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Abstract. This study documents the evolution of severe thunderstorm outbreaks that occurred on 10
and 11 August, 2017 in Poland. This study used cloud-to-ground lightning-strike data from the PE-
RUN lightning detection network managed by the Polish Institute of Meteorology and Water Manage-
ment — National Research Institute. In the description of storm phenomena the authors also applied
synoptic maps, meteorological radar data, vertical atmosphere soundings and meteorological data
from the station in Poland. The aim of this study was to trace the causes of the upward movement
of supercells including the Mesoscale Convective System day by day, and to examine relationships
between lighting distributions on 10 and 11 August, 2017. In Poland, on August 10, 2017, 154,524
cloud-to-ground flashes (CG) occurred, and 56,510 CG flashes the next day. On August 10, around
18% of all flashes had a positive current, but 29% the next day. The spatial distribution of the light-
ning in Poland was computed for 10x10-km grid cells. Based on the map analysis it was found that
on those two days most of the positive flashes occurred in Greater Poland and Kuyavian-Pomerani-
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an voivodeships, as well as on the border of Opolskie and Lower Silesia.

Poland

Introduction

Thunderstorms pose a direct threat to human
life, and they damage material goods. Thunder-
storms usually form in unstable atmosphere con-
ditions and with the development of convective
clouds up to Cumulonimbus cloud. That is why
thunderstorms frequently appear in the afternoon
or evening. Storm clouds also form on atmospher-
ic fronts. Therefore, in Poland, storms can occur at
any time of the year, though there is a clear peak in
their appearance in the warm half of the year (Bie-
lec-Bakowska 2013). Each year is slightly different
from the last, and summer thunderstorms can un-
doubtedly be severe and dangerous.

Particularly dangerous are multi-cell storms,
consisting of many storm clouds, which sometimes
organise into a mesocyclone. In the mesocyclone
the derecho phenomenon can be created - violent
storms accompanied by strong winds, especially on
the squall line. Its appearance is visible on meteo-
rological radars as a “bow echo” (Trapp and Weis-
mann 2003; Taszarek 2019).

Studies using observations at synoptic stations
have shown that the annual number of days with
thunderstorms in Poland increases in a south-east-
erly direction from the coast of the Baltic Sea (15—
20 days) to the Carpathian Mountains (30-35 days)
(Bielec-Bgkowska 2007). There are differences be-
tween human observations and those of the PERUN
lightning detection network (Czernecki et al. 2016).
In Poland there are approximately 4 flasheskm™ per
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year. This number is not high, as in the area of cen-
tral Africa approximately 70 flasheskm™occur (Hol-
le et al. 2016).

In Poland, on average of 10 people are killed
by lightning strikes every year, as demonstrated by
the data of the Polish National Institute of Statis-
tics (GUS 2019). However, according to the Europe-
an Severe Weather Database (2019), between 2015
and 2017 Poland experienced more than 100 dam-
aging lightning events, which killed 27 people. The
discussed cloud-to-ground flashes are also associat-
ed with the loss of goods. During heavy strikes high
voltage power lines and buildings are frequently
damaged, and forest fires often occur (Mékeld and
Rossi 2013). In Poland, there are numerous danger-
ous storm-related phenomena, such as hail, severe
squalls and tornadoes.

As global climate is constantly changing and air
temperatures are rising, there is an increase in po-
tential energy in the atmosphere, which results in
higher incidence of severe thunderstorms (Michael
et al. 2005; Dotzek et al. 2009; Pucik et al. 2017;
Allen 2018). Convective Atmospheric Potential En-
ergy (CAPE) is particularly important in the for-
mation of storm clouds, which can be measured
using vertical atmosphere surveys (Taszarek et al.
2017, 2018). Previous studies applying storm obser-
vations conducted in Poland demonstrate that there
was no increase in number of days with thunder-
storms over the years, but an increase in their se-
verity and strength (Bielec 1998).

In Poland these dangerous phenomena have been
the subject of a number of analyses (e.g. Bielec-Ba-
kowska 2013; Celinski-Mystaw and Loboda 2019).
Particular attention was paid to the situation on
August 11, 2017, when the derecho phenomenon
occurred and a supercell storm did considerable
damage. The genesis of this storm was described by
Taszarek et al. (2019). The purpose of this study is
to compare the two days of August 10 and 11, 2017,
when strong storms and numerous lightning strikes
occurred in Poland. There was not much damage
on August 10, while the losses the next day were
substantial. The research explores quantity, distri-
bution and time development of supercells’ move-
ment, including the number of flashes, gust wind
and damage.

Database and methodology

A database of lightning strikes detected by the SA-
FIR/PERUN network was gathered, courtesy of the
Institute of Meteorology and Water Management
- National Research Institute (IMGW-PIB). This
system detects lightning flashes in the categories
cloud-to-cloud (CC) and cloud-to-ground (CG).
Low frequency electromagnetic waves are used to
measure electrical parameters and to distinguish be-
tween types of discharges.

The lightning detection system SAFIR (Surveil-
lance et d'Alerte Foundre par Interferometrie Radi-
oelectrique) was launched in Poland in 2002. Since
then, the system has been nicknamed PERUN, after
the god of thunder and lightning in Slavic mythol-
ogy. It is a part of the European lightning detec-
tion system (Bodzak 2006; Czernecki et al. 2016)
which creates new opportunities to conduct specif-
ic research on the spatial distribution of lightning.

The system mainly applies the technique of de-
tecting the direction of arrival of the DF (Direction
Finding) signal (Bodzak 2006). The whole measur-
ing lightning network is combined into nine stations
in different regions of Poland: Gorzéw Wielkopol-
ski, Czestochowa, Kalisz, Torun, Sandomierz, War-
saw, Olsztyn, Bialystok and Wlodawa (Fig. 1). All
of these stations are located in current meteoro-
logical stations managed by the IMGW-PIB. The
centre of the network is the IMGW-PIB headquar-
ters in Warsaw. This spatial distribution of stations
was conceived to provide localisation precision to
1 kilometre and effective detection covering 95%
of the country. Importantly, the system is capable
of detecting up to 100 strikes per second. Detec-
tion stations are synchronised by the global posit-
ing system GPS. Each detection station performs
an angular interferometric location lightning dis-
charge (Bodzak 2006). Location of lightning strikes
is saved in a lightning listing with other parame-
ters, such as current charge time, numbers for rec-
ognising type of lightning (CC cloud-to-cloud, or
CG cloud-to-ground), polarity, peak current esti-
mate (kA) and multiplicity. As mentioned above,
the location is given as latitude and longitude in
WGS84 (World Geodetic System) and is written in
decimal degrees. Because of Poland’s location and
local coordinate system, it was necessary to re-pro-
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ject the original WGS84 projection into the Polish
CS92 (EPSG:2180) metric coordinate system.

The basic unit for this study was cloud-to-ground
strokes. Daily number of cloud-to-ground lighting
flashes densities on 10 and 11 August 2017 are com-
puted for 10x10-km grid cells. To present hourly
distribution of flashes, it was necessary to separate
flashes in 1-hour steps with a different colour range.
To mark number of flashes according to hour, we
created a line chart that presents how many cloud-
to-ground flashes occurred at different times, with
maximum peaks, and with polarity current divided
into negative and positive.

In addition, a Meteosat Second Generation
(MSG) geostationary satellite image, and radar data
from the POLRAD network, including reflectivity
and radial velocity, were used. The POLRAD system
operates in Poland, it consists of eight meteorolog-
ical radars that scan the sky regularly. The system
was constructed for military and scientific needs.
The first meteorological radar was built in 1964 in
Legionowo, near Warsaw (Barczyk 2013). Now, the

system comprises eight radars, which are C-band
Doppler radars, in different regions of Poland: Me-
teor 500C (Swidwin, Brzuchania, Poznan), Meteor
1500C (Gdansk, Legionowo) and dual polarimetric
Meteor 1600C (Pastewnik, Ramza, Rzeszow) of Sel-
ex SI Gematronic (Barczyk 2013) - see Figure 1.

In the analysis the authors also used synoptic
surface maps published for 00 and 12 GMT by the
IMGW-PIB (www.pogodynka.pl) and satellite imag-
es collected by the Meteosat Second Generation sat-
ellite (www.sat24.com).

To understand what happens in the highest parts
of the troposphere, a vertical measuring system was
used. A radiosonde is launched from some stations
around the world every day at 00 and 12 UTC. In
Poland, vertical measurements are taken at aerolo-
gy stations in Leba, Legionowo near Warsaw, and
Wroclaw. Vertical atmosphere surveys show dew
point, air temperature and virtual temperature of
rising air parcel. From this basic information, it is
possible to define such parameters as Convective
Atmospheric Potential Energy (CAPE) or Convec-

B

%  PERUN network
@® POLRAD network

Fig. 1. A — Hypsometric map of Poland based on the Shuttle Radar Topography Mission Global Coverage (SRTM3) (source: Land
Copernicus 2018). B — Locations of SAFIR3000 lightning sensors in the PERUN network with 100-km buffer zones (black
circles) and locations of POLRAD meteorology radar network with 200-km buffer zones (red circles), Source: www.imgw.pl
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tive Inhibition (CIN) (Taszarek et al. 2017). Severe
thunderstorms are more likely if these factors are
higher. Data from all stations are available at ar-
chives collected by the University of Wyoming.

Tracking and observing storms has been some-
what simplified by the development of the European
Severe Weather Database (ESWD), aerial photog-
raphy and other information on damage. The main
aim of this database is to collect good quality re-
ports on severe weather events. The database pro-
vides information on such phenomena as tornadoes,
gusts of wind (above 90 kilometres per hour), large
hail (above 2 cm), intensive rainfalls or downbursts,
lightning strikes leading to damage, gustnadoes and
severe icing or snowfall. This database makes it is
possible to react quickly and to obtain information
on where severe a phenomenon takes place (Brooks
2013).

Results: events analysis

To emphasise the importance of what happened on
10 and 11 August, 2017, one of the most danger-
ous types of storm systems should be introduced.
Under favourable conditions (i.e. high instabili-
ty, large amounts of moisture in the lower tropo-
sphere and at least moderate amounts in the middle
troposphere, especially in the layer 1-3 km above
the ground) violent storm cells, including super-
cells, may be formed. Environments of low CAPE
and strong low level-shear can produce those sys-
tems as well. A distinction can be made between
multi-cell clusters and multi-cell lines or squall lines
(Dahl and Parker 2012). If an additional flow of
cool air occurs, squall lines are often formed in high
flow environments. Precipitation carried by storms
cools the air, creating an area stain of cool air be-
hind the squall line. This type of storms often be-
comes linearly organised when their outflows merge
and a large deep cold pool forms. At the same time,
cool air — heavier and additionally “pressed” to the
ground by the back zone of descending current —
pushes the front of the systems. A rear-inflow jet is
created, which, if strong enough, bends the storm
system into an arc. This formation, visible best on
radar scans, is called a “bow echo” (Atkins and St.
Laurent 2009).

August 10, 2017

For several days preceding the events of 10 August,
2017, a very unstable tropical air mass was advect-
ed to Poland and central Europe, creating a basis
for dynamic convection. Air temperatures of around
28-34°C in the daytime and around 12-23°C at
night, depending on region, prevailed over the ter-
ritory of Poland. As seen in Figure 2 on the synoptic
map, from 00 UTC of 10 August, 2017, a large por-
tion of polar-maritime air mass in the western part
of Poland and tropical air mass are clearly visible,
and separated by a convergence line. The former
air mass contains a considerable amount of mois-
ture and it is definitely cooler than the surround-
ing masses.

On 10 August a huge thermal gradient appeared
between the western and eastern part of Poland.
Through a waving atmospheric front, total tropo-
spheric water saturation was over 50 mm, which is
quite a large value considering the climate of Po-
land (Taszarek et al. 2019). Dealing with high air
temperature gradients, humidity and atmospheric
front, even a small and weak storm cell can grow
into one big cluster. Such factors led to CAPE (Con-
vective Atmospheric Potential Energy) values up to
2,500 Jkg! and CIN (Convective Inhibition) to -200
Jkg' led to convection currents reaching values of
approximately 20-25 m's™, which created mesos-
cale convective systems from one day to the next
(Fig. 3). Despite this, another even stronger struc-
ture was created the next day by an average relative
humidity of around 55-80% (even higher in some
areas) and temperatures exceeding 30°C over a sig-
nificant area of the country.

Directly above Poland there was an active zone
of wavy, quasi-stationary atmospheric front with
significantly increased potential for the develop-
ment of waves, rising to the form of low-pressure
mesoscale systems. These were individual disorders
that contributed to the emergence of violent storm
formations. Around midnight on August 10, cells
from the Czech-German border were still a loose
cluster of storms. An hour later it was a fairly well
organised cluster, slowly merging with an area of
night-time convection from Lower Silesia. The sys-
tem was moving slowly along the front axis to the
north-east, pushing the convergence line in front of
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Fig. 2. A — Synoptic map at 00 UTC 10 August 2017; W — high pressure, N —
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4 i
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low pressure, PZ — tropical air mass, PPmc — po-

lar maritime air mass (source: the Polish Institute of Meteorology and Water Management). B — Meteosat Second Gen-
eration High-Resolution Visible (MSG HRV) image from the same date and time as the previous one (source: Sat24.com)

it. The storms increased rapidly and began to form
a squall line. Around 2:30 a rapid convection devel-
opment occurred in the area of Jelenia Gora, which
initiated the further construction of storms over the
peaks of the Sudetes, up to the Klodzko Valley, over
which the storm line from the Czech Republic en-
tered at around 3:30. The central and northern parts

of the system intensified further over the next hour
and a half (i.e. the belt from the central and south-
ern Lubuskie Land, through south-western Greater
Poland) (Fig. 4).

After this, around 6:00 the system started to rise,
which was the cause of the bow echo formation
clearly detected by radars and the PERUN system as
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Fig. 3. A — Spatial distribution of Convective Atmospheric Potential Energy (CAPE) at 00 UTC 10 August, 2017. B — Spatial dis-
tribution of Convective Inhibition (CIN) at 00 UTC 10 August, 2017. Source: vertical atmospheric surveys archives of the

University of Wyoming
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Fig. 4. A — Hourly displacement of supercell on 10 August, 2017 with 1-hour steps through convective line (black line), severe
wind reports (yellow squares), large hail reports (green triangle), severe wind gusts registered at meteorological stations
(red dots) derived from the European Severe Weather Database (ESWD). B — Total daily precipitation (mm) on 10 August,
2017. Measurement data derived from meteorological stations managed by IMGW-PIB

a large number of lightning strikes (Fig. 6). It may
have been created by the influx of the polar-mari-
time air mass and the most unstable air parcel at
500-600 hPa, including a freezing level at the same
altitude. A powerful multi-cell system in the form
of a high-rise bow echo with a zone of extensive
large-scale precipitation and storms in the north-
ern part, and about 200-300 km wide, moved in the
first half of the day from the Poznan-Katowice line,
through £6dz, the northern part of Upper Silesia,
eastern and central Greater Poland, Mazovia, south
of Kuyavia, southern and eastern Masuria and the
northern Lublin region, up to Podlasie. The rest of
the system accelerated rapidly and gained strength.

In Poland, on August 10, 2017, there occurred
154,524 cloud-to-ground flashes. Most occurred be-
tween 3:00 and 6:00 when the system was above
the Greater Poland, Kuyavian and Pomeranian, and
L.6dz voivodships. In one hour (4:00-5:00) the su-
percell produced over 39,000 cloud-to-ground flash-
es (Fig. 5).

Thunderstorm phenomena caused numerous in-
stances of wind damage and heavy rain and hail-
storms, mainly in the central part of the Lodz

Province, in the west and centre of Mazovia, as
well as on the border of the L6dZ Region, Great-
er Poland and Lower Silesia (Fig. 4). The storm was
moving along the convergence line of the wind. The
supercell left our country at around 10:00, entering
Lithuania and Belarus, but this was not the end of
the storms. Around the same time, storms began to
build up over Moravia and western Slovakia, slowly
heading towards Poland. They entered our country
after 13:00, quickly growing stronger and becoming
supercells, but soon falling apart.

August 11, 2017

On August 11, 2017, the weather did not differ
much from the previous few days. After another
tropical night with air temperature ranging around
22°C, hot moist air still covered most parts of the
country. The temperature during the day in south-
east Poland was almost 35°C. In Krakéw, the obser-
vatory station recorded a maximum of 36.2°C, with
an average humidity of 70%. Air humidity exceed-
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Fig. 5. A — Daily number of cloud-to-ground lightning flashes on 10 August, 2017. Lightning densities are computed for 10 10-
km grid cells. B — Hourly distribution of cloud-to-ground lightning flashes on 10 August, 2017. Colour crosses denote time
of occurrence of flashes. (source: based on lightning data derived from the PERUN network)

ed 80% in many places. The farther north, the cold-
er it was: in Pomerania, the maximum temperature
was about 25-28°C. Behind the front, in Germany,
it was only 18°C at that time, and in Swinoujécie
around 21-22°C.

In the morning the warm front slowly left Po-
land, moving further north, while the cold front
line retreated behind the Oder. Within its reach, as
well as to the east of it over Hungary, northern Cro-
atia and Slovakia, strong storms began to form ear-
ly in the morning, led by the moist and hot mass of
tropical air (Fig. 7).

Even before 7:00, from the Sudetes to the Low-
er Silesia voivodship, storms occurred on the afore-
mentioned wind convergence line. Shortly after
entering Poland, the line disappeared, probably
blocked by cloud cover, and a patch of cool air after
the morning passing of storms. However, new cells
were still forming in the vast area stretching from
the shores of the northern Adriatic, through Slo-
venia, northern Croatia, western Hungary, Austria,
and the Czech Republic. Vertical atmospheric sur-
veys revealed high instability in the rising air parcel.
The CAPE values ranged around 3,000 Jkg' but the

instability value LI (Lifted Index) was around -5°C
to -10°C (Fig. 8).

Strong processes supporting the development
of storm cells were forecast especially in the area
of waviness and potential lowlands. There was also
considerable water atmosphere (PW 40-45 mm),
and also the Mixing Ratio indicator was 10-14 g
kg, which indicated a large amount of water va-
pour in the air. This combination of thermody-
namic parameters resulted in torrential rainfall.
Due to the sharpening of the wave over the coun-
try, a stronger flow appeared; thus, larger vertical
wind faults DLS (Deep Layer Shear) 0-6 km (15-
25 ms!) LLS (Low Lever Shear) 0-1 km (10-15 mr
s1) and wind rotation SRH (Storm Relative Heli-
city) 0-3 km (100-300 m*s?). The combination of
these parameters resulted in the formation of strong
storm supercells, and later a linear system.

That day, the IMGW-PIB issued hot-weath-
er alerts that continued to apply for south-eastern
Poland at the highest, third degree. First- and sec-
ond-degree storm warnings were also issued for the
west and south-west of the country.
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Fig. 6. Hourly cloud-to-ground flash density chart (black bars) and positive strokes (red line) with 1-hour steps on 10 August,
2017. Source: based on lightning data derived from the PERUN network
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Fig. 7. A — Synoptic map at 12 UTC 11 August, 2017; W — high pressure, N

|

— low pressure, PZ — tropical air mass, PPm — po-

lar maritime air mass (source: Polish Institute of Meteorology and Water Management). B — Meteosat Second Generation
High-Resolution Visible (MSG HRV) image from the same date and hours as previous. Source: Sat24.com

Single storms clusters were visible on radars
from 15:00. Around 17:00, the system began clear-
ly to turn, instead of continuing north-eastwards. At
around 18:30 the system entered the area of Poznan.
The system ran along the line of convergence with-
in the shallow lowlands on the wavy front. It was
a classic, progressive bow echo, going parallel to
the axis of the stationary (wavy) front provided by
strong flow in the troposphere. Around 19:00 the
northern part of the system increased, while the
southern part began to break away and soon fell
apart. The system flipped north, straight to Pomer-
ania. The storm entered Kuyavia shortly after 20:00,
where it began to rise rapidly. There was a charac-
teristic bulge in the central part of the storm, which
suggests very strong gusts of wind (Fig. 9).

In Poland, on August 11, 2017 there occurred
56,510 cloud-to-ground flashes (Fig. 10). This num-
ber is considerably smaller than that for the previ-
ous day. The lower electrical activity was due to the
smaller difference in the upper troposphere and the
lower freezing point.

A high peak is also visible the hour before max-
imum electric activity, from 7,000 to 10,000 flash-
es (Fig. 11). It is worth mentioning that 29% of all
flashes that day had a positive charge.

Due to the high speed of the system, the most
dangerous part of the storm was preceded by a
squall of just two to three minutes. The first im-
pact in the Pomeranian Voivodship took place at
around 21:00, south of Chojnice. Later, a strip of
storms stretching from west to east for a section of
over 150 kilometres hit the south-western part of
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Fig. 8. A — Spatial distribution of Convective Atmospheric Potential Energy (CAPE) at 12 UTC; 11 August, 2017. B — Spatial dis-
tribution of Convective Inhibition (CIN) at 12 UTC; 11 August, 2017 (source: vertical atmospheric surveys archives of the

University of Wyoming)
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Fig. 9. A — Hourly displacement of supercell on 11 August, 2017 with 1-hour steps through convective line (black line), severe
wind reports (yellow squares), large hail reports (green triangle), severe wind gusts registered at meteorological stations
(red dots) derived from the European Severe Weather Database (ESWD). B — Total daily precipitation (mm) on 11 August,
2017. Measurement data derived from meteorological stations managed by the IMGW-PIB
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Fig. 10. A — Daily number of cloud-to-ground lightning flashes on 11 August, 2017. Lightning densities are computed for 10 10-
km grid cells. B — Hourly distribution of cloud-to-ground lightning flashes on 11 August, 2017. Colour crosses denote time
of occurrence of flashes. Source: based on lightning data derived from the PERUN network
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Fig. 11. Hourly cloud-to-ground flash density chart (black bars) and positive strokes (red line) with 1-hour steps on 11 August,
2017. Source: based on lightning data derived from the PERUN network

the province with great violence. Just 10 minutes
after the derecho reached Pomerania, a squall oc-
curred around the northern border of the Kuyavi-
an-Pomeranian voivodship. Immediately behind the
huge, low-suspended shelf cloud and a zone of quite
strong squall (about 70 kmh™) came a precipitation
zone associated with one of the component storms,
which turned out later to be a supercell. This cell
generated an extremely intense macroburst of about

10 kilometres wide that lasted over an hour and
whose strength was compounded by the enormous
speed of the system. The wind components could be
up to 170 kmh™ in places, while Doppler scans from
the radar in Gdansk indicated almost 160 kmh™. In
exactly the middle of this macroburst route (wind
gust over 60 m's™) there was a scout camp in Suszek
where two scouts lost their lives when a tree fell on
their tent. The next three hours were the system’s
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“journey” through Pomerania, during which doz-
ens of towns and forests were devastated (Fig. 12).
The greatest damage to buildings was document-
ed in the area of Naklo on the Note¢, Sepdlno Kra-
jenskie, Tuchola and Koscierzyna. The most violent
storm left Poland only around midnight. Howev-
er, before this happened, an MCV (mesoscale con-
vective vortex) appeared in the western part of the
system. This phenomenon, as already mentioned,
sometimes arises when the bow echo phase is ma-
ture (then the hook echo signature is formed), often
with violent downburst phenomena or whirlwinds.
It is best seen on radar scans from around 22:00
(Fig. 13).

Comparison of 2017's August 10 and Au-
gust 11 storm phenomena

This study documents two different thunderstorm
days (August 10 and 11, 2017) considering the syn-
optic situation, atmospheric condition, spatial dis-
tribution of lightning flashes and the evolution of
the outbreak of severe thunderstorms in Poland in
such a short time (Table 1 and Fig. 13).

On 10 August a violent storm formed at the con-
vergence line due to the moist and humid part of po-
lar-maritime air merging with the tropical air mass.
Unstable air flow in the top of the troposphere layer
and big differences in dew point, including freezing
level, caused such quantities of lightning strikes to

i3

Fig. 12. Tracts of forest damagd by storm donurst (source: General Directorate of the State Forests)

occur. The amount of polar-maritime air mass and
a high air temperature gradient at ground surface
played an extremely important role in this process.
However, the moisture and instability variables were
not surprising for August, given the climatology of
central Europe (Taszarek et al. 2018). On August
10, CAPE values were not much higher than CIN
values. Within a short time, the system developed
from smaller clusters of storms into a one big and
fast moving system that at some point produced al-
most 40,000 cloud-to-ground lightning strikes per
hour. During August 11, the system produced only

up to 10,000 flashes per hour. On the 11", with
the development of the supercell, the storm be-
gan to use the strong flow of the jet stream carry-
ing amounts of cold air, which further enlarged the
storm system. According to this, the jet stream cur-
rent allowed severe wind gust — but not lightning
- to develop. Interestingly, the supercells produced
severe wind damage after reaching the hourly max-
imum of lightning distribution in both cases.
Celinski-Mystaw and Loboda (2019) evaluat-
ed thermodynamic and cinematic conditions of 91
bow echo cases in Poland, and derived 1,750 ] kg™
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Table 1. Comparison of significant supercell features with secondary factors

Parameters 10 August, 2017 11 August, 2017
Duration 10 hours 10 hours
Main direction North-east North
Estimated supercell velocity 71 kmh! 88 kmh™!
Electric activity peak 04:00-05:00 19:00-20:00
Number of flashes at activity peak 38,575 10,840
Total daily number of cloud-to-ground flashes 154,524 56,510
Highest number of cloud-to-ground flashes 849 482
at 10x10-km grid cell
Percentage of positive lightning flashes 18% 29%
A -1 A -1
Highest CAPE value measured around Poland border (radius 450 km) (PoperjiO S]ll:) %fakia) (Legigiggv(]) kIg’olan d)
_ ool _ ool
Highest CIN value measured around Poland border (radius 450 km) (LViA\lIS(I)J{(lEine) (Kalinii(;i(ll(gRussia)
Maximum freezing level 560 hPa 500 hPa
Average humidity 80% 70%
Air temperature gradient during day time (SE-NW) 14.1°C 20.2°C
Highest daily synoptic measured precipitation 54.0 mm 60.0 mm
ol a1
Highest synoptic measured gust of wind 7 52 é Elr:rh‘l) (1 4§12n£r;-h‘1)
Number of ESWD reports 481 1279
Storm-damaged forest area ~11,000 ha ~80,000 ha
MU CAPE per bow echo event. In those cases, on  Conclusion

August 11, CAPE values were even higher, as deter-
mined by measured CIN values (Table 1). Moreover,
on the first day, the activity and occurrence of posi-
tive flashes was confirmed by the occurrence of ma-
ture Cumulonimbus clouds with electric peak from
4:00 to 5:00. However, the next day, the maximum
occurrence of positive flashes was noted at the early
stage of Cumulonibus cloud, when the main cloud
form was not yet developed. It is worth noting that,
even with a moderately high freezing level in the
cloud base, there were not many cases of large hail.
The main threats were the high amount of light-
ning flashes and wind gusts. A considerably lower
number of severe wind events were reported in the
central and eastern parts of the bow echoes. This
suggested that meso-vortices on the edge of a bow
echo may cause a rear inflow jet to descend and
subsequently produce damaging winds (Fig. 13).

36

In Poland, 10 and 11 August, 2017 were undeni-
ably very dynamic, severe and terrifying days, es-
pecially for those who lost their homes and even
their lives. Over several hours, two rising super-
cells formed and 211,034 cloud-to-ground lightning
strikes occurred, while 1,658 wind reports were en-
tered into the ESWD database. Generally, storms
destroyed and partially damaged over 91,000 ha of
forests (source: General Directorate of the State For-
ests), damaged over 20,000 buildings (source: Main
Building Control Inspectorate) and cut oft electrici-
ty to around 510,000 residents. To highlight the dif-
ferences between those two thunderstorm outbreaks
it is worth noting that a significant share of all flash-
es had a positive current. A positive lightning strike
is much powerful than a negative one because of
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10 August 2017 11 August 2017

Formation of the
supercells

Supercells produce
maximum number
of CG flashes

Supercells produce
swath of significant
wind damage

Formation of the
bow echoes in
mature stage

MCS starts to weaken
and fade away

Maximum reflectivity

T [T -

LI S GO, ST A K. S S

Fig. 13. Timeline of the most important events in MCS's evolution (from top to bottom). Surface synoptic maximum gusts of
wind speed (ms7) (red digits) and direction (black vanes) with 1-hour steps. Shaded transparent area denotes maximum
reflectivity from the POLRAD network
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the high voltage, of even up to one billion volts in
one strike (Bodzak 2006). This type of flashes main-
ly damaged forests and buildings and started hay-
stack fires. In both cases, positive strokes occurred
in the front and middle of the convective line, just
from the top of a Cumulonimbus anvil cloud (Nag
and Rakov 2012). The maximum intensity of cloud-
to-cloud strikes did not occur at the same time as
the maximum of all cloud-to-ground flashes. On
August 10, positive current flashes were noticed 1
hour after the clouds produced their maximum of
all cloud-to-ground flashes. On August 11, the max-
imum number of positive flashes occurred in the
initial stage of Cumulonimbus cloud. As mentioned
before, many people were injured and six people
lost their lives as a result of the natural disaster.

Due to current climate change, which includes
increased supply of hot and unstable air masses, we
may expect the phenomenon of 10 and 11 August,
2017 to be repeated. The intensity of these MCSs
may suggest that this was an extremely rare phe-
nomenon in Poland, considering the frequency
and intensity of thunderstorms (Trapp and Weis-
man 2003; Brooks 2013; Allen 2018; Taszarek et al.
2019). Due to climate changes the magnitude of
such factors as the CAPE is also changing. In this
situation, violent storms with high electric activity
are likely to become more common in this part of
Europe. Even with low CAPE and wind shear, mul-
ti-cell storms can develop, including bow echo sig-
natures with squall lines (Brooks 2013). Preliminary
results from climate projections for Europe indicate
that an increase in the most unstable CAPE values
and a slight increase in shear are expected in the
next 100 years (Pucik 2017). To sum up, thunder-
storms capable of producing severe and extreme-
ly severe phenomena may become more frequent.
Consequently, we should all take this into consid-
eration and be prepared for this phenomenon as it
may occur again in the near future. Therefore, it is
necessary to predict the impending threat and un-
derstand its strength.
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