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1. INTRODUCTION

Grossversuch IV is a program designed to evalu-
ate through statistical analysis, under a reason-
ably controlled condition, the efficiency of the
Soviet method for hail suppression. This program
was initiated in 1977 and is being carried out
through cooperation between research institutes
from Switzerland, France and Italy, coordinated
by the Laboratory for Atmospheric Physics at
E.T.H. (Zurich, Switzerland). This specifically
implies operating the basic equipment necessary
for applying the Soviet method (S-band radar, X-
band radar: launching sites) and controlling the
results (hail pads, measurement networks) within
the experimental perimeter.

In Grossverusch IV: as in other experimental
tests, a hailpad network is used to measure hail-
fall on the ground. It is therefore important to
evaluate instrumental device precision concerning
the global energy EG (variable used in the test).

This precision is composed of two principal
elements:

- The individual hailpad precision (point
measurement errors)

- The network precision (global hail pattern
measurement errors due to network sampling)

The problem of point measurement errors has
already been extensively examined, particularly
by Joss and Waldvogel (1969): Gertzman and Atlas
(1977) and Lozowski and Strong (1978).

Important contributions concerning network
sampling errors have been made by Wojtiw and
Lozowski (1978), Long (1978) and by Waldvogel 
Schmid (1981). Using Grossvers~ch IV experimental
results: the study here is an attempt to establish
a cumulative evaluation of these different measure-
ment errors applicable to hailpatterns of various
sizes and to several grids.

We used a simulation technique based on random
superimposition of modelled hailpatterns upon a
fixed network. For this: a mathematical hailpat-
tern model had to be developed and a certain number
of point measurement problems taken into considera-
tion.

2. HAILPATTERN MODEL

To establish a hailpattern energy field model
the energy density distribution was mathematically
represented by a continuous function E(x,y). The
chosen form for this function is that of bivariate
Gaussian:

x2
E(x,y) = m exp ( - a ~- - b2

(1)

This function will be zero for all points out-
side the hailfall area So defined by E(x,y) = ~
(~being the minimum measurable energy) and the
"true" global energy as given by the integral:

ER = f~SR E(x,y) dx 

The choice of this function is justified by
the fact that it verifies an important experimen-
tal property established by Grossversuch IV data.
The property is that of an exponential distribu-
tion of energy density in terms of the cumulative
area : E = Em~E (Mezeix and Doras, 1981).
Two other experimental relations established on
this occasion will be used to fix this model in
maximum intensity (E~) and in spatial scattering
(a) following the given value R. The r elations
are:

~E = 2.4 SG-0"8 25

0.04 + 0.09 log ERSG = 3.47 EG

(2)

They were established between the measured
parameters SG, Eo ands. Using them to fix the
model is the sam~ as m~king the hypothesis that
the "true" corresponding parameters So, ER and u
have the same relations among themselves. This
hypothesis remains valid as long as the measure-
ment introduces no significant bias. The result
obtained can be expressed as:

E(x,y)= 0.86 ER0"967-0"074 log R
1-exp(-2.98 ER0"007+0"016 log ER)

F~. 86 ~ x2 2Iexp - L~R~.0~+0.07 log ER (i_--~ -+ (I-e2)y

On one hand the interest of a so defined
model is that it allows us to keep a realistic
representation of energy density distribution
regardless of the hailpattern size. On the other
hand, it maintains one form of a parameter, the
eccentricity e, which can be randomly varied to
account for hailpattern form diversities.

Two main objections can be made concerning
this type of model. First, the energy distribu-
tion is unimodal (with only one maximum) whereas



in reality certain hailpatterns have 2, even 3 or 4
separate maxima (haiIcores). Second, the hailpat-
tern fine scale variability, as measured on dense
networks (Morgan and Towery, 1975), is not reflected
by such an even function as E (x,y).

3. MEASUREMENT SIMULATION

Using the above model and for a given "true"

energy value ER, random hailpatterns upon a fixed
network can be sampled and their measured global
energy E~ calculated. Then to simulate the complete
natural ~ailfall measurement process, we have to
establish the whole measured response obtained from
a climatologic distribution of value ERO

3.1 Network hailfall samplin9

On the network, the hailpattern position and
orientation are considered to be random~ For a
given value Ep, a hailpattern can be completely
defined when ~ts position, orientation and eccen-
tricity are randomly selected on the computer. This
selection is done in such a way that the hailfall
is situated entirely inside the network. All the
P network stations hit are determined, as well as
their corresponding "true" energy density values
E(x,y). To then go from these values E(x,y) 
the measured energy density ET, it is necessary to
include the hailpad measuremeht conditions.

3.2 Point measurement conditions

Causes of hailpad errors noted in Grossversuch
IV are numerous. Among those evaluated as being
most important are the following: hailpad statis-
tical representativeness, hailstone speed limit
hypothesis, dent measurement, calibration and
eventually saturation. Another non-negligible
cause of measurement error, not taken into consid-
eration for the present simulation, is the grouping
of hailstone dents into diameter classes. Most of
these measurement errors are accidental and result
in random variations. To integrate these variations
practically into the simulation process, they will
be interpreted as composed background noise to be
added to the "true" value E(x,y).

The first cause of error comes from the hail-
pad statistical representativeness. This problem
was developed theoretically by Gertzman and Atlas
(1977) with a Poisson hailstone dimensional distri-
bution. An application of this method by Waldvogel
et al (1978) to Napf plain hailfalls gives
variations as a function of E. Experimentally in
Grossversuch IV, the point error variation could
be indicated with the help of doubled pads. For
each pair of measures obtained between 1977 and
1980, Figure (1) shows the relative deviation
between two energy densities in terms of their
average values. This relative deviation varies

considerably but remains within ~h~ continuous
curve, the equation being Y = x- " . These measure-
ments are in agreement with the Waldvogel et al.
results.

To interpret this point sampling variations, a
unifor~ ~ackground noise of maximum amplitude
DE = E " is considered.

The error due to hailstone speed limit varia-
tions remains small. For a speed variation of 15%,
it only produces a 6% kinetic energy variation
(Mezeix and Admirat, 1978). In practice, a uniform
background noise of maximum amplitude 0.12 E is
employed in the simulation.

Fig. I. Relative variations of doubled pads
energy density measurement

The error due to dent measurements was studied
during a French-lta|ian meeting (Admirat et al.,
1980). The data for 6 hailfalls (3 on theFrench
network and 3 on the Ita|ian, 99 plates total)
were reexamined by several operators. The distri-
bution of relative energy deviations thus obtained
from different measures is shown in Figure (2).
As with sampling errors, these deviations between
two independent realizations will be accounted
for by a purely random noise of maximum amplitude
DEd = 0.4 E.

Fig. 2.
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Distribution of relative energy devia-
tions from several operators

The measurement error due to calibration
essentially induces a variation on diameter class
determination. Following the hailstone dimen-
sional spectrum, the error is more or less
carried on to the kinetic energy. In practice



these variations are evaluated in the same way as
those of dent measurements, the latter being also
mainly due to dent shift from one class to another.

The error due to hailpad saturation occurs
only with high energy density. Of all hailpads
used in the test, less than 2% are considered as
being saturated and then energy density may be
underestimated by as much as 50% (Waldvogel et al.,
1978). After an initial random high density selec-
tion, we remove from E a random quantity of between
0.5 E and O.

By superposing over the value E(x,y), a com-
plex noise taking into account these different
error sources, we obtained at each hailpad station
a "measured" energy density ET(X,y).

We calculate global energy measured by:

P
EG = s ~ ETi (x,y) (s being the mesh area)

i=1

The mesh area SG being given by SG 
= s P.

Figure 3 reproduces the result of random
samples on a square network (10 x 10) with a 3.8
km mesh. These hailpatterns all have the same
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Fig. 3. Example of the result of 10 random2hail-
patterns (ER 

= 20 MJ; SR 
= 5.6 km )

3.3 Hailfall climatology consideration

For each value ER we make 500 random hail-

"REVIEWED"

pattern selections and each time we evaluate the
corresponding measured area SG and global energy
EḠ

The distribution of the conditional probability
of measuring Ea from a hailpattern of "true" energy
ER, i.e. PER (~G), is thus obtained. With a series

of values Ep covering the natural variation inter-
val, a stochastic matrix RF characterizing the
global energy network response can be constituted.
Each line of the matrix ~ correspond to a value
E~ and gives for each energy class E~, the proba-
bility PER (EG). To be complete thi~ natural hail-

fall simulation must note the climatologic fre-
quency with which each "true" global energy value

~can be produced on the network. An estimation
this "a priori" climatologic frequency distri-

bution P(Ep) can be evaluated from the "a poste-
riori" frequency distribution of measured energies
and from RE (Doras, 1982).

From the estimated "a priori" frequency dis-
tribution P(ER) and the matrix ~., we can nowdetermine in a simple manner PEG~(ER), i.e. the

conditional law of probability, E^ being know the
"true" energy is ER. For this we~can multiply
each line of X~ by the adequate climatologic
probability an~ PE~ (E~) will be given (following
normalization) in ~he ~G column.

4. RESULTS AND VALIDITY

4.1 Results

For a network user who determines the hailed
station P number and the measured global energy
EG, the problem is t~ know the most probable values
Sm and ER and their standard errors. For that we
u~e probability distributions P~c(ER). They are
nearly symmetric, the average v~Tue ~m remaining
close to the measured value E^ and th~ standard
deviation ER increasing regularly with EG.

Fig. 4 shows the logarithmic scales, the standard

"true" energy error o Ep/ER in ~erms of ~easured
EG f~r three network gr?ds (lkm ~, 3.8 km and
8 km meshes).

For Grossversuch (3.8 km2 mesh) the regression
line is: ~ ER/ER = 3.18 EG -0.505 (EG in MJ).

Waldvogel and Schmid (1981) obtained similar
results from Grossversuch IV radar recordings.
They found the same square root decrease for the
standard measured error of~E~/E~ but with greater
values (by an approximate facto9 of 2) than those
from simulation (OEG/~~ is the standard error
of the values E~ corresponding to the same "true"
value ER; it ca~ be calculated from PER (EG) dis-

tributions and its variation is found to be very
close than those of OER/ER).
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Figure 4. Standard error variations versus EG

During the simulation, it is also possible to
take out a matrix ~ which is the area network
response, i.e. with~fixed value of Em (therefore
of Sn) being known, we have a condit?onal pro-
abil~ty distribution of measured area SG, PSR (SG)"
This matrix ~< with an estimated area
climatology l~ads to an evaluation for each value
Sa of the most probable value Sp (~R) with a stan-
dard deviation ~S~. The standard error oSR/Spdecreases progressively with the number of n
hailed stations and the correspondant regression
line is:

OSR/~R = 0.5 p-0.71

This result is the same regardless of the
network grid used (provided that the mesh is
smaller than the most frequent hailpattern area).

4.2 Comparison with observations

To test the model’s ability to represent hail-
pattern realities we give on a diagram log SG/lOg
Em (Figure (5), on one hand, the true measure-
m~nt of natural hailfalls (indicated by circles)
and, on the other hand, the results of a simulation
made from a similar sample of values E~ (indicated
by crosses). As we can see, the model~values (+)
offer a great dispersion relative to the experi-
mental curve used to calculate the model. This dis-
persion covers a large part, but not all, of that
of natural hailpatterns (70% to 80%). It there-
fore appears that the hailpattern model and the
measurement simulation method already offer an in-
teresting approach to many of the Grossversuch IV
natural hailfall properties and variabilities. How-
ever the fact that there still remains an under
estimation of this variability shows the limits of
this representation.

To improve it we can try to take into account
the fine scale variability as well as the diameter
class punctual errors. Also, in order to reestab-
lish a more dispersed physical reality, we can give
the model an additional flexibility concerning the
regression relations. Trials to improve the model
in this sense have been made. They give a better
natural variability representation and the results
concerning the energy measurement error are com-
parable to those of Waldvogel and Schmid.
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Figure 5. CompEris~n of natural (o) and modelled
(+) ~ailpatterns

5. CONCLUSION

The study presented here and its first results
already suggest a g|obal evaluation for hailpad
network measurement errors. For Grossversuch IV
a minimum error limit is given by the relation:
o E~/~p = 3.18 E~- 0.505. A finer evaluation
see~s ~o be obtained through a more complete and
flexible model.

The simulatio~ method developed on this
occasion offers a certain number of advantages.
It is thus possible, using a ~E matrix established
with the logarithmic variation steps, to examine
the effects of measurement errors in the Grossver-
such IV test. ~ first application of this tra~s-
formation lea~s to test results which are hardly
influenced by measumement errors.

The simula~ion method is also a tool to make
a model for the global hailfall process and its
measurements o~ a given network. This permits us,
for example to ~est R p~xio~ which energy density
distribution ~odifications, for a given climatology,
are or are not aOt to bring about sensitive test
experience effects. Studies of this kind would cer-
tainly be interestiBg before undertaking any costly
scientific experiments.
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