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Abstract. An armored T-28 aircraft was used to make observations of the interiors of
T~-~ss hailstorms during the summers of 1982 and 1983. The main objective was to deter-
mine the presence of any accumulations of supercooled raindrops in the so-called "Big
Drop Zone." The principal finding was that extremely few supercooled raindrops were
found in the Swiss storms. On the other hand, concentrations of ice particles, prin-
cipally in the form of graupel, were of the order of 103-105 m-3 . Since there were so
few supercooled raindrops, attempts to glaciate them by seeding in order to reduce the
potential for hail do not appear to be appropriate. The observations strongly suggest
that an ice process is the predominant precipitation mechanism.

I. INTRODUCTION

Operational hail suppression programs i.n the
Soviet Union have persistently claimed substantial
damage reduction for many years (Burtsev, 1985).
The seeding method involves rapid introduction of
quantities of glaciogenic material into certain
regions of the clouds by means of artillery shells
or rockets. Those regions are thought to contain
large quantities of supercooled raindrops. The
Soviet programs are nonrandomized and have relied
upon historical or target-control techniques for
evaluation, with the result that the claimed
reductions are difficult to substantiate
satisfactorily.

Accordingly, a closely analogous, but
randomized, test of the Soviet approach was
carried out in Switzerland as Grossversuch IV
(Federer etal., 1979). In that experiment, radar
methods similar to those devised by the Soviets
were used to identify the so-called "Big Drop
Zone" (BDZ) in the clouds, and rockets of Soviet
manufacture were used to seed those zones.
Effects of the seeding upon hailfall were then
evaluated using radar and hailpad networks
(e.g., Federer etal., 1982b).

The principal indication that the hypothesized
concentrations of supercooled raindrops might
occur -in Swiss storms came from the frequent
occurrence of frozen-drop embryos in the hail-
stones (Federer et al., 1982a). In order to
obtain more direct evidence about the micro-
physical characteristics of the BDZ’s, a series
of observations of the interior characteristics of
Swiss hailstorms was made with the T-28 armored
research aircraft (Johnson and Smith, 1980) during
the summers of 1982 and 1983. The main objective
was to determine the presence of any accumulations
of supercooled raindrops in the ~DZ. Other objec-
tives included gathering information to increase
our understanding of the basic cloud physics in
the mechanism of hail formation in the Swiss
storms.

2. THE BIG DROP ZONE

2.1 Radar criteria

The BDZ was identified by 3-cm radar measure-
ments in a range height indicator (RHI) mode.
First, the maximum equivalent reflectivity factor
above the O°C level (Z m) was determined. When
45 dBz < Zm < 55 dBz, the radar-identified BDZ
was that region above the -5°C level where the
radar reflectivities were > (Z m - 10 dB). If
Zm > 55 dBz, the BDZ was that region where the
radar reflectivities were ~ 45 dBz above the -5°C
level. In addition, the BDZ could be extended
into any overhang region identified in the radar
data, even if the reflectivities there were less
than the above-described limits. Thus, the BDZ
can be a region of high reflectivity aloft
and/or a weak echo region in the storm.

The above method was used routinely during
Grossversuch IV for conducting the seeding opera-
tions with rockets which were aimed at the BDZ’s.
The same technique was used to identify the target
region toward which the T-28 was vectored to
investigate the characteristics of the BDZ. The
formal Grossversuch IV randomized seeding experi-
ment had ended by the time the T-28 investigations
began, and because of the possible flight hazards
associated with the rockets none of the storms
investigated by the T-28 were seeded.

2.2 Sample

An example of a T-28 penetration of a high-
reflectivity BDZ on 13 July 1983 is shown in
Fig. I. The penetration (No. 3 on this flight)
was along almost the same direction as the RHI
section shown in the inset. The area of the BDZ
at the T-28 altitude was estimated as approxi-
mately I0 km2 in this case. The time period
during which the T-28 encountered the BDZ at the
-9°C level, about 25 seconds, was characterized
by updrafts and cloud liquid water, which at times
exceeded 15 m s-l and I g m-3, respectively. The
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Fi~. 1: Radar views of a BDZ penetration on
13 July 1983. Slant PPI view (lO-cm) has aircraft
flight track superimposed, with squares repre-
senting minutes after 1500 SDT. RHI section
(3-cm; contours I0, 20, 40, and 45 dBz) along the
direction indicated shows position where T-28
crossed the RHI plane, which is almost along the
flight track.
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storm maximum reflectivity factor during the time
of the T-28 flight exceeded 50 dBz.

2.3 Penetrations of BDZ’s

Nine research flights were made during the
two field seasons, including a total of 54 storm
penetrations. With the exception of one fast
moving storm (Smith et al., 1983), all of the
storms were relatively small air-mass-type storms.
The best flights during which radar-identified
BDZ’s were penetrated occurred on three days as
indicated in Table i. Those days were charac-
terized by cloud base temperatures in the range
from +4 to +II°C; low-level mixing ratios from
7-11 g kg-L; weak to moderate instability; and
weak vertical wind shear (Smith et al., 1984).

To actually pass through the BDZ, which is a
transitory target that varies in size and loca-
tion, proved to be something of a challenge. The
BDZ was still identifiable at the time the air-
craft passed through the storm on about two-thirds
of the penetrations; in about two-thirds of those
cases, the aircraft actually went through the BDZ
as intended. [The flight tracks were determined
by a separate high precision tracking radar.]

TABLE 1

Summary of Basic T-28 Data from Storm Penetrations
of Radar-ldentified Big Drop Zones

Time in Max in BDZ
Date Pen Type* BDZ Accuracy** Temp Updraft LWC

~ (km) ~ (m -~) ~

16 Aug 82

23 Jun 83

13 Jul 83

I 0 40 0.5 -10.9 25 3.1
2 0 55 0.5 -11.0 29 4.4
5 H 40 0.5 -13.3 16 1.4
6 H 25 3.0 -12.3 II 1.6

5 H 2 3.0 - 7.7 23 1.2
6A H 35 0 - 7.7 12 0.4
6B H 10 0.5 - 7.7 12 0.9
7 0 I0 3.0 - 7.7 4 0.2
9A 0 20 2.0 - 7.6 9 1.3
9B 0 2 0.5 - 7.6 17 1.6

I0 0 20 1.0 - 7.8 8 0.8
II H 20 0.5 - 7.6 I0 0.I

2 H 15 1.0 - 8.9 10 0.7
3 H 25 0 - 9.0 21 1.2

*0 - Overhang; H - High Reflectivity.

**Distance to BDZ center.
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This resulted in 14 penetrations on the three days
which passed through some portion of the BDZ’s.
The observations from these penetrations of the
BDZ form the basis of the rest of this paper.

3. SUMMARY OF BDZ CHARACTERISTICS

The sizes and concentrations of precipitation
particles in the storms were measured with a
Particle Measuring Systems "2D-C" optical array
probe (Knollenberg, 1981), a particle camera
(Cannon and Woltz, 1977) and a foil impactor.
The camera provides clear indications of particle
phases, and inferences about phase can also be
drawn from the 2D-C image data.

The principal finding of this research is that
there was no evidence of accumulations of super-
cooled raindrops in the region constituting the
BDZ. In fact, extremely few raindrops were found
anywhere during the penetrations. Even when they
did occur, they were accompanied by substantial
concentrations of ice particles. Estimated con-
centrations of liquid drops of 3precipitation sizes
were no more than about 0.1 m- , while the accom-
panying ice particles had concentrations ranging
between approximately 103-105 m-7, The latter
concentrations of ice particles were typical of
all the BDZ’s penetrated, and concentrations were
typically higher in the BDZ than outside. Graupel
was by far the most common ice crystal habit
observed. Most of the BDZ’s included particles up
to centimeter sizes, which is consistent with the
high reflectivities therein.

The BDZ’s were usually updraft regions; in
fact, the updraft maximum for the penetration was
often located in the BDZ. The largest updraft
speed observed was about 30 m s-z. The penetra-
tions of the BDZ were also characterized by sub-
stantial amounts of cloud liquid water, typically
ranging between 1-2 g m-3. The droplet spectra
were maritime in character, in that they often
showed the presence of large cloud droplets
(>45 ~m in diameter) in a generally broad
distribution.

4. IMPLICATIONS FOR HAIL SUPPRESSION

Recognizing the limitations that the T-28
observations are from essentially a single level
and that the full spectrum of Swiss hailstorm
types may not have been sampled, it appears that
BDZ is something of a misnomer because very few
supercooled raindrops were found there. Further-
more, the high concentrations of ice particles
found in the BDZ’s suggest that any supercooled
drops which do occur would have very short life-
times. Therefore, the BDZ region in the storms
does not appear to be one in which hail growth
takes place by the accretion of supercooled
raindrops on hail embryos, as theorized by some
Soviet scientists. Consequently, the use of
seeding rockets to attempt to glaciate drops in
the BDZ and thereby reduce the potential for hail
growth, either by a beneficial competition mecha-
nism or by simply removing the drops as potential
hailstone growth material, does not appear to be
appropriate for these storms. The use of an
inapplicable seeding concept could account for

the absence of any ~ignificant effect of the
seeding upon the hailfalls, in the confirmatory
statistical evaluations of Grossversuch IV
(e.g., Federer et al., 1982b).

There may be so~e question about the timing of
the T-28 observatioms, because it obviously
requires some time ~o fly the aircraft through the
BDZ after it has been identified by radar. On the
other hand, it wo~l~ also take some time to launch
the rockets, dispense the seeding material in the
BDZ, and nucleate amy liquid particles therein.
Moreover, on at least two occasions, the radar ~DZ
signatures persiste~ for three successive T-28
penetrations spannimg 20 minutes or more, and yet
no evidence was foumd of appreciable quantities of
supercooled raindrops. Thus, the likelihood that
such drops contribute significantly to the hail
growth process seem~ to be very small.

The large amomnCs of ice observed in these
penetrations strongly suggest that an ice process
is the predominant precipitation mechanism. The
most probable hail growth mechanism in these
storms appears to imvolve the growth of ice par-
ticles through the accretion of cloud liquid
water; this is also the hail growth mechanism
identified in hailstorms of the High Plains of
North America (Knight and Squires, 1982). Such 
mechanism is certaim|y adequate to grow hailstones
to the sizes observed with the T-28 in the Swiss
storms. Some other seeding approach will evi-
dently be needed to mitigate the production of
hail by those storms.
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