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INTRODUCTION 

Hail has been the concern of mankind for cen
turies primarily due to the potential hail has for 
inflicting damage to crops. Although of somewhat 
less concern, hail can cause property damage and 
physical injury as well. Therefore, any advance 
which leads to the forecasting of hail and possibly 
the eventual control of hail is of unnost importance. 

Scientists during the past fifteen years have 
looked for characteristics that would set the hail
producing thtmderstorm apart from that of the 
non-hail producing storm. Several major areas of 
agreement have been found. Fujita and Byers (1962) 
derived a model hailstorm which is indicated by a 
large, steady-state updraft with. a restricted down
draft. The model also denoted that air located near 
the top of the cloud was cooler than the surrounding 
environment. This apparently differs from the 
ordinary thunderstorm in which there are pulsating 
updrafts and downdrafts. Warner et al. (1969) 
established several factors which may lead to pro
longed hail production. Included were the slant, the 
speed, and the horizontal extent of the updraft. They 
found that hail-producing storms were capped with a 
high-intensity radar echo. Pell (1969) indicated that 
hailstorms had a longer lasting echo than non-hail 
situations, a higher maximum top, and reached a 
maximum echo height at the time of or immediately 
after the hail onset, Changnon and Stout (1969) and 
Marwitz et al. (1969) described a large, steady-state 
hailstorm characterized by longevity, great size, 
and very high tops which are persistent. 

The prolonged, large overshooting tops create 
accumulation zones with rather large liquid-water 
contents ( LWC ). There is considerable debate as to 
the actual value of the LWC since its measurement is 
problematical. The most widely accepted opinion is 
that the greatest LWC, no matter what its value may 
be, is found in the upper region of the updraft. This 
coincides with the decrease in vertical velocity of 
the updraft. Therefore, the water particles are 
trapped since they cannot leave the region until they 
obtain a size large enough to attain an escape fall 
velocity. Dennis et al. (1969b) indicated a LWC 
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concentration of 10 gm - 3 in the accumulation zones. 
Sulakvelidze et al. (1965) indicated a LWC of 
20 - 30 gm -5 from measurements taken by a 
dropped collector. They further state that the LWC 
may be 10 - 20 or 80 g m -s , showing that the esti
mate is very rough. 

Tue LWC has a deLW!t.~ correlation to the 
growth rate of a hailstone. Mason (1971) showed 
that through the use of the equation set developed by 
Macklin and Bailey the time for a hailstone to grow 
from radius R., to radius R in any liquid water 
concentration was 

575 
t = LWC ( R - R.,) • 

Therefore, a stone could grow to 7. 6 cm in about 
5 minutes in a LWC of 15 g m·5 • 

Hailstones have different properties depending 
on their size and shape. Carte (1963) found that 
large hailstones tend not to be spherical. Bailey 
and Macklin (1968) suggested that large hailstones 
are not likely to get wet due to their heat transfer. 
Furthermore, they denote that non-sph:....rical s tones 
of 6 - 10 cm had 1. 2 to 3 times greater heat trans
fers than spherical stcnes. It can be interred that 
a large irregular hailstone may grow rapidly even 
as it quickly descends. This is due to the higher 
rate of heat transfer and therefore a reduction of 
water shedding from its surface. Hence, a large 
part of a hailstone's growth may be found on its 
descent towa·rds the ground. 

The fall rates for hailstones vary depending 
upon their size and shape. If the hailstone becomes 
wet then the fall velocity greatly decreases as shown 
by Willis et al (1964). The actual fall rates were 
determined through radar observation to be about 
50 m s-• for stones with a 5 to 7 cm diameter. 
Further, an empirical program was given to the 
authors by Dr. Raymond Wexler of the NASA 
Goddard Space Flight Center, Computations indi
cated a fall velocity of about 50 m s· 1 for hailstones 
of 7. 6 cm in diameter. 



The preceding was an introduction specifically 
for those not familiar with the hail problem. The 
following findings should help to shed new light on 
one's understanding of the study. Also, the report 
was written to find a technique for forecasting hail, 
specifically via satellite. 

RA TE OF GROWTH AND ACTUAL HEIGHT 
OF OVERSHOOTING TOP 

All of the research cases reported herein were 
analyzed by studying 30-sec. pictures of the cloud 
tops taken from a Learjet. The Learjet was 
positioned about 160 km away from the line of storms 
in the May 14th and May 24th cases. The cloud tops 
and variations were measured through the use of a 
tilt grid. A time-lapsed movie was made to show 
the steady-state features and the correlation of the 
highest tops to the onset of hail. 

There were four specific hail cases surveyed 
and researched during the 1974 research season. 
One occurred on May 14th and the other three on 
May 24th. All had some individually differing 
characteristics but were similar in several major 
areas as will be discussed. 

In one of the three hail cases studied on May 24th 
the onset of hail was preceded by a tornado. A 
nearly flat anvil surface occurred near the time of 
the tornado. This particular event led to a clear 
view of the entire growth cycle of the overshooting 
top. Therefore, there was not any residual growth 
in the way to hinder the computation of the rate of 
growth of the overshooting top which developed after 
the tornado and prior to the hail. Computations 
indicated a vertical velocity of over 25 m s·• . 
Greater vertical velocities would naturally be 
expected within the storm itself. Portions of the 
partially obstructed cases were also measured and 
the vertical velocities were similar at least within 
5 m s·I 

Except for the case above, the overshooting 
tops were nearly steady-state and did not develop 
from a flat anvil surface. The tops were consistent
ly quite high and reached their highest or secondary 
highest tops within five minutes of the initiation of 
the hail. There was one case on May 14, 1974 
which shall be designated from hereon as X and 
three cases on May 24th which will be designated 
as A, B, and Cina line , with A being the northern
most cell just described and C being the farthest 
south. The highest top for cell X was about 3. 1 km 
and cells A .. B, and C were 1. 8, 3. 2 and 3. 8 km, 
respectively. 

The above correlates well with previous obser
vations of hailstorms as discussed in the Introduc -
tion. Indeed, the rate of growth, the height of the 
overshooting top, and the persistence of the top are 
all important features. 
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SIGNIFICANCE OF THE OVERSHOOTING TOP 

On 14 May 1974 the highest tops occurred ten 
minutes before the onset of 1-3/4" hail. A slightly 
smaller maximum occurred at 1705 CDT at the time 
of the hail (see Fig. 1). Figure 2 shows the over
shooting tops and the radar for two minute intervals. 
Marked increases in the echo intensity occurred at 
approximately 1654 and most noticeably at 1706 CDT 
when the maximum tops began to collapse. The 
dome above the anvil surface was 1. 3 km or higher 
at all times. The width of the dome was about 12 km 
at the time of the hail. 
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Figure 1. Height of overshooting dome from 
1645 to 1715 CDT. 
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Figure 2. Correlation of overshooting dome to area 
of maximum echo at two minute intervals. 

There were three major hail-producing storms 
photographed s imultaneously on May 24th. They 
were aligned in an eighty mile line with a north-south 



orientation extending from north to south of Lubbock, 
Texas. All three cells indicated the highest over
shooting tops within five minutes of the hail. 

Cell A indicated a minimum about five minutes 
before the hail, with the top being no higher than 
400 m. This time was 5 minutes after a tornado 
began near Petersburg, Texas. The vertical veloci
ty reached a level greater than 25 m s- 1 immediately 
following the time of the lowest point. The tops 
climbed from 400 m to a height of 1800 m, corre
sponding to the time of the initial hail occurrence. 
This particular top was the lowest of the three hail 
cells photographed on this day. The most significant 
result is found in the unobstructed view of the top 
which allowed the computation of vertical velocity 
from the anvil surface. Cell A, as seen in Fig. 3, 
produced 7. 6 cm hail beginning at 1915 CDT. The 
hail covered a path 22. 5 km long and 6. 4 km wide. 

Figure 3. Cell A 30 seconds before the onset of hail. 

Cell B produced hail at 1845 CDT, 4-1/2 min. be 
fore the overshooting tops reached a maximum. The 
tops were only 500 m lower, a s seen in Fig. 4, than 
the maximum of 3200 m attained by the overshooting 
tops. During the 40 minute period of photography, 
the top was never lower than 1300 m above the anvil 
or cirrus horizon. Therefore, there was a definite 
persistence in the overshooting mechanism. The 
width of the cell was nearly 10 km at the time of the 
firs~ i. - ' 1 .,...._ ,,, ~rsistent nature and width of the 
top was similar to the May 14th case. The 7. 6 cm 
hail which fell from cell B covered an area 19. 3 km 
long and 3. 2 km wide. 

Cell C took on a somewhat more extreme 
appearance. The overshooting top was considerably 
higher and wider than the aforementioned cells. The 
exact height was difficult to ascertain s ince there 
was conside rable spreading of the overshooting top 
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after the maximwn was reached. The highest level 
attained, 3800 m , occurred at the same time as the 
first hail reported. The width at that time was 
about 9 km. After reaching the maximwn height at 
1845 CDT the top gradually spread out to a maximwn 
width of approximately 40 km. This cell also pro
duced 7. 6 cm hail and covered a path 11. 3 km long 
and 6. 4 km wide. 

Figure 4. Cells Band C at the time 
of the onset of hail. 

There is a definite correlation of the maximwn 
height of the overshooting tops and the onset of 
large hail. One can easily understand that as the 
updraft surges toward'> the anvil top the accwnula
tion zone's LWC reaches a very high level. There
fore, before the largest overshooting top becomes 
visible, the stage is set for the large hail develop
ment. 

The hail r eports all indicated that hail fell for 
a thirty minute period or longer. There is con
siderable difficulty in determining the validity of the 
length of the occurrence or the exact s tarting tim:e; 
therefore, Storm Data and SELS log were exclusively 
relied upon. All three storms on May 24th produced 
7. 6 cm hail and, hence, the dynamics were obviously 
appropriate. There were, however, fundamental 
similarities between May 14th and May 24th. The 
maximwn tops were all 1800 m or higher and 
reached their maxima or secondary maxima within 
five minutes of the hail. Also, generally speaking, 
the tops were wide , rangfug upwards from 9 km. 
The updrafts were, for the most part, persistent 
and the hailstorms had steady-state characteristics. 
Measured updraft velocities in the turrets composing 
the overshooting top were 25 m s - 1 • The maximum 
updraft occurring within the thunderstorm could not 
be measured. 



RADAR 

The hail was mostly located on the west-south
west edge of all radar echoes on May 24th, except 
for cell C, according to Fig. 5. This would place 
the hail in the western section of the overshooting 
tops. These tops were for the most part located in 
the western and southwestern portions of each hail
storm. This situation was expected since the 
greatest vertical motion is located in the south
western section of the thllllderstorms. According to 
Dennis et al .. (l 969a) this appears to be particularly 
true in hailstorms, whereas squall lines indicate the 
greatest inflow along the leading edge of the storms. 
This model was developed for storms over the 
Northern Great Plains and could be equally as applic
able for this case. 

1845 I 1918 CDT 
WSR-57 
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Figure 5. Radar echoes as seen from the 
AMA WSR-57 at 1845 and 1918 CDT. 

On May 24th the first echo was associated with 
cell A at 1708 CDT and cell C at 17 40 CDT. There 
was an hour of continuous echo activity from all 
three cells before the first hail touched the ground. 
Tue echoes maintained their initial size and shape 
through the hail period. Due to a change in radar 
r ange the echo tendency after the hail was not 
followed. 

Each of the three echoes indicated an echo-free 
notch or indentation on the western side during part 
of their lifetime. Although the significance is not 
understood by the authors, Changnon et al. (1969) 
described a hailstorm in which the central portion 
moved faster than the right or left flanks. 
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CONCLUSIONS 

Overshooting tops with the widths and heights 
described in this report are definitely visible through 
the SMS and other satellites. Although the SMS was 
not in orbit at the time of our experiment it should 
play an important role in all future research flights. 
In the visible, the tops are most easily seen late in 
the day when shadows are in evidence. Proper 
sensors increase the ability to observe the· cloud top 
and environment twenty-four hours a day. 

The results show several characteristics that 
are indicative of hail-producing thunderstorms. The 
storms are steady-state in character and appear to 
be long- lived. Tue overshooting tops are wide and 
fairly high, and they were for the most part rather 
persistent. The forecast of such a storm is possible 
from satellites if the continuous overshooting tops 
are concentrated upon. A researcher or forecaster 
must recognize the correlation of the highest point of 
the overshoot and the onset of hail, however, prob
lems c·ould be encountered by simply lo<icing at the 
width or height of the 1wershooti!~i; i:::-;--c;. 

Further research in this area may be valuable 
to researchers and forecasters alike as the over
shooting characteristics tell much about the dynamics 
inside the storm as well as the resultant weather 
phenomena at the surface. 
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