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Abstract

Introduction

Severe weather phenomena associated with deep moist convection create a significant threat

to human lives and property. In Poland, an average of 10 people are killed each year due to

severe thunderstorms including tornadoes up to F4 in Fujita scale, large hail up to 10 cm in

diameter and convective wind gusts up to 40 m s-1. Despite such an impact, not many studies

on  severe  thunderstorm  risk  were  made  for  Poland.  Except  studies  that  analyzed  basic

distributions of thunderstorm days based on human observations, no climatological analyzes

involving lightning data were performed. A similar situation arose with tornadoes. Although

some  of  the  tornado  reports  from  21st century  have  been  collected  and  analyzed,  no

comprehensive study on tornado occurrence existed for Poland. However, the development of

such studies has now become possible thanks to changes that took place in Poland in the last

15 years. These included the development of POLRAD and PERUN networks, the increase in

the exchange of weather information, the increase in severe weather monitoring, and more

systematic efforts to collect severe weather reports (the foundation of the European Severe

Weather Database and the Polish Stormchasing Society).  In order to rectify the absence of

severe thunderstorm studies for Poland and take advantage of the changes that has taken place

in  recent  years,  the  main  goal  of  this  research was  to  investigate  the  occurrence  of

thunderstorms and tornadoes in Poland. 

Objectives 

a. To determine the climatology of a cloud-to-ground lightning. 

b. To determine the climatology of tornadoes. 

c. To investigate historical sources in the search of yet undocumented tornado events. 

d. To estimate the return period of rare events such as violent and killer tornadoes.

e. To investigate  atmospheric  conditions  conducive to  the tornado formation and assess

their forecasting possibilities.
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Datasets

a. European Severe Weather Database – tornado reports from the territory of Poland for the

years 1820–2015. 

b. PERUN lightning detection network  – a  cloud-to-ground lightning data  for  the years

2002–2013. 

c. NOAA  National  Climatic  Data  Center  – daily  summaries  regarding  thunderstorm

occurrence over 44 meteorological stations in the years 2002–2013.

d. University of Wyoming sounding database – radiosonde observations from 10 sounding

stations in and around Poland for the years 1977–2012.

e. Digital libraries – 12 Polish digital libraries containing original scans of various archival

newspapers with a local and national coverage. 

f. Other  sources  – web  searches  (media  reports,  social  media,  forum  of  the  Polish

Stormchasing  Society),  damage  surveys,  in-situ  observations,  lightning  data,  satellite

data, radar data, aerial and global forest change project data. The boundary and initial

conditions  derived  from  the  Global  Forecast  System  (for  the  purposes  of  Weather

Research and Forecasting Model simulations). 

Methodology

a. Statistics of annual, monthly and hourly variation of cloud-to-ground lightning flashes in

years 2002–2013 are computed. Data is presented in the form of charts, tables and maps.

Temporal and spatial  variability of polarity,  peak current and percentage of nighttime

cloud-to-ground lightning flashes is involved as well.

b. All  available  tornado reports  in  years 1899–2014 are collected.  Cases are  divided on

waterspouts, weak tornadoes, and strong tornadoes. Statistics involving monthly, diurnal

and spatial variability are computed. A comparison of Polish tornado records with records

from United States and Europe are presented as well.

c. All available deadly tornado reports in years 1820–2015 are collected. An investigation

into historical records from 19th and 20th  centuries is performed. Cases are analyzed in

terms of their intensity and temporal variability in decades, months and time of the day.

The most important factual information on each case is provided as well. 

d. Atmospheric conditions conducive to the tornado occurrence in Poland are defined by

combining  tornado  reports  with  radiosonde  measurements.  Proximity  sounding  are

considered if tornado event took place up to 3 hours prior to 6 hours after the sounding

time,  and  no  farther  than  200  km  away  from  the  sounding  site.  Cases  are  divided
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according to their intensity and surface temperature. Results are presented in the form of

scatter-plots and box-and-whisker charts.

e. Possibilities  to  forecast  tornadoes  are  evaluated  by:  reviewing  scientific  literature,

analyzing  available  forecasting  techniques,  local  climate  characteristics  and  the

prevalence of the tornadoes in Poland.

f. A tornado event of 14 July 2012 is studied by analyzing: the course of the event, synoptic

and mesoscale meteorological conditions, and by assessing the possibilities of its short-

term prediction within the use of Weather Research and Forecasting Model simulation.

Results

a. The annual average of around 360 000 cloud-to-ground lightning flashes occur each year

in Poland. This results in an average of 150 days with thunderstorms appearing anywhere

in Poland. The average annual number of days with a thunderstorm within a particular

location increases from the coast of the Baltic Sea in the northwest (15−20 days), to the

Carpathian Mountains in the southeast (30−35 days). 

b. The spatial distribution of the mean annual cloud-to-ground lightning flash density varies

from 0.2 to 3.1 flashes km−2 yr−1 reaching the lowest values along the coast of Baltic Sea

and the highest in the southwest-northeast belt from the Kraków-Częstochowa Upland to

the Masurian Lake District.

c. The vast majority of cloud-to-ground lightning flashes are detected during the daytime

with the peak activity at 1400 UTC and the minimum at 0700 UTC. While the activity of

less severe thunderstorms drops after 1700 UTC, intense thunderstorms remain active

until the late evening hours.

d. The days with the most intense thunderstorms occur from May to August and peak in

July (an average of 4 days with at least 10 000 cloud-to-ground lightning flashes).

e. On average 8–14 tornadoes occur each year in Poland, of which 5–7 are weak tornadoes

and 1–3 are significant ones. A mean of 2–3 waterspouts are reported annually. Violent

tornadoes occur once every one or two decades.

f. An average of 1–2 killer tornadoes with 5 fatalities may be depicted for each decade. It is

estimated that around 5–10% of significant tornadoes cause fatalities.

g. Tornadoes in Poland occur most likely from May to September with July as the peak

month for tornadoes forming over land, and August for waterspouts. 

h. Tornadoes forming over land take place mostly between 1500 and 1800 UTC, whereas

waterspouts peaks between 0900 and 1200 UTC. 
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i. In  years  1899-2013  significant  tornadoes  were  the  most  frequent  in  the  southwest-

northeast belt from the Kraków-Częstochowa Upland up to the Masovian Lowland. 

j. Warm airmass tornadoes feature with high atmospheric instability and moderate wind

shear while cold airmass tornadoes are characterized by dynamic wind field (high wind

shear) and marginal instability. 

k. Significant  tornadoes  are  characterized  by  higher  than  in  weak  cases:  convective

available potential energy, deep layer wind shear, low-level wind shear, storm relative

helicity,  boundary  layer's  moisture,  and  the  presence  of  low-level  jet  stream.  Their

occurrence is related to supercell thunderstorms that are possible to predict within the use

of the numerical weather prediction models. 

l. Weak  tornadoes  are  characterized  by  increased  convective  available  potential  energy

released below 3 km above ground level, low lifted condensation level and weak vertical

wind shear. They are related to wind-shift boundaries with preexisting vertical vorticity

and developing convection. Tornadoes forming this way are difficult to predict.

m. The use of Weather and Research Forecasting Model simulations may be supportive of

predicting  atmospheric  conditions  conducive  to  severe  convective  weather,  including

tornadic supercells. 

Conclusions and discussion

It  has  to  be  accepted that  due to  only 12 years  of  lightning detection measurements  and

limitations  regarding  tornado  reporting,  obtained  climatological  results  will  always  be

uncertain and remain only an approximation of the real distributions. Nevertheless, knowing

at least the primary modes of spatial and temporal variability of thunderstorms and tornadoes,

can  help  various  groups  such  as  weather  forecasters,  emergency  managers,  insurance

companies, and the public to be better prepared. For this reason, it is believed that obtained

results carry a practical value and may be used alike in operational forecasting, as well as in

other studies on severe thunderstorm occurrence in Poland.

Perhaps one of the most important finding concerns the discovery of historical tornado cases

that took place over the last 200 years, and proved that Poland is threatened to the occurrence

of  even  F4  tornadoes.  This  finding  stays  in  the  opposition  to  the  popular  statement  that

“tornadoes in Poland are a new thing and become more frequent due to changing climate”.

Obtained results  indicate  that  this  phenomenon is  not  new for  Poland and that  numerous

significant  and  killer  tornadoes  occurred  in  the  past.  High-quality  European  tornado

observations that began only in the late 2000s also do not allow to determine any reliable
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climate trends regarding tornado occurrence. 

The second important finding concerns study on a cloud-to-ground lightning climatology that

is the first of this type ever performed for Poland. Although the occurrence of thunderstorms

based on human observations has been previously studied, this research introduced numerous

new  findings  regarding  temporal  and  spatial  variability  of  lightning.  One  of  the  most

important ones indicates that severe thunderstorms are most likely to appear in the southwest-

northeast belt from the Kraków-Częstochowa Upland up to the Masovian Lowland. Almost

the same conclusion is to be found in the study regarding spatial distribution of significant

tornadoes over the course of the last 100 years.

The analysis regarding possibilities of tornado forecasting in Poland indicate that thanks to

numerical  weather  prediction  models  and POLRAD radar  network,  it  is  possible  to  issue

tornado forecasts and real-time warnings for Poland. However, due to rather low frequency of

tornadoes in Poland, still  low severe weather awareness of the Polish society, and lack of

systems that would allow to share such an information quickly and efficiently to the public,

one may question the need for such procedures. Perhaps unjustly. Based on the records from

the entire period of study, it is estimated that an average of 20 significant and 1–2 deadly

tornadoes  occur  each decade in Poland.  Each year  Poland experiences  150 days  with the

thunderstorm including  10  with  at  least  10  000  CG lightning  flashes.  Approximately  10

people die due to severe thunderstorms each year. For these reasons, the author believe that

the  consideration  of  a  real-time  severe  thunderstorm and  tornado  warning  procedures  in

Poland (similar to those performed by the National Weather Service in the United States)

should be taken into account. This way people would have a possibility to receive a highly

credible information about a possible danger in their  surroundings,  and shortly before the

incident, take action to protect their lives. We can neither prevent nor control the occurrence

of severe thunderstorms, but because human safety is the most important issue, we should be

able to do everything in order to inform people, about upcoming danger.  Numerous high-

impact killer tornadoes that occurred over the last 200 years, indicate that similar events are

highly likely to appear in the future. The question is whether we will be able to protect people

when the next such an event is going to happen.      
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Streszczenie (in Polish)

Wstęp 

Niebezpieczne zjawiska atmosferyczne związane z głęboką konwekcją, stwarzają duże

zagrożenie dla  życia i  mienia ludzkiego. Każdego roku w Polsce z  powodu silnych burz,

statystycznie  ginie  około  dziesięciu  osób.  Polska  narażona  jest  na  występowanie  trąb

powietrznych o sile dochodzącej do F4 w skali Fujity, opadów gradu o średnicy do 10 cm

oraz konwekcyjnych porywów wiatru osiągających do 40 m s-1.  Pomimo zagrożenia jakie

te zjawiska generują, niewiele prac naukowych zostało poświęconych tematyce występowania

silnych burz w Polsce. Dotychczas podstawowe charakterystyki zjawisk burzowych bazowały

na  tradycyjnych  obserwacjach  wykonywanych  przez  człowieka.  Brak  jednak  było

kompleksowego  opracowania  klimatologicznego  wykorzystującego  dane  (z  niezależnych

od czynnika ludzkiego) systemów detekcji wyładowań atmosferycznych. Podobna sytuacja

dotyczyła także trąb powietrznych. Pomimo, że część raportów z XXI wieku poddano analizie

w  pojedynczych  artykułach  naukowych,  to  w  dalszym  ciągu  brak  było  kompleksowego

opracowania  dotyczącego  klimatologicznych  aspektów  występowania  trąb  powietrznych

w  Polsce.  Opracowanie  takich  badań  stało  się  jednak  możliwe  dzięki  rozwojowi

meteorologicznej infrastruktury pomiarowej, która uległa znacznym zmianom na przestrzeni

ostatnich  15  lat.  Zmiany  te  dotyczyły  m.  in.  rozwoju  sieci  pomiarów  teledetekcyjnych

POLRAD  oraz  PERUN,  wzrostu  wymiany  informacji  pogodowej,  poprawy  jakości

monitoringu  zjawisk niebezpiecznych  oraz bardziej  efektywnego  zbierania  raportów

o niebezpiecznych  zjawiskach  atmosferycznych  (założenie  bazy  danych  European  Severe

Weather Database oraz stowarzyszenia Polskich Łowców Burz). Z tych względów, celem tej

pracy było wykorzystanie ww. zmian oraz uzupełnienie międzynarodowej literatury naukowej

o charakterystyki występowania burz oraz trąb powietrznych na obszarze Polski. 

Cele

a. Określenie  przestrzennej  oraz  czasowej  charakterystyki  występowania  doziemnych

wyładowań atmosferycznych. 
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b. Określenie przestrzennej oraz czasowej charakterystyki występowania trąb powietrznych.

c. Analiza źródeł historycznych celem znalezienia opisów trąb powietrznych nieznanych

dotąd literaturze naukowej.

d. Oszacowanie  częstości  występowania  trąb  powietrznych powodujących  duże  straty

materialne oraz ofiary śmiertelne.

e. Analiza warunków atmosferycznych sprzyjających powstawaniu trąb powietrznych oraz

oszacowanie możliwości ich prognozowania na obszarze Polski. 

Dane

a. European  Severe  Weather  Database  – raporty  trąb  powietrznych  z  obszaru  Polski

dla okresu 1899–2013. 

b. Sieć  detekcji  wyładowań  atmosferycznych  PERUN  – około  5  milionów doziemnych

wyładowań atmosferycznych z obszaru Polski dla okresu 2002–2013. 

c. NOAA National Climatic Data Center – dobowe podsumowania dotyczące raportowania

zjawiska burzy z 44 stacji meteorologicznych z obszaru Polski dla okresu 2002–2013. 

d. Baza  danych  radiosondażowych  Uniwersytetu  Wyoming  –  pomiary  radiosondażowe

z 10-ciu stacji aerologicznych z obszaru Polski oraz krajów sąsiedzkich dla okresu 1977–

2012.

e. Biblioteki cyfrowe – 12 polskich bibliotek cyfrowych zawierających oryginalne skany

historycznych dzienników informacyjnych o zasięgu lokalnym oraz krajowym z XIX

i XX wieku.  

f. Inne źródła – doniesienia prasowe, informacje pochodzące z mediów społecznościowych,

forum internetowego  Polskich  Łowców Burz,  produkty  obrazowań  satelitarnych  oraz

zdjęcia  lotnicze,  dane  radarowe,  analizy  zniszczeń,  dane  z  detektorów  wyładowań

doziemnych,  naziemne  pomiary  meteorologiczne,  projekt  Global  Forest  Change  oraz

warunki  brzegowe  modelu  Global  Forecast  System  (na  potrzeby  downscalingu przy

użyciu modelu Weather and Research Forecasting Model). 

Metody

a. Opracowanie  czasowych  (lata,  miesiące,  pory  dnia)  oraz  przestrzennych  statystyk

występowania  doziemnych wyładowań atmosferycznych dla  okresu 2002–2013.  Dane

zaprezentowano w formie tabel, wykresów oraz map. W pracy przedstawiono również

przestrzenne oraz czasowe zróżnicowanie polarności, prądu szczytowego oraz odsetka

doziemnych wyładowań atmosferycznych występujących w nocy.
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b. Skatalogowanie wszystkich dostępnych raportów trąb powietrznych dla  okresu 1899–

2014.  Przypadki  podzielono  na  trąby  wodne,  trąby  powietrzne  słabe  oraz  trąby

powietrzne silne. Statystyki ich występowania opracowano w ujęciu lat, miesięcy, pory

dnia  oraz  w aspekcie  zróżnicowania  przestrzennego.  Dane zaprezentowano  w formie

tabel,  wykresów  oraz  map.  W  pracy  porównano  występowanie  trąb  powietrznych

w Polsce z ich występowaniem na obszarze Stanów Zjednoczonych oraz w Europie.

c. Ryzyko występowania trąb powietrznych powodujących ofiary śmiertelne oszacowano

na podstawie analizy wszystkich dostępnych raportów z okresu 1820–2015. W tym celu

przeszukano 12 bibliotek cyfrowych, posiadających źródła historyczne z XIX oraz XX

wieku.  Zebrane  przypadki  poddano  analizie  pod  kątem  intensywności  zjawiska,

zmienności przestrzennej oraz występowania w ujęciu dekadowym, miesięcznym oraz

w porach dnia. W pracy przedstawiono również najważniejsze informacje faktograficzne

dotyczące każdego przypadku.  

d. Warunki atmosferyczne w jakich powstają trąby powietrzne w Polsce zostały ustalane

poprzez  porównanie  ich  występowania  z  pomiarami  radiosondażowymi  ze  stacji

oddalonych nie dalej niż 200 km od miejsca raportowania zdarzenia. Sondowania, które

uwzględniono  w  analizie  zostały  wykonane  na  6  godzin  przed  lub  do  3  godzin

po wystąpieniu trąby powietrznej. Przypadki podzielono ze względu na ich intensywność

oraz  temperaturę  masy  powietrza.  Wyniki  zaprezentowano  w  formie  wykresów

pudełkowych oraz punktowych.  

e. Możliwości  prognozowania  trąb  powietrznych  w  Polsce  oceniono  poprzez  analizę

dostępnej  infrastruktury  radarowej,  dostępnych  metod  prognozowania,  uwarunkowań

klimatycznych Polski oraz poprzez przegląd literatury naukowej opisującej mechanizmy

powstawania trąby powietrznej. 

f. Przypadek trąby powietrznej z dnia 14 lipca 2012 r. przeanalizowano pod kątem ustalenia

przebiegu wydarzeń, warunków meteorologicznych w skali synoptycznej i mezoskalowej

oraz  oceny  możliwości  prognozowania  tego  zdarzenia  przy  pomocy  symulacji

modelowej Weather and Research Forecasting Model. 

Rezultaty 

a. Każdego  roku  w  Polsce  występuje  średnio  360  000  doziemnych  wyładowań

atmosferycznych oraz około 150 dni burzowych. Średnia roczna liczba dni z burzami dla

określonej lokalizacji wzrasta od 15–20 dni w Polsce północno-zachodniej, aż do 30–35

w Polsce południowo-wschodniej. 
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b. Przestrzenne  zróżnicowanie  średniej  rocznej  gęstości  doziemnych  wyładowań

atmosferycznych waha się od 0,2 do 3,1 wyładowania km−2 rok−1.  Najniższe wartości

występują  wzdłuż  wybrzeża  Morza  Bałtyckiego  natomiast  najwyższe  w  pasie

rozciągającym  się  od  Wyżyny  Krakowsko-Częstochowskiej  aż  do  Pojezierza

Mazurskiego. 

c. Zdecydowana  większość  doziemnych  wyładowań  atmosferycznych  została

zarejestrowana w ciągu dnia,  osiągając szczyt aktywności o godzinie 1400 UTC przy

minimum o godzinie 0700 UTC. Podczas gdy aktywność burz spada po godzinie 1700

UTC, silne burze potrafią pozostać aktywne do późnych godzin wieczornych. 

d. Burze  o  wysokiej  aktywności  elektrycznej  występują  w  Polsce  od  maja  do  sierpnia

ze szczytem swojej aktywności przypadającej na lipiec. 

e. Każdego roku w Polsce występuje średnio 8–14 trąb powietrznych, spośród których 5–7

to słabe przypadki, 1–3 to silne, a 2–3 to trąby wodne. Trąby powietrzne o bardzo dużej

intensywności występują średnio raz na jedną lub dwie dekady. 

f. Statystycznie  w  każdej  dekadzie  występują  średnio  1–2  trąby  powietrzne,  które

powodują 5 ofiar śmiertelnych. Szacuje się, że około 5–10% silnych trąb powietrznych

występujących w Polsce powoduje ofiary śmiertelne.

g. Okres zwiększonego występowania trąb powietrznych trwa od maja do sierpnia, z lipcem

jako miesiącem o szczytowej  aktywności  dla  trąb  powietrznych formujących się  nad

lądem oraz sierpniem dla trąb wodnych.  

h. Trąby powietrzne występują najczęściej w godzinach od 1500 do 1800 UTC, podczas

gdy szczyt aktywności występowania trąb wodnych przypada pomiędzy godziną 0900

a 1200 UTC. 

i. W  latach  1899-2013  silne  trąby  powietrzne  występowały  najczęściej  w  pasie

rozciągającym się od Wyżyny Krakowsko-Częstochowskiej aż do Niziny Mazowieckiej.

j. Trąby  powietrzne  w  ciepłych  masach  powietrza  charakteryzują  się  wysoką

niestabilnością  termodynamiczną  oraz  umiarkowanymi  pionowymi  uskokami  wiatru.

W chłodnych  masach  powietrza  występują  przy  jednoczesnym wystąpieniu  wysokiej

dynamiki  pola  wiatru  (silne  pionowe  uskoki  wiatru)  oraz  marginalnej  niestabilności

termodynamicznej.  

k. Silne  trąby  powietrzne  charakteryzują  się  wyższymi  niż  w  przypadku  słabych  trąb

powietrznych wartościami parametrów: deep layer shear, low-level shear, storm relative

helicity, niestabilności termodynamicznej, zawartości wilgoci w warstwie granicznej oraz

obecności niskotroposferycznego prądu strumieniowego. Ich występowanie związane jest
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głównie z burzami superkomórkowymi, które są możliwe w prognozowaniu przy użyciu

numerycznych modeli pogody. 

l. Słabe  trąby  powietrzne  charakteryzują  się  podwyższoną  niestabilnością

termodynamiczną  do  wysokości  3  km  nad  poziomem  gruntu,  niskim  poziomem

kondensacji oraz słabym pionowym uskokiem wiatru. Tworzą się zazwyczaj wzdłuż stref

konwergencji  wiatru  z  wbudowanymi  strefami  pionowej  wirowości  powietrza  oraz

rozwijającą  się  konwekcją.  Trąby powietrzne  rozwijające  się  w ten  sposób są  trudne

w prognozowaniu. 

m. Użycie  modelu  mezoskalowego  Weather  and  Research  Forecasting  Model  może  być

pomocne  w  prognozowaniu  warunków  atmosferycznych  sprzyjających  powstawaniu

niebezpiecznych zjawisk konwekcyjnych, w tym superkomórek tornadowych.

Wnioski oraz dyskusja 

Należy  zauważyć,  że  prezentowane  wyniki  pozostają  tylko  przybliżeniem  stanu

rzeczywistego.  Uzyskane  charakterystyki  klimatologiczne  są  niepewne,  ze  względu

na ograniczenia związane z  raportowaniem trąb  powietrznych oraz  relatywnie krótki  ciąg

pomiarowy  systemu  detekcji  wyładowań  atmosferycznych.  Niemniej  jednak,  wiedza

dotycząca zmienności czasowej oraz przestrzennej występowania silnych burz może pomóc

synoptykom,  centrom  zarządzania  kryzysowego,  firmom  ubezpieczeniowym  oraz

społeczeństwu  w  lepszym  przygotowaniu  na  ewentualne  zagrożenia  związane

z  występowaniem  tych  zjawisk.  Z  tego  powodu,  uzyskane  rezultaty  posiadają  wartość

praktyczną i mogą być zastosowane zarówno w meteorologii operacyjnej, jak i w przyszłych

badaniach dotyczących niebezpiecznych zjawisk burzowych w Polsce.

Jednym  z  najważniejszych  wniosków  wynikających  z  przeprowadzonych  badań  jest

odkrycie wielu historycznych przypadków trąb powietrznych, które miały miejsce w ciągu

ostatnich  200  lat.  Przypadki  te  udowodniły,  że  Polska  jest  zagrożona  zjawiskami  o  sile

dochodzącej  nawet  do  F4  w  skali  Fujity.  Wyniki  pracy  znajdują  się  w  opozycji

do popularnego stwierdzenia, że „trąby powietrzne w Polsce są czymś nowym i pojawiają się

coraz  częściej  poprzez  postępujące  zmiany  klimatyczne”.  Uzyskane  rezultaty  wskazują,

że trąby powietrzne powodujące duże straty materialne oraz ofiary śmiertelne występowały

w przeszłości regularnie i zjawisko to nie jest niczym nowym dla obszaru Polski. Ponadto,

systematyczne obserwacje trąb powietrznych, które rozpoczęły się dopiero na początku XXI

wieku,  nie  pozwalają  na  wiarygodne  określenie  trendów  klimatycznych  dotyczących

występowania tych zjawisk.
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Drugi istotny wniosek dotyczy opracowania charakterystyki występowania doziemnych

wyładowań atmosferycznych, które jest pierwszym tego typu opracowaniem stworzonym dla

Polski. Pomimo, że charakterystyki występowania burz w oparciu o tradycyjne obserwacje

wykonywane  przez  człowieka  były  już  dobrze  udokumentowane  w  polskiej  literaturze

klimatologicznej,  to  dzięki  zastosowaniu  danych  teledetekcyjnych  mogły  być  one

uzupełnione o szereg nowych ustaleń dotyczących m.in. czasowej i przestrzennej zmienności

wyładowań doziemnych. Jedno z najważniejszych ustaleń wskazuje, że silne burze występują

najczęściej w pasie rozciągającym się od Wyżyny Krakowsko-Częstochowskiej aż do Niziny

Mazowieckiej.  Podobne  rezultaty  uzyskane  zostały  również  na  podstawie  analizy

występowania silnych trąb powietrznych na przestrzeni ostatnich 100 lat. 

Przeprowadzone  badania  dotyczące  możliwości  prognozowania  trąb  powietrznych

w Polsce wskazują, że dzięki numerycznym modelom pogody i sieci radarowej POLRAD,

możliwe jest wydawanie prognoz oraz ostrzeżeń w czasie rzeczywistym. Jednakże ze względu

na  niską  częstość  występowania  trąb  powietrznych  w  Polsce,  wciąż  małą  świadomość

społeczeństwa o występowaniu zjawisk burzowych, a także brak ogólnodostępnych systemów

przekazu  takich  informacji  w  sposób  szybki  i  efektywny  - procedury  takie  nie  istnieją.

Wymienione  powyżej  czynniki  sprawiają,  że  potrzeba  ich  utworzenia  jest  często

kwestionowana.  Być  może  jest  to  działanie  niesłuszne.  Na  podstawie  danych  z  całego

analizowanego okresu (1820–2015) szacuje się, że każdej dekady występuje w Polsce około

20 silnych i 1–2 trąb powietrznych powodujących ofiary śmiertelne. Każdego roku w Polsce

występuje 150 dni burzowych, a statystycznie około 10 osób ginie z powodu silnych burz.

Mając na uwadze powyższe przesłanki, zdaniem autora wprowadzenie w Polsce ostrzeżeń

meteorologicznych  (przed  trąbami  powietrznymi  oraz  silnymi  burzami)  wydawanych

w czasie rzeczywistym, kiedy zjawisko już powstało (podobnych do tych, jakie wydawane

są przez National Weather Service w Stanach Zjednoczonych) powinno zostać rozważone.

W ten  sposób  ludzie  mogliby  otrzymać  wysoce  wiarygodną  informację  o  nadchodzącym

zagrożeniu oraz uzyskać czas na podjęcie działań mających na celu ochronę ich życia. Nie

możemy zapobiegać  występowaniu  silnych burz  ani  ich  kontrolować,  ale  ponieważ życie

ludzkie  jest  najważniejsze,  powinniśmy  zrobić  wszystko,  aby  informować  społeczeństwo

o  możliwym  zagrożeniu.  Liczne  trąby  powietrzne  o  dużej  sile,  które  miały  miejsce

na przestrzeni ostatnich 200 lat,  świadczą o tym, że wystąpienie kolejnych takich zjawisk

w przyszłości  nie  może zostać wykluczone.  Pozostaje  tylko pytanie,  czy będziemy wtedy

przygotowani, aby ostrzec ludzi przed niebezpieczeństwem.
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Chapter 1

Introduction

Severe weather phenomena associated with the deep moist  convection create a significant

threat to human lives and property. One of such examples may be tornadic thunderstorms that

in a short period of time may cause great damage. In spite of the common opinion, Poland is

threatened to the occurrence of such a strong phenomena as tornadoes up to F4 in Fujita scale

(Fujita 1971), large hail up to 10 cm in diameter and convective wind gusts up to 40 m s -1

(European Severe Weather Database, ESWD; Groenemeijer et al. 2004, Dotzek et al. 2009).

On average 10 people are killed in Poland each year by severe thunderstorms, as shown by the

data from the Polish National Institute of Statistics and ESWD. Cases in recent years when

Poland experienced violent storms with severe wind and tornadoes that have caused the death

of people (e.g.: 21.08.2007, 15.08.2008, 14.07.2012) make it worth performing studies that

aim  to  improve  the  predictability  and  understanding  of  such  events.  However,  severe

convective  events  are  very  rare  and site  specific,  often  difficult  in  reporting.  It  therefore

becomes a significant challenge to create accurate climatological maps of their occurrence.

Reporting of phenomena such as tornadoes shares a number of problems associated with the

lack of witnesses, evidence of the phenomenon (photography, video), a system to archive the

event, and, finally, the accuracy of the report (e.g., some events are described as tornadoes

rather than wind gusts because of a desire to experience a tornado). Another problem arises

when  trying  to  determine  the  long-term  climatology  across  multiple  regions.  A lack  of

uniformity in standards for data collection, high degree of underreporting during socialistic

period and changes through time in the way data is collected makes comparisons across space

and time very problematic (Antonescu et al. 2016). For a long time, tornadoes in Poland were

regarded by society as strange and rare phenomena reserved mainly for the territory of the

United  States  (Dotzek  2001).  Doswell  (2003)  described  this  situation  as  a  self-fulfilling

prophecy, in which denying the existence of tornadoes resulted in no record keeping of such
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events. Due to such problems, it has to be accepted that climatological results will always be

uncertain and remain only an approximation of the real distribution. Nevertheless, knowing at

least the primary modes of spatial and temporal variability can help various groups such as

weather forecasters, emergency managers, insurance companies, and the public to be better

prepared (Brooks et al. 2003a).

In  contrast  to  the  United  States  and  Western  Europe,  not  many  studies  on  severe

thunderstorms were made for Poland. Before 2013, except some studies that analyzed basic

distributions of thunderstorm days based on human observations (e.g. Bielec-Bąkowska 2003,

Bielec-Bąkowska and Łupikasza 2009,  Kolendowicz 2006, 2012), no climatological studies

were  performed  within  the  use  of  lightning  data.  Although  human  observations  of

thunderstorms allow one to analyze long-term changes in the number of thunderstorm days,

they cannot estimate intensity of such a phenomena (Rakov and Uman 2003). For this reason,

a new study (within the use of a lightning data) with more detailed information related to

thunderstorm occurrence and its intensity was necessary for Poland. A similar situation arose

with  tornadoes.  Although  tornado  reports  from  1979–1988  and  1998–2010  have  been

collected by Lorenc (1996, 2012),  and there have been some case studies  (e.g.  Gumiński

1936, Rafałowski 1958, Parczewski et al. 1959, Kolendowicz 2002, Niedźwiedź et al. 2003,

Parfiniewicz  2009,  Chmielewski  et  al.  2013)  no  comprehensive  study  on  environmental

conditions and climatology of tornadoes existed for Poland. Such a study was needed e.g. to

estimate the future threat of rare events (violent and deadly tornadoes) that have the potential

to create a major disasters (Doswell 2003).

In contrast to previous decades, the development of such analyzes has now become possible.

Beginning with the “Polish Millennium” flooding in 1997 (Kundzewicz et al. 1999), severe

weather phenomena received more media attention. The awareness of the severe weather risks

has led to  the development  of a  Doppler  radar  network (POLRAD; Jurczyk et  al.  2008),

lightning detection network (PERUN; Łoboda et al. 2009), and a general increase in severe

weather monitoring. Reporting of severe weather phenomena in the last 10 years has also

become much better thanks to mobile phones equipped with camers and the development of

social media. Easier access to the Internet and mass media have allowed information to be

shared  quickly and extensively. An increasing number of severe thunderstorm reports in the

media and more systematic efforts to collect reports allowed for the development of ESWD,

hosted by the  European Severe  Storms Laboratory (ESSL).  The foundation of  the  Polish

Stormchasing Society  (Skywarn Poland – Polscy  Łowcy Burz)  in  2008 also significantly
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contributed to the promotion of severe weather awareness and an increase in the quality of

severe weather reporting in Poland. 

In order to rectify the absence of severe thunderstorm studies for Poland and take advantage

of the changes that took place in recent years, the main goal of this research was to estimate

spatial and temporal variability of thunderstorms and tornadoes, and study their prediction

possibilities. This has resulted in a a series of 6 publications released between 2013 and 2016.

One  regarding  a  lightning  climatology  of  Poland,  three  related  to  tornado  occurrence  in

Poland and two focusing on tornado prediction.   
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Chapter 2

Objectives 

The  main  objective  of  the  research  was  to  estimate  spatial  and  temporal  variability  of

thunderstorms and tornadoes in Poland. In accordance with the general objective, the specific

objectives are:

a. To determine the climatology of  a  cloud-to-ground (CG) lightning.  To estimate  in

which  months,  time  of  the  day  and  in  which  area,  Poland  is  threatened  to  the

occurrence  of  severe  thunderstorms.  To  assess  how  often  thunderstorms  with  a

particular intensity occur.

b. To determine the climatology of tornadoes. To estimate in which months, time of the

day and in which area, Poland is threatened to the occurrence of tornadoes. To assess

how often tornadoes with a particular intensity occur.

c. To perform a research on historical sources (newspaper reports) from the 19 th and 20th

century in the search of tornado descriptions which are undocumented in scientific

literature. In addition, also to expand the information about currently known cases.

d. To estimate the return period of rare events that have the potential to create major

disasters such as violent and deadly tornadoes.      

e. To investigate atmospheric conditions associated with tornado occurrence in Poland

and  assess  their  forecasting  possibilities  within  the  use  of  numerical  weather

prediction (NWP) data.    
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Chapter 3

Databases

To achieve aims of the study following databases were used in the analysis.

3.1 European Severe Weather Database (severe weather reports)

An increasing number of severe weather reports in the media and more systematic efforts to

collect them at the beginning of 21st century allowed for the development of ESWD, hosted

by ESSL. The main objective of the ESWD is to collect and provide detailed and quality-

controlled  information  on  severe  convective  storm  events  over  Europe.  ESWD  stores

information about the location, time, intensity, and a description of the phenomena such as

tornadoes, large hail and severe wind gusts, allowing researchers to use these reports in severe

weather studies for Europe. For the purposes of this research, information about tornadoes

reported over territory of Poland for years 1820–2015 was derived. In total, over 450 tornado

reports from ESWD entered a quality control phase.

 

3.2 PERUN lightning detection network (lightning data)

Polish lightning detection network is  operated by the Institute  of Meteorology and Water

Management − National Research Institute (IMGW-PIB), and since 2002 works operationally

under the name of PERUN (from Slavik mythology the god of thunder and lightning). The

system  consists  of  nine  SAFIR3000  (Surveillance  et  Alerte  Foudre  par  Interférométrie

Radioélectrique)  total  lightning automatic detection stations located in  Białystok,  Olsztyn,

Toruń, Gorzów Wielkopolski, Kalisz, Częstochowa, Włodawa and Warszawa (Figure 1a). The

system is able to detect CG and intra-cloud (IC) flashes. The detection efficiency and the

location accuracy varies in the whole country. Bodzak (2006) estimated that network has 95%
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detection efficiency over the entire area of Poland. Location accuracy below 1 km covers 38%

area of the country while 77% is assigned to values below 2 km (Figure 1b). For the purposes

of this  research,  information regarding CG lightning flashes for the years 2002–2013 was

derived. In total, 4 952 203 CG lightning flashes were used to construct climatology.   

 Figure 1.  (a) SAFIR3000 lightning sensors location of the PERUN network with 100 km buffer zones. (b)

Average CG lightning flash location accuracy (km) derived from PERUN database in the timeframe from 2002

to 2013. Computed in 10 km x 10 km grid cells. Dots denote main meteorological stations (44). Source: Taszarek

et al. (2015).

3.3 NOAA National Climatic Data Center (thunderstorm reports)

Surface synoptic  observations  (SYNOP) were derived from  the  NOAA National  Climatic

Data Center (NCDC) daily summaries. For the purposes of the research, the information about

thunderstorm occurrence over 44 meteorological station in the years 2002–2013 was derived.

In total, 12 419 daily reports of thunderstorms (1 478 unique days with thunderstorms) were

used in the analysis.

3.4 University of Wyoming (radiosonde measurements)

The rawinsonde measurements were derived from the sounding database of University of

Wyoming and assigned as a  proximity soundings to  tornado events  derived from ESWD.

Soundings from 10 radiosonde stations in and around Poland were used (Figure 2): Wrocław

(WMO  ID:  12425),  Legionowo  (12374),  Łeba  (12120),  Greifswald  (10184),  Lindenberg

23



(10393),  Kaliningrad (26702),  Praha (11520) Prostejov (11747),  Poprad (11952) and Lviv

(33393). For each sounding measurement, temperature, dew point, U and V wind vectors were

interpolated in vertical in order to compute various thermodynamic and kinematic parameters.

These  were  chosen on the  basis  of  scientific  literature  related  to  the  analysis  of  tornado

environments in the United States and Europe (Rasmusen and Blanchard 1998, Thompson et

al. 2003, Brooks et al. 2003b, Craven and Brooks 2004, Groenemeijer and van Delden 2007,

Kaltenböck et al. 2009, Brooks 2009, Grünwald and Brooks 2011, Walczakiewicz et al. 2011,

Thompson et al. 2012, 2013, Brooks 2013).

  

Figure 2. Location of radiosonde stations with WMO ID. Circles denote 400 km in diameter proximity range 

area. Source: Taszarek and Kolendowicz (2013).

 

3.5 Digital libraries (historial tornado reports)

Polish digital libraries contain original scans of various archival newspapers with a local and

national coverage. For the purposes of this research, 12 digital libraries (Table 1) were used to

browse historical  sources from 19th and 20th century in search of tornado descriptions yet

undocumented in a scientific literature. The highest number of archival newspaper editions

was available for the second half of the 19th and first half of the 20th century. In total 26 new

tornado cases were found while the information on 11 currently known was expanded. An

example of a historical source containing tornado description from 22 May 1886 is shown in

the figure 3.
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Figure 3. Description of a tornado on 14 May 1886 near Krosno Odrzańskie (in Polish). Source: Gazeta Polska

newspaper, 22 May 1886. 

25



Table 1. Digital libraries used in the analysis.

Original name English name Web address

Bałtycka Biblioteka Cyfrowa Baltic Digital Library http://bibliotekacyfrowa.eu/dlibra

Biblioteka Cyfrowa Uniwersytetu im. Marii 
Curie-Skłodowskiej 

Marie Curie-Skłodowska University E-Library http://dlibra.umcs.lublin.pl/dlibra

E-Biblioteka Uniwersytetu Warszawskiego University of Warsaw E-Library http://ebuw.uw.edu.pl/dlibra

Kujawsko-Pomorska Biblioteka Cyfrowa Kuyavian-Pomeranian Digital Library http://kpbc.umk.pl/dlibra

Łódzka Biblioteka Cyfrowa Łódź Digital Library http://bc.wimbp.lodz.pl/dlibra

Małopolska Biblioteka Cyfrowa Lesser Poland Digital Library http://mbc.malopolska.pl/dlibra

Podkarpacka Biblioteka Cyfrowa Subcarpathian Digital Library http://www.pbc.rzeszow.pl/dlibra

Portal Biblioteki Narodowej Portal of the National Library http://polona.pl/search/

Śląska Biblioteka Cyfrowa Silesian Digital Library http://www.sbc.org.pl/dlibra

Świętokrzyska Biblioteka Cyfrowa Świętokrzyskie Digital Library http://sbc.wbp.kielce.pl/dlibra

Wielkopolska Biblioteka Cyfrowa Greater Poland Digital Library http://www.wbc.poznan.pl/dlibra

Zachodniopomorska Biblioteka Cyfrowa West Pomeranian Digital Library http://zbc.ksiaznica.szczecin.pl/dlibra
 

3.6 Other sources (additional information on individual tornado cases)

An investigation of individual tornado cases was supported by web searches (media reports,

social  media,  forum  of  the  Polish  Stormchasing  Society),  damage  surveys,  surface

observations, lightning data, satellite data, radar data, aerial and global forest change project

data  (Hansen et  al.  2013).  In  a  few cases,  archived synoptic  weather  charts  and original

scientific  papers  were  derived  from the  library  of  the  IMGW-PIB  (e.g.  Gumiński  1936,

Rafałowski 1958, Salomonik 1960). For the purposes of a tornado case study from 14 July

2012,  a  24-hour  forecast  was  produced  using  a  non-hydrostatic  Weather  and  Research

Forecasting Model (WRF) simulation  with a spatial resolution of 15 km (Skamarock et al.

2005). The boundary and initial conditions were extracted based on the global simulation of

the Global Forecast System (GFS; Yang et al. 2006) with a horizontal resolution of 0.5°. 
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Chapter 4

Methodology

Quality control assumptions and primary research methods used in each study are presented

below.  

4.1 Lightning data

A threat for severe thunderstorms is estimated by dividing days with thunderstorms according

to the daily, monthly and annual sums of CG lightning flashes. Given measurements for years

2002–2013, results are presented in the form of tables, charts, and maps involving annual,

monthly and hourly variation of CG lightning flashes.  Temporal  and spatial  variability of

polarity, peak current and percentage of nighttime flashes is involved as well. Data is limited

to the geographical borders of Poland. Instead of strokes, only flashes are taken into account.

According to the previous studies of Cummins et al. (1998) and Wacker and Orville (1999a,b)

some  of  the  CG  positive  lightning  flashes  with  the  peak  current  below  10  kA may  be

considered to be IC flashes, therefore database was also filtered out from these flashes.

4.2 Tornado data

A threat for tornadoes is estimated by collecting all available reports from years 1899–2014.

Reports  derived  from the  ESWD,  forum of  the  Polish  Stormchasing  Society,  and  media

reports are subjected to the quality control procedures which allow to filter suspicious cases

and create a final database of 269 events. Cases are evaluated in terms of their credibility and

intensity in F-scale, and divided on weak tornadoes, strong tornadoes and waterspouts. These

are analyzed in terms of their  temporal  variability  in  years,  months and time of the day.

Spatial analysis include Kernel Density Estimation and statistics by Voivodeships of Poland. A

comparison with American and European records is presented as well. 
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4.3 Deadly tornado data 

A threat for deadly tornadoes is estimated by collecting all available reports from years 1820–

2015.  They  are  analyzed  in  terms  of  their  intensity  and  temporal  variability  in  decades,

months and time of the day. Spatial analysis include statistics by Voivodeships of Poland and

tornado damage tracks for selected cases. In addition, the most important factual information

on each killer tornado case (as derived from the scientific literature and historical sources) is

included. The return period is estimated by the statistical approximation including periodicity

of significant and killer tornado cases. 

4.4 Radiosonde data

Thermodynamic and kinematic conditions conducive to the tornado occurrence in Poland are

defined by combining tornado reports from the ESWD and radiosonde measurements derived

from the University of Wyoming sounding database. Proximity criteria allow to use certain

sounding in the analysis if tornado event took place up to 3 hours prior to 6 hours after the

sounding time (12 or 18 UTC), and no farther than 200 km away from the sounding site. A

total of 97 cases including measurements from 10 sounding sites from years 1977–2012 are

considered in the analysis. These are divided according to their intensity and environmental

temperature. From each sounding profile, various thermodynamic and kinematic parameters

are  derived.  In  order  to  evaluate  their  forecasting  value,  tornado-related  soundings  are

compared with thunderstorm and non-thunderstorm sounding profiles. Results are presented

in the form of scatterplots and box-and-whisker charts.

4.5 Tornado prediction

Possibilities to forecast tornadoes are evaluated by: reviewing scientific literature, analyzing

available  forecasting  techniques,  local  climate  characteristics  and  the  prevalence  of  the

tornadoes  in  Poland.  Institutions  performing  convective  forecasts  and  the  severe  weather

awareness of the Polish society is evaluated as well. The analysis is presented in the form of

the review.

4.6 Case study of 14 July 2012 

A tornado event of 14 July 2012 is studied by analyzing the course of the event, synoptic and

mesoscale  meteorological  conditions,  and  by  assessing  the  possibilities  of  its  short-term

prediction.  Damage survey,  surface  observations,  lightning data,  satellite  data,  radar  data,
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aerial and global forest change project data are used to analyze the event. Possibilities of

tornado prediction are assessed by performing an experimental WRF downscalling simulation

based on 0000 UTC GFS grib 15 hours prior to the event. Tornado potential is estimated by

the use of thermodynamic and kinematic indices,  chosen on the basis of scientific literature

related to tornado environments in the United States and Europe (the same as listed in the end

of the section 3.4).  A comparison with significant  tornado cases  of 20 July 2007 and 15

August 2008 is presented as well. 
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Chapter 5 (Appendix A)

Forecasting the possible emergence of tornadoes in Poland

Przegląd Geograficzny, 2013, Volume 85, pp 323–340
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Chapter 6 (Appendix B)

Sounding-derived  parameters  associated  with  tornado

occurrence in Poland and Universal Tornadic Index

Atmospheric Research, 2013, Volume 134, pp 186-197
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Chapter 7 (Appendix C)

Tornado climatology of Poland 
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Chapter 8 (Appendix D)

A cloud-to-ground lightning climatology for Poland 
 

Monthly Weather Review, 2015, Volume 143, pp 4285–4304

33



Chapter 9 (Appendix E)

An isolated tornadic supercell of 14 July 2012 in Poland - 

a prediction technique within the use of coarse-grid WRF 

simulation
 

Atmospheric Research, 2016, Volume 178, pp 367–379
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Chapter 10 (Appendix F)

Deadly tornadoes in Poland from 1820 to 2015
 

Monthly Weather Review, 2016 (in press)
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Chapter 11

Summary of results

Below, the most important results regarding each topic are presented: 

11.1 Thunderstorm climatology 

a. The annual average of around 360 000 CG lightning flashes occur each year over Polish

territory. This results in an average of 150 days with thunderstorms appearing anywhere

in Poland. 

b. The average annual  number of days with a thunderstorm within a  particular  location

increases from the northwest to the southeast of Poland with the lowest values along the

coast of Baltic Sea (15−20 days) and the highest in the Carpathian Mountains (30−35

days). 

c. The spatial distribution of the mean annual CG lightning flash density varies from 0.2 to

3.1 flashes km−2  yr−1 reaching the lowest values along the coast of Baltic Sea and the

highest  in  the  southwest-northeast  belt  from the Kraków-Częstochowa Upland to  the

Masurian Lake District.

d. Majority of CG lightning flashes are detected during the daytime with the peak at 1400

UTC and the minimum at 0700 UTC. While the activity of less severe thunderstorms

drops after 1700 UTC, intense thunderstorms remain active until the late evening hours.

e. Most intense thunderstorms occur from May to August and peak in July as the most

intense month (an average of 4 days with at least 10 000 CG lightning flashes).

f. Very intense thunderstorms are capable of producing locally in only one day more CG

lightning flashes that on average occur during the whole year in this particular place. The

highest values of maximum daily CG lightning flash density are observed in the central

and eastern parts of the country.

g. Approximately 15% of all CG lightning flashes occur during nighttime hours.
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h. An increase in the frequency of mesoscale convective systems (MCS; Houze 2004) and

the percentage of nighttime CG lightning flashes has been observed in the recent years.

i. During years 2002–2013, 26 June 2006 turned out to be the day with the highest number

of detected CG lightning flashes (73 549).

j. Almost  97%  of  all  CG  lightning  flashes  had  negative  current  reaching  the  highest

average  monthly  values  in  February  (55  kA)  and  the  lowest  in  July  (24  kA).  The

percentage of positive CG lightning flashes was the lowest from May to October (from 2

to 3%), while from November to April it amounted from 10 to 20%. 

11.2 Tornado climatology 

a. Polish tornado records suffer from the strong underreporting of weak tornado cases. After

the  foundation  of  the  Polish  Stormchasing  Society  in  2008,  the  quality  of  tornado

reporting has considerably improved. 

b. On average 8–14 tornadoes occur each year in Poland, of which 5–7 are weak tornadoes

and 1–3 are significant  tornadoes.  A mean of 2–3 waterspouts are  reported annually.

Violent tornadoes occur once every one or two decades.

c. An average of 1–2 killer tornadoes with 5 fatalities may be depicted for each decade. It is

estimated that around 5–10% of significant tornadoes in Poland cause fatalities, while the

average number of fatalities per any significant tornado amounts to roughly 0.27. 

d. The majority of deaths and injuries due to  tornadoes in  Poland were associated with

people being lifted or crushed by collapsed buildings (usually wooden barn). Most of

these cases took place in rural areas but some tornadoes did hit urban areas, causing a

higher number of fatalities. 

e. The most deadly tornado in a Polish history occurred on 14 May 1886 at around 1230

UTC in Krosno Odrzańskie in Lubusz Voivodeship and killed 13 people (Figure 4). 

f. Tornadoes occur most likely from May to September with July as the peak month for

tornadoes forming over land, and August for waterspouts. They are the most frequent

between 1500 and 1800 UTC, whereas waterspouts peak between 0900 and 1200 UTC.

g. The highest number of significant tornado reports over the course of the last 200 years

took place in  the south-central  part  of  the  country.  Taking into  account  also tornado

reports in other parts of the country, an apparent correlation between tornado frequency

and orography can be found.  

h. Tornadoes are prone to occur together with southwestern and western airmass advections.
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Figure 4.  Damage in Krosno Odrzańskie due to tornado on 14 May 1886. Source: the collection of the Piast

Castle in Gliwice.

 

11.3 Tornado forecasting 

a. Due to a very small scale of phenomenon, it is not possible nowadays to predict with

great accuracy where and when tornado will take place. The phenomenon of a span of

several hundred of meters is not captured by mesoscale NWP models in which a mesh

size is a few kilometers. However, within the use of the same NWP models it is possible

to  predict  the  conditions  conducive  to  the  occurrence  of  supercells  that  can  produce

tornadoes. 

b. Depending on the airmass  temperature,  tornadoes  in  Poland tend to  present  different

environmental conditions. Warm airmass tornadoes feature with increased atmospheric

instability  and  moderate  vertical  wind  shear  while  cold  airmass  tornadoes  are

characterized  by  dynamic  wind  field  (high  vertical  wind  shear)  and  rather  marginal

instability. 

c. Significant tornadoes are characterized by higher than in weak cases convective available

potential  energy (CAPE),  deep layer  wind shear  (DLS),  low-level  wind shear,  storm

relative  helicity,  boundary  layer's  moisture  content  and  the  presence  of  low-level  jet

stream. Their occurrence is related to supercell thunderstorms that are possible to predict

within the use of NWP models.  

d. Weak tornadoes are characterized by increased CAPE released below 3 km above ground

level, low lifted condensation level and weak vertical wind shear. They are mostly related
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to wind-shift boundaries with preexisting vertical vorticity and developing convection.

Tornadoes forming this way are difficult in prediction. 

e. The  use  of  WRF  downscaling  model  simulations  may  be  supportive  of  predicting

atmospheric  conditions  conducive  to  severe  convective  weather,  including  tornadic

supercells. 

f. An experimental  24-hour  WRF simulations  performed for  tornado  events  of  20  July

2007,  15  August  2008  and  14  July  2012  shown  that  within  the  use  of  forecasting

technique including certain convective parameters and convective precipitation filter, it

was possible to indicate with a lead time of several hours areas where tornadoes may

possibly form. 
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Chapter 12

Conclusions and discussion

The  main  objective  of  the  research  was  to  estimate  spatial  and  temporal  variability  of

thunderstorms and tornadoes in Poland. This aim was achieved by creating and analyzing a

large database of almost 5 million CG lightning flashes and a database of over 450 tornado

reports  derived  from the  ESWD  and  media  sources.  A research  performed  on  historical

sources allowed to expand tornado database with 26 newly identified deadly tornado events

and update information on 11 currently known cases. 

The development of such studies become possible thanks to changes that took place in Poland

in the last 10–15 years. These included the development of POLRAD and PERUN networks,

increase in the exchange of weather information by the Internet, technological development of

mobile devices, increase in severe thunderstorm monitoring, development of social media and

a more systematic efforts to collect severe weather reports (the foundation of the ESWD and

the Polish Stormchasing Society). However, it has to be accepted that due to only 12 years of

lightning  detection  measurements  and  limitations  regarding  tornado  reporting,  obtained

climatological results will always be uncertain and remain only an approximation of the real

distributions.  Nevertheless,  knowing  at  least  the  primary  modes  of  spatial  and  temporal

variability  can  help  various  groups  such  as  weather  forecasters,  emergency  managers,

insurance companies, and the public to be better prepared. For this reason, it is believed that

results  obtained  within  this  research  carry  a  practical  value  and  may  be  used  alike  in

operational forecasting as well as in future studies regarding severe thunderstorm occurrence

in Poland. 

Although some part of the results found within this research allowed to confirm results from

previous severe weather related studies from United States and Europe, many new findings

have  been  introduced.  Perhaps  one  of  the  most  important  ones  concerns  discovery  of
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numerous historical tornado cases that took place in the last 200 years and proved that Poland

is threatened to the occurrence of even F4 tornadoes. This finding stays in the opposition to

the popular statement that “tornadoes in Poland are a new thing and become more frequent

due to  changing climate”.  Obtained results  indicate  that  this  phenomenon is  not  new for

Poland and that numerous significant and killer tornadoes occurred in the past. High-quality

European  tornado  observations  that  began  only  in  the  late  2000s  also  do  not  allow  to

determine any climate trends regarding tornado occurrence. Therefore, it is not possible to

clearly determine if the frequency of tornadoes increases or not due to changing climate. 

The second important finding concerns the study on CG lightning climatology that is the first

of this type ever performed for Poland. Although the occurrence of the thunderstorms basing

on  human  observations  has  been  previously  studied  by  Bielec-Bąkowska  (2003)  and

Kolendowicz  (2006),  this  study  introduced  new  and  unique  findings  regarding  annual,

monthly, diurnal and spatial lightning activity. In the opposition to the studies based on data

from meteorological stations (that are sparsely distributed in space and perform measurements

usually only once per hour), lightning data allows to analyze thunderstorm characteristics with

a greater extent of details, especially involving the intensity of thunderstorms. One of the

most important result indicates that severe thunderstorms occur most likely in the southwest-

northeast belt from the Kraków-Częstochowa Upland to the Masovian Lowland (Figure 5a). 

Figure 5. (a) The average annual number of CG lightning flashes per km2, based on lightning data derived from

PERUN network for period 2002 to 2013. Dots denote main meteorological stations (44). Source: Taszarek et al.

(2015).  (b) The number of significant tornado (F2+) reports per 100x100 km area in 1899–2013 timeframe

estimated using kriging. Source: Taszarek and Brooks (2015).
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Almost  the  same  conclusion  was  found  in  the  study  regarding  a  spatial  distribution  of

significant tornadoes over the course of the last 100 years (Figure 5b). In addition, studies on

the large hail occurrence by Kłokowska and Lorenc (2012), Taszarek and Suwała (2012) and

Pilorz (2015) also indicated this area (and the south-eastern part of Poland) as a vulnerable for

the thunderstorms producing large hail. This supports the theory that aforementioned area may

be somehow conducive to the occurrence of thunderstorms (probably supercells) producing

severe  convective  phenomena.  However,  more  studies  involving  the  analysis  of

thermodynamic and kinematic conditions (from the climatological point of view), are needed

to confirm this theory.

Another  important  finding  concerning  lightning  data  indicates  that  diurnal  course  of  CG

lightning  flashes  varies  depending  on  the  geographical  location.  Although  the  average

percentage of nighttime flashes for the whole country amounts around 15%, values in the

western and southwestern part  of the country ranges from 30 to 40% (Figure 6).  This  is

presumably due to a more frequent occurrence of intense MCSs, which enter Poland from

Germany and Czech Republic in the late evening hours. These appear less likely in the eastern

part of the country where mostly daytime convection develops. Such findings are one of the

first ever obtained for Poland. 

Figure 6. The average percentage of CG lightning flashes occurring during the nighttime (sun angle <-12o).

Computed in 10 km x 10 km grid cells. Based on lightning data derived from PERUN network for period 2002

to 2013. Dots denote main meteorological stations (44). Source: Taszarek et al. (2015).
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The results obtained on atmospheric conditions conducive to tornado occurrence in Poland

mostly line up with the previous such analyses performed for United States. (e.g. Rasmusen

and  Blanchard  1998,  Thompson  et  al.  2003,  Craven  and  Brooks  2004)  and  Europe

(Groenemeijer and van Delden 2007, Kaltenböck et al. 2009). However, they also introduce

new findings regarding tornado occurrences depending on the temperature of the airmass with

warm airmass tornadoes favored by high CAPE and moderate shear environments, and cold

airmass tornadoes favored by low CAPE and high shear environments. This indicates that

forecasters, should pay an attention to various atmospheric configurations while performing

tornado prediction, and not focus only on one certain pattern. 

An  analysis  regarding  possibilities  of  tornado  prediction,  indicates  that  thanks  to  the

POLRAD network and NWP models (which from year to year become increasingly better), it

is possible in Poland to issue tornado forecasts and real-time warnings. However, due to lack a

special system that would allow to share such an information quickly and efficiently to the

public, rather low frequency of tornadoes in Poland, and still low severe weather awareness of

the Polish society,  one may question the need of such a  system and procedures.  Perhaps

unjustly. Based on the records from the entire period of study, it is estimated that an average

of 20 significant and 1–2 deadly tornadoes occur each decade in Poland. Each year Poland

experiences 150 days with the thunderstorm including 10 with at least 10 000 CG lightning

flashes.  Approximately  10  people  die  due  to  severe  thunderstorms  each  year.  For  these

reasons,  the  author  believe  that  the  consideration  of  a  real-time severe  thunderstorm and

tornado warning procedures in Poland (similar to those performed by the National Weather

Service in U.S.) should be taken into account. This way people would have a possibility to

receive  a  highly  credible  information  about  a  possible  danger  in  their  surroundings,  and

shortly before the incident, take action to protect their lives. Such a solution is technically

possible and can contribute significantly to the improvement of safety. We can neither prevent

nor control the occurrence of severe thunderstorms, but because human safety is the most

important issue, we should be able to do everything in order to inform people, in advance,

about upcoming danger.  Numerous high-impact killer tornadoes that occurred over the last

200 years, indicate that similar events are highly likely to appear in the future. The question is

whether we will be able to protect people when the next such an event is going to happen.      
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