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Abstract
One of the most complex mesoscale atmospheric phenomena is the supercell. 
In most cases it is associated with violent convective processes such as: wind 
intensifications that can exceed 100 km/h, high electrical activity, large hail and 
torrential rains in short periods of time. Such an extremely severe convective 
phenomenon occurred on June 19, 2016, over the city of Târgu Mureș, being the 
subject of this analysis. For the analysis of synoptic and mesoscale phenomena 
were consulted: ground and altitude maps of Global Forecast System (GFS) models, 
European Center for Mid-Range Weather Forecasts (ECMWF), Zentraanstalt fur 
Meterologie und Geodynamik (ZAMG), COSMO, ESTOFEX , Târgu Mureș Skew 
- T diagram, observation data from the local meteorological station, satellite 
images (Meteosat 08) and meteorological data from the archive of the National 
Meteorological Administration (ANM) and images captured by the WSR 98D 
Bobohalma meteorological radar. The aim of this study is to identify aspects of the 
structure, evolution and movement of the supercell in order to understand the 
synoptic and mesoscale conditions to identify the characteristic features of severe 
phenomena that could contribute to the effectiveness of nowcasting warnings.
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INTRODUCTION

At the base of an extreme weather situation that lasted five days was a  rapidly 
developing cyclone. The low pressure center was formed in the Czech Republic 
on June 17, 2016. This center moved north and merged with the present air mas-
ses and by June 18, they formed a deep cyclone with an air pressure of 990 hPa. 
Further, the temperature difference between the Balkans and Central Europe incre-
ased, leading to a high horizontal temperature gradient. While in Bulgaria and Gre-
ece the pressure level was close to 25° C at an altitude of 850 hPa (about 1,500 m), 
above Romania it was only 10° C at the same altitude. The advection of the warm 
African air, which was heading north, gradually cooled, thus becoming saturated, 
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providing a sufficient amount of atmospheric convection for the formation of stor-
ms. In addition to thermal parameters, an important role was played by the high 
altitude wind (Jetstream), and even on June 20, the altitude flow over our area was 
strong at the pressure level of 300 hPa (approx. 9600 m). All this created optimal 
conditions for thunderstorms and since the front zone has survived for a long time, 
along it for several days thunderstorms followed one another. The knowledge of 
their local climatology is not only important for weather forecasting purposes, but 
also for risk assessment. (Trapp et al. 2007; Kapsch et al. 2012; Allen et al. 2014; 
Seeley and Romps 2015; Gensini and Mote 2015; Allen 2018). Research on futu-
re climate change predicts the intensification of extreme weather events in the 
coming decades (Thom and Seidl, 2015). In Europe, tornadoes are rare (Dessens 
& Snow, 1993) and there are few studies that would associate European tornadoes 
with supercellular storms (Alberoni et al., 1996).

From this it can be concluded that European supercellular storms are not 
usually tornadoes and are much rarer than on the American continent. In central 
Europe thunderstorm activity peaks during summertime with a rapid increase in 
April and a decrease in October (Taszarek et al. 2015). Several modeling studies 
have been used to examine the process of supercell formation. These long-lived 
organized storms, first termed „supercells” by Browning (1962), have been studied 
extensively using radar observations and, while many characteristics are associated 
with supercells, the main feature that differentiates them from other thunderstorm 
modes is their deep, persistent, rotating updraft (Thompson 1998; Doswell and 
Burgess 1993). A series of studies have looked at the predictability of large-scale 
weather features, examining the error growth of the geopotential height forecasts 
at a specified pressure level (Lorenz 1982; Dalcher and Kalnay 1987; Molteni and 
Palmer 1993; Bengtsson and Hodges 2006).

On the other hand (Warner et al. 1984; Anthes et al. 1985; Zhang et al. 2003, 
2006, 2007), have focused on the predictability on the mesoscale and a significant 
part dealt with the predictability of the climate and its characteristics (Kirtman 
2003; Chen and Cane 2008). Only a  few studies have been conducted on the 
predictability of the weather on the storm scale, where complex movements 
and turbulence occur. Studies have shown that two mechanisms are needed to 
form supercells in a dry environment: first, a strong flow prevents the movement 
of a cold exit before a storm (Klemp 1987) and second, lifting pressure gradients 
induce an increase in ascending current almost directly above a surface burst front 
(Schlesinger 1980; Rotunno and Klemp 1982).

Following studies on the environment around supercells, (Weisman and Klemp 
1982) concluded that supercell formation is more favorable in environments with 
high instability and strong vertical wind. In Romania, the appearance of super-
cells is very rare, but the case of the severe meteorological phenomenon from 
19.06.2016 in the Târgu Mureș area, studied in this paper suggests that such events 
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will be more frequent in the next period. This case study analyzes the synoptic and 
mesoscale conditions that determined the formation of the supercell. This article 
is structured as follows: Section 2 describes the data sets and methodology, sec-
tion 3 presents in subsections (synoptic situation, mesoscale situation, analysis of 
satellite images, analysis of electric discharges and precipitation, analysis of the 
aerological diagram and instability indices, radar data analysis), The conclusions 
are presented in section 4.

DATA AND METHODS

To perform this analysis were used the database of the National Meteorological 
Administration (ANM) archive on air temperature, pressure, humidity, amount of 
precipitation, meteorological phenomena with hourly and daily meteorological 
measurements. At the synoptic level, maps of the ground level and the baric and 
thermal field at different altitudes 500 and 850 hPa were analyzed from http://
www1.wetter3.de/archiv_gfs_en.html.

To examine the vertical structure of the supercell, the infrared images captured 
by the meteorological satellite Meteosat 08 were analyzed, (ANM Archive). The 
horizontal evolution was analyzed using the data from the S band of the Doppler 
radar WSR-98D Bobohalma (RDBB) from June 19, (ANM Archive), with a coverage 
area of ​​166106 square km radius of 230 km, reflexivity field at 2.4 degree elevation, 
with a periodic scan of 6 minutes. The main studied parameters of convective cells 
were the height of cloud formations (Echo Tops), reflectivity and vertically integrat-
ed liquid (VIL), hail indices (Hail Index). The radar analysis was supplemented by 
data provided by the European lightning detection network Blitzortung, (https://
www.blitzortung.org/en/historical_maps.php?map=10) and the radiosonde meas-
urements were acquired following the analysis of the COSMO model.

RESULTS AND DISCUSSION

a)   Synoptic situation

Synoptic map of Europe (Fig. 1), on 19.06.2016 shows the Azoric anticyclone with 
a central pressure of 1033 hPa, in the western half of Europe, with the ridge extend-
ed to the northeast of the continent, carrying maritime subpolar air, coupled with 
the depression area of ​​North Atlantic origin centered in Finland, simultaneously 
with the advection of hot and humid air extended over central Europe. The studied 
area is located in the separation surface between the two air masses highlighted 
by the high potential equivalent temperature gradient. The flow of hot and humid 
air from the Mediterranean Sea was the triggering synoptic ingredient that led to 
the formation of increased atmospheric instability on 19.06.2016. Following this 
synoptic context, the supercellular storm was formed, manifested by abundant 
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precipitation, strong wind and large hail, a very rare meteorological phenomenon 
in the studied area that can occur once every 10 years.

Fig. 1  
Synoptic map of Europe pressure on 19.06.2016, 13:00 BST, GFS model analysis 

Source: (https://www.metcheck.com/WEATHER/gfscharts_archive.asp)

b)   Mesoscale situation

At an altitude of 500 hPa, on June 19, the geopotential map of Europe shows 
the ridge of North African origin in the southeast of the continent with geopoten-
tial values of 584 dmgp. The instability is accentuated on the tropospheric column 
due to the extension of the Icelandic cyclone trough to the central basin of the 
Mediterranean Sea presented by a cut-off structure of 568 dmgp (Fig. 2-a).

Fig. 2  
GFS model analysis for Europa at 19.06.2016, 18:00 UTC,  

a) Geopotential map at level of 500 hPa, b) Temperature map at level of 850 hPa. 
Source:(http://www1.wetter3.de/archiv_gfs_en.html)
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The area of interest is located on the ascending slope of the plateau, inside the 
contact surface between the cold and humid air mass penetrated from the west 
due to the Azores anticyclone on the ground, the hot and dry air mass at altitude, 
present in south-eastern Europe. cold air mass due to the altitude trough detached 
from the Icelandic cyclone. In this synoptic context within the discontinuity line, 
the thermo-baric gradient intensified being favored by the moist air mass trans-
ported by the ridge of the Azores anticyclone, finally conditioning the formation of 
the studied supercell. According to the GFS model, the values of the equipotential 
temperature at the level of 850 hPa, on June 19, at 18:00 UTC, are determined by 
the advection of a warm air mass from North Africa of 25° C, loaded with moisture 
over the Mediterranean Sea, associated with the valley. of the Icelandic cyclone 
of 10° C, which transports cold air, doubled by the Azoric anticyclone through 
the ridge extended to southeastern Europe (Fig. 2-b). This area is highlighted by 
the potentially high equivalent temperature gradient being oriented from north-
east to southwest, starting with southern Ukraine, western Romania, Serbia and 
southern Italy.

At the level of 300 hPa, in the upper troposphere, from the analyzes of the 
ALARO numerical model, there is an extended warm ridge with a  geopotential 
value of 952 dmg in the area of interest, having a slight increase of the gradient 
value in the geopotential field up to 954 dmg at 18:00 UTC. In the thermal field 
the temperature increased by about 2° C, these conditions ensuring a surplus of 
ascendancy to the convective phenomena in this area. This configuration of as-
sociation of the lower level jet with the jet from the upper troposphere favors the 
development and maintenance of the activity of convective cells (Blaga, 2015).

c)   Analysis of satellite images

The infrared image captured by Meteosat 08 illustrates the accentuated vertical 
development of cloud formations, the estimated temperature at the top of cloud 
systems being approximately (- 65° C), (Fig. 3-a) on June 19, 2016 at 17:00 UTC.

To monitor the tendency of the convective system to move, the High Resolu-
tion Visible (HRV) images from 17:20 UTC were analyzed, from where the trajectory 
of the mesoscale convective system can be observed, which was from SW to NE, as 
well as its evolution along the route, where the most developed cells had a cloudy 
roof of 10-12 km. In the image (Fig. 3-b) the green arrow indicates the overshooting 
of the analyzed supercell that has climbed up to 15 km, and the blue star indicates 
the position of the studied area.
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Fig. 3  
Images provided by Meteosat 08, 

a) infrared at 17:00 UTC, b) High Resolution Visible (HRV) at 17:20 UTC. 
Source: (ANM Archive)

d)   Analysis of electric discharges and precipitation

A  method for monitoring thunderstorm activity is by remote sensing, such as 
lightning detection networks. A number of thunderstorm climatologies have been 
based on lightning detection networks at national, continental, or global scales 
(Betz et al. 2009; Pohjola and Mäkelä 2013; Virts et al.2013; Wu et al. 2016;Galanaki 
et al. 2018; Zhang et al.2018). The electrical activity was intense throughout the 
trajectory of the convective cells, but the peak was recorded between 17:00 - 17:30 
UTC, very close to the studied area (Fig. 4-a).

Fig. 4  
GFS model analysis for Europa at 19.06.2016, 18:00 UTC,  

a) Lightning distribution. Source: (https://www.blitzortung.org/en/historical_maps.php?map=10),
b) Precipitation area. Source: (https://www.wetterzentrale.de/reanalysis.

php?jaar=2016&maand=6&dag=19&uur=1800&var=4&map=1&model=cfsr)
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The synoptic situation presents a  convective system with a  particularly fast 
evolution (Fig. 4-b), with an accentuated atmospheric instability, which had super-
cellular characteristics, associated with torrential rains that locally exceeded 40-50 
l/square meters and medium-sized hail. Convective storms had the trajectory of 
movement from SW to NE.

e)   Analysis of the aerological diagram and instability indices

June 19 brought together all the synoptic ingredients needed to trigger extreme 
phenomena specific to increased atmospheric instability. The instability on the 
entire tropospheric column is due to the interaction of the Icelandic Cyclone ba-
sin extended to the center of the Mediterranean Sea and the North African ridge 
in southeastern Europe of the Azoric anticyclone. The COSMO limited area mod-
el presents for the area of ​​interest indices of instability in the altitude survey on 
19.06.2016, with the following values: Total Totals Index (TTI) values ​​increased to 
55-57, indicating the possibility of tornadoes, values Convective Available Poten-
tial Energy (CAPE), were over 2100 J/kg indicating pronounced instability, Lifted 
Index (LI) values, decreased to - 7° C, values ​​associated with extreme instability and 
extreme large storms, K Index values (KI) reached 38-40, indicating a probability 
of 80-89% storm. The Skew-T aerological diagram, dated 19.06.2016, at 18:00 UTC 
(Fig. 5), shows the visualization of the basic transformations of atmospheric en-
ergy by the vertical evolution in the Earth’s atmosphere of the dew point curve 
(left), of humidity (middle) and temperature (right). The difference between the 
temperature graph curve and the dew point graph indicates the value of air mass 
humidity, level by level. The smaller the space, the more humid the air. If the curves 
overlap, they correspond to 100% saturated air and condition the appearance of 
clouds (Fig. 5a). The graph shows on the left the standard pressure levels defined 
by the International Civil Aviation Organization (ICAO) and on the right is the force 
and direction of the wind, a half barb corresponds to 5 knots or 10 km/h, 1 barb 
corresponds to 10 knots or 20 km/h and a triangle to 50 knots or 100 km/h. The 
graph shows the vertical shear of the wind below 1500 m, this being an indicator of 
the formation of convective storms. This figure represents a COSMO environmen-
tal sounding model, together with the equivalent hodograph in the upper right 
corner (Fig. 5b), representing the wind speed and direction as well as the shear, 
in relation to the height. At the same time, there is a dry layer at low levels below 
1500 m, a wet layer at medium levels and a drier range between 500 and 400 hPa 
levels, which favor the instability of the atmosphere. The isotherm of 0 degrees at 
3500 m, is an exact indicator for the appearance of medium and large hail, which 
in association with the CAPE index with extremely high values, favored the mainte-
nance of ice particles inside the cloud for a long time, resulting in large hail.
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Fig. 5  
COSMO model analysis Skew T diagram for Târgu Mureș at 19.06.2016, 18:00 UTC

a) environmental sounding model, b) hodograph
Source: (ANM archive)

f)   Radar data analysis

Climatological aspects of (severe) thunderstorms can also be studied using nation-
al radar networks (Davini et al. 2011; Cintineo et al. 2012; Kaltenböck and Stein-
heimer 2015). From a convective point of view, June was very active, especially 
in the second half of the month when violent storms occurred in most areas of 
the country due to intense cyclogenesis in central and northwestern Europe, due 
to the contrast between the cold air mass in the central part and the advection 
of warm air in Eastern Europe, favored by the ridge of the Azoric anticyclone. In 
the early stages, convective phenomena manifested themselves in the west of the 
country, where supercellular systems could be observed. These turned into con-
vective systems (arc echoes) that eventually formed a storm line. The trajectory of 
a mesoscale convective system is usually with lines of thickness 300-850 hPa or in 
general the movement of convective cells in a convective system is deflected to 
the right of the wind from average levels by about 30° and at a speed lower than 
this, on average 70% (Merritt and Fritsch, 1984).

Initially, the cells of the mesoscale convective system had a southwest-north-
east trajectory and then a slight eastward rotation. The supercell was detected at 
16:20 UTC, at a distance of over 90 km west of the S-band Doppler WSR-98D radar 
from Bobohalma meteorological radar (RDBB), and traveled approximately 145 km, 
with an average speed of 50 km/h and a lifespan of almost 3 hours. In the reflexivity 
field at an elevation of 2.4 degrees, at 17:16 UTC, (Fig. 6), the mesoscale convective 
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system is in the maximum development phase, presenting values ​​of 70 dBz and 
takes the form of an arched echo. The white circle indicates the study area.

Fig. 6  
Reflexivity field at 2.4 degree elevation, 19.06.2016, 17:16 UTC,  

Bobohalma meteorological radar (RDBB). 
Source: (ANM Archive)

Fig. 7  
Supercell at the city limit.



Folia Geographica, Volume 63, No. 2, 24–37, (2021)   •   33

Ion BUGLEA, Marius CIGHER

Reflectivities larger than 55 dBZ are often attributed to hail (Geotis, S.G., 1963). 
The radar data were also confirmed by the measurements made at the local 
meteorological station, where the amount of precipitation reached 40 l/square 
meters, hail with a diameter of 2-3 cm fell and the wind gusts reached 70 km/h. 
For România, Carbunaru (2014) and Reckerth (2015) correlated some radiolocation 
parameters of Cumulonimbus clouds which produced hail falls. Figure 7 shows the 
magnitude of the phenomenon just before it hit the city.

CONCLUSIONS

Thunderstorms, particularly severe events accompanied by large hail, damaging 
wind gusts, tornadoes, or flash floods, pose a considerable risk to society (Brooks 
2013; Papagiannaki et al. 2013; Terti et al. 2017; Papagiannaki et al. 2017). Between 
June 18-20, 2016, in the southern and central-eastern part of Europe, supercellu-
lar structures and the extreme meteorological phenomena associated with them 
were reported. For such an extreme phenomenon to form, a combination of fac-
tors is needed. On June 19, 2016 all the conditions necessary for the formation of 
a storm of such intensity were met in the area of ​​Târgu Mureș. We cannot say that 
it was a tornado, but according to the analysis regarding the damage produced, it 
was concluded that there was an extremely violent downburst with an estimated 
wind speed of 150 km/h. Recently research on the phenomenon has intensified 
in order to understand and be able to explain their properties (Solari, 2014, 2020).

At ground level, conditions were formed for the overlap of the hot and dry air 
mass stationed on the Romanian territory, with the mass of cold and humid air 
through the western advection of the Azores anticyclone ridge. In altitude, the 
geopotential gradient increased following the interaction exerted by the Azores 
ridge located in the southeast of the country and the Icelandic depression, am-
plifying the descent of cold air. The western half of the country was in the area of ​​
interference between the two air masses. The advancement of hot and humid air 
provided by the low level jet played a decisive role in increasing the instability and 
the potential of severe weather. It is unusual for such extreme storms to persist in 
our region for several days.

If the potential energy of a convective system is provided by surface heating 
caused by solar radiation, it will take several hours, but if the potential energy 
supply is made at the synoptic scale, by humidity in the middle troposphere, contin-
uous flow of cold air in the upper troposphere, associated with wind shear, then the 
lifespan can be extended to a few days, as in this case. The evolution of the studied 
supercell reached its peak on the afternoon of June 19th. This study tried to identify 
the causes and processes that favored the evolution of convective systems between 
June 18-20, but especially the case of the supercellular system and the storm line 
of June 19 in Târgu Mureș area, to improve the methods of issuing warnings in case 
such extreme phenomena, which in the future will be more numerous.
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