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ABSTRACT

Zonally averaged meteorological fields can have large variances in polar regions due to purely geometrical
effects, because fewer statistically independent areas contribute to zonal means near the poles than near
the equator. A model of a stochastic field with homogeneous statistics on the sphere is presented as an
idealized example of the phenomenon. We suggest a quantitative method for isolating the geometrical effect
and use it in examining the variance of the zonally averaged 500 mb geopotential height field.

1. Introduction

Many investigators in recent years have reported
climatological data in terms of zonal average statis-
tics. This is in part due to the resulting compaction
of the data sets, the smooth variation of most zonally
averaged variables with latitude, and the importance
of the zonally symmetric aspects of the atmosphere
to an understanding of its general circulation. Ex-
amples of such compilations are those of NOAA
Environmental Research Laboratories in the United
States and those of the Soviet groups at Dubninsk
and at the Main Geophysical Observatory in Len-
ingrad.

From zonal averages it is a natural step to the
examination of the variability of zonally averaged
quantities as one measure of the dynamical activity
of the atmosphere at different latitudes. For example,
Vinnikov (1977), Yamamoto and Hoshiai (1979)
and Weare (1979) report variances of zonally av-
eraged temperature. Oort (1977) and Trenberth
(1979) report variances of zonally averaged geo-
potential height for the Northern and Southern
Hemispheres, respectively. In all cases the variance
increases toward the poles.

Our purpose here is to point out that increase of
the variance of a zonally averaged quantity with lat-
itude can often be explained by geometrical consid-
erations based solely on the spherical geometry of
the earth. An increase in the variance of zonal means
need not imply greater dynamical variability.

In the next section it will be shown that the vari-
ance of a zonally averaged stochastic field variable
rises toward the poles with an approximate 1/
cos(latitude) dependence when the field has statistics
that are homogeneous on the sphere. The interpre-
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tation of the result is very simple, involving the stan-
dard error associated with finite area spatial aver-
ages—shorter latitude belts having a larger “sampling
error” in estimating the true zonal mean. The result
is a spatial analogue of Leith’s (1973) work on finite
length time averages leading to a kind of ‘““climatic
noise.” In the final section we illustrate the geomet-
rical effect with data for zonal averages of the 500
mb geopotential height. An appropriate rescaling of

"the data reveals the extent to which the geometrical

effect contributes to the rise with latitude in the vari-
ance of the zonally averaged data. A similar rescaling
can be applied to other data sets when examining the
variance of zonal averages in order to learn what
fraction of the change in variance with latitude is
due to spherical geometry and what may be genu-
inely dynamical in origin.

2. A homogeneous noise model

We describe here a model to illustrate the effect
of spherical geometry on zonal averages. Points on
a sphere are labeled by the radial unit vector £. We
construct a real, stochastic field F(f) on the sphere.
The field is expanded in complex? spherical harmon-
ics as

o H
F®) =2 2 fm¥7(), (1)
where the spherical harmonics are defined as Y 7(f)
= N,.P'(sinf)e™®, and P! are associated Le-
gendre polynomials, 8 is latitude, ¢ is longitude, and
the N,,, = N,_,, are real constants chosen so that the

2 Since the field F(f) is real, the use of complex spherical har-
monics is not strictly necessary, but does permit considerable sim-
plification of the algebra needed to obtain the results below.
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