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INTRODUCTION

Grossversuch IV is a collaborative project,
coordinated by the Institute for Atmospheric Physics
of E.T.H. in Zurich. It includes the participation
of universities
and government agencies of France,
Italy and Switzerland. Each participating
group
contributes its particular expertise toward a program designed to test whether a hail suppression
method similar to the one proposed by scientists
in the USSR,using their high altitude rockets,
can successfully be applied in Central Europe,
taking into account the climatic and logistic boundary conditions of the regions. The field program
includes a 3cm radar with PPI and RHI for measuring
the parameters needed for the seeding criteria,
launchers for the Soviet Oblako rockets, a lOcm
radar with PPI to measure precipitation
quantiatively, and a ground network of hailpads with sufficient density to measure kinetic energy and massive hail in the test area. The area chosen lies
between Lucerne and Langnau as shown in Figure 1.

After 5 years of operations (1977-1981)
present here a confirmatory evaluation of the
Grossversuch IV experiment, using hailpad data
limited to the French network of the test zone.
Three different countries (E.T.H. from Zurich,
Switzerland, U.C.E.A. from Rome, Italy, and G.N.
E.F.A. from Grenoble, France) have collaborated
on this experiment in order on the one hand to
strictly
apply the Soviet hail prevention method
in Switzerland and, on the other, to scientifically
control the precipitation
measurements.
Noting the design of Grossversuch IV as
described by Federer et al. (1978), we recall that
the program is seeking a possible global effect of
the Soviet method on physical parameters of hailfall on the ground. To the hail kinetic energy E,
the primary physical test variable, we add a series
of secondary physical test variables, similarly
measured by hailpads. These are global intensity
variables (area of hailfalls,
mass and number of
hailstones), maxi~numpunctual intensity variables
(~umbers, mass, kinetic energy and diameter per
m ) and meanglobal intensity variables (global
variables/area of hailfall).
The nul hypothesis to be tested is as follows: The seeding of hailstorms following the
Soviet rocket seeding technique, during the experimental unit (12:00 PM - 9:00 PM) does not change
the characteristics
of the distributions
of kinetic
energy of hail produced by a phc (potential hailcell) between the natural cases (NS) and the seeded
cases (S), determined by a scheme of randomization
(50% - 50%). To this test we add the comparison
of distributions
of the secondary test variables.
All the potential hailcells are defined in very
precise time limits:
t the time when the Soviet
criterion
for detection o of hail-bearing cells
and seeding filled for the first time and tf, the
time when it is filled for the last time ingide
the test zone. The test variables are considered
in the interval
t + 5 mn to tf + 20 mn in order
to take into account the lapse 6f time necessary
for the action of silver iodide. It is likewise
possible to avoid an intra-day correlation of the
cells by accumulating the values of the test variables of the cells per day.

Fig. I.

Schematic map of the Swiss experimental
area showing hailpad networks and rocket
stations.

In this first evaluation, we consider neither
the discriminate radar function between rain and
hail (because this function is not valid and because the hailpads are good discriminate functions)
nor the seeding coverage nor the predictors.
But
we add a supplementary evaluation in the intervals

of the respective times t^ + 10 mn to t + 20 mn
and t o + 15 mn to tf + 20Vmnin the
f
case where silver i6dide effects would possibly
be detected on the ground from 10 mn to 15 inn after
dispersion in the cloud.
The confirmatory statistic
evaluation presented here is partial,
limited to the French
network of hailpads and would not prejudge results
of exploratory analyses. Beyond the control of
the Soviet method, we are not yet able to know
whether the Soviet schema of hail formation in
the accumulation zone and the beneficial competition embryo concept (Sulakvelidze et al., 1967) are
valid or not in the Napf region of Switzerland.
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THEDATAUSED

The quality of hail measures appears to be
a condition of the test quality of the experiment.
Therefore, we have tried to perfect a reliable
recording device for hail, and a procedure of
maintenance, processing an analysis which are as
precise as possible (Vento, 1976; Mezeix and
Admirat, 1978; Admirat et al., 1980).
2.1

The measurementof impacts leads to a determination of the number and diameter of hailstones
greater than 5 mmregrouped by diameter interval
c~ass of 4 mm. Punctual intensity
variables by
m are calculated:
total number, total mass,
total kinetic energy and diameter of hailstones.

The global intensity variables of each hailfall are obtained by adding the P respective punctual values and by multiplying them by ~he theoretical?area s of the mesh unit (3.8 km ). ?With
3.78 km~ and a standard deviation of 0.5 km~, the
real average value of the surface of Thiessen’s
polygones associated with each hailpad is ~uasiidentical to the theoretical value (3.8 km ).

Experimental device

The experimental data come from a dense and
regular network of 211 hailpads wi~h a regular
lozeng~-shaped mesh area of 3.8 km covering about
800 km in the northeastern part of the test zone
in Switzerland (Figure 2). In 1977, th~ hailpad,
sensitive to the impacts of hail (0.I m ) was
sheet of aluminum 0.2 mmthick, rebaked and glued
onto emalene foam. Since 1978 it has been replaced
by roofmate (polystyrene).
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represent the global values of kinetic energy,
mass and number of hailstones integrated in the
entire hailfall.
We also calculate the mean global intensity
variables per unit area N^ ,
EGmoy, and the maximumpunctual variabl~ °y MGm°y’
per m2 NTmax’ ETmax’ MTmax’Dmax’
An estimating method of measurementerrors
on kinetic energy and area of hailfall
from a
model of hailpattern integrating punctual errors
(Doras, 1982) allows us to establish that the
estimation of the true surface Sm and of the true
kinetic energy Eo by S~ is withoQt bias and that
the standard errBr decPeases according to relations 3 and 4.
~RIS’R : 1.3 SG -0.71
ER/~R : 3.1B E G -0.505

(SG 2)
in km

(EG in MJ)
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2.2 The data
Figure 2.

French and Italian hailpad networks
covering the test zone. Radar reflect~vity contours of hailcell 1931 (PPI
5v) associated with impacted hailpads.

The practical use of roofmate imposes a preparation and a series of controls: coating with
white paint to avoid decomposition of the surface,
calibration of each batch of roofmate pads, postfall inking to increase the sharpness of the impacts to assist with the analyses, and finally the
conservation and photographing of the pads.

Let us consider the production of hail assigned to the phc unit. By a quick and regular
maintenance of the hailpad network, we have been
able to obtain data characteristics
of this cell
unit. It is an improvement on daily recordings.
2.2.1

Practical procedure for the determination
of hailed zones.

After the determination by the 3cm radar of
the values of t and t , time of first
and last
seeding criterion
on t~e test zone of each cell,
the lOcm PPI radar reflectivity
contours

(Waldvogelet al.) 45 dBZ, 55 dBZ, 60 dBZ, 65 dBZ
and 70 dBZ (according to the cases) are digitized
and drawn on a schema of the test zone just as is
the mass center of each iso-echo contour with the
corresponding time. A very exact account, hailpad
by hailpad of the hailed zone, is then realized by
superimposing the PPI data of the cell with the
hailpattern data (Figure 1.). When no hailpad has
received hail, we consider the cell as a zero case.
As a first approximation, the most probable
time of a hailfall
on a hailpad (average time over
the duration of the fall),
corresponds to the time
of the mass center of the echo 55 dBZ above the
hailpad. In some cases where there is no echo
55 dBZ, we take the mass center of the echo 45 dBZ.
With this procedure, all the hailpads are credited
with an average fall-time.
The various hail variables can then be calculated in any time interval.
2.2.2

Summaryof the cells

During 5 years, amongthe 216 cells (94 S and
and 122 NS) of the experimental unit on the alarm
days within the test zone, we select all the cells
totally or partially
situated on the French network,
i.e. 114 cells.
Following the preceding time procedure, we
determine the number of cells with hail and without
hail in the time intervals
t + 5 mn, t + 10 mn
and t o 0
+ 15 mn to tf + 20 mn°(Table 1).
Table 1. Summaryof 114 S and NS cells on the
French network in three time intervals.
:
Time interval

.:

Numberof cells (114)
swith hail ~S
:
S zero caseSNs

5 mm

tf + 20 mn]i

20

37

i

21

36

I0 mn

tf + 20 mn]i 18

34

~ 23

39

15 mn

tf + 20 mn]~ 15

28

~ 26

45

We note 57 cases (with hail from 37 NS cells
and 20 S cells) and 57 zero cases (36 NS cells and
21S cells) in the design interval t^ + 5 mn, tf
20 mn. By reducing the limits of th~ time interval in which the seeding of storms could have an
effect, we reduce the hail production of each cell
and increase the number of zero cases.
3.

FIRST CONFIRMATORY
RESULTS

The evaluation of a weather modification experiment is a difficult
problem. The main difficulties stem from the variability
of the storm
phenomena(Changnon, 1971; Mezeix and Doras, 1981),
from the difficulty
of forecasting and establishing
the reliable predictors of quantitative physical
parameters of precipitation
(in particular
the numerical storm models do not yet allow forecasting of
seeding results) and from the multidimensionality
of hailstorms characterized by meteorological, thermodynamicand microphysical variables (Der Megreditchian et al., 1980; Rouet et al., 1980; Mezeix and
Rouet, 1981). We can add to this that the effects
possibly produced by the cloud seeding are less
than the natural variability.
We are thus con-

fronted with the search for a weak signal within
an important and random background noise. Thus,
statistical
evaluation is necessary. As regards
Grossversuch IV, we must rememberthat we have
chosen a statistical
evaluation procedure in the
comparison of physical parameters of precipitation
between natural and seeded storms within the same
zone, determined by a randomization (50% - 50%).
Two types of tests are presented here following the nature of the hypothesis made on the law
of probability
of the considered variables: t test
whenever the expression of the probability
density
function is known (log normal), the non-parametric
test of MannWhitney whenever the probability
density function is unknown. The absence of information on the law of probability leads to only a
slight loss of the power of the tests. For example,
the non-parametric test of Mann Whitney is 10%
less powerful than the best of parametric tests
(Dennis, 1980). As we shall see with the significance level of the results obtained, we now consider these two tests.
With this confirmatory analysis, we closely
follow the statisticians’
recommendations on the
treatment of weather modification experiments
(Weather Modification Advisory Board, 1979). However, we emphasize the discussion is not over
between statisticians
on the importance which
should be accorded to the exploratory analyses
in the confirmation of the results (Bradley, 1980;
Court, 1980; Gabriel, 1980).
3.1

Test of the seedi~.effect
of zero cases

on the frequency.

For each of the intervals of time t o + 5 mn,
t + 10 mn, and t o + 15 mn to t~ + 20 mn, a cont~nge~cy table
(2x2) is extracted from Table

x testused
t,ree t~mes
(respectivel~

x = 0.04; x = 0.076 and x = 0.035) and does
not allow the rejection of the hypothesis of the
homogeneity of the samples. The proportion of
zero cases is the sameamongst the natural cells
and the seeded ones.

To demonstrate an effect at the 5% level in
the three time intervals,
it would have been necessary for 7 S cells with hail to be transformed
into 7 supplementary S zero cases.
If ~1 = log EGland ~2 = log EG2 are the two
means of the kinetic energy of the two samples
NS and S, an unbiased estimator of D, the difference in the true mean values, is calculated
by ~ = ~ - ~1 and the median-unbiased estimate
by~= 10u. We can define 90% or 95% confidence
limits for6 , the ratio of the two real geometric
mean by the power ten functions of
3.2

x 2 - x] - tnl+n2_2,
~s
d

+1
1 n2

The interest
of the calculation
of .,5 is in a
practicalreadingof the ratioof the two geometric meansand in the use of the P percentageof
augmentation or reduction of the variables linked
too by P =~-1.

3.2.1

Comparison of the variables in the interval
(t o + 5 mn, tf + 20 mn)

For the areas of hailfall
(between a decrease
of 19% and an increase of 278%) and for the mean
global number of hailstorms (between a decrease of
71%and an increase of ii%) the va|ue of P is the
smallest, indicating a nonsignificant
tendency of
the areas to rise and of the mean global number of
the hailstones to decrease. This ~i~ay be an effect
of the faster displacement speed of the cells in
the seeded cases.

At the 5% level (Kolmogorov Smirnov’s test)
all the test variables except the .area are log normal (Figure 2). The equality of the variances
the two samples cannot be rejected for any variable.
The significance ~evels of t test and of Mann Whitney’s tests are > 0.05 and quite identical (Table
2). We cannot therefore reject the n hypothesis
of the equality of the mean of the te~t variables
(10% level).

3.2.2

The values of ~ are superior to I for the
global variables and for the maximumdiameter and
inferior
to 1 for the other variables. But this
tendency, either to rise or to decrease according
to the variables is not significant.

Nor can we detect an effect of seeding on
the physical parameters of hail in the other time
intervals (Table 3). We note the tendency of the
global parameters to increase an~, in particular
of the area and of the hail kinetic energy, to
be reinforced. However, the val~es are below
any reasonable significance level.

For kinetic energy, at the 10%significant
level, the ratio p is between 0.33 and 3.82,
between a 282%increase of the energy and a 67%
decrease. The small number of cases induces very
large intervals between which an effect could
exist.
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Figure 2. Distribution
of NS and S hail kinetic energy (37 NS
and 20 S cases - Grossversuch IV 1977-1981)
Table 2. Test of the H~ hypothesis with the various test variables,
considering the cell unit in the to+5 mn tf + 20 mn time interval
,Grossversuch IV 1977-1981).
response normality
variable: 5 % level
Lo9 E~
:
Log
S
G
Log M
G
Log
N
G
Log D~a
x
Log NTmax
Log ETmax
Log MTmax
Log EGmoy
Log MGmoy
Log NGmoy

yes
no
yes
yes
yes
yes
yes
yes
yes
yes
yes

t test
t

p:

Mann Whithneytest
U
P :

~.15

0.88

0.01

0.09

0.93

0.05

1.29
0.87
0.44
0.59
0.99

0.20
0.39
0.66
0.56
0.33

: 1.25
: 1.01
: 0.46
: 0.53
: 0.84

0.99
0.22
0.96
0.89
0.21
0.31
0.64
0.60
0.40
0.26
0.16

~
:
:
:
:
:
:
:
:
:
:
:
:’

1.12
1.76
1.07
1.00
].]6
0.63
0.77
0.71
0.64
0.61
0,57

:
:
:
:
:
:
:
:
:

9C ~ confidence
li~ts for ~
0.33
¢.81
~.34
~.33
0.96
0.25
0,27
0.27
0.30
0.29
0,29

Table 3. Significance
level P of thet test
and estimatation of the ratio of the ~
Beometric meansin the tiI~e ~nte~vals.
test variable :Ito + I0 mn tf + 20 mn]][to + 15 mn tf + 20 ~n]
:
P
~
:
P
~
Log [~
Log S~
Log
M
G
Log
N
G
Log Dmax
to9 NTmax
Log ETmax
LO~ MTmax
Log EGmoy
Log MGmoy
Log NGmOy

:
:
:
:
:
:

0.65
0.12::
0.69
0.76
0.18
0.68
0.99
0.88
0.65
0.56
0.42

I.#I
1.77
1,34
1.74
i.]7
0.79
0.99
0.91
0.3n
0.76
0.70

:
:
:
:
:
:
:
:
:

0.50
0.06
0.52
0.55
0.22
0.35
0.84
0.42
0.81
0.73
0,60

1.75
2.00
1.67
].57
1.16
0.90
].15
1.05
0.88
0.84
0.78

3.82
3.78
3.38
3.07
1.40
1.55
2.]4
].89
1.37
1.26
1.11

3.2..3

The comparison of the distributions
by the t
test and the MWtest, does not allow the determination of a difference in mean values (Table 4).
Again, we find results similar to those of the
cells, with a very strong tendency for the area
of the fall to increase (significance
level 0.07).
For the area, the effect (at the 5% level) would
be included between a 5%decrease and a 250%increase, and for the hail kinetic energy between
a 65%decrease and a 370%increase.

Comparison of the daily variables cumulated
in the interval t o + 5 mn, tf + 20 mn

In the initial
design (Federer et al., 1978)
we assumedno intraday correlation between hail
cells. In case of alternative
hypothesis, we cumulate per day the values of the parameters of the
test variables always in the interval t o + 5 mn,
tf + 20 mn and obtain 23 NS days and 14 S days.

Table 4.

response
variable
Log [G
LD9 S
Log G
M
Log G
N
Log G
Dma
Log x
NTmax
Log ETmax
Log MTmax
Log EGmoy
Log MGmoy
Log NGmoy

Test of the Ho hypothesis with various daily test
variables (23 NS days, 14 S days) in the time
interval t + 5 mn, tf ÷ 20 mn (Grossversuch IV
1977-1981)?
normality
5 % level.:
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

t test
t

0.35
1.85
0.29
0.19
1.36
0.88
: 0.32
: 0.73
:" 0.87
: 1.05
: 1.37
:
:
:
;

4. CONCLUSION
Thus sumnlarized, the principal confirmatory
results of the global evaluation of the Grossversuch IV experinlent using hailpad data limited to
the French network, appear to be the following:
1. The seeding of storms with USSRrockets has no
effect on the frequency on the number of hailfalls.
2. A global effect of the seeding does not appear
in a significant
statistical
way (level 10%)
increase or to decrease the values of hail kinetic
energy and respectively the number, mass, area and
diameter, despite a nonsignificant tendency for
these values to increase. However, the small number of storm cases considered in the test and the
natural variability
of the storm phenomenonlead
to confidence intervals so large, that the true
underlying effect could have ranged from a substantial increase to a substantial decrease without detection by these statistical
tests. For
example, for hail kinetic energy at the 10% level
can vary between 0.33 and 3.92 (0.64 and 9.41
for the NHRE)and for the area of hailfall
between
0.81 and 3.78 (0.54 and 1.94 for the NHRE).

p

:

0.73
0.07
0.77
0.85
0.18
0.39
0.75
0.47
0.39
0.3
0.18

:
:
:
:
:
:
:
:
:
:
:

The very positive results announced by the
Soviets (Burtsev, 1976, 1980) do not seem to
found here. Nevertheless, we shall complete these
first results with data recorded by the Italian
team before reaching a definitive
conclusion on
the Soviet method. By adding more cases, the significance levels may be higher.

0.34
1.39
0.25
0.16
1.30
D,88
].13
0.36
0.38
0.78
1.03

0.73
0.]6
0.80
0.87
0.19
0.38
0.90
0.71
0.70
0.~3
0.30

1.25
1.81
1.19
1.12
1.19
0.67
0.84
0.7
0.69
0.66
0.61

Exploratory
evaluationsare now being conductedin order to researchthe possibleeffects
of silveriodidein precisestorm cases,allowing
us to show a microphysical
actionon the cloud.
In particular,severalstratifications
are under
study. These are seedingcoverage,types of storms,
and meteorological
conditions.
The difficulty
of showing an effect in the
context of a control experiment, which brought together important scientific
and technical means,
has the advantage of indicating from a practical
point of view the probable impossibility
of modifying storms, using limited and fairly unreliable
techniques. This seems to be a first
and very
important practical result.
Following the apparent negative results of
the NHRE(Crow et al., 1979), of Alberta (Goyer,
1980) and of Grossversuch IV, we can ask the question of whether the microphysical method of modifying hailstorms is not more and more an impasse
supported by modification concepts which may not
be completely established (Hitschfeld 1977).
5.

If we consider the hail production of the
cells in the time intervals t + 5 mn to tf + 20
mn and t + I0 mn to tf + 20 An or t + 15 mn to
t~ + 20 An, or cumulated per day, th~ results are
identical on the absence of significant
modification of the various test variables.

Mann Whithneytest
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