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ABSTRACT

The eddy variance of a meteorological field must tend to zero at high latitudes due solely to the nature of
spherical polar coordinates. The zonal averaging operator defines a length scale: the circumference of the latitude
circle. When the circumference of the latitude circle is greater than the correlation length of the field, the eddy
variance from transient eddies is the result of differences between statistically independent regions. When the
circumference is less than the correlation length, the eddy variance is computed from points that are well
correlated with each other, and so is reduced. The expansion of a field into zonal Fourier components is also
influenced by the use of spherical coordinates. As is well known, a phenomenon of fixed wavelength will have
different zonal wavenumbers at different latitudes. Simple analytical examples of these effects are presented
along with an observational example from satellite ozone data. It is found that geometrical effects can be

important even in middle latitudes.

1. Introduction

It is often useful to divide a global meteorological
field into a zonally symmetric part, usually taken to
be the zonal mean, and a zonally asymmetric part,
referred to as the eddies. Alternatively, the field can be
expanded in zonal harmonics. In this case the wave-
number zero component contains the zonal mean, and
the deviations from zonal symmetry are projected onto
the higher wavenumbers. The harmonic amplitudes
indicate the degree of zonal asymmetry at different
spatial scales.

This formal analysis into zonal-mean and eddy parts
has two main justifications. First, the earth’s atmo-
sphere exhibits a large degree of zonal symmetry. That

_is, the magnitude of the zonal mean is usually much
larger than the magnitude of the eddies. This is es-
pecially true of the time-mean state of the atmosphere,
since time averaging largely removes zonally asym-
metric transient disturbances. The dominant symme-
try, of course, results from the rotation of the earth
and the zonally symmetric forcing by solar radiation
on time scales longer than the diurnal cycle. However,
zonal asymmetries (stationary waves) do exist in the
time-mean field, a result of the asymmetrical distri-
bution of the continents and of topographic features
on the earth.

Second, the division into zonal-mean and eddy parts
can be used to simplify theoretical and numerical
models of the atmosphere. For instance, the transient
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or stationary eddies may be thought of as perturbations
to the zonally symmetric basic state. The basic state
may be an idealized one, or it may be taken from ob-
servations or a more sophisticated model.

The formal division into zonal-mean and eddy fields
allows statistics of the two parts of the field to be com-
puted separately. Statistics from the real atmosphere
can be compared to predictions by theoretical and nu-
merical models. Frequently used statistics of the zonal-
mean field include the time mean and time variance.
A number of different eddy statistics may be computed.
Oort (1983), for example, has presented latitude-height
cross sections of various eddy statistics for different
meteorological variables and selected averaging periods.
One important parameter of the eddy field is the vari-
ance around a latitude circle, or eddy variance, which
measures the total deviation from zonal symmetry at
all spatial scales. (The transient eddy variance defined
by Oort, [z7], includes the time variance of the zonal
mean.) A simple interpretation of the eddy statistics is
that the larger eddy variance in middle latitudes in
winter indicates larger amplitude planetary-scale waves
and active growth and decay of extratropical cyclonic
storms from baroclinic instability.

In this paper we will show that, in the ensemble or
time mean, eddy variances decrease near the pole, even
when the statistics of the field are uniform over the
sphere. In addition, the zonal-harmonic power spec-
trum for the same field depends on the latitude, though
the statistics of the field itself do not. These latitude
dependencies result solely from the choice of coordinate
system. Spherical coordinates introduce a latitude-de-
pendent length scale that is often forgotten when com-
puting zonal averages: the circumference of the latitude






