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ABSTRACT

Numerical output from a GFDL global climate model was used to determine whether the present dis-
tribution of rawinsonde stations is adequate to deduce the atmospheric structure and its variability in space
and time over the globe. Spatial data gaps were found to cause typical rms wind errors averaged over a hemi-
sphere of 2 to 3 m s™l, increasing for the zonal wind component to 5 or 6 m s~ at jet stream levels. In
temperature the spatial data gaps led to rms errors on the order of 0.5 to 1°C in the free atmosphere, in
geopotential height between 20 and 30 gpm in the upper troposphere, and in specific humidity between 1
and 2 g kg™ near the surface and about 0.3 g kg™ at 500 mb.

Errors due to instrumental deficiencies, unrepresentativeness of the local soundings, deficiencies in the
analysis technique and gaps in the time series were found to be less important than those due to the spatial
gaps, even in the Northern Hemisphere,

In the Northern Hemisphere, the rawinsonde network was found to be generally adequate to measure
large-scale circulation statistics. However, in the Southern Hemisphere the incorporation of additional data
sources (rawinsonde, satellite or otherwise) is necessary, especially for defining the fluxes by the mean
meridional and stationary eddy circulations.

VoLuvME 106

1. Introduction

Before the 1950’s progress in the understanding of
the atmospheric circulation was hampered by a lack
of upper air data. However, since World War II
aviation requirements have led to a greatly improved
coverage in the Northern Hemisphere. Thus, the
number of meteorological stations taking daily rawin-
sonde observations has grown from less than one
hundred during the late 1940’s to nearly one thousand
in recent years. The improvement was not restricted
to the continental regions but also included the North
Atlantic and North Pacific Oceans through the intro-
duction of about 15 specially equipped Weather Ships,
and also many meteorological observing stations at
various islands. :

In the early 1950’ it was found feasible to under-
take for the first time general circulation studies on
a hemispheric scale. The theoretical framework to
put this wealth of information in a comprehensive
form was laid largely by the late Victor P. Starr
and his co-workers at the Massachusetts Institute of
Technology (MIT). The fundamental equations de-
scribing the conservation of mass, angular momentum,
water substance and energy were applied to the
study of the earth’s fluid envelope. Statistics were
evaluated for the climate parameters by taking long-
term averages along different latitude circles (so-called
zonal averages), and studying the properties of both

the zonal mean, and the transient and stationary
eddy components.! This breakdown proved very
useful. The observations reduced in this framework
have contributed greatly to establishing our present
conception of how the earth’s climate is maintained
(e.g., Lorenz, 1967). '
However, there is always the lingering doubt whether
the climate over the globe and its variability in space
and time can be adequately determined from the
present rawinsonde network (e.g., Walker, 1970;
Stoldt, 1971; Baer and Tribbia, 1976). The problem
becomes evident when one considers the distribution
of rawinsonde stations used in our more recent studies
of the global climate during the 1968-73 period as
shown in Figs. 1 and 2. The first figure shows the
location of the available rawinsonde stations over the
globe, and the second one a block diagram of their
meridional distribution summed over 5° latitude wide
belts. From a study of these figures one notices (ex-
pressed in a qualitative manner) that the coverage-
over the continents is good, over the northern oceans
fair, and over the southern oceans quite poor. The
main purpose of the present paper is to quantify
these impressions, and thus to determine to what
extent general circulation statistics based on rawin-
sonde information (i.e., practically all presently avail-

1 For a list of symbols and definitions see Appendix.






