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Abstract

A paper published in 1948 suggested that there was a correlation of 0.62 between the wind on Jupiter (as indicated by
the motion of the Great Red Spot) and mean zonal geostrophic winds at the surface of the earth. Observations since
1948, on the other hand, indicate a correlation of —0.12,
suggesting that the original correlation was spurious, even
though it appeared statistically significant according to
standard tests.
1. Introduction

Jupiter, the largest planet in our solar system, is about
5 times as far from the sun as the Earth is. Its diameter
is about 11 times that of the Earth. The atmosphere of
Jupiter primarily contains hydrogen and helium, with
small fractions of trace gases, particularly of N H
(ammonia) and CH (methane).
Jupiter is marked by irregular zonal bands, alternately
dark (belts) and bright (zones). The width and appearance of these bands vary from time to time. Presumably, there is upward motion in the bright zones, so
that ammonia clouds are formed there, whereas the
gases sink in the dark belts. This hypothesis is in agreement with the observations that belts are typically ~3°C
warmer than zones.
The rotation period of Jupiter is determined from
individual markings, viewed in visible light or in short
radio waves. Each marking gives a different rotation
period. There is no single rotation period for Jupiter,
since no solid ground can be detected. Even if we assume
that each marking drifts with the "wind" at its location,
we cannot determine the winds because we have no point
to which such a wind can be referred. But we can infer
wind changes from changes of rotation period with time
at a fixed location and we can study latitudinal variations, but these cannot really be interpreted as horizontal
wind shears because the effective height of the observations is not constant.
The rotation period between ±7° of latitude is usually
around 9 h 50 min; in the rest of the atmosphere, this
is more typically of the order of 9 h 55 min. Thus, the
equatorial region has a westerly wind component greater
by —100 ms" than the rest of the planet.
Therefore, in the older literature, two basic periods
were chosen and winds referred to them; these were
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called systems I and II, respectively, with periods of
9 h 50 min 30 s (for the equatorial region) and 9 h
55 min 40.6 s (for the remainder of the planet). More
recently, a system III has been derived from radio emissions (which locate lower layers); this is sometimes called
the "true" period, and is 9 h 55 min 29.8 s.
One characteristic feature of the rotation periods determined from small dark and bright spots is that they
appear to have an anticyclonic shear around zones and
cyclonic shear about belts. It was suggested long ago
(Hess and Panofsky, 1951) that this behavior was consistent with the vertical motion in these regions; this
view is still considered correct (see Gehrels, 1976). Meteorologists interested in additional details of the characteristics of the atmosphere of Jupiter are referred to
Gehrels (1976), who summarized all information about
Jupiter known as of November 1975.
2. The Great Red Spot

The Great Red Spot (GRS) has been observed for almost 300 years and has probably been in existence for
much longer, with estimates ranging up to 10 years
(Golitsyn, 1970). It is located in the South Tropical
Zone. The color and dimensions of the GRS vary from
time to time. Its present horizontal dimensions are
26 000 km from east to west and 14 000 km from south
to north (each larger than the Earth's diameter).
The nature of the GRS is controversial. Stone, in the
book edited by Gehrels (1976), suggests four alternatives
and then gives arguments against each of them. One
possibility is a hurricane, which should show, as the
GRS does, anticyclonic vorticity at high levels. Its long
life may be due to the absence of a solid surface. It may
be analogous, vaguely, to "rings" in the ocean, which
have diameters of the order of 200 km and exist for more
than a year. Another popular hypothesis takes the GRS
as a great solitary wave, another as a strong convection
cell or group of convection cells, and still another as a
Taylor column.
A peculiar feature of the GRS is that its rotation period is not constant. Relatively large velocities occur at
intervals of ~90 days, superimposed on much slower
variations. If the GRS is interpreted as a great storm,
or as a large convective region, it seems reasonable that its
motion is not far from the average "wind" surrounding
it. If, on the other hand, the GRS is a solitary wave, it
may move with a quite different speed from the winds
in the neighborhood.
5

Vol. 59, No. 6, June 1978
Unauthenticated | Downloaded 01/09/23 05:25 AM UTC

Bulletin American Meteorological

Society

3. Comparison of winds on Earth and
motion of the GRS in 1948

Panofsky and Hess (1948) published a paper comparing
winds on Earth and the motion of the GRS. The rationale for this study was of a rather shaky character.
In the first place, it was assumed that variations in the
motion of the GRS actually indicate wind fluctuations
on Jupiter. In the second place, any positive correlation
between the two variables could be explained only by
the hypothesis that variations in solar activity produce
simultaneous wind variations on Earth and on Jupiter.
Of course, on Earth, it is clear that the north-south
temperature gradients, produced by the sun, are responsible for the major wind currents; therefore, perhaps, changes on the sun might be related to wind
changes.
The situation on Jupiter is less clear, for Jupiter emits
about twice as much energy as it receives from the sun.
This implies that Jupiter, unlike the Earth, has an internal heat source, about equally important to the Jovian
atmosphere as is the sun. It is not known whether this
heating from below has any latitudinal variation. But
it can be argued that, even though the sun contributes
only half of the energy of Jupiter's atmosphere, it still
would set up meridional temperature gradients and,
consequently, zonal winds. Again, one could speculate
that solar variations should produce wind variations.
At the time of the paper in 1948, a popular forecasting tool was the Zonal Index (see, e.g., Namias, 1950).
The surface Westerly Zonal Index is defined as the zonal
average geostrophic wind at the surface between 35°N
and 55°N. At the time, Zonal Index statistics were
available from the historical weather maps from 1899
through 1939. For the comparison with GRS motions,
averages over several months near the time of Jupiter's
opposition were used. Opposition means that the
sun, Earth, and Jupiter are lined up, with Jupiter on
the same side of the sun as the Earth. Jupiter's oppositions occur every 13 months. Seasonal variations were
removed from the index values used. Accurate motions
of the GRS were also available, averaged for several
months near opposition, from the Memoirs of the British
Astronomical Association. The linear correlation coefficient between GRS motion and Surface Westerly Index
was 0.62, based on 35 pairs of observations. Under the
assumption that successive indices are independent of
each other and that successive Red Spot "winds" are
independent of each other, this correlation is statistically
very significant. For example, the classical z transformation gives a z value corresponding to the observed correlation equal to 4 times its standard deviation. Therefore, at the time of publication of the 1948 paper, it
was concluded likely that solar variation influenced
winds on both Jupiter and Earth. Why surface winds on
Earth, in middle latitudes, should be correlated with
winds, presumably at high levels, in the Southern Hemisphere of Jupiter, was not explained.
Later, successive zonal indices and successive GRS
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motions were correlated with each other, for the same
period. The correlation between successive indices was
0.35 and that between successive GRS motions, 0.65.
Thus, the sample did not consist of 35 independent
pairs. Instead, the assumption that every third pair is
independent is more nearly correct. This assumption is
based on detailed study of lag correlation. Hence, the
original sample may have been equivalent to about 12
independent pairs. With such a small sample, the large
correlation loses most of its statistical significance. Since
many oppositions have occurred since 1948, the possibility has now arisen of testing the surprisingly high
correlation by making the same type of analysis on
additional data.
4. Comparisons between GRS motions and
the index since 1948

Due to the kindness of Prof. Reta Beebe of the New
Mexico State University, GRS positions (in longitude
units in system II) were made available for every opposition since 1900. From these, average "wind speeds" could
be computed for each 13-month period between oppositions.
Computation of the Westerly Zonal Index presented
more problems, since such indices are no longer computed routinely. Instead, the National Weather Service
kindly made available grid values of sea level pressure
from 1947 to 1976. From these values, 13-month average
indices were computed, to coincide in time with the
GRS motion. Again, seasonal variations were eliminated
(there are no seasons on Jupiter because its equator is
almost coincident with its orbit).
This time, the correlation coefficient between "winds"
on Jupiter and on Earth showed a correlation of —0.12!
Quite clearly, if there were a real mechanism for coupling
the motions on the two planets, that mechanism has
disappeared in recent years. More likely, the rather high
positive correlation observed earlier was spurious, just
due to statistical accident. The "true" correlation, computed for a very long time, will approach zero.
5. Summary

Correlation of winds on Jupiter has shown that large
and apparently significant correlations may sometimes
occur by chance and cannot be trusted until an independent test is performed.
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