vertical profiles. The results show that the normalized
energy flux is a good approximation to the group velocity of all parts of the wave packet for the basic states

examined.

The extension to the nonlinear case is briefly discussed. The magnitude of the fluxes of a downstream devel-
oping wave group over the wintertime northern Pacific storm track defined by a regression analysis is computed,
and the group velocity defined by the energy fluxes is found to be comparable to the group velocity of propagation
of the observed wave packet. The results indicate a very strong component of downstream energy radiation,
suggesting that downstream energy dispersion is very important in the evolution of waves in the storm track.

1. Introduction

Midlatitude tropospheric disturbances have been
found to have the tendency to propagate as baroclinic
wave groups (e.g., see Blackmon et al. 1984a; Black-
mon et al. 1984b; Lim and Wallace 1991; Chang
1993a). While the propagation of long waves is be-
lieved to be described very well by the theory of baro-
tropic Rossby wave downstream dispersion (e.g.,
Blackmon et al. 1984b; Simmons et al. 1983), the prop-
agation of synoptic-scale waves is a bit more problem-
atic, since those waves are highly unstable, and the
baroclinic nature of the waves and the background flow
must be taken into account. Using a regression analysis,
Chang (1993a) found that midlatitude synoptic-scale
baroclinic waves also exhibit the characteristics of
downstream development and group propagation, and
that the propagation is predominantly zonal over the
storm track regions. '

Orlanski and Chang (1993) studied the energetics of
downstream developing baroclinic waves and found
that the downstream dispersion of wave energy via the
ageostrophic geopotential fluxes (or more generally,
the traditional energy flux) is the triggering mechanism
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behind the growth of new disturbances downstream.
Chang and Orlanski (1993) found that this redistri-
bution of wave energy from upstream disturbances to-
ward downstream disturbances can lead to the exten-
sion of the storm track deep into regions of weak bar-
oclinicity and thus is very important in the
understanding of the extension of the storm track. Or-
lanski and Chang (1993) computed the value of the
energy flux, which, when normalized with the total
eddy energy, appears to be a good approximation to
the rate at which the disturbance is spreading out;
hence, they postulated that the total energy flux should
be a good approximation to the group velocity of the
disturbances.

It has been pointed out in the literature that the en-
ergy cycle may not be the best diagnostic tool to ex-
amine the dynamics of waves (e.g., Plumb 1983), since
the conversion terms are not uniquely defined, and even
the sense of the conversion can be reversed simply by
adding a constant term to all the conversions. It is also
well known that the energy flux appears in the ener-
getics equation only as a divergent term, and any non-
divergent quantity can be added to the flux without af-
fecting the energetics, thus introducing an ambiguity in
the definition of the energy flux. In fact, Longuet-Hig-
gins (1964) showed that for the case of barotropic
Rossby waves on a 3 plane, the traditional energy flux
is not parallel to the group velocity.






