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ABSTRACT

Eliassen-Palm (EP) diagrams have been shown to be very useful diagnostics in both the troposphere and the
stratosphere. However, the idea that the EP flux divergence is the sole forcing of the mean wind by the eddies
can be misleading. A time series of the time rate of change of the zonal mean wind and the EP flux divergence
shows that the two quantities were not well correlated during the FGGE special observing period (SOP- 1, winter
1979). Calculation of the residual in the zonal momentum equation reveals that considerable negative acceleration
(drag) is required to complete the momentum balance in some regions. This residual indicates that not all terms
are well represented in atmospheric data sets, and may be largely due to the breaking of vertically propagating

gravity waves near the tropopause.

 Eliassen-Palm diagrams are presented for the FGGE data, as well as Oort’s 11-year climatology. The Oort
EP diagrams serve as a standard with which to compare other EP diagrams. The FGGE year is shown to be
very similar to climatology. A consistent method of displaying the EP flux vectors and divergence is suggested,

which has advantages over previous methods.

1. Introduction

The feedback of zonally asymmetric eddies on the
zonal mean flow is one of the basic processes deter-
mining the nature of the general circulation. It is well
known that the existence of large-amplitude eddy heat
and momentum fluxes does not necessarily imply that
there is significant mean flow driving by eddies since
such fluxes can be compensated for by an eddy-driven
ageostrophic circulation.

Andrews and Mclntyre (1976) and Boyd (1976)
showed that the net eddy forcing can be efficiently rep-
resented by the divergence of a vector in the meridional
plane that is now called the “Eliassen—Palm” (EP) flux.
Edmon et al. (1980) showed that latitude-height cross
sections of the EP flux provide very useful diagnostics
for understanding the interaction between zonally
asymmetric disturbances and the zonal mean circu-
lation. They found, for example, that EP flux diver-
gence patterns for numerical simulations of nonlinear
baroclinic waves closely resembled midlatitude tro-
pospheric patterns computed from two independent
data sets.

More recently, Dunkerton et al (1981), Palmer
(1981) and others have found that the EP flux is a
useful diagnostic for wave driving of the mean flow in
stratospheric sudden warmings. Hartmann et al. (1984)
produced correlations between the time rate of change
of the mean zonal wind and the EP flux divergence for
the Southern Hemisphere and found that the two
quantities are closely related near the tropopause and
in the middle to upper stratosphere.

Although the EP flux vector provides a useful mea-

sure of quasi-geostrophic wave propagation in the tro-
posphere, it is not clear whether its divergence is closely
correlated with the zonal flow deceleration, as in the
case of the stratosphere during warmings. It is shown
in this paper that during FGGE SOP-1 (first special
observing period) these quantities were not closely re-
lated and that the computed zonal momentum balance
had a substantial residual. This residual can be inter-
preted as evidence for zonal mean drag by unresolved
scales of motion—possibly gravity waves breaking near
the tropopause.

2. Basic eguations and theoretical background

Most of the relevant theory is given in Edmon et al.
(1980) and Palmer (1981). In log-pressure coordinates,
the zonal mean equations in quasi-geostrophic scaling
are
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and G denotes the force due to unresolved eddies. Other
notation follows Palmer (1981). If we define a “resid-
ual” mean meridional circulation (0*, w*) by letting
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