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1. OPERATIVE AREAS

In Italy, SO.R.E.M. carries out experimental campaigns for anti-
hail defense for various Official Bodies (Regions and Provinces) in various
Official Bodies (Regions and Provinces) in several areas of Northern Italy.

The interested area amounts in total to more than 106 ha = i0,000 km2,
subdivided in 9 operative areas, the sizes of which range from 35,000 to
390,000 ha.

Three of these areas are ~ontiguous; ~eally, they make up one large
surface of 520,000 ha = 5,200 km (picture 1 

2. TECHNIQUE OF INTERVENTION

The technique applied by SO.R.E.M. is a combined one. In each main
operative area, a 24 hour Meteorological Centre guides the operations; it
is equipped with X-band radar, calibrated for the.purpose. There are two
types of intervention: preventive (H24) with stationary and mobile ground-
generators, and immediate (H-J) by airplanes. A decision about preventive
intervention is based mainly on the elaboration of synoptic and local meteoro-
logical data; a decision for airplane use is based on radar observations, on
the basis of the value of echo reflectivity in the operative area, as well
as in a peripheral strip.

3. MEASURES OF ICE-NUCLEI CONCENTRATION

Considering the basic role performed by the ground generators, either
stationary or mobile, a considerable effort has been devoted to the develop-
ment of cold chambers for the monitoring of the ways of diffusion of arti-
ficial nuclei, as well as for the concentration of natural ones.

Where this is allowed by the orographic characteristics of the opera-
tive areas, automatic stations have been established on the mountains equipped
with automatic analyzers, belonging to the "Puy de Dome" type, carrying out
24 measures per day.

In cooperation with French specialists (particularly with Professor
Admirat), measurements with airplanes were strongly promoted.

4. THE CFM/AVIO 12

For some years, a kind of cold chamber working with eutectic fluid
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was employed. It was ground cooled, then airborne exploiting the thermic
inertia and the insulation. Since 1974, however, a kind of cooled chamber
is being used with a refrigerating unit powered by the airplane electrical
equipment. This has a measurement volume of 2 liters, cooled by an auto-
matic refrigerating circuit (picture 2).

The measurement chamber is checked with a thermistor thermometer;
the equipment is completed by an electric aspirator and humidifier, both
powered by the airplane electrical net. This cold chamber, the endurance
is only conditioned by the airplane’s autonomy.

5. THE AIRPLANES

The airplanes used in the measurements are both single (150 HP:
P66) and twin (400 HP: P/68).

With the former type, the practical achievable altitude during the
measurements is about 12,000 feet; the twin type has a practical ceiling of
21,000 feet.

Practically, however, there is no interest in measurements above
5-6000 feet.

Particular care has been taken in securing the pure air-inlet to
the cold chamber, preventing any pollution due to engine exhaust gas.

6. RESULTS OF MEASUREMENTS

Several measurements were carried out both inside and outside the
operative areas, without interventions, to determine the values of the
concentration of natural ice-nuclei. Considering the maximal envelope-
curves, the results are as follows:

TemRerature
vC

-10 -15 -21

Con centrati on 1.7 5.5 15.0
n/l

(See Fig. 3)

During the years from 1971 to 1973, on the analogy of what was made
in the ground measurement stations, measures at the temperature of -21°C
were carried out.

Starting from 1974, also on the basis of Professor Admirat’s sugges-
tions, measures have been consistently carried out at temperature of -15°C.

Although the measurable concentration is lower at -15°C the natural
level sharply decreases; therefore, it is easier to observe the effects of
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the diffusion of artificial nuclei.

The following table reports the results of 51 measures carried out
at -15°C in 1974; the distribution is shown as "multiples of the natural
background", which, as previously said, at this temperature will surely be
lower than 5.5 n/l.

As can be observed, the highest frequencies occur for background
multiples ranging from I0 to 30 times. It is to be noted that the last
class (40 times and beyond) includes values as high as 150 times the natural
background (Fig. 4).

GLASSES OF NATURAL BACKGROUND MULTIPLES Total

C 1 1/10 10/20 20/30 30/40 >40
Frequency

% 2 45 25 16 6 6

Cumul ati ve
frequency 100 98 53 28 12 6

(See Fig. 4)

I00

7. SOME RESULTS OF THE "STATIONARY" MEASUREMENT STATIONS

As above said, these automatic stations operate around-the-clock.
Therefore, they are particularly suited to point out the variations of the
ice-nuclei concentration during the day; since 1973, in Vicenza operative
area, a station is located on the northern border of the district, at an
altitude of about 2,500 feet (Fig. 5).

This station has allowed a good evaluation of the characteristics
of diffusion of nuclei produced by ground-g~nerators (about 40 stationary
and 4 mobile on a surface of about 2,000 km ).

Also, the existence of huge phenomena of "persistence" (whose nature,
causes and modalities are still to be explained) is confirmed and represents
an interesting field of investigation (Fig. 6 and following ones).
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Fig° I .- Operative areas of the experimental ar!ti-
hail campaigms S0.R.E.M. 1975 im !tal~j: I.) Basss

~amtovana; 2) P~ov. @.i Vicenza; 3] ~rov. .i:~ Tre~to;
~.) Prov~ ~i Tre~iso; 5) ~rc~v. di Bo].og~a, Ferrara~

Forl~ Rave~ma; 6) ~rov. Si ~orde~ome; 7) ~rov. 
Brescia; 8) Prov. di Modena; 9) Prov. di ~ v.~a; 10)
Bacimo ~arca-Chiese (raim stimulate, ore~
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Fig. 2 - Airborme cold-box type CF~/AVI0 12; supplied

by the aircraft power system 12 Volt.

- 133-



2O

18

16

14

12 -

10

8

6
DR. FERRARI

M/SURE
CFH/AVIO

_PROF. ADMIRA T
0 CFL/A

X LU$1ANA

o ;. ’ ’ ’ ’ ~ I I I I~. { I I 1_2°’: -,

CFL/A
LUSIANA X

I,
PROF. A DMIRA T II

I
I

TEMPERA TURA

-25 "C

DI MISURA

Fig. 3 - Relatiomship between the tem;erature
~he co~d-box a~d the ±ce-~uc~e~ co~cen%ra
tion --



50

10

5

10

-5

1 1 20 30 z~O

MULTIPL I DEL "FONDO’" NATURAL E

Fig. 4 - Frequency of the ice-nuclei measurements
subdivided in classes of the natural bac~
ground multiples

135 -



35e

35*

0
Fi g,~

0 30 km
GROUND GENERATOR f ~EA~URE~ENT LUSIANA STATION

5 - Experimental area anti-hail Vicenza

- 136-



f3000 m

SUOLO

’ " i ! ~ i . |........ .,
........ : ....... ~ . i .................... ~ .... L .......... i_ i i --- ’ .................

.F- I ..... "1... .~..’7, M ...I .... I. . ./ ..

Y/M ~ Y~ ~/~
~

~ ~ ~ ~//~
........ ~ ....................... ~ ~ ~ ..... ~ ___~
___~ .............. ~ ~

OEBOL( I MOO(RATA I I I D(BOL( I o(eo~( [ [ MOO[RATA

]NT[RV[NTI

f3000 m

VENTt 1500 m

SUOLO

INSTA BILITA" MOO[RATA I MOO[RR~’A I I O"O~.E I I MOO~.~TRI I

2o0

GIORNO
INTERVENTI

~3000 m

VENII 1500 m

L~UOLO

IN STABILJTA’

" 6

i MOO[RATA I MOO[RATA

Fig. 6



40O

GIO~NO
INTFRVENTI

i3000 m

VENTI 1500 m

SUOLO

INSTABIL~TA’

~c
GIORNO

3000 m

~ 1500 m

LSUOLO

= NOOERATA ~ I

~, ~ ~ ~.:.~..i~.~~~. 2,2.[.i~.i,~ .....................

i ........................... - .............. ~ ........ ~__._

~ ~ " " 6 .... ~ " ~ " " " re : ’ ~ " " te " " ~ .... ~ ..... e ’ " ~’ ~ .... e " ~ .... b " ’ ~ " ’ ’ ’e " I " ’ ~ .... ~ ’~.X 7. X 8.X : 9.X ~O.X ’; 11. , 12 X 13 X t4 X ~ ~.X

ORA
GIORNO

, 3000 m

I i ! I

Fig. 7



f3000 m

V[NTI 1~00 m

SUOLO

GIORNO
INT[RV[NTi

3000 m

SUOLO

ORA
GIORNO
INTE~VENTi

f3000 m

5UOLO

400

F.L g. 8



f3000 m

VENTI 1500 m

5UOLO

INSTABILITA"

I 30 VII I 31.VIf 1.VHI i ;~,YIII I O,VIII J 4.VIU

d ...... ~ ~ 7

[ MOOERATA l MOO./FORTE ’ MOOERATA [ OEBOLE ’m OEeOL£ I MOOERATA

3

ORA
GIORNO
INTERVENTI

f3000 m

VENTI 1500 m

SUOLO

INSTA BILITA’

40C

20C

........ ~ ~ ~ .~-.-.~ .......

O~80LE i I FORTE I MOO : OEBOLE I OEB.;MOO. - MO~/FORTE I MOO /FORTE I

f3000 m

VENTI 1500 m

5UOLO

J

i i I MOOERATA i MOO - MOO/FORTE MOO./fORTE MOD. IFORTE i MOO.- MOD./FORTE I MOOERATA [ MODERATA

?~.. 9



ORA
GIORNO
INTERVENTf

f3000 m

YENTI 1500 m

SUOLO

/"

4
1"8’ "

30.Vlfl
’IS

3’~.w. 1.~x I 2.~x 3. iX

~OO(R&TA

300

INT£RVENTI

f3000 m

V£NTI 1500 m

SUOLO

INSTABIUTA’

5 ,× i 7.~x , 8.,x i 9.,x

OEB / HOD, : i MOO. I FORTE ! J ] i I ! I

~oo

ORA
GIORNO
INT£RVENTI

f3000 m

V£NTI 1500 m

SUOLO

1’8’ ’ j ’ ’ IS 1~’
17 ix i le. lx J 19. ix

~___~
% ; j .- .

¯ .] .~

! ’ ’ 6 .... 1’8’ " J ’ IS
J 22.1X 23.1X 1974

F_I g’. I 0



300

ORA
GIORNO
INTERVENTI

3000 m

VENTI 1500 m

SUO~O

INSTABILITA" MODE RATA : MOO. I FORTE i -- i DE B. I MOO. DEBOLE

1oo

ORA
GIORNO
INTERVENTI

¯ F 3ooo~ m
VENTI

1 1500 mSUO£O

INSTABILITA’

ORA
GIORNO

¯ INTERVENTI

I3000 m

VENTI 1500 m

5UOLO

I

8,X,1974 i

¯ ; I MOOERATA i OEB. - MOO.

6 18 6 1’5 .... 6 ’ ’ " 18 ’ i " ’ 6 fB’ 6 ’
I ,

i

I I I i

Fig. ~ I




