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Abstract 

Main sources of strong winds occurring in Poland are: low depression in Western Europe during cold 
season, favourable conditions for foehn winds, summer thunderstorms and tornadoes. The last ones are 
not frequent but spectacular. In a few last years there were about 8 confirmed reports of tornadoes p.a. 
They caused damage to not more than 1000 buildings. Other strong winds caused failures of 
approximately 200 buildings per year, mainly in villages, that may be estimated as about 2⋅10-5 of 
village buildings. The measures have been undertaken to mitigate these failures.  

1 Introduction 

Natural hazards in Poland include catastrophic winds of various geneses. The paper deals with the 
sources of strong winds in Poland and wind damage to buildings and infrastructure. Strong wind 
speeds are estimated and sources of data on damage as well as the number of failures are presented.  
Measures to mitigate the building failures in the future have been undertaken.  

2 Strong Wind Climate in Poland 

Poland is located in the centre of the continental Europe, with its northern borders facing the Baltic 
Sea. Two types of climatic conditions prevail, namely the continental and coastal, and this is reflected 
in the types of strong wind events affecting the country. Furthermore, the general climate is also 
influenced by the orographic situation in which most of the country is fairly flat, situated below 300 m 
a.s.l., while the southern borders are dominated by two mountain chains of Carpathians and Sudetes.  

Four dominant types of strong wind events, correlated with respective meteorological situations, occur:  
• Frontal storms during western or northern extra-tropical cyclones, generated in cold season by 

deep low pressure, approaching from the west or north-west. In each such a situation strong 
western winds cover almost the whole territory of the country 

• Foehn winds due the low pressure systems travelling northwards with the air movement over the 
southern orographic (mountainous) barrier, especially in Tatra and Beskidy Mountains. Strong 
southern winds occur over relatively small territory. 

• Summer thunderstorms and the related gust fronts and possible high intensity events. Also 
localised medium-scale downbursts, small-scale microbursts and other straight-line winds 
(derechos). These are related to profound atmospheric instabilities. 

• Tornadoes – localised events of extreme nature. 
Maximal wind speed during frontal winter storms and summer thunderstorms are similar. It is 
illustrated in Figure 1. 
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Figure 1: Histogram of annual maximum gust wind speeds during cold season in Poland and two plots 
of Gumbel probability distribution. Explanation is presented in the text. 

In this Figure a histogram of the reduced frequency of occurrence of the annual maxima of gust wind 
speeds recorded between 1960 and 2005 (including some discontinuities before 1980s) is presented. 
The reduced frequency refers to a reduction process in which the number of occurrences of particular 
wind speed was normalised by the total number of 804 records. 

Despite of these winter gusts 107 records of gusty wind speed are classified as occurred during 
summer thunderstorms. Wind speeds in such situations are similar to these recorded during winter 
storms. Both empirical sets are approximated by the Gumbel probability distribution, as seen in 
Figure 1. The probability distributions corresponding to both types of events are almost identical. The 
mean value due to frontal low depression systems was calculated as 25.1 m/s and for thunderstorms as 
24.9 m/s. The modal values are 23.1 and 22.9 m/s, respectively. The maximal gust values recorded 
over the whole territory of Poland, except mountains, during mentioned 45 years were 38 m/s in cold 
season and 40 m/s in summer thunderstorm. 

Those recorded gust wind speeds were measured in different terrain conditions and have not been 
converted to the standard, open terrain. However, buildings are situated in similar, different terrain 
conditions. It may be then considered that those wind speeds affected most of buildings. 

Wind speeds in tornadoes are quite higher. It is difficult or impossible to directly measure wind speed 
in tornado, so it can be only estimated. For example, Chmielewski et al. (2011) have calculated that 
during tornado in Opole province in 2008 wind speed might be not less then 69 m/s. Also the authors 
of this paper have computed this tornado intensity as F2/T5 (51 – 70 m/s) in Fujita/TORRO scales. It 
was worked out basing on behaviour of the objects lifted by wind. However, in most cases, the 
intensity of tornadoes is estimated on the basis of the assessment of damage. On this basis, the greatest 
intensity of tornadoes occurring in modern times in Poland was estimated to be F4/T8 (96 – 107 m/s). 

It is of interest to note that for the above period of 45 years there were over seven times less of wind 
speed maxima generated by thunderstorms than those related to low-pressure systems. This could be 
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due to the relatively short summer season (i.e. the development and duration of convective conditions) 
and also the issue of smaller spatial extent of thunderstorms, in which individual events may not be 
able to be detected and recorded by the network of meteorological stations in the area of concern.      

Periods of occurrence of disastrous winds in Poland according to their origins is shown in Figure 2. It 
follows that the devastating winds can appear in Poland within the entire year. However, they have 
different potential to cause damage. In addition, winter storms due to their frontal nature act in 
a broadband manner, affecting both uninhabited areas and urban agglomerations. Hence the 
destruction appears more characteristic of high-rise buildings, for example, almost complete peeling 
off ETICS systems and insulation of flat roofs. Tornadoes however, i.a. due to the narrow path of 
action, usually do not afflict downtown areas of urban complexes. 
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Figure 2: Periods of occurrence of disastrous winds in Poland according to their origins (data on winds 
associated with cyclonic activity and foehn type winds according to Lorenc, 2012). 

The total number of reports on tornadoes in Poland in the years 2000-2012 and their monthly 
distribution at the same time, according to data contained in the European Severe Weather Database, is 
presented in Figure 3. 
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Figure 3: Number of reports about overland tornadoes and their monthly distribution in Poland in the 
years 2000 – 2012 (based on data from ESWD compiled at the end of 2012). 
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It should be noted that reports on events in the ESWD have different statuses, and certainly some of 
the reported cases were phenomena other than tornado. It also happens that the same tornado with a 
relatively long route is described in several reports. However with dissemination of knowledge, the 
reports are supposed to be increasingly accurate. 

3 Sources of Data on Wind Damage  

Occurring on the Polish territory disastrous winds and damage caused by them are described in the 
preserved historical sources available from the 14th century. Many of these records can be found in 
urban and parish chronicles, in archival books, newspapers and magazines. A good source of 
information about the historical phenomena in Europe is also documentary database CLIMDAT 
constructed at the Historical Institute, University of Leipzig, Germany. 

At the moment in Poland there are several sources of the reliable information, the most important 
being the data on building damage and collapse collected by the municipal, regional and provincial 
building control authorities, which are then collated by the Principal Office of Building Control 
(GUNB). However, this information covers a relatively short period of time - since the establishment 
of GUNB in 1995. Furthermore, only from 2006 a separate count of wind related disasters was 
instituted, before that these event were generically classified as the “act of God” (natural event).   

Another source of information is the insurance industry. Historically, the only role player in this 
industry was the State Insurance Entity (PZU), and this situation is useful in terms of the effort in 
accessing the relevant information. However, the insurance was not compulsory and the threshold 
value of the wind speed required to successfully settle the claim was 24 m/s (10 in the Beaufort Scale) 
- probably in terms of the gust wind speed. Currently the insurance industry is de-regulated and in 
view of the number of agencies active in the market, the collection of the data is much more difficult. 

Other sources of information are the media reports. Although the access to this data is fairly time 
consuming this approach has been adopted by various researchers (e.g. Lisowski, 1993).  In the case of 
extreme wind events, which occurred fairly frequently in the last few years, it is also useful to access 
the information collected by the local authorities and emergency services, which typically includes 
comprehensive photographic documentation posted on Internet. 

Useful are also data concerning the meteorological situation at the time of occurrence of strong wind 
events. These data are sometimes available in the form of weather radar plots and/or satellite imagery. 

4 Statistics and Typical Damage  

The damage to buildings caused by strong wind events are typically classified by GUNB as being an 
“act of God” and these constitute a significant majority of all events of this category (Figure 4). 

An analysis of the press reports between 1960 and 1990 was undertaken accessing of more than 9,500 
issues of a daily newspaper Życie Warszawy (Lisowski, 1993), 601 reports of wind damage were 
identified.  These included, among others: power and telephone lines (mainly due to falling trees) 
disruptions in fishing industry activities, devastation of forests and damage to buildings (less than 8% 
of events). During 6 months, from April to September, only 30% of events occur; 70% may be 
expected since the beginning of October to the end of March (Figure 5).    

Damage to buildings and other structures, which occur in Poland, can be generally grouped into the 
following categories: damage to roof sheathings or their tearing-off, damage to structural roof 
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components, displacement or loss of entire roofs, damage to glazing, window and door frames, 
blowing out or collapse of windows, doors, gates and garage doors, tearing-off of thermal insulation of 
walls and flat roofs, fracture, puncture or collapse of external walls and many other types of damage. It 
is evident that the most devastating are tornadoes which can destroy whole buildings. This may 
include primary damage resulting mainly from the direct wind actions on buildings or other civil 
structures. In the case of tornado action, influence of changes in atmospheric pressure is a minor factor.  
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Figure 4: Yearly number of building catastrophes and disasters in Poland according to GUNB. Circle: 
disasters due to all kinds of “Events of God”; black points and red line: wind disasters. 

1 2 3 4 5 6 7 8 9 10 11 12
Months

0

2

4

6

8

10

12

14

16

18

Y
ea

rly
 p

er
ce

nt
 o

f w
in

d 
di

sa
st

er
s o

r d
is

tu
rb

an
ce

s 

 

Figure 5: Monthly distribution of wind disasters or/and disturbances in 1960 – 1990, according to 
Lisowski, 1993. 

Another type is secondary damage, associated with impacts of trees or power poles falling down, as 
well as impacts of windborne missiles. It can be seen in Figure 4 that the mean value of damaged 
buildings, except that failed during tornadoes is approximately less than 200 per year. That means that 
some 2/100,000 small buildings, mainly in villages, is affected every year by strong wind. Only in 
2007 and 2008, tornado occurrences in the region of Częstochowa as well as winter storms Kyrill and 
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Emma passing through Europe and Poland, contributed to a substantial increase in the number of the 
reported cases.  

5 Measures against Wind Damage 

The measures against wind damage constitutes: design, construction and maintenance of buildings, 
their environment and infrastructure. The proper values of wind speed and wind velocity pressure 
should be used in designing of structures. They are provided by codes of practice, at present by the 
National Annex to the Eurocode 1 (PN-EN 1991-1-4:2008).  It is obvious that construction should be 
well done, most of failure concerned old structures of poor bearing capacity. The same concerns the 
maintenance of structures. High trees in the immediate vicinity of power and transport lines should be 
cut, as well as branches growing taller than roofs. 

It is worth to note that the National Annex to the Eurocode 1 provides higher wind speed than old 
Polish standards. In the zone 1, which covers the majority of the country, ten minute mean wind speed 
of 50 year return period is now 22 m/s instead of 20 m/s as before. Taking into account higher partial 
factor, now 1.5 instead of 1.3 before, we have about 40% higher wind loads at 10 m above an open 
terrain than before. However, the main role in wind resistant structures plays its proper construction 
and maintenance. 

In spite of the new Eurocodes more detailed instructions for designers, investors and users of buildings 
and infrastructure are necessary. A commentary to the new Eurocode with examples of calculations 
has already been published (Żurański & Gaczek, 2011). An instruction how to construct to resist 
strong winds and how to mitigate the tornado effects is in preparation by the writers at present.  

6 Conclusions  

It has been found that rather less than 200 buildings are damaged each year on average in Poland by 
strong winds. They are mainly village small buildings, rather old or poorly maintained and with weak 
bearing capacity. It was estimated that this concerns some 0.02‰ of village buildings per year. Only 
during tornadoes this number is higher. The increasing trend of damage has been found but the 
observation time of confirmed data is short yet. The measures have been undertaken to mitigate these 
damage. 
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