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Abstract
Severe convective storms on a waving cold front hit
Central Europe in the late afternoon and evening of
Thursday, 24 June 2021. Storms were accompanied by dangerous weather phenomena in a large
part of the Czech Republic, in particular strong wind
gusts and large or very large hail. One of the supercells in Břeclav and Hodonín districts produced
a tornado at 17:14 UTC (19:14CEST). The tornado caused devastating damage to the landscape,
as well as to inhabited areas, with two hundred of
people injured and six people killed. The tornado
was classified as F4, one of the three most violent
tornadoes in 2021 around the world. A detailed investigation was immediately started to find information about all the causes and consequences.

north-west. On its forward side, tropical and humid
air accumulated in Czech territory, especially in
Moravia. Due to the strong high altitude flow, there
was significant vertical wind shear in the area of
the frontal boundary. On 24 June 2021, the maximum air temperature in the South Moravian Region reached 34 °C, and the dew point temperature was also significant at over 20 °C. A detailed
analysis of ground measurements from the stations
of the Czech, Slovak and Austrian meteorological
services revealed the presence and position of
the convergence line, which supported the occurrence of storms in Czech territory in the evening.
According to radar data, storms began to form after
12 UTC over the eastern Alps. In a southwesterly
flow, gradually intensifying storms reached the border of Austria and South Moravia before 16 UTC.

Due to its intensity and duration, the tornado in
the south of Moravia is one of the most dangerous
meteorological phenomena that has occurred in
Europe to date. Therefore, special attention was
paid to it. After the first surveys, a preliminary report was issued a week after the event. The complete processing of a large amount of documentation materials, measurements and observations
related to this convective storm, as well as the
results of further cross-border cooperation, will be
included in relevant publications and articles. The
most important passages of the CHMI Summary
Report are summarized below.

During the storm development and movement
over Czech territory they diversely connected,
split, weakened or newly developed. The storm,
which later produced a tornado in Moravia, originally had a different trajectory. In front of the border with the Czech Republic, it developed into a
supercell, the rotation of which briefly changed
the direction of the advance to the east and before Mikulov it moved above Břeclav, from where
it continued to the northeast. A total of 4 storms
successively passed through the Břeclav and Hodonín regions from about 17 UTC to 23 UTC on
24 June 2021. Outside the tornado-affected area,
no other strong wind gusts were measured, the total precipitation for the whole episode was between
10 and 40 mm. A maximum total of 46.6 mm was
measured further north at the Žďánice station.

Meteorological conditions
on 24 June 2021

Vertical profiles
in the atmosphere

The weather in Central Europe from 19 to 25 June
2021 was influenced by a waving cold front, slowly
moving to the east, separating moist and unstable
air to the south-east from Atlantic air masses to the

The closest radiosonde measurements to the tornado were in the stations Prostějov and Vienna
at 12:00 UTC. Although soundings are not representative for a more accurate description of the
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real conditions in southern Moravia, data gave at
least a general overview over Moravia and Austria before the storm formation. More precise data
about the state of the atmosphere in the Břeclav
region and its surroundings had to be supplemented using a combination of numerical weather
prediction (NWP) models and available ground
measurements.
Model vertical atmospheric profiles (pseudosoundings) were calculated for 10 selected
points on the border of southern Moravia, Austria and Slovakia. We used NWP models ALADIN (CHMI), GFS (NOAA/NCEP) and AM model
(WRF12, Amper Meteo) of the 00:00 UTC and
12:00 UTC runs on 24 June. The forecasts used
were for the afternoon and evening from 12:00
to 18:00 UTC (with forecast periods from 0 to 18
hours). The following information is based on the
10 pseudosoundings and 2 observed radiosonde
soundings. Instability (MUCAPE) reached high to
extreme values over 5000 J·kg −1. The maxima
in western Slovakia and eastern Moravia were
much higher (sometimes up to twice) compared
to the values in northern Austria and the adjacent
area of southern Moravia. On the contrary, the
wind shear 0-6 km was higher in the western
part of the monitored area (Austria up to 25 m/s;
Slovakia around 20 m/s) later in the afternoon
at the time of the tornado, the values gradually
increased during the evening. The conditions in
the 0-1 km layer were assessed for the suitability of tornadogenesis, determined primarily by
the relative helicity and vertical wind shear. Both
of these quantities were rather low (below the
limits) around noon and into the afternoon and
did not increase until the evening. At 17:00 UTC,
the forecasted 0-1 km wind shear values were
up to 8 m/s in Austria and Slovakia. Later, the
0-1 km wind shear reached values of around 10
m/s in South Moravia. In the evening the relative
helicity increased to values around 100 m2/s2,
with large spatial differences of values reaching
low hundreds of m2/s2. However, the sensitivity
of the output values was significantly affected by
the numerical model used or the details of the
calculation. An indicative example of a vertical
atmospheric sounding profile (pseudosounding)
for Břeclav at 17:00 UTC using the ALADIN 00:00
UTC run can be seen in Figure 1.
▶ Figure 1: Model vertical profile of the atmosphere in Břeclav

at 17:00 UTC on 24 June 2021. The pink area indicates MUCAPE, the amount of energy available for the air parcel.
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Remote sensing of the storm
Satellite and radar measurements are used for
storm monitoring and nowcasting because of their
availability in near real time. By remote sensing
methods, various cloud top properties can be observed, such as the morphology, temperature field
and microphysical composition which can reveal
the internal structure of the storm and its intensity.
Significant indicators of storm severity are cold-U
or cold-ring features in Infra-Red Brightness Temperature (IR-BT) fields or above anvil ice plumes
(both usually accompanying supercell storms) and
overshooting tops, which are generated by stronger updrafts. During 24 June, many of these indicators were observed in Central Europe. However,
the tornadic storm itself over the Břeclav region
was not significant in the satellite images. The only
well-marked feature was the overshooting top. In
the period just before the tornado occurrence, a
static image from the NOAA-19 satellite revealed
a height of the overshooting top of about 1 to 2 km.
More information about the structure of storms
and some processes inside the cloud could be
obtained from radar data and from lightning detection systems. The tornado cannot be tracked
directly by radar measurements. This is due, on
one hand, to its smaller dimensions compared to
radar spatial resolution and, on the other hand, to
the fact that the tornado is situated below the base
of the storm cloud, which is usually less than 1 km
above the surface so even the lowest radar beam
detects targets above it. More detailed information
can be obtained about the storms themselves, especially the estimate of precipitation intensity, from

the profile of the maximum reflectivity, the movement speed and direction of the particles inside
the cloud. Thanks to the CELLTRACK nowcasting
system (Kyznarová and Novák, 2009), it is possible to determine the maximum expected size of
hail (MESH) and the history of the storm cell track,
together with the extrapolation of the movement
for individually identified cells.
The tornadic supercell storm in the Břeclav region was relatively large. Due to the mesocyclone
that formed on the southern edge of the supercell
storm, the Skalky radar signal was significantly attenuated, blocked by storms to the north. Less distorted data was shown by the SHMI radar in Malý
Javorník, with a direct view from the southeast on
the southern side of the supercell. Radar reflectivity and radial velocity data from the specialized
CHPL Doppler radar and similar data from SHMI
Malý Javorník radar measurements were adjusted
to provide subsequent evaluation. These data better confirmed the presence of a rotating mesocyclone using radial velocity data together with time
comparison of the individual radar observation
quality. The rotation of mesocyclones is indicated
in the images of radar reflectivity from both radars
(Figure 2). In the left part of Figure 3, the PseudoCAPPI 2 km from the data of the corrected reflectivity from the CHMI Skalky radar shows the hook
echo at the southern edge of the storm, or in vertical sections marked with the Bounded Weak Echo
Region (BWER), which are characteristic features
of mesocyclones.

Tornado damage assessment
The extent of the tornado phenomenon and the
amount of damage was determined by means
of ground and aerial surveys for approximately
1 week from 25 June. Thanks to the cooperation

▲ Figure 2: Radar reflectivity on 24 June at 17:20 UTC
in southern Moravia with the tornado track, based on aerial
survey of damage (red line). Data from the Skalky radar (CHMI),
elevation 0,3° (left) and the Mal Javorník radar (SHMI),
elevation 0,5° (right).

▲ Figure 3. Vertical cross section through the tornadic

supercell storm on 24 June 2021 at 16:55 UTC, on the borders
of Austria and the Czech Republic : (top right) operationally
available vertical cross section of corrected radar reflectivity
from the CHMI radar Skalky, (middle right) non-operational
vertical cross section of uncorrected radar reflectivity from the
CHMI radar Skalky, (bottom right) non-operational vertical
cross section of uncorrected radar reflectivity from the SHMI
radar Mal Javorník, (left) PseudoCAPPI 2km field of corrected
radar reflectivity from Skalky radar with depicted directions
of the vertical cross sections. Violet line shows the direction of
vertical cross sections from Skalky radar, pink line shows the
direction of vertical cross sections from Mal Javorník radar.
Arrows indicate the characteristics of the mesocyclone: hook
echo in the PseudoCAPPI 2 km field (left) and bounded weak
echo region in the vertical cross sections (right).

of experts in several teams from CHMI, SHMI,
AMS, ESSL, Amper Meteo, Faculty of Science at
Charles University and Meteopress we managed
to provide a large amount of documentation for
mapping the area damaged by the tornado. Damage assessment is usually used to determine
the intensity of the tornado. As part of the uniformity of damage determination and its more objective evaluation, a preliminary working version of
the ESSL manual was used, which sets out the
assessment of damage caused by tornadoes and
wind according to the International Fujita Scale
(IFS). This International Fujita Scale aims to adapt
the original Fujita Scale to construction conditions
outside the United States of America.
Based on the initial comparison of the damage from
aerial photographs, the locations of the affected
municipalities were selected, where the nature of
the damage corresponded to the greatest strength
of the tornado. The degree of damage to buildings,
the size of drifting objects, or damage to vegetation
were assessed directly in the field. In the villages
of Hrušky, Moravská Nová Ves, Mikulčice, Lužice
and Hodonín almost complete devastation was
recorded, including to relatively solidly constructed buildings in some cases. Light to medium
vehicles were moved over relatively long distances
or thrown around the villages, even larger vehicles
The European Forecaster
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did not avoid being moved. All sorts of debris became flying projectiles in the tornado and helped
to cause, or directly caused, the destruction of buildings, poles, pillars, trees and in addition posed a
significant danger to the residents. Furthermore,
along the tornado track there were heavily damaged buildings (approximately 200 out of about
1,200 affected were condemned for demolition),
farms and vineyards, a large part of the railway
in the Břeclav-Hodonín region, the high-voltage
network, forests and agricultural areas.
Based on the IFS, the most significant damages
actually correspond to the IF4 grade (resp. F4)
and it was not only a strong but even a destructive tornado. This means that the estimated maximum wind speed reached approximately 105 m/s
(i.e., 380 km/h). This speed is very approximate
and may differ from this mean by ± 31 m/s (i.e.,
110 km/h). This is the first such confirmed case
in Czech territory in modern history. Additionally,
by the duration and size of the affected area, the
tornado has overcome all documented cases so
far. From the information on the available photos and videos, in which the tornado was visible,
it was possible to determine more precisely the
time interval of its occurrence from 17:14 to 17:53
UTC or 39 minutes. The parameters of the tornado trajectory were obtained by accurate mapping.
By intersecting the damage trajectory curve the
track is 27.1 km long from the northeastern edge
of Břeclav and the southern part of Ratíškovice.
The width of the damage route is between 2.1 km
southwest of the village of Hrušky and 250 meters
in Hodonín in the Kapřiska industrial zone. The



▲ Figure 4: Map of the tornado damages in South Moravia
on June 24, 2021
Red dots - high voltage poles damage;
black line - tornadoe track; red area - tornado damage.
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▲ Figure 5: Damage caused by the tornado in Hru ky,
South Moravia on June 25, 2021.

area between the villages of Břeclav and Hrušky,
where less damage occurred, but in the range of
up to 2.1 km, is considered to be the place where
the tornado formed, probably in combination with
downbursts. A general view of the affected area
is shown in Figure 4. An aerial image representing the extent of damage in the part of the village
Hrušky is in Figure 5.

Discussion and conclusion
Current work by foreign authors shows that tornadoes occur in Central Europe with about four
times smaller frequency and duration of convective storms compared to the central part of the
USA. Strong tornadoes (F2, F3) are less frequent
in Central Europe than in the USA, but tornadoes
(F4, F5) occur only with a frequency about 17
times smaller in area and duration of the storm
than in the USA (Taszarek et al., 2020). In 2021,
the tornado in southern Moravia was one of the
four strongest in the category of destructive tornadoes. According to the number of tornado
victims in 2021, Czechia ranked just behind the
USA and China. Nevertheless, tornadoes are one
of the less common dangerous phenomena in
convective storms in Central Europe. However, on
average, several tornadoes occur in Czech territory every year, whereas the occurrence of supercell
storms, which can be accompanied by tornadoes,
is in the order of tens per year in the Czech Republic. A strong tornado occurs several times in
a decade, sometimes including very strong ones
(EF3). Therefore, there is a need to spread awareness among the population about strong convective storms and their dangerous phenomena. The

summary report also includes recommendations
on how to behave when spotting a tornado, inspired by foreign sources.
The formation of a tornado requires the right combination of many parameters and processes in
the atmosphere in the right proportions and sequences. Many of the parameters are variable in

time and space, making the unambiguous prediction of a tornado unattainable. The presence of a
supercell storm is necessary for the formation of
strong tornadoes, but only a small part of supercell storms can produce a tornado. In any case,
convective storms and their development can be
monitored relatively well and we do our best to improve nowcasting capabilities to warn on time.

Thanks
This article was created thanks to joint work on the Summary Report for the Evaluation of the Tornado
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