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Evaluation of a Satellite
Microwave Refraction Technique for
Remote Probing of the Atmosphere

D. H. SARGEANT
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The rapidly growing international interest and ef -
fort in applying advanced theory and technology to
the problem of observing, understanding, and predict-
ing the global atmospheric system have recently been
focused by the formation of a Global Atmospheric
Research Program (GARP). In a 1967 report of the
GARP Committee, many outstanding problems were
identified and possible solutions were proposed.

One of the most pressing observational require-
ments is for a truly global, three-dimensional specifi-
cation of the mass field. One possible approach to
this problem is the so-called "microwave occultation"
technique. This technique envisions the precise meas-
urement of the phase (or path length) of radio signals
propagated between satellites whose precisely known
positions are such that the waves "graze" through the
atmosphere. By means of ray theory, a formula has
been developed which provides general mathematical
relations between atmospheric variables and ray vari-
ables. It has been possible to obtain explicit solutions
for the case of a reasonably realistic exponential
model atmosphere and, thereby, to investigate the ex-
pected magnitudes and characteristics of the meas-
urements. The measurement sensitivity and accuracy
required to determine the atmospheric parameters
for a given specification can thus be assessed, as can
the effects of various errors. On the basis of these
considerations, the desirable measurement variables
can be selected. Also, the relative contributions of
different portions of the atmosphere traversed by a

* This study was carried out while the author was as-
sociated with the International Antarctic Meteorological Re-
search Center, Melbourne, Australia, in 1967-1968.

ray have been calculated, thus providing specifica-
tions for characteristic "scale" or "smoothing" of the
measurement.

A second stage of the analysis is the simulation of
observed radio data. Analytical techniques equiva-
lent to "ray tracing" have been devised which synthe-
size ray variables for specific atmospheric profiles,
both analytical models and "real" profiles obtained
from conventional observations. For the reasons ex-
plained below, antarctic data have been selected for
the initial simulations.

A third stage is the so-called "inversion," or "un-
scrambling-the-egg," problem: how can the required
atmospheric variable be deduced from radio obser-
vations? In order to minimize the amount of radio
information required, it is desirable to develop an
efficient representation of profiles whose specifica-
tion requires relatively few parameters. For example,
it is possible to determine accurately the two par-
ameters of an exponential profile with two meas-
urements, but an accurate point-wise specification
would require many measurements. Furthermore,
some representations are more amenable to analyti-
cal "inversion" procedures than others. This problem
is under continuing study.

Another aspect of the inversion problem is the re-
quirement to deduce mass density from measurements
which depend on refractivity, or "radio" density. Be-
cause the contribution from polar water vapor is dis-
proportionate, recovery of meteorological variables is
complicated. This is one reason why the "dry" ant-
arctic atmosphere was chosen for the initial study.
Also, simulations and recovery are complicated by
small-scale features in the circulation, which is an-
other reason for conducting the study in the Southern
Hemisphere. If the proposed technique works at all,
it should be most easily applied to the hard-to-observe
southern atmosphere.
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The purpose of this program is twofold: (1) to
study the frequency stability of high-frequency (HF)
waves reflected from the antarctic ionosphere and to
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