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Abstract: The use of radar data for achieving a “climatology” of hail imposed due to their
fine spatial and temporal resolution. Data used in this “climatology” come from four
summer (June, July, August) seasons of the 2004-2007 period. Based on parameters
supplied by the WSR-88D Bobohalma radar, maps were plotted with the areas where storm
nuclei occur, function of the hail diameter and severity degree. It was thus noticed that the
areas with a high frequency of hailstorm nuclei do not superpose the areas with a
probability over 70% that the hail within the nuclei touches the ground. Also, in the radarcovered area it was attempted to calibrate certain cloud parameters: maximum reflectivity
and VIL-density, detected with the radar, establishing values and value intervals useful in
forecasting hail.
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1. INTRODUCTION
Theories about hail formation within
convective clouds are complex and
incomplete, which makes forecasting and
detecting it difficult tasks in an
operational regime. On the other hand,
real-time response data about hail
occurrences are not precise and
verification is difficult to perform,
because hail often falls in uninhabited
areas, or the damage it causes is not
important for the local economy.
Areas where local climatological
data and studies connected to hail exist
are often conditioned by the concern for
the damage caused to certain goods (for
instance, agricultural).
Besides that, it is worth mentioning
that the area where hail falls is a small
surface, compared to the width of the

storm-active area. Present-day maps,
displaying the distribution of hail over
the territory of Romania (Romanian
Climate, 2008) (Fig. 1) are plotted with
data from the weather stations.
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Figure 1. Territorial distribution of the mean annual
number of days with hail (1961-2000) (Romanian
Climate, 2008).
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The weather stations network is too
scarce to cover the whole territory. To
resolve this drawback, there were used
data from Bobohalma weather radar
(Fig. 2). Data for the period 2004-2007
were used to perform a statistical analysis
able to render an image of the areas
where hail occurrence is highly probable.

Figure2. Absolute occurrence frequency (number of
cases) of hail- containing storm nuclei, computed for
the summers between 2004 and 2007

This
study
estabilshes
a
correspondence between hail size and a
series of parameters of the convective
clouds detected with the WSR-88D radar,
like the maximum reflectivity and
VIL-density.
Witt (1996) used radar reflectivity
with a 0.5º elevation, so as to separate the
storm nuclei containing only rain, from
those which also contain hail. Thus Witt
noticed that for reflectivity values lower
than 50dBZ, hail occurrence frequency is
small, in comparison with the situation
when reflectivity at the first elevation is
over 50 dBZ.
Waldvogel and Federer (1976)
considered that areas with reflectivity
higher than 55 dBZ integrated in time
may be an indicator of the existence of
hail and may help to delimitate the areas
with hail events.

The same method was used by Witt
(1996), i.e. to separate the storm nuclei,
but for the maximum reflectivity .
This study used data from the WSR98D S-band Doppler radar installed at
Bobohalma, close to Tarnaveni. The data
for the summers between 2004 and 2007
were analysed. Its fine spatial and
temporal resolution allows detailed
statistical analysis of the evolution of
convective clouds containing hail.
In the area covered by the
Bobohalma radar, the surfaces the most
affected by hail are those influenced by
synoptic disturbances modulated at
mesoscale by topography and by diurnal
warming.
Hail
occurrence
forecasting,
estimating its severity degree and where
it will fall are complex issues in all areas.
The aim of this paper is, on the one hand,
to identify those areas where the
frequency of hail occurrence is high and,
on he other hand, to investigate the
feasibility of producing maps for large
diameter hail (> 4 cm and > 6 cm) and to
find thresholds for values of the
maximum reflectivity and VIL-density
wherefrom hail occurrence probability is
high.
2. DATA AND METHODS
Data were used as supplied by the WSR98D S-band Doppler Radar (RDBB)
installed at Bobohalma. RDBB’s
coverage area is 166106 km2.
The composite reflectivity was used
from four summer seasons (June, July,
August) over the 2004-2007 interval.
Composite reflectivity was chosen
because
it
contains
information
connected to the maximum column
reflectivity, irrespective of the echo’s
height, against the base reflectivity,
which contains information on different
elevation levels.
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The composite or maximum
reflectivity product is available every six
minutes in files containing both raw and
processed data – storm nuclei where
reflectivity is maximum. In this paper, a
storm nucleus is considered to be an incloud area where reflectivity is maximum
and its centre is represented as a plane
dot.

by the radar ( Doppler Radar
Meteorological Observations Part C
WSR-88D Products And Algorithms
2006).
Table 1 renders the number of cases
with
radar-detected
storm
nuclei
containing small size hail. It can be
noticed that choosing the 70% threshold
for POSH and POH was correct because

Table 1. Number of cases with hail nuclei of various diameters derived from the
summer months between 2004 and 2007.
Hail diameter
cm

No. of cases
POSH and POH > 70%

No. of
cases

>10,16
9,5
8,9
8,3
7,6
7,0
6,4
5,7
5,1
4,4
3,8
3,2
2,5
1,9
1,3
1,27<
Total

27
11
21
43
57
101
164
368
529
793
1420
2361
2101
1697
262
9955

27
11
21
43
57
101
164
368
529
793
1420
2698
5568
13384
32413
66984
124581

Storm nuclei are attributed several
characteristics, such as: their coordinates
(denomination, radius and azimuth)),
type (Meso -Mesocyclone or TVS Tornadic Vortex Signature), hail
probability (POSH -probability of severe
hail and POH- probability of hail), hail
diameter, VIL, maximum reflectivity and
its height, cloud top height, forecast
propagation direction and speed. POSH
is the probability of hail with a diameter
over 1.9 cm, a threshold adopted in
applications for processing data from the
WSR-98D and POH is the probability of
hail with various diameters, as detected

Probability
score
%
100
100
100
100
100
100
100
100
100
100
100
88
38
13
1
0

that is the start value wherefrom large
hail occurs, with a100% probability
score, with several exceptions for hail
sized 1.3 cm, 1.9 cm 2.5 cm and 3.2 cm.
In order to position the storm nuclei
within a Cartesian coordinates system,
then on a geographic map, the radius and
azimuth were transformed in x and y
coordinates, i.e. from inverse polar
coordinates into Cartesian coordinates.
497175 nuclei were processed,
124581 of which containing hail, 9955 of
the latter with a probability higher than
70% that the contained hail (normal and
severe) touches the ground.

30
N. MAIER, T. MURESAN, D. LACATUS

The 70% threshold was chosen
because starting from that value, storm
nuclei contain hail with a diameter larger
than 1.9 cm (Table 1).
When processing ends, each storm
nucleus is attached a dot on a graph in
Cartesian coordinates, with km as
measure unit both on the OX and OY
axis.
This coordinates system was
squared, sides being 25 km each. The
number of nuclei in each of the network’s
squares was counted. Maps were plotted
with the resulting absolute frequencies,
centered in the radar’s location. Those
maps with the absolute frequency were
finally superposed to an administrative
map of Romania scaled to the scale of the
processed map.
Maps were plotted with a 25-km
grid step, i.e. 292 pixels were obtained,
625 km2 in size. The area covered by
those pixels is 163750 km2. The 25- km
step was chosen mostly to highlight the
more important relief groups, although
errors may still occur, in the sense that
certain zones may interpenetrate (for
instance the corridor area between to
mountainous massifs).
Absolute frequency maps were
obtained displaying the areas where the
most numerous storm nuclei occur,
containing hail of various sizes and with
different probabilities to touch the
ground.
Further, two filtering operations
were performed of those nuclei. The first
took into account only the situations with
a probability higher than 70%
for the occurrence of severe hail
(POSH), whereas POH was considered
irrespective of its probability. The second
filtering analysed only the storm nuclei
with both probabilities (normal and
severe) higher than 70%.
Areas thus yield with a small
number cases when storm nuclei are
detected to contain hail, but with a high

probability that the contained hail touch
the ground, and there are areas with a
very high frequency of hail nuclei but
with a small probability that hail also fall
on the ground in that area.
To highlight areas with large-size
hail, randomly chosen thresholds were
used. Analysis of areas where large hail
nuclei occur was performed in the first
phase through selecting hail larger than
2.5 cm, then that larger than 5.5 cm.
WSR-88D
produced
VIL
is
frequently used operationally to assess
the severity and especially the diameter
of hail. VIL is a radar measure of the incloud potential content of liquid
precipitable water / m2 and is measured
in kg·m-2, (Greene and Clark, 1972).
VIL-density is a product which is
independent of the air mass and is thus
independent of season or geographic
location.
It was noticed that the big height of
a cloud with a large VIL does not always
produce large-size hail and that in
exchange a cloud with a smaller height
and a large VIL can produce large hail.
That is why hypothesis was issued
that dividing VIL to cloud height should
yield a common value or value intervals,
so as to determine large hail, independent
of the air mass characteristic.
This coefficient is defined as VILdensity and is given by the ratio between
VIL and Echotop (cloud height), i.e. the
water amount on each km (g·m-3).
This product is independent of the
air mass and thus of season or geographic
location (Amburn and Wolf, 1997;
Paxton and Shepherd, 1993).
Another parameter used to separate
storm nuclei containing hail is maximum
reflectivity. To this aim, all the detected
storm nuclei were used, both those
containing and those not containing hail.
Having in view that for reflectivity
values higher than or equal to 30 dBZ no
hail-containing nuclei were found, there
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were studied maximum reflectivity
intervals starting from 30 dBZ, every 5
dBZ up to 69 dBZ. Relative frequencies
were computed function of the
reflectivity intervals and the storm nuclei
divided in three hail size categories:
smaller than 2 cm, from 2 to 4 cm and
larger than 4 cm.

3. RESULTS
Based on the hail information from the
Bobohalma WSR-88D weather radar
for the period mentioned above,
several results are noticeable, useful
to the operational activity of forecasting immediate weather phenomena,
especially hail.
Comparing the areas achieved
through radar analysis of hail distribution
with those rendered on the map with the
territorial distribution of the mean annual
number of days with hail (1961-2000),
(Romanian Climate, 2008), we notice
that areas superpose, despite some
differences (Figs. 1 and 2) due to the
differences between the time intervals
used in these studies: 40 years vs. 4 years
in the present study).
The weather radar contoured three
areas where those cloud formations that
could produce hail were present.
The first area corresponds to zones
with over 700 cases (concentrically
distributed in case-ranges as follows:
700-800; 800-900, 900-1000 and 10001100).
These zones correspond to the
mountain units of the Apuseni
Mountains, with the maximum extension
in Cluj and Alba counties and a peak in
Bihor County (Stana de Vale area on the
western slopes of Vladeasa and Bihorului
Mountains), also to the mountain units of
the Southern Carpathians, mostly in
Parang and Fagaras Mountains, to the

volcanic mountains chain in the Eastern
Carpathians,
especially
Gurghiului,
Harghitei, Baragaului and Calimani
Mountains; and to two smaller areas with
700-800 cases encompassing GutaiTibles Mountains and the belonging
submontane area, especially Lapusului
Depression and Perisani Mountains,
respectively (Fig. 2).
The second area corresponds to
zones with 500-700 cases.
The
Transylvanian
depression
records 500-600 cases, especially in its
central part and 600-700 cases in its
outlying section of depressions and
marginal corridors.
In the above mentioned area a
section was highlighted corresponding to
Tarnavelor and Secasului Hills and to the
Alba Iulia – Turda corridor, with
minimum values of 400-500 cases,
corresponding to the third zone.
The same values are displayed by a
small area in the north-east of Salaj
County superposing the Somes Plateau
(Simisna-Garbau Hills) and another area
along the corridor separating Tiblesului
from Rodnei Mountains (Salauta valley),
(Fig. 2).
Areas with less than 500 cases
(Fig. 2) correspond to the extraCarpathian areas situated at more than
150 km from the radar, so that cloud
systems are partially shielded and partly
below the radar’s angle, which makes
only their tops detectable.
From the total number of storm
nuclei containing hail the first filtering
was performed, analysing only those
POSH (probability of severe hail)
situations with a probability higher than
70%. A number of areas thus become
apparent, function of the orographic
peculiarities and the distance from the
weather radar (i.e. its coverage altitude).
These results are summarised in Figure 3
and details are presented below.
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Small values (120-180 and 180-240 cases
respectively) correspond to areas situated
in the west of the Apuseni Mountains
(the Western Plain and Western Hills)
and to areas situated in most of the
Transylvanian Depression.\

Figure 3. Absolute occurrence frequencies (number of
cases) of hail-containing storm nuclei with POH > 70%
computed for the summers between 2004 and 2007

From the total number of storm nuclei
containing hail the first filtering was
performed, analysing only those POSH
(probability of severe hail) situations
with a probability higher than 70%. A
number of areas thus become apparent,
function of the orographic peculiarities
and the distance from the weather radar
(i.e. its coverage altitude). These results
are summarised in Figure 3 and details
are presented below.
Small values (120-180 and 180-240
cases respectively) correspond to areas
situated in the west of the Apuseni
Mountains (the Western Plain and
Western Hills) and to areas situated in
most of the Transylvanian Depression.
Mean values from 240 to 300 and
from 300 to 360 cases delimitate several
areas with certain peculiarities:
- Codrului Hills and the eruption massif

Oas-Gutai-Tibles are reported with
240-300 cases;
- The Apuseni Mountains area, with an
extension in the hillock area of the
Transylvanian Plain and partially the
Somes Plateau record 240-300 cases;
- 300-360 cases are recorded in the
western mountainous area and the high
elevation area, where a small area is
apparent, with values as high as 360-420
on the north-eastern slopes of Gilau and
Muntele Mare Mountains;
- 240-300 cases are recorded southwards,
towards Poiana Rusca and the RetezatGodeanu mountainous group;
- high elevations, areas with 300-360
cases.
Areas with 300-360 cases are mainly
situated in the central part of the Eastern
Carpathians (Bistriei, Giurgeului, Tarcu
and Ciucului Mountains) and in the south
of the eruption mountains, in Harghita
County.
The mountain section of Parang,
Fargaras, Bucegi and partially Buzaului
Mountains, along with the southern
section of Hartibaciului Plateau and the
submontane depressions (Apold-Saliste,
Sibiului, Fagarasului) record concentric
mean values (240-300 and 300-360
cases) but also high values (360-420
cases) and even very high ones (420-480
cases).
Areas highlighted on the first
analysis to display a small number of
cases (central Transylvanian Plateau, the
north-east of Salaj County and Salautei
valley- Fig, 2) continue to emerge after
the first filtering (Fig. 3).
Whereas on the first analysis areas
with high values are rather narrow and
appear especially in the high mountain
area,
after
the
first
filtering
hail-containing storm nuclei are also
detected in the areas adjacent to the
mountains (corridors, submontane hills
and
depressions)
which
would
correspond to storm nuclei maturation
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and displacement from the mountains to
the low areas.
Thus, if the explanation holds that a
large number of hail cells on the
mountain crests correspond to the
initiation of convection, displaying the
areas after the first filtering would
correspond to the maturation and
displacement of hail storm nuclei towards
the lower elevations under the influence
of the dominant circulation streams or the
mountain breezes (Fig. 3).
On the second filtering, normal
(severe or non-severe) hail-containing
storm nuclei with a probability higher
than 70 % were analysed (Fig. 4).

Figure 4. Absolute occurrence frequencies (number of
cases) of hail-containing storm nuclei with POH and
POSH > 70% computed for the summers between
2004 and 2007

It may thus be noticed that the
considered data frame in a range of 30 105 cases grouped in five intensity
classes, contouring several areas across
the territory. To highlight especially the
mountain areas with a small number of
cases (under 30) the white colour was
chosen for the 0-30 class of values.
The widest areas showing high
frequencies (60-75, 75-90 and 90-105
cases, respectively) are grouped in Salaj,

Cluj, Mures, Alba and Hunedoara
counties.
Bordering the above-mentioned
areas are zones displaying 45-60 cases,
specifically the hillock region of Satu
Mare, Mures, Bistrita Nasaud and
Maramures
counties,
Lapusului
Depression included.
Areas recording more than 75 cases
in those counties superpose zones as
follows:
- Salaj County with the Almaj-Agrij
depression;
- Cluj County: the eastern slopes of Gilau
and Muntele Mare Mountins, the
submontane area with Clujului and
Dejului Hills, Capusului and Feleacului
Hills (noticeably displaying over 90
cases), Iara and Hasdate Depressions, the
Transylvanian Plain (extending in
Bistrita Nasaud and Mures counties);
- Alba County, with the area superposing
Trascaului Mountains, extending in
Hunedoara County over the Metaliferi
Mountains and the Mures river corridor.
The shape of the disposition of these
areas, NW-SE, across Silvaniei and
Meses Hills, points at the direction
wherefrom moist ocean air masses
penetrate and their encounter with the
warm and moist Mediterranean air
masses penetrating from the south-west
along the Mures river corridor and
moulding over the Metaliferi Mountains.
Wider areas with more than 45 cases
are apparent in the Southern Carpathians,
also expanding in Olteniei subCarpathians and in Tarnavelor Plateau,
on the south-eastern slopes of the
Curvature Carpathians and on the slopes
with an eastern exposure of the Eastern
Mountains (Fig. 4).
The vulnerability of a certain
territory to hail is conditioned both by the
frequency of the phenomenon and mostly
by the hail size. As regards this latter
aspect, the analysis of the phenomenon
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over the considered interval highlights
some spatial peculiarities (Figs. 5 and 6).

Figure 5. Areas where storm nuclei containing large
hail (diameters > 2.5 cm) occur computed for the
summers between 2004 and 2007

Figure 6. Areas where storm nuclei occur containing
very large hail (diameters > 6 cm) computed for the
summers between 2004 and 2007

In the western regions, i.e. in the
Western Plain and Western Hills, the
western side of the Western Carpathians,
the most numerous cases with hail less
than 5 cm are recorded, with the
exception of some narrow areas
corresponding to the Poiana Rusca
Mountains – Hateg Depression, the Timis
– Cerna Corridor, with the adjoining
space and Silvaniei Hills.

The central-eastern areas of the
Apuseni
Mountains
and
the
Transylvanian Depression display a wide
variety of cases as regards the hail
diameter, noticing however that certain
areas are contoured where sizes greater
than 6 and 7 cm were detected (Fig. 5).
Such situations are connected to the
orientation of the valley corridors and of
some of the relief units against the air
masses circulation or the mountain
breeze.
Such areas are: the western regions
of
Salaj
County
(Almas-Agrij
depression), the hilly massif of Feleac –
Somesul
Mic
river
corridor
–
Ungurasului and Sicului Hills, Turda –
Aries Corridor, Somesul Mare Corridor,
Madarasului Hills and the Fagaras
Depression.
The
Eastern
and
Southern
Carpathians, with the adjoining hilly
submontane regions highlight areas
where storm nuclei occur within which
hail was detected with diameters larger
than 6-7 cm. Those areas generally
belong to inflexion spaces – corridors
that direct the air masses or
morphological contact areas between
mountain and depression or between subCarpathian hills and plain. Some
examples could be mentioned: Vatra
Dornei – Mestecanis – the Moldavian
Corridor – Odorhei – Vlahita –
Miercurea Ciuc, Vrancei sub-Carpathians
– Siretului Plain, Prahovei subCarpathians, Brasov – Tg. Secuiesc –
Oituz, the Getic sub-Carpathians and the
Getic Plateau.
Almost perfect superposing can
be noticed of the areas with hail larger
than 2.5 cm and the area with a
probability over 70% for normal or
severe hail, (Figs. 4, 5 and 6).
This leads to the conclusion that in
those areas with disclosed high absolute
frequencies, the occurrence probability of
average or large hail increases, in
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comparison with the rest of the areas.
VIL-density is the ratio between VIL
and Echotop (cloud height), i.e. the
amount of water over each km. Here VIL
is normalized against the storm peak,
being therefore independent from the
season where it applies. This is a product
that is being yielding good results. VILdensity is more successful than VIL as
regards the separation of convective
clouds able to generate large hail from
those generating small hail (Lahiff,
2005).
The
VIL-density
formula
disregards variables in the environment
(temperature, humidity, pressure, wind,
etc.).
In the U.S. VIL-densities of the
order of 3.5 (g·m-3) are a threshold for
separating and forecasting potentially
high hail probability at the surface. The
probability for very large hail at the
surface grows to almost 100 % when
VIL- density is 4 - 4.5 units or more. This
study was only performed on a small
number of cases, all of which with
confirmed hail on the ground, (Blaes et
al., 1988).
Resorting to the same argument as
the American researchers, however on a
much greater number of values, data
were obtained close to those of the
Americans.
The first analysis (Fig. 7) was
performed through applying VIL-density
to all the storm nuclei both those without
hail and those with large (> 1.9 cm) and
small hail content (< 1.9 cm).
An almost linear decrease is noticed
of nuclei without hail with the increase of
VIL-density, but also an increase of the
storm nuclei containing large hail, so that
there is a hail occurrence probability over
57% for VIL-density values greater than
4.4 g·m-3.
In exchange, for the same VILdensity values higher than 4.4 g·m-3

nuclei containing no hail represent 12%
and those with small hail- 31%.
This entitles us to believe that
4.4 g·m-3 is indeed a threshold for the
forecast of large hail.
It is surprising that the small hail
figures leap from 13% for VIL-density
smaller than 3 g·m-3 to more than 58%
for VIL density values ranging from 3
g·m-3 to 4 g·m-3 to then decrease for
values higher than 4 g·m-3, reaching as
little as 30% for values higher than
4.4 g·m-3.

Figure 7. Relative occurring frequency of storm nuclei
with or without hail, function of VIL-density,
computed for the summers between 2004 and 2007

Large hail probability increases
almost linearly starting from VIL-density
values of 3 g·m-3 and a 5% frequency, to
over 4.4 g·m-3 and a 57% probability.
It can be noticed that starting from
VIL-density values higher than 3 g·m-3,
there is a probability higher than 63% for
hail to occur in storm nuclei, that
probability exceeding 88% at values
higher than 4.4 g/m3, which makes us
believe that VIL-density is an useful
indicator in forecasting both small and
large hail. Small hail practically occurs in
a high percent (up to 60%) at VILdensity values from 3 g·m-3 to 3.9 g·m-3,
and large hail occurs at VIL-density
values higher than 4.4 g·m-3 (more than
57%).
The second analysis connected to
VIL-density consists in eliminating storm
nuclei devoid of hail and computing
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relative frequencies only for the small
and large hail detected in the nuclei,
(Fig. 8).
This analysis was also performed
due to the big number of cases when
VIL-density was smaller than 3 g·m-3, i.e.
54963 situations with storm nuclei
containing small hail, which represents
56% of the total number of cases with
small hail.

The maximum reflectivity, (Fig. 9),
is another indicator for hail forecasting.
At maximum reflectivity values between
30 dBZ and 44 dBZ, hail-containing
storm nuclei do not occur.
From 45 dBZ to 49 dBZ, there is a
low probability (14%) for hail smaller
than 1.9 cm to occur, whereas from 50
dBZ to 54 dBZ the probability that hail
smaller than 1.9 cm occurs increases to
40%. Within the 45 dBZ-54 dBZ interval
hail larger than 1.9 cm does not occur
with a probability higher than an
insignificant 2%.

Figure 8. Relative occurring frequency of storm nuclei
containing hail, function of VIL-density, computed for
the summers between 2004 and 2007

Blaes et al. (1988) indicates
to
thresholds
of
4-4.5
g·m-3
probabilistically separate cells with
„severe” hail from those with „nonsevere” hail.
This comparison between VILdensity and hail nuclei is meant to
highlight once more the importance of
using VIL-density for separating storm
nuclei with small hail from those with
large hail, especially in the operational
activity: for values higher than 4.4 g·m-3
there is a 65% probability for hail with
diameters larger than 1.9 cm and that for
VIL densities between 4.4 g·m-3 and 3
g·m-3 probability increases almost
linearly to 98% that small hail (under 1.9
cm) occurs.
In other words, if, for instance, VILdensity is higher than 4.4 g·m-3 there is
an 88% probability for storm nuclei
containing hail, (Fig. 7), 65% of which –
large hail and 35% small hail, (Fig. 8).

Figure 9. Relative occurring frequencies of storm
nuclei, function of the maximum reflectivity, computed
for the summers between 2004 and 2007

Starting from the maximum
reflexivity value of 55 dBZ, the occurring
probability increases to 19% for nuclei
with hail 1.9-3.8 cm in diameter to occur,
whereas the frequency goes up to as
much as 56% for nuclei with hail smaller
than 1.9 cm in diameter to occur.
Therefore, within the 55 dBZ-59
dBZ interval there is a 75% probability
for hail-containing nuclei to exist. In the
same interval there are no cases with
nuclei containing hail larger than 3.8 cm.
When maximum reflectivities exceed 60
dBZ there is a probability of up to 96%
for the occurrence of hail-containing
storm nuclei, 22% of which for hail
larger than 3.8 cm, 48% for 1.9-3.8 cmdiameter hail and 26% for < 1.9 cmdiameter hail.
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4. CONCLUSIONS
The aim of this study was to produce
maps of the occurrence and size of hail in
certain areas in Romania based on WSR88D radar’s forecasts. A probabilistic
approach through maps displaying the
occurring probability of hail with a
diameter larger than certain thresholds
may help estimating the location and size
of the hail. A finer grid step would yield
even more eloquent results in areas
affected by hail more frequently.
Despite the complexity associated to
the hail phenomenon, useful results were
obtained in this study. The 3.5 g·m-3
VIL-density threshold is a starting point
in forecasting hail occurrence. An
unexpected relevant result is that that for
threshold values higher than 4.4 g·m-3
VIL-density might also be a useful tool
for estimating the measured hail
diameter.
It is to be remarked that VIL-density
indicates « just » the hail that one cloud
may contain, since the radar is unable to
detect the hail fallen on the ground. This

may result in inconsistency when
correlating the in-cloud forecast hail with
reports about hail fallen on the ground.
Although
VIL-density
gives
relatively good results, to correctly
forecast hail on the ground, the
temperature in the medium and low
levels must also be taken into account.
Locally adapted VIL- density might be a
very useful tool to differentiate clouds
containing small hail from those
containing large hail.
The maximum reflectivity was also
included as an estimation element for the
existence or non-existence of hail. When
a basic threshold is set at 55 dBZ, an
increase of the probability for hail of
various sizes is noted. Thus, surfaces
covered by time-integrated echoes of
over 55 dBZ may constitute another
useful indicator for the existence and
delimitation of areas with hail events.
Acknowledgements: The authors would like to thank
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