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ABSTRACT
A characterization of unseeded haiistorms and a

comparison between seeded and unseeded haiistorms observed
in. the protected area of the province of Albacete (Spain)
have been carried out by the use of the t-statistic
distribution. for this case study several direct parameters
gathered by meteoroiogicat radar and the gqrowth factor as an
tngirect parameter have Dpeen selected. The results indicate
that the only parameter able +to distinguish the behaviour of
both types of hailstorms was the gqrowth factor which was 25%
fess for seeded hailistorms which s significant at the 5%
tevel. Based on these resuits, a linear correiation between
the qrowth factor and remaming radar variabies nas
performed. The final resuits suggest a bettier corretation
between most variables for the unseeded than for seeded
nattstorms.

1. INTRODUCTION needg for an important advance n seeded
technoioqgies and it encourages the
development of experimentat projects

pirect and indirect losses by hail conducted to analyse the results
on crops are dramatic around the worid obtained.

{Dessens, 1986; Romero and Balasch,

1985; Humphries et at.,1987). This

probiem 1S particuiary important in fFor the years 1978 to 1983, and

spatn sinca our country mainty depends from the period June through September,

on its agricultural production. a nail suppression program was operated
in  the province of Albacete (Spain). The

protected area was about 600

The devastating effects of hatl Km?-_ This area was chosen by the
nave focused attention on the wuse of #inistry of Aqriculture on the basis of
weather modificaction techniques to nistorical data concerning hail losses
atleviate the problem. Therefore, encurred by msurance compames. During
aifferent countries have initiated a these operations hatistorms were seeded

wide range of projects i order to study by aircraft flving at the -10 C

haiistorms and to design adequate aititudes. fijectable Agi pyrotechnics

technofogical methods for suppressing were used as the seeding materiai. The
natl (Colino, 1987 Dessens, 1987 aircrafts were filown directly into the

Henderson, 1975). cioud masses pased on vectors from a
meteoroioqgical raadar located at the
control site in the protected area. The

There 1S a (ot of controversy over cloud with reflectivity values near 45
the etfectiveness of nait suppression dbz and with verticai deveiopment
projects deveioped n aifferent greater than 6,500 meters, were
countries. fne mamm part of the projects constdered to contain a risk of hail,

describea mn the literature snow when the refiectivity was higher than 35

positive benefits for the hat dBZ at 6,500 meters then the clouds were

suppression programes (Dessens 1987 seeded, subsequently the spatial and
santoiaya and Santos, 1987). However, temporai evoilution of the radar echoes
according to the WMO, there is no were followed and stored n the
scientific experimental evidence computer. Therefore. an extensive
supporting the effectiveness . of nail collection of information relative to
suppression (WHMO, 1983, 1985, 1986). the most common radar parameters was
Despite this, the wMO recognizes the avaitlable to study the clouds. However,
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netther microphysical observations of i\ 1ty 'S the time of
the clouds nor nformation on hail at mmtiation of seeding for seeded storms,
the ground (i.e., size spectrum, Kinetic the time (s perfectiy Known, but tg
enerqgy...) were  avasable. for unseeded storms s detfiuned as the
time when echo tops first reached 10 Kkm.
The purpose of this paper 1S to
present some of the resylts obtaned Then:
concerning the mawn ragar
characteristics of the unseeded Ty (Kkm.min), the inttial
naiistorms occuring over the protected hailstorm maqmitude, s defined by the
area for un  the nearby areas), to echo top integrated from 20 mn before,
compare tne characteristics and dentify to tne time of mnitiation of seeding
any statistical differences. To do this, (tg).
we have used some of the most relevant
ragar parameters. Also, a comparison has ~ Ty (xm.mn) 1S the total
been performed Dby using the "growth storm magmtude, and 1t s defined by
factor” of hailstorms proposed by Goyer ts echo top integrated from 20 mn
(1975). before ‘ty’ to the time the echo
grops Dbelfow 7.6 Km.
2. DATA
3.CHARACTERISTICS OF UNSEEDED HAILSTORMS
from atli the data recorded by the
radar/computer system, we nave focused
our attention on the clouds with  hail Table 1 shows the arithmetical
risk. Therefore, we have seiected only mean, the arithmetical standard
those clouds with reflectivities qreater deviations, the maximum and minimum
than 45 d8Z. in addition, we fhave oniy values of each radar variable and the
considered clouds with lifetimes greater geometrical average and the standard
than {0 minutes, The ntervai of time deviations. There were 43 hailstorm
was chosen as a compromise petween cases studied.
optaiming enough statistical data and
naving echo hfetime with sufficient
duration n  order 10 compare the resuylts = =~ CTTTTTTTTTToToTooToooommoom s T o e
of seeded versus non seeded clouds. PARAMETERS Ma 0. mAx _mIN Me 7o
(Foote and Mhor, 1979)
HM 11.60  1.3¢ 15.0 2.4 11.62 1.13
H1O0 10.70 1.43 14.3 2.5 10.71 1.13
T 71.50 62,08 282.0 10.0 37.43 2.38
for tnis case study, we have chasen MR 56.55 7.5l 468.0 45.0 54.21  2.38
the following direct parameters measured HMR 3-41 1.90 7.0 0.6 ..2'80 L.74
X 446.14 31.25 148.0 7.0 32.40 1.95
oy the radar: BF S.71 3.99 22.2 2.9 4.85 1.95
HM maximum height of the hailstorms
(Km) Table 1 : arithmetic averaae (Ma)
H10 height related to the 10 dBZ echo arithmetic standard deviation (TCa),
(Km) max imum (MAX) . minimum (MIND . osometric
T lifetime of hailstorms (min) averaae (Mg) . and QEDmEtl"‘l:C standard
MR maximum reflectivity (dBZ) deviation (og) for unseeded hailstorms.
HMR height corresponding to the maximum
reflectivity (km)
X total distance traveied by the The examination of the frequency
nailstorms (km) mstograms revealed the tendency of the
values of most of the variables to be
iognormally distribuyted. Using Probits
AS an additional part of this analysis, (Murray, and Spieget, 1961),
prettminary study, we have ncluded an the figure 1 shows the cumuiative
tactor which taKkes INto account the frequency aistribution of each variabie
vertical qrowth rate of hailstorms. The expressed n terms of the standardized
factor chosen and which is referred to "u" variable versus the logarithms of
as G6F, 1s defined as foliow for seeded the vaiues . The linear piots obtamed
and unseeded  haistorms (see Goyer for tor eacn wvariapble are ndicative of the
agetatis): fognormairty of the values. The
correiation coefficient related to each
linear fit was never beiow 0.99 as
6F = Ty / Tg may be seen i Table 2.
- U e defined iy w = 2L % — md. o, where = i= an ingividuat mtorm walus (@)l ther GF,
MR, T. >, Hia or MRY , m ia the mean of that ualue ouer altl mtorms, ana & i= the
atandard deviation of that value ouver alil s=tormsa .
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PARAMETERS r D V{50) V(93) V(5 i'he hifetime of the naiistorms n
- the area of Albacete can be consiwdered

HM 0.990 ©0.1188 11.70 14.23 © as moderateiy iong because average
H10 0.998 0,1137 10.79 1%.00 8&. qeometric value s near 1 nhour and 1lhe
T 0.991 0.8077 2.65 198.80 13 trequency ot nasistorms wnose fifetime
MR 0.990 0.1105 55.50 &5.58% 44 was befow 15 mnutes s oniy 5Z%. This
HMR 0.998 0.4554 3.52 7.4 1 variapbie presents the nighest geometric
éF g-ggg g-igg: 34-2;5 107.6 12 standard deviation, which reveais the
. e . 10.25 2 heterogeneity of the fifetime of
hasistorms. Similar results are obtawned

Table 2 :correlation coefficient (r). slope for the aistance traveled.

(0) and values for different oprecentiles
related to unseeded hailstorms.

The ratio between the average
distance and hfetime is around 12
th oraer to cne.ct( the vahdity of ms-! . which may be consigered as a
the nypothests .of the tognormal realistic wind speed.
freauency aistribution, the Kolmogorov—
Smirnov test was pertformed. The vaiues
obtained for the Astatsstncs confxrmed Ihe parameters HM. H10 and MR have
tne .vanmty Of_ this asst:lmpuon at a standard deviations quite small as can
signiticance ievel below 5%. Based on be seen n the similar siopes n the
these results the geometric average and cumuiative frequencies plots indicated
the geomeiric standard deviations have n  frqures 1 ang 2. fhe average value
been ?etermlnea to properly characterize obtainea n the refiectivity observed
the freaquency asstributions. inagicates that the nailstorms observed
mn the area of Albacete are not very
severe compared to other continental
After looking atA figure 1 and the areas (see Foote and Mhor; 1979).
resuits reiated to different percentiles
(see Tabie 2), the foliowing general
considerations can be drawn. ft 15 also nteresting to note that

the heignt ot tihe maximum retiectivity
shouida also pe considered as average,
since only 5% of the nhaistorms nhave the
maximum refiectivity locatea at 1.7 Km
apove ground.

4, COMPARISON BETWEEN SEEDED & UNSEEDED
HAILSTORHMS

Tabile 3 shows the arithmetical
mean, arithmetical standargd deviation,
maximum and minimum values, the
geometric mean and geometric standard
deviations of each radar parameter

related to seeded hatistorms. The number
of cases analyzed was 29.

FARAMETERE  Ma Ta MAX  MIN Mo Te
HM 12.20 1.32 14.8 9.8 12.08 1.&5
H10 11.32 1.58 14.8 2.0 11.2 1,048
T 83.50 56.40 255.0 16.0 &7.50 2.25
MR S57.11 6.40 71.0 43.0 S546.87 1.2
HMR 3.90 1.89 2.8 0.7 J.80 1.65
X 64.10 42.24 144,0 19.0 49.21 1.84
GF 3.99 1.72 7.6 1.5 3.65 1.50
T T TTTTTT 1 I Lx Table 3. H arithmetic averaoe (Ma) .
1 2 3 4 5678910 20 30 arithmetic standard deviation (Tad .

maximum (MAX) ., minimum (MIN) ., geometric averaae

) Ma)., and aeometric t iati
tfiqure 1 : cumutative trequency (rg) for seeded hailsfosmzndard deviation

distribution versus logaritnms ot the
values retateg to unseeded hailstorms
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figure 2 shows the cumulative
frequency distributions versus the
ijogarithms of the values rejated to each
parameter. The finear fits were aqatn
rather satisfactory as can be seen 1
fabte 4. The Xoimogorov-Smurnov test Wwas
aiso pertormed n order to checK types
of storms. in fact, the exammnation of
the geometric average vaiues shown n
fapte 1 ang 3 ndicate a3 siight ncrease
tor the most of the variabies. The
growth factor was tne onty parameter
which gecreased for the seeded
hatistorms. in order to anatyze if the
ditferences petween the average vatues
were stgmificant from a statistical
point of view, the Student t-test was
appited to each variable. Table S shows
the amfferences between the logartthms
ot eacn variapie and the " t "
statistical value, The symbol y?
written mn the fast column indicates
that the arf ferences were statistically
signmificant at the S7Z level and the
symbo! ‘N' means that they were not.

i I 1

|
678910 20 30

| )|

1 e 3 435
cumuiative
fogarithms of
seeded  halistorms

Fiqure 2 :
distribution versus
values reiated 1o

frequency
the
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PARAMETERS r P v({50)

HM 0.998 0.1028 12.11 13,42 10,23
H10 0.992 0.1490 11.14 12.94 8.72
T 0.994 0.6481 67.11 194,91 23.11
MR 0.997 ©0.1107 56.71 &8.04 47.27
HMR 0.998 ©.5802 56,71 7.37 1.24
X 0.978 0.5997 45.98 17.14 123.2
GF 0.9926 0.5087 3.62 8.38 1.57
Table 4 :coarrelation coeffient (r). slope {p)

and values for different percentiles related to
seeded hailstorms.

from the results shown in Tabie 5,
we can conclude that there 15 not a
sigmiticant ifference petween the radgar
parameters measured by tne radar when
unseeaged and seeded storms are compared.
However, for the growtn factor used in
this report, there 13 a 32.1% decrease
tor the seeded when compared 10 the
unseeded hatistorms (resuylts tn table
6).

PARAMETERS DIF t S{(S5%)

HM ©.0388 1.59 N

Hi0 0.0509 1.71 N

T Q.1613 0.789 N

MK 0.0117 0.43 N

HMR 0.2231 0.18 i

X 0.2222 1.41 N

GF —-0.2842 2.02 Y
Table 3 results of the t-statistic at the S%

sianificance level.

@GF (BEEDED) N=29 N=43
S.46 3.6 I.7 2.9 .2 5.2 2.6
1.6 5.4 =,0 2.9 8.5 .5 2.9
2.7 2.7 3.6 4.7 2.6 6.5 5.8
3.9 I.§ IZ.3 2.7 .7 4.7 &.0
2.7 1.5 I.5 2.6 I.E 3.4 1.7
2.7 4.7 3.5 6.4 4.8 4.9 8.5
4.7 7.8 1.7 8.3 5.5 F.8 4.5 5.4
7.5 7.8 17.2 22,3 4.5
I 5.9 10.4 7.2 5.3
F.1 2.4 9.1 4.6

2.8 5.5 10.7
Table & : Values of EF for seaded and

)
1
unseeded hairlstorm

0



"REVIEWED"

S. LINEAR CORRELATION AMONG THE GROWTH 6. CONCLUSIONS
FACTOR AND THE DIRECT RADAR PARAMETERS

. A characterization of haristorms
since the oniy parameter wnich developed n  tne province of Albacete
snowed a ifference Dbetween the 1Two nas bpeen pertormed with the ad of the
groups of hailstorms was the growtn Information recorded by a meteorologicai
factor we tried to estabhisn f there radar located in the oprotected area. in
was any correfation between tms tfactor order to aescribe oroperly the main
and the other ragar parameters. Tables 7 characteristics ot each of the
and ¢ show tne. corretation coefficient, parameters studied, two tognormat
the stopes ana the ntercept for the trequency distribution tests were
unseeded and seeded hatlstorms performed the Koimogorov - Smirnov
respectively. (n tne {ast cotumn we have test and a fProbits analysis. The results
inciuded the sigmficance fevel of each obtatned for unseeaed and seeded
finear  tit. fhe sympoi °'N’ means that nallstorms have revealea that the values
the fi1t was not sigmficant at a levelt of all parameters were well fitted to
pelow SZ. the fognormat frequency aistribution,
ine unseeded nhaifstorms correiated The unseeged STOrms. whose
better witn most of the parameters than reflectivities were greater than 45 dBZ
ard the seeded ones. A simiiar when nfetimes were greater than 10
correlation was found with the hfetime minutes, were analyzed for the protected
of the nanstorms. fhis  difference un area. f(hey are characterized by moderate
penaviour coutd oe indicative of a nfetime and with long travel distances,
moaitication 1¢  the seeded hajdstorms. afthough they Wwere noti Very severe

according to the reflectivity values.

The comparison petween the
geometric average values of each studied
parameter has inadicated that there s no

PARAMETERS r =} a s1
sigmticant difference between seeded
and unseededa naiistorms. The oniy
HM Q. 661 0.14 11.66 .002 parameter which was demonstrated to have
H10 0.637 0.22 9.62 0.002 a sigmificant aifference was the growth
I:R S'ZZ? ?'g; 4?2)8 g-ggs factor. There was a daecrease for the
- - - - o -~
HMR 0.563  0.28 1.95  ©.002 seeded  cases.
X 0.733 4.73 15.34 Q. 002
fne correiations bDetween the growth
Tabla 7 : linear fits between the growth factor factor and the various parameters
and the direct parameters for unseeded optained for poth seeded and unseeded
hailstorms. " haiistorms revealed that there was a
different behaviour for seeded and
unseeded storms. The unseeded storms
correlated rather satisfactorily with
most ot the direct radar parameters,
while the linear fits were very poor for
— - —_—— — the seeded cases. This result suggests
PARAMETERS r D a sl that the influence of the seeding
- - process may have changed the radar
characteristics of the natistorms.
HM 0.180 0.140 11.66 N
H10 0.006 0. Q06 11.31 N
T 0.5%90 0.018 2.48 0.002
MR L322 1.204 52.47 N it should be noted that these
HMR 0.002 0.002 4.01 N results are bpased on radar observations
X 0.084 1.641 50.32 N only. In order 1o obtasn definitive
- T m T s T e T resuits, and according to the
Table 8 : linear fits betwean the arowth factor §quest|0n5 of the wno, it would Qe
and the direct parameters for seeded hailstorms. important not only to complete th;g
stugy with cloud microphysicai
intformation and ground truth data
concerning nail si1ze characteristics,
but also to conduct these studies on the
basis of a randomized seeding

experiment.
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