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Additional data on hailstorms of
western South Dakota

A. S. Dennis, Institute of Atmospheric Sciences,
South Dakota School of Mines and Technology,
Rapid City, S. Dak.

Dennis et al. (1970) have presented information on hailstorms of western South Dakota collected by aircraft and
radar during the summer of 1968. This note presents information collected by the same techniques during 1969.
The data have been organized by 15-min time blocks and
only time blocks with confirmed hail at the ground are
considered. Complete aircraft observations were obtained
during 30 such time blocks during nine separate storms in
1969. Radar observations were also obtained from 30 such
time blocks, with 27 time blocks common to the two samples. In comparison, complete aircraft observations were
obtained for 37 time blocks and radar reflectivity data for
54 time blocks in 1968.
The median value of the total up-air flux as recorded by
two aircraft operating one in front of and one behind each
storm is 3.6 X 10 gm sec for the 1969 storms, compared
to 1.3 X 10 gm sec for the sample reported previously.
From this it might be inferred that the 1969 storms were
more intense than those of the previous year, but the radar
observations argue against this conclusion. The median
equivalent reflectivity factor, Z , measured at 3.2 cm is
48 dBz for the 1969 time blocks, which is exactly the same
as for the 1968 sample. Furthermore, the height of the maximum value of Z was near 5 km MSL compared to 5.5 km
the preceding year. While maximum storm heights recorded
during the two seasons are not directly comparable because
of a change in data logging procedures, there is no evidence
that the storms of 1969 were taller. It is therefore concluded
that the higher values for total up-air flux in 1969 were the
result of greater skill on the part of the aircraft pilots in
locating the strong updrafts and, possibly, to slightly different instrumentation used on one of the aircraft. It should
be noted that Dennis et al (1970) suspected that some of
their values of air and moisture flux were underestimates,
because precipitation efficiencies calculated using aircraft
data sometimes exceeded 100%.
Unfortunately, the most noteworthy storm of the 1969
season is not represented in the radar data sample and
appears in only one time block in the aircraft data sample.
The storm occurred on 10 July. It moved from the Black
Hills directly over the radar site 10 miles east of Rapid
City. This made it impossible to obtain satisfactory radar
observations of the storm. Aircraft flux measurements were
discontinued because of severe turbulence after data for
one time block had been obtained. On the basis of observations taken just before the aircraft broke away from the
storm, it is estimated that total up-air flux approached
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20 x 10 gm sec . Hailstones up to 5-cm diameter fell and
the total damage to property in Rapid City was estimated
at over two million dollars. Time-lapse photographs of the
storm show a definite counter-clockwise rotation with inflow
from the forward side of the storm and rain and hail falling
from the back. The storm, therefore, conformed closely to
the model of Browning (1963), a type not represented at all
in the previous sample.
Apart from the 10 July storm all hail cases observed during the 1969 season showed the pulsating structure described
by Dennis et al. (1970, page 130). Their description of the
"typical South Dakota hailstorm" can be permitted to stand
apart from an upward revision in median value of total
up-air flux to roughly 3 X 10 gm sec .
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RHI photo of a flanking tornado tube

Charles G. Wade, University of Oklahoma,
Norman

The article on the contributions of Prof. F. C. Bates to the
field of severe thunderstorms reminded me of a picture
which we have had in the radar files at Whiteman AFB,
Missouri, for a number of years. It was taken by MSgt. Eugene Weber on the evening of 10 April 1965 (the eve of the
Palm Sunday tornado outbreak). The azimuth is not known
precisely nor are PPI pictures available, but it is believed
that the antenna was directed generally west-southwest. Approximately five minutes after this RHI picture was taken a
visual sighting of the funnel was made by the Whiteman
observer as it moved from five miles west of the base to the
northeast. No damage was reported along the path of the
funnel until it passed over Marshall Jet., Missouri (30 NE
of Whiteman) about an hour later, when large hail and
wind damage were reported.
When this radar picture is viewed on an approximate oneto-one scale it depicts rather well the flanking tube theory
proposed by Prof. Bates. In addition, a dust whirl or possible funnel can be detected at the base of the tube.
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FIG. 2. An illustration of the RHI photo when viewed on
a one-to-one scale. Clearly depicts the flanking tornado tube
as proposed by Prof. Bates.
FIG. 1. RHI picture of a tornado funnel taken 10 April
1965 at 1840 CST on CPS-9 radar at Whiteman AFB, Missouri. Azimuth—approximately WSW, range—25 sm, receiver gain setting—unknown.

letter to the editor
The "official" seasons, for whom?

The recent letter by Roger H. Olson (Bull. Amer. Meteor.
Soc., 51, p. 612) is one which should be given much or little
thought depending upon your point of view. It was pointed
out in his letter that the GLOSSARY OF METEOROLOGY lists the
winter season as being December-February and the other
seasons designated accordingly. It was also pointed out that
The Meteorological Glossary concurs. This is followed by a
discussion of the fact that astronomers use a different set
of seasons. These are the seasons with which all children in
this country are made aware, usually at least four times a
year as the solstices and equinoxes are dutifully noted in
the classrooms. In his concluding paragraph, Mr. Olson suggests that meteorologists give some critical thought as to
how they wish to define the seasons and concludes by stating:
"The main thing to avoid, it seems to me, is the uncritical repetition of something one once read in a
freshman astronomy book."
It may very well be that meteorologists should give some
thought to defining the seasons for whatever purposes it
might be necessary, and none of us would recommend that
meteorologists do or should accept uncritically the printed
word in any book.
However, inherent in this letter to the editor are the very
reasons why it is necessary to proceed with caution on such
a topic. Astronomers use the solstices and equinoxes to mark
the seasons because these dates mark critical points in the
Earth's orbit about the Sun. These dates are reference points
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in the study of astronomy and convenient ones on which
to key the seasonal calendar. For meteorologists the first of
December provides a reference point as it approximates the
start of the coolest quarter of the year in New England and
presumably over wider areas of North America.
The astronomer works basically with bodies in space and
it is natural that some reference point in the solar system
or some other unit be used to define the seasons. The meteorologist is more concerned with the physics of the atmosphere and the manifestations in the form of atmospheric
humidity or temperature, and so some reference point such
as a minimum or maximum point on an annual data series,
such as December first, is selected for the start of the season.
Astronomy and meteorology are only two sciences dealing
with the physical world in which we live. Others include
hydrology, geology, biology, and geography. The hydrologists work with the water balance of the Earth's interface
with the atmosphere and they have selected the first of October as the start of the water year and the fall season. The
winter season thus begins on January first. The first of October was selected for the reason that this represents the low
point, in water availability, or the driest time of year over
most of North America. Astronomers, meteorologists and hydrologists have thus established different dates for the start
of each season and each is equally valid.
What would be appropriate as an official starting point for
a year depends entirely upon the point of view of the user.
What is appropriate from the standpoint of one discipline
may be very inconvenient for another. It might be proposed
that there should be an environmental year which would
encompass the interrelationships between all of the environmental sciences. However, if such were proposed, it probably
would not satisfy any of the constituent disciplines.
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