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APPLYING PREDICTION MODELS FOR SHORT-TERM HAIL FORECASTING
IN SOUTHERN UKRAINE

E. B.Azaitap, A.B Cemepzeii-ymauenro, C. 0.3yoroeun. BHKOPHCTAHHSA ITPOTHOCTHYHHX MOJEJIEH
JUIA KOPOTKOCTPOKOBOI'O ITPOTHO3Y T'PAJTY HA ITIBJHI YKPATHH. Ipad € 0dnum 3 ochosnux dacepen 36umkis -
MI0BUM, KOMEPYILIHUM [ CLIbCLKO2OCNOOApCbKUM aKmueam 8 Yxpaiui. Busuenns ymoe eunuxHenHs Kpynmozo epady, ocoonueo ue
nepeobayeHux cmanOapmHUMu Memooamu nPocHO3y 6UNAOKIE 3i 3HAYHUM MAMePIianbHUM 30UMKOM, MAE 3a8ICOU BUCOKY AKMYAlb-
Hicmo. ITioguwennss cnpasodicysanocmi ma 3a64acHoCi WMoOpMOSUX HONEPEONCEHb NPO BUNAOIHHS 2pady € 8AACIUBOI0 NPOOLEMOI0
OnepamugHo20 Memeoponociynozo 3abesneuenus. Ckaaouicme ii upiuleHHs 06yMo6IeHa HeOOCMAMHbOI0 MOYHICIIO MOOEIbHO20
NPOSHO3VBAHHS MEMEOPONIOIYHUX NAPAMEMPIE amMocghepu, HEeMOUHICIIO BUSHAYEHHS YAacy | MICYs GUHUKHEHHS KOHBEKMUBHUX
A6UlY, PIOKICHOT Mepedcero Cnocmepedcets i 6i0CYmHICmI0, 6HACTIOOK Yb02o, OA3U OaHUX HeDe3neuHux aeuw. Y cmammi npoanani-
308aHi YMOBU BUHUKHEHHS 080X UNAOKIE 2padoboto Ha mepumopii nieous Ykpainu ¢ 2017-2018 pp. V nepwiomy enizodi cunonmuxu
He NPOSHO3Y8AlU 2paod, 8 IHUOMY CHOCMePIeanocs 8UNA0AHHA HA038U4aliHo2o epady (D = 65 mm). Busnaueni cunonmuuni i mepmo-
OUHAMIYHI YMOBU SUHUKHEHHS 2pady. OyineHi MOXNCIUBOCI 3ACMOCYBAHHSL PI3HUX THOEKCI8 HeCmIUKOCmI ammocghepu, a maxoxc 6u-
KOPUCMAHHS NPOSHOCTUYHUX OAHUX YUCETbHO20 MOOET08an s 2iuboxoi koneekyii (modenv Global Forecast System - GF'S) 3 kpokom
cimku 0,25° x (0,25°. Busieneni natbinow inghopmamusni napamempu gopmysanns epaody - Severe Weather ThrEAT inoexc (ckopoue-
Ho SWEAT), Convective Available Potential Energy (ckopoueno CAPE), Li (Lifted Index), BRN (Bulk Richardson Number) ma Bl
(Boyden 1). Hageoeni pexomenoayii w000 nOKpaweHHs SAKOCMi KOPOMKOYACHO20 NPOSHO3Y epaody 3 8PAXYEAHHAM OAHUX YUCETLHO2O
MOOEN08aAHHS.

Knrwwuoei cnosa: epad, cmuxiiini Memeoponociymi asuwja, KOHBEKMUSHI npoyecu, MoOemo8ants 21uboKoi KOHeeKyil, iHOeKcu
Hecmilikocmi ammocgepu.

E. B.Acaiiap, A. B Cemepzeii-Uymauenxo, C. A. 3yoroeuy HCIIOJb30BAHHE ITPOTHOCTHYECKHX MOJEJIEH
JUIA KPATKOCPOYHOI'O ITPOI'HO3A I'PAJIA HA FOT'E YKPAHUHBI. [ pao siensemcs OOHUM U3 OCHOBHBIX UCHOYHUKOS Yujep-
6a JHCUTBIM, KOMMEPHECKUM U CelbCKOXO3SUCMBEHHbIM aKmueam Ha Yxpaume. HM3yuenue ycnoguii 603HUKHOBEHUS. KPYRHO20 2paoa,
0CODEHHO He NPeOCKA3AHHbIX CLyHAes U CO 3HAYUMETbHLIM MAMePUAIbHbIM Yyepoom, 6ce20a umeem BblCOKYIO akmyanbHocms. I1o-
8bllleHUEe ONpasobleaeMocmu U 3a01a208peMeHHOCU WMOPMOBLIX NPEOYNPEeNCOeHUll 0 B03HUKHOBEHUE 2pada AGNAemcs OOHOU U3
OCHOBHBIX U 2NIABHBIX 300AY, KOMOPpble 803HUKAION NPU ONepamueHom memeoponozuieckom odecnevenuu. ClodicHOCMb ee peuleHus
00yCr061eHa HeOOCMAMOYHOU MOYHOCMBIO MOOEIbHO20 NPOSHOIUPOBAHUS MEMEOPONIOSULECKUX NAPAMEMPO8 AMMOCHepbl, Hemou-
HOCMbIO onpedeieHuss GPEMeHI U MeCMa 603HUKHOBEHUSI KOHGEKMUBHBIX A6IeHUL, PeOKOU Cembio HAONOeHUll 1 OMCYymcmeuem, 8
pesyibmame 9mozco, 6a3vl OAHHbIX ONACHBIX SIGLeHUll. B cmambe npoananuzuposansl yciogus 603HUKHOGEHUSI 08YX CIyUaes 2pado-
bumusi, 3aguxcuposannvix ha meppumopuu 02a Yepaunwt ¢ 2017-2018 2e. B nepsom snuzo0e CuHOnmuKu He npocHO3Uposatu pao,
6 Opy2om HabnI00anoCch 8binadenue Ype3sbiuaiinozo epada (D=65 mm). Paccmompensl cunonmuyeckue u mepmoOuHamuieckue ycio-
6Usl 6O3HUKHOGeHUs 2pada. OyeHusaromcest 603MONCHOCIU NPUMEHEHUS. PAZTUYHBIX UHOEKCO8, PACCHUMbIEAIOWUX NAPAMEmpbl He-
YCMOUMUBOCIU AMMOCHeEPbl, A MAKIHCE UCHOTbI0BAHUS NPOSHOCTIUYECKUX OAHHBIX YUCTEHHO20 MOOETUPOBAHUSL 2IYOOKOU KOHBEKYUU
(GFS) wazom cemxu0,25°%0,25°. Buiagnenvi naubonee ungopmamusuvie napamempuvl @opmuposanus zpada — Severe Weather
ThrEAT unoexc (coxpawenno SWEAT), Convective Available Potential Energy (CAPE), Li (Lifted Index). BRN (Bulk Richardson
Number) u Bl (Boyden Index). [Ipusedernvl pexomenoayuy no YayuuleHuio Kauecmed Kpamko8peMeHHO20 NPOSHO3a 2padd ¢ Y4emom
OAHHBIX YUCTIEHHO20 MOOETUPOBAHUSL.

Kniouegwie cnosa: epao, cmuxuiinvlie Memeoponozuieckue s6ieHus, KOHGEKMUEHble NPOYeCChl, MOOeNUposanue 2nyOoKoll KOH-
6EKYUU, UHOEKCHI HEYCMOUYUBOCTU AMMOCHepbi.

Formulation of the problem. The geograph-  conditions and the features of the synoptic processes
ical position of Ukraine, the diversity of climatic  on its territory contribute to the complex spatial and
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temporal distribution of the occurrence of natural
meteorological phenomena (NMP). In recent years,
the frequency of extreme weather phenomena has
increased due to significant climate fluctuations [8].
Often natural disasters cause significant damage to
the economy and the population, having a devastat-
ing nature, especially when a complex of dangerous
weather conditions is created. These weather condi-
tions mutually reinforce their negative impact: storm
rains accompanied by storm winds, thunderstorms
with hail, etc.

Increasing the validity and timeliness of storm
warnings about hail occurrence is one of the main
urgent tasks of operational meteorological support.
The complexity of its solution is due to insufficient
accuracy of model forecasts of meteorological pa-
rameters of the atmosphere, inaccuracy in determin-
ing the time and place of convective phenomena
occurrence, a rare network of observations.

Analysis of previous research and publica-
tions. The current state of the problem of hail cloud-
iness forecasting is characterized by the accumula-
tion of theoretical and experimental material on the
macro- and microstructural characteristics of clouds
- V. Findaisen [10] G.K. Sulakwelidze [7], S.M.
Schmeter [11], M.V. Bukov [2] etc. [1,5,9]. Foreign
experience also indicates the relevance of the study
of climatology, the dynamics of formation and pre-
diction of strong hail (Bedka 2011; Dworaketal.
2012) [13-23, 25-27]. Methods of convective phe-
nomena forecasting using empirical parameters of
atmospheric instability are now popular [3,4,12]. In
operational prognostic practice in Ukraine, the pos-
sibility of using these parameters is rather limited
due to insufficient software, so research of this issue
is relevant.

The purpose of the research is to study the
synoptic and thermodynamic conditions of large hail
occurrence in the territory of southern Ukraine, as
well as the possibility of using forecasting models
for short-term forecast of hail.

The source material was meteorological obser-
vation data (ARMSin), Wetterzentrale [29], logs of
storm warnings of HMC BAS, interactive databases
of the European Severe Storms Laboratory ESSL
[30] site at the specified dates. To analyze the humid
and dynamic parameters of the troposphere in the
implementation of dangerous meteorological phe-
nomena, we used an atmospheric radiosonde data
set at 00.00 UTC and numerical simulations (GFS)
with a spatial separation of 0.250 x 0.250M at the
stations of Odessa-HMO (Odessa-Observatories)
and Yuzhnoukrainsk of Nicolayiv region (at 12.00
and 15.00 UTC).

Methods and presentation of the study ma-
terial. Heavy hail in the summer is possible for the
whole territory of Ukraine, and quite often this phe-

nomenon is observed in the southern regions of the
country [8]. For the period of 2009-2018, hazardous
weather database of The Black and Azov Seas Hy-
drometeorological Center provides information
about 20 hailstorms. And it is reported about 56
hailstorms according to the European Severe Weath-
er Database (ESWD)[30].

Many of these cases were not predicted, includ-
ing no storm warnings, so the study of hail occur-
rence conditions with significant material damage,
especially not predicted by the forecast, is most re-
levant.

Two cases of hail fall in the Northwest Black
Sea region during the warm period of 2017 and
2018 were selected for the research, which are relat-
ed to the synoptic processes that led to the develop-
ment of powerful convection. The first one was ob-
served in the area of Odessa-AMSC and Odessa-
HMO stations on May 20, 2017 between 14.23 and
15.00 of local time (D = 8 mm), but was not fore-
casted. The second case is an extraordinary hail (D
= 65 mm), which was registered on 28.06.2018 at
15.05 UTC in the territory of the Nikolaev region
near Yuzhnoukrainsk city. In both cases, the possi-
bility of using different indices, which calculate the
parameters of the instability of the atmosphere, as
well as the possibility of modeling deep convection,
are considered.

The first case. On May 20, 2017, the territory
of the Odessa region was influenced by a basin of
low pressure, oriented from the north, which the
system of occlusion front located in the east of the
region was connected with. The intensity of the
high-altitude frontal zone (AFZ) over the region was
20 dam \ 1000 km. The thermobaric field of the up-
per and middle troposphere was represented by a
kernel of cold over the eastern part of Ukraine,
which occupied the territory of the Odessa region
and may contribute to the formation of deep convec-
tion zones [6]. The value of relative geopotential in
the center of the reduced pressure over the east of
Ukraine reached 552 dam. The advection of cold
spread from the northeast to the southwest to areas
of the Balkan Peninsula. Intense vertical upward
flows of 10-20 hPa / h were observed on the surface
of the AT-500. On the AT-850 map, the region of
reduced pressure occupied the entire territory of
eastern Ukraine and the Azov-Black Sea basin, and
the cold center with a temperature of 2° C was lo-
cated over eastern Ukraine.

Thus, in the lower layers above the Odessa re-
gion advection of warm air was observed, which
increased the possibility of hail formation. Accord-
ing to the precipitation distribution map at 12.00
UTC, the precipitation zone with the intensity of 15-
20 mm / 3 h was located above the territory of
Odessa region. (Fig. 1).
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Fig. 1. Maps VT-500/1000, AT-500 (vertical streams), AT-850 and precipitation fields,
20.05.2017 00 UTC [29]

The low-gradient high-pressure baric field at  in the middle troposphere to 15 m / s. A sharp in-
the earth's surface caused a relatively weak wind (2-  crease of wind speed was observed from the level of
3 m/s), and a surface inversion was also observed. =~ 300 to 200 hPa, where jet current was detected at a
The transition from ground-level anticyclone circu-  speed of above 30 m / s. Thus, the vertical distribu-
lation to cyclonic circulation in the middle and up-  tion of thermodynamic parameters of air mass ac-
per troposphere was determined by a sharp increase  cording to the data of night sounding at Odessa sta-
in wind from an altitude of 700-800 m (Fig. 2a). tion was not typical for the formation of hail clouds,

According to the temperature-wind sounding at ~ so in order to predict the development of powerful
the Odessa-HMO station at 00 UTC, the level of  convection, which can cause hail, information that is
convection was 470 hPa. The vertical temperature  close to the time of the event is needed.
gradient in the 984 to 720 hPa layerwas dry adia- At present 26 indices of instability are widely
batic and in the 700 to 560 hPa layer exceeded the = known in the world, which are used to predict con-
moisture adiabatic one. The magnitude of the insta-  vective instability phenomena [12, 28]. For the hail
bility energy increased above the 700 hPa level, forecast observed at the meteorological stations
where the average deviation of the state curve from  Odessa-Airport and Odessa-HMO on 05/20/2017, in
the stratification curve was 20C (Fig. 2b). the framework of this study 9 parameters of convec-

The condensation level was at an altitude of tive instability of the atmosphere were used. The
810 hPa, which is high enough for convective pre-  calculation of the instability indices was performed
cipitation. The air mass at the surface up to the level  according to the objective analysis of GFS (Global
of 600 hPa was dry (42-35%), but at the level of 580  Forecast System), with a grid step of 0.250 x 0.250
hPa the relative humidity reached 90%, a sharp de- M. The values of the calculated indices are present-
crease of humidity up to 18-23% was observed ed in Table. 1. In addition, according to data of the
above. Such a distribution of humidity increased the  objective analysis using an specialized RAOB soft-
potential instability of the air mass. The wind ve-  ware, an aerological chart was constructed at 09.00
locity in the surface layer was 2-3 m / s, increasing ~ UTC 20.05.2017 (Fig. 3).
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Fig. 3. Aerological chart for 12 UTS 20.05.17, Odessa-HMO station

Moderate thermal instability was observed in
the hail development zone at 09.00 UTC, as con-
firmed by SBCAPE (594 J / kg), that is characteris-
tic for thunderstorms occurrence, moderate Lifted
Index (-3 © C), high TT index (55.5) and Boyden
index. (97,2). In addition, in the middle and upper
troposphere wind speed increase up to 17-20 m / s
was observed. Also, according to the CFS analysis,
a hail size of 20 mm was determined. The SWEAT
index, which takes into account both wind velocity
and displacement as well as thermal instability in
the troposphere, was also close to critical (250).

Analysis of the vertical distribution of tropo-
spheric wind characteristics was performed accord-

ing to the data of the troposphere radiosound, and
the variability of the actual tropospheric wind was
estimated by the hodograph (Fig. 3). The wind hod-
ograph can be set parametrically by two functions:
changing the wind speed module and the wind azi-
muth with altitude, with the beginning of each next
vector being delayed from the end of the previous
one. The hodograph gives a clear idea of the most
likely directions for the transfer of air flows, chang-
es in the direction and speed of wind. The May 20,
2017 data show a steady northern wind direction
and increased wind speed with the altitude.

Thus, the high probability of hail emergence
was indicated by the presence of moderate thermal
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Table 1
Values of atmospheric instability parameters according to indices calculated from objective GFS analysis
Indices Index values
SBCAPE (J / kg) 594
SBCIN (J / kg) 0
Boydenl 97,2
VGP 0,102
Li (°C) -3
KI 29
SWET 224,8
TT 55,5
SRH ¢-3 km (rnz/ Sz) 70

instability with the level of convection development
7281 m, high values of the SWEAT index, TT index
and Boyden index. It should also be noted that local
conditions, such as the presence of a land-sea delim-
itation, played a significant role in the formation of
hail in the coastal zone.

In this case, the difficulty of hail predicting
near Odessa on May 20, 2017 first of all can be ex-
plained by the absence of a radiosounding in the
afternoon, because night sounding cannot provide
information for the prediction of convective phe-
nomena that develop in the afternoon. Also, a rare
network of aerological stations does not allow ob-
taining actual information on the thermodynamic
characteristics of the troposphere in the region. But
a significant impact on the success of forecasting
hazardous meteorological phenomena that are local-
ly and "explosive" in nature can have the use of high
spatial resolution forecasting models and objective
analysis data from GFS or other resources.

The second case was observed on June 28,
2018, when the territory of the Mykolaiv region was
influenced by the warm sector of cyclone with the
center over the Balkans and a minimum pressure of
1005 hPa (Fig. 4a). An occluded polar frontal sys-

tem is associated with this baric formation. In the
daytime the air near the surface warmed to 28-34 °
C, except in the northwestern regions, where due to
the cloudness of the cold front, warming was negli-
gible (up to 19-21 ° C). The advection of heat in the
lower troposphere and the focus of cold at an alti-
tude of 5 km and above determined the thermobaric
structure of the altitude field of pressure over the
territory of southern Ukraine. Such distribution of
heat and cold zones by altitudes is one of the charac-
teristic prognostic features of the possibility of
forming a heavy hail cloudness. According to the
circular map at 15.00 UTC, the polar front with
waves and a linear system of cumulonimbus clouds
(Fig. 4b) was passing in the area of Yuzhnoukrainsk
and the atmospheric pressure decreased to 999.7
hPa. Meteosat satellite data confirm the presence of
a series of mesoscale convective complexes (MCC)
over southern Ukraine (Fig. 5), where heavy rains,
thunderstorms and hail were observed.

To verify the methodology of hail forecast ac-
cording to the data of objective analysis of GFS and
specialized RAOB software, an aerological chart
was constructed for June 28, 2018 for the meteoro-
logical station Yuzhnoukrainsk, Mykolaiv region
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Fig. 4. Surface map 28.06.2018. 06.00 UTC
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(Fig. 6), at which an extraordinary hail was regis-
tered at 15.05 UTC. The size of the hailstones was
65 mm, which is 1.5 times higher than the criteria of
the MFI III (D> 40 mm). According to model data at
15 UTC, a hail of 1.33 inches (34 mm) was fore-
casted.

The parameters of convective instability of the
atmosphere in this case were classified depending
on which layers of the atmosphere were evaluated
by the instability degree as the main predictor of
hail hazard. Most indices estimate the instability
degree in the cloud layer (Table 2) or the cloud and
undercloud layers (Table 3). This is explained by the
fact that the ascending vertical movements start in

Fig. 5. Satellite data 28.06.2018. 15.00 UTC

the warm humid air of the undercloud layer, and in
the cloud layer they intensify, where hydrometeors
(water droplets, ice particles, snow groats) accumu-
late [2, 10, 11]. The indices given in the table de-
scribe the instability degree of the atmosphere quite
well and allow to determine the development of
high-probability hail cloudiness. Almost all parame-
ters reach or exceed limits. The SBCAPE parameter,
which is a measure of the instability of the atmos-
phere, shows "strong instability" (2500-4000 Jkg-1),
the Boiden index - 97.2 (the higher the index, the
higher the probability of thunderstorms), the index
K exceeds the critical value twice (20 and above),
the Index Li also has a critical limit (-80C).
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Fig. 6. Aerological diagram of the Yuzhnoukrainsk station.15.00 UTC. 28.06.18
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Table 2
Atmospheric indices, which estimate the instability degree of a cloud layer
according to the objective analysis of GFS 06.28.2018
Indices Index values

SBCAPE (J / kg) 2550
DCAPE (J / kg) 1199
Boydenl 97,2
VGP 0,195
KI 43,4
SWEAT 348.4
TT 56,8

Table 3

Atmospheric instability indices, which evaluate the instability degree of cloud and
undercloud layers according to the data of objective analysis of GFS 06.28.2018

Indices Index values
SBCIN (J / kg) -93
Boydenl 101,6
VGP 0,195
Li(°C) -8

A characteristic feature of this case is the alter-
nation of wet and dry layers in the troposphere. A
moist layer of 1.5-2.0 km lies above the boundary
layer of the atmosphere, above which threre is a rel-
atively dry layer. A significant shortage of humidity
in the surface layer (16 °C) is also one of the predic-
tors of the spontaneous hailstorm occurrence[11].

The trajectory of hail cloud movement in the
area of Yuzhnoukrainsk is directed by the quasi-
latitude (with azimuth of motion of about 90-130 °)
in the layer of 0-3 km. (Fig. 7), which is more accu-
rately predicted by the Bunkers method [15, 20, 24].
But above the 3-kilometer layer there was a shear of
the wind and the vorticity of the flow was clearly
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observed, which can be estimated by the shape and
length of the hodograph as well as by the values of
the Storm Relative Helicity (s-rH) index In this
case, the value of s-rH was 76 m?/s> and there was a
right turn of the wind with height (the so-called
"right storm") and an increase in the swirling up-
ward flow in the middle troposphere. The vertical
shear of the BRNshear horizontal wind was 14.4 m /
s. The BRN index estimates the instability energy of
a convective cloud and the vertical displacement of
cumulus-rain cloud (Cb) layers relative to each other
as it evolves, and includes floating energy (CAPE)
and vertical horizontal wind shear, which in turn are
the critical factors that determine the development,
evolution and formation of a storm. In this case, the
index value was quite high and reached 177. This

indicator shows the presence of relatively weak ver-
tical wind shear and high CAPE, which implies the
highest probability of a multi-chamber thunder-
storm.

Conclusions.

- High values of the SWEAT, CAPE, Li (buoy-
ancy parameter), BRN and Boyden I indices can be
considered as the most informative predictors for
hail forecasting according to the data of global hy-
drodynamic atmospheric models.

- The use of products of numerical simulation
and taking into account the trend of changes in
thermodynamic parameters with simultaneous anal-
ysis of features of synoptic position and regional
conditions can improve the quality of the convective
phenomena forecast (including hail).
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APPLYING PREDICTION MODELS FOR SHORT-TERM HAIL FORECASTING
IN SOUTHERN UKRAINE

Formulation of the problem. Often natural disasters cause significant damage to the economy and the
population, having a devastating nature, especially when a complex of dangerous weather conditions are cre-
ated, which mutually reinforce their negative impact: storm rains accompanied by storm winds, thunder-
storms with hail, etc. Increasing the validity and timeliness of storm warnings about hail occurrence is one of
the main urgent tasks of operational meteorological support.

The geographical position of Ukraine, the diversity of climatic conditions and the features of the synop-
tic processes on its territory contribute to the complex spatial and temporal distribution of the occurrence of
natural meteorological phenomena (NMP). In recent years, the frequency of extreme weather phenomena has
increased due to significant climate fluctuations. Often natural disasters cause significant damage to the
economy and the population, having a devastating nature, especially when a complex of dangerous weather
conditions is created. These weather conditions mutually reinforce their negative impact: storm rains accom-
panied by storm winds, thunderstorms with hail, etc. Increasing the validity and timeliness of storm warnings
about hail occurrence is one of the main urgent tasks of operational meteorological support.
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The purpose of the article to study the synoptic and thermodynamic conditions of large hail occur-
rence in the territory of southern Ukraine, as well as the possibility of using forecasting models for short-
term forecast of hail.

Methods. Using of high spatial resolution forecasting models and GFS objective data or other re-
sources.

Results. The conditions of occurrence of two cases of hailstorms in the territory of the south of Ukraine
in 2017-2018 are determined. In the first episode hail was not forecasted by the weather forecasters, due to
the lack of daily radio-sounding data and a rare network of aerological observations, in the other one, an ex-
traordinary hail (D = 65 mm) was observed. As predictors in forecasting of hail and other convective phe-
nomena it is rational to use quantitative characteristics of the atmosphere instability. Possibilities of applying
different convective storm indices, as well as the use of the Global Forecast System (GFS) numerical simula-
tion forecast data with a grid step of 0.250 % 0.250 meridians were evaluated. It has been found that the fore-
cast of moving hail clouds is effectively implemented by using the Bunkers method.

Scientific novelty and practical significance. The most informative parameters of the thermodynamic
state of the atmosphere the day before hail formation have been identified - Severe Weather ThrEAT Index
(abbreviated SWEAT), Convective Available Potential Energy (abbreviated CAPE), Li (Lifted Index), BRN
(Bulk Richardson Number), and VI (Boyden I). Recommendations are given to improve the quality of short-
term hail forecast, taking into account numerical simulation data.

Keywords: hail, spontaneous meteorological phenomena, convective processes, deep convection mod-
eling, atmospheric instability indices.
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