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1. INTRODUCTION

Weather phenomena analysls by use of radar,
satellite and dense meteorological statlon network
contributes to a better knowledge and understand-
Ing of the nature of weather, particulary convectli-
ve storms. The WMO (1981) publicatlion polnts out
the necessity of storm character Investigatlion at
several locatlons and especially their classifica-
tion. Ca¥lé and Lipov¥cak (1982) proposed a method
for composite radar plcture elaboration which was
used by Ore¥fanin (1982).

This work continues the Investigation of the
mesoscale phenomena, particulary of severe storm
cloud systems. Three different storms over the area
of the north-west Croatla during the ALPEX perlod
have been presented. Analysls of storms on 29 June,
25 July and 31 July 1982 have used: radar data,
sound ing data from the Zagreb Observatory, rain-
gague data, climatological and synoptical stations
as well as data of launching statlons of the hall-
suppression polygons. The average distance between
launching statlons Is 6000 meters.

2, CASE STUDIES
2.1. The case of 29 June (Zagorje storm)

The name of the storm comes from the area (Za-
gorje) where maximum hall stone slize diameter was

observed. Analysls of synoptic charts shows that
the outbreak or unstable air Is connected with a
fast moving cold frontal zone over the area of
north-western Croatla In the afternoon hours. The
cloud cell trajectories selected from the radar
cloud observatlons are presented In Fig. 1.

Precipitation analysis based on the meteorolo-
glcal statlon dats Indicates satlisfactory agreement
between cloud cell trajectory lovatlons and precipl-
tatlon distribution. The hall trace, 225 km long,
was observed along the trajectory marked by no. 1
in Fig. 1. The maxIimum observed hall stone dlameter
was 70 mm. Hall stone samples, collected at the
location, marked with a cross In the Fig, 1, are
presented In the Fig. 2. The hail stones had several
layers of clear and opal Ice In thelr structure. Ac-
cording to Knight (1981) most hall stones have the
characteristics of the graupel embryo type. The ap-
pearance of such hall stone structure polnts to com-

plex vertical clrculation within the cloud, the varl-

atlon of avallable water content In the cloud layers
and a relatlively long perlod of hall stone growth.
It comes out, as a characteristic, that the maximum
preciplitation Is located on the left side of the
cloud cell trajectory. Cloud cell 1 moved with an
average speed of 24.1 m/s, and the radar top of

the cloud reached the maximum value of 12,3 km.
The cloud cell top penetrated the tropopause level

Figure 1. Cloud cell trajeotories and the tsohyet chart for the Zagorje storm.
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Figure 2. Hail stone eamples collected at Kraljev
Vrh fran the Zagarje storm.

“and lasted 2400 s. there. According to the WO
(1981) classiflication, the hall stones correspond
to the cloud supercell which was merged In a clus-
ter with ordinary Cb multi-cells.

Atmospheric stabllity was conslidered using the
Brunt-VEIs813 frequency In unsaturated (N?) and sa-
turated (Ne?) alr In the same manner as Callé (1984),
Static stabliity analysls (Tab. 1) In significant
atmospheric layers shows the unsaturated alr sta-
billity (N®0) across the whole troposphere, except
in the low part of the planetary layer, whereas In
saturated alr alternating stable and unstable layers
exist (Ne®0, Ne’0) In the lower half of the tro-
posphere. Radar Cb characteristics, as well as atmos-
pheric stablllty characteristics, Indicate the ex-
istence of severe convection which was bullt as a

superposition of the forced convectlon (because of
the moving frontal system) and the free convection
(because of the exlstence of the condltlonally un-
stable alr).

Table 1. Brunt-VEis¥1% frequency for the case of un-

saturated and saturated alr for Zagreb on
29 June 1982 at 12 GMT for the significant

layers.

low layer 2 2
boundary thicknes N Ne
(m) (m) x107* x107*

' (s ()

128 553 =.57 17
681 212 4. 07 -3.24
893 1148 43 .30
2041 1231 1.34 -.15
3272 515 .64 1.58
3787 556 .99 -.48
4343 185 4,38 1.44
4528 324 .53 -. 45
4852 337 3.30 b
5189 1755 .81 i .39
6944 1149 .52 42
8093 747 © .5h .26
8840 -1 3.59 3.3
9011 1451 <% W77
10462 6L -3.00 2.91
10826 539 o 7.36 0 7.03
11365 618 2,15 ©2.05
11983 751 4,65 L. 43

2.2, The case of 25 July (Moslavina storm]

Analysls of AT 500, 700 and 850 mbar shows the
exIstence of high level cyclonlc clrculation over
the northwestern part of Yugoslavlia. A nongradient
lower pressure fleld was on the surface at the same
time. The basic radar plcture characteristics are a
cloud cell cluster which moves with an average speed
of 5.2 m/s. Cloud cell trajectory and [sohyet analy-
sls Indlcate (Fig. 3) that the precipitation maxi-
mum (108 mm) corresponds to the cloud cell path mar=
ked with 1 and 2. The propagation speed of this cloud

Figure 3. Cloud cell trajectories and the isohyet chart of the Moelavina storm.
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Table 2.

Brunt-VEIs¥1% frequency for the case of
unsaturated and saturated alr for Zagreb
on 25 July 1982 at 12 GMT for the signi-
ficant layers.

low layer 2 2
boundary thicknes " Ne
(m) (m) x107* x107"
(5.2 (s"3)
128 235 7.26 k.18
363 541 2.31 ~2.76
904 1499 .54 1
2403 4o7 1.78 -1.44
2810 296 45 1.73
3106 1497 1.53 -.22
L4603 670 1.67 1.88
5273 581 .25 ~2.52
585k 603 1.82 2.62
6457 3075 1.0k .48
9532 1643 .61 45
11175 1209 7.07 6.69

cell Is 3.6 and 4.k m/s correspondingly. The pro-

pagation

characteristic Is deflection from the mean

tropospheric flow 90 degrees to the right. Along

the path
observed

of these cloud cells the trace of hall Is
with stone dlameter between 9 and 20 mm.

Other cloud cells were propagated along the mean
tropospheric flow. Cloud cell on path 3 produced
graupel of the week Intenslty and duration. Accord-
Ing to the WO (1981) classification the Moslavina
storm conslists of several Cb single-cells In dif-
ferent evolutlon phases and of super-cells (path 1

and 2).

Atmospheric stabllity analysis, Tab. 2, has
pointed to the fact that, unsaturated alr |s statl-
cally stable across all tropospheric layers (N>0)
whereas In the case of lower tropospheric saturated
alr there are alternating stable and unstable layers.
(Ne®0 and Ne*0). Evaluated Brunt-V&Is¥1% frequency
values point to the possibility of the convectlon
appearance as the consequence of Instabllity fol-
lowing saturation which depends on horlzontal and

vertical

water content fluctuation.

0 10 20 30  Okm 50 —f
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2.3. The case of 31 July (Petrinja storm)

Analysis of the synoptic situation Is glven In
the paper of Tutl¥ (1984). Radar measurement analy-
sls, Ore¥Zanin (1982), discovered two cloud systems
which penetrated over the area of northwestern Cro-
atla one 90 minutes after the other. The first
system Is characterised by a mean propagation speed
of 13 m/s and a direction of 220 degrees. The mean
speed of the second system Is 10.5 m/s and the
directlon Is 270 degrees. Propagating cell trajec-
tories and the Isohyet analysls show that the pre-
clpltation maximum (70.6 m{ I's related to trajec~
torles 1 and 2. The precipltation maximum Is regls-
tered on the southern slope of Medvednica (Flg. 4).

The storm produced a very rare phenomena of a
tornado which was related to the cloud cell on path
3, with golf ball-sized hall. The tornado touch
down was observed three times over a dlstance of
approxlmatolz 1500 meters. The first touch down was
observed at 6:55 p.m. Radar measurements of the Cb
su-per-cell, related to the tornado, penetrated the

Table 3. Brunt-VEIs¥18 frequency for the case of un-
saturated and saturated alr for Zagreb on
31 July 1982 at 12 GMT for the significant

layers.
low layer 2 2
boundary thicknes N Ne
(m) (m) x107* x10 ~*
(s (s
128, 322, =1.01 -1.74
450. L6, L. 34 -1.10
89%. 973. 2,14 -.51
1869, 1626. .09 .51
3495. 572. -. 34 W74
4067, 2019. 1.33 .21
6086, 3318, .82 W22
9405. 557. 1.09 .63
99%2. 195, ho16 3.90
10157. 1395. 1.34 1.29
11552, 3%. 6.47 6,22
11946. 552. 1. k44 1.39

10
Figure 4. Cloud ce¢ll trajectories and the Teohyet chart of the Petrinja storm.
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tropopause and had a maximum helght of 11.5 km. The
radar echo cloud top lasted over the tropopause
2.700 seconds. The descent of the cloud top appeared
immed lately after the flrst tornado touch down.

The Brunt-V¥is¥1% frequency review (N? and Ne ?)
shows the existence of unstable layers within the
planetary boundary layer, Tab. 3. The atmosphere
Is apsolutely stable over the planetary boundary
layer. It might be concluded that the predominant
mechanism of cloud development Is forced convection
caused by a frontal system movement.

3. CONCLUSION

Three different meteorological sltuations which
produced Cb super-cells are considered.

The paper sets forth the thesls that Cb super-
cells might be produced by different meteorologlcal
situations. The three case analyses point out that
the common characteristics of super-cells are a long
life, the existence of large hall stones and the
existence of apsolutely stable alr close over con-
ditionally unstable layers. The super-cells are,
however , different In speed of propagation and re-
lated amount of precipitation. It might be emphasiz-
ed that tornado development related to the Petrinja
storm |s quite a phencmenon In the area of north-
western Croatla. Stablllity analysis suggests that
Cb cloud development Intensified Immedlately after
a dlsturbance of the stable layer.
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