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Introduction

Aerial transport is developing rapidly. The number 
of new connections has increased, and flight routes 
and durations are getting longer. In the 21st centu-
ry, air transport has become the safest and fastest 
mode of transport, with passenger numbers grow-
ing rapidly. The International Air Transport Asso-
ciation revealed that present trends in air transport 
suggest passenger numbers could double to 8.2 bil-
lion by 2037 (https://www.iata.org/en/pressroom/
pr/2018-10-24-02/). There is also a rapid growth in 
interest in atmospheric phenomena accompanying 
air travel and negatively affecting airline transporta-
tion e.g. flight delays, cancelled flights, and various 
accidents (Borsky and Unterberger 2019; Gultepe et 
al. 2019).

Most of Poland’s passenger traffic is accounted 
for by the airports of Warsaw, Kraków and Gdańsk. 

Bydgoszcz’s number of passengers (425,000 per 
year) places it further down in the ranking of Pol-
ish airports (https://plb.pl/statystyki). Bydgoszcz 
airport has been growing rapidly in recent years. 
In terms of growth in passenger numbers in Poland, 
Bydgoszcz ranked second (behind Poznań) with a 
2018 increase of 25% over 2017).

Information on weather conditions in the By-
dgoszcz region is spread across many publications 
and based on data from various multi-annual peri-
ods and measurement stations. The present study 
focuses primarily on weather phenomena around 
the turn of the 21st century, although the region’s 
climate was also studied in the 1920s and 1930s. 
The  climate of the Bydgoszcz region has been well 
described, with many works published, e.g. on air 
temperature (e.g. Hohendorf 1967; Roguski et al. 
1996; Bąk 2003; Dudek et al. 2008, 2010; Żarski 
et al. 2010; Łaszyca and Kuśmierek-Tomaszewska 
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Abstract. The article describes the occurrence of selected weather phenomena that are hazardous 
to aviation (thunderstorms, hail, fog and glaze) in Bydgoszcz. The work employs 1971–2010 data 
from the Bydgoszcz-Airport meteorological station. The hazardous atmospheric phenomena selected 
for analysis hinder or sometimes even prevent aviation. Of the analysed weather phenomena in By-
dgoszcz, those most hazardous to aviation are fog and thunderstorms. The average annual numbers 
of days featuring them exceed 71 and 14, respectively. The analysis shows that statistically signifi-
cant threats to aviation have decreased, e.g. number of days with fog (by 4.76 days/10 yrs) and days 
with thunderstorms (by 1.68 days/10 yrs). However, no clear trends can be seen for the number of 
days with hail (decrease of 0.14 days/10 yrs) and days with glaze (an increase of 0.16 days/10 yrs).
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2013; Kasperska-Wołowicz and Bolewski 2015; 
Łaszyca 2018) and on atmospheric precipitation 
(e.g. Hohendorf 1967; Roguski et al. 1996; Łabędz-
ki and Adamski 2010; Żarski et al. 2014). In  Po-
land, issues of aviation meteorology have been 
presented in monographic studies (e.g. Parczews-
ki 1953; Holec and Tymański 1973; Schmidt 1982; 
Kaczanowski 1987; Ostrowski 1999; Stopa-Boryczka 
et al. 2013; Szewczak 2014) and in works relating to 
the planning of the construction of the airport, and 
its operation (e.g. Wiążewski and Bąkowski 2007; 
Błażejczyk and Solon 2009; Szot 2013; Skrzyńska 
2019).

Within Poland, Bydgoszcz is located in the “cen-
tral” bioclimatic region, and its bioclimatic condi-
tions are typical for the country (Błażejczyk and 
Kunert 2011). Central Poland has favourable biom-
eteorological conditions for air transport staff and 
passengers. This is due to, among other things, the 
unobstructed atmospheric circulation and the flat 
terrain, which help even out differences in thermal 
and humidity conditions – that is, which alleviate 
stimuli (Araźny and Smukała 2011).

The aim of the study is to examine the variabil-
ity of selected weather phenomena that are hazard-
ous to aviation (thunderstorms, hail, fog and glaze) 
in central Poland, on the example of Bydgoszcz air-
port in the period 1971–2010.

Methods and materials

Bydgoszcz is a city in north-central Poland, on 
the Brda and Vistula rivers (Fig. 1). The work uses 
1971–2010 meteorological data from the Bydgo-
szcz-Airport meteorological station. In  the years 
1951–82 the station operated under the auspices 
of the Institute of Meteorology and Water Manage-
ment (IMGW) according to the International Civil 
Aviation Organisation (ICAO). In the years 1951–
65, the station conducted basic measurements of 
meteorological parameters such as: air temperature, 
dew point temperature, amount and type of cloud 
cover, relative humidity, wind direction and speed, 
and visibility. Since 1966, meteorological observa-
tions have been extended to include the following 
measurements: height of cloud base, atmospher-
ic pressure at sea and station level, water vapour 

pressure, atmospheric phenomena, type of precip-
itation, ground condition. In 1983–2010 meteoro-
logical measurements were continued by military 
observers and civilian employees of the military 
at the Military Airport Meteorological Station ac-
cording to the ICAO. In February 2007, the IMGW 
station at the Bydgoszcz-Szwederowo airport was 
reactivated. Station employees measure meteoro-
logical parameters: cloud types and amount, lower 
cloud base, wind direction and speed, air tempera-
ture, dew point temperature, relative humidity, at-
mospheric pressure, atmospheric phenomena, and 
visibility. The station also conducts meteorologi-
cal services for civil aviation (Meteorologiczna Os-
łona Lotnictwa Cywilnego [MOLC]). The measuring 
points are located at about 800 m from each oth-
er in a fenced-off, restricted part of the airport, so 
the data used for the tests were considered homo-
geneous, meeting the measurement comparabili-
ty criterion. The stations were located on a plateau 
at the Bydgoszcz-Szwederowo Airport (φ=53˚05’N, 
λ=17˚58’E, h=72.0 m a.s.l.), at about 3.5 km from 
the city centre, with no anthropogenic influence, 
which guarantees their representativeness for the 
Bydgoszcz Airport (Figs 2 and 3).

All data have been carefully checked and ho-
mogenised using the Standard Normal Homogene-
ity Test (Alexandersson 1986) modified by Štěpánek 
(2008). The data series was determined to be ho-
mogeneous. The study examined the variability of 
selected hazardous weather phenomena (thunder-
storms, hail, fog and glaze) in terms of monthly, 
seasonal and annual values of meteorological ele-
ments in the period 1971–2010. Regression analy-
sis was carried out and the direction and trends of 
changes in the examined elements over time were 
determined based on a linear function. 

According to the definition used at IMGW-PIB 
meteorological stations, a thunderstorm is consid-
ered to have occurred when a thunderclap is heard 
less than 10 seconds after seeing the lightning, while 
for distant thunderstorms, thunder will be heard 
more than 10 seconds after lightning is observed, or 
thunder may be heard with no observable preceding 
lighting (Derek et al. 2015). Thunderstorms are al-
ways associated with the occurrence of cumulonim-
bus (Cb) clouds. The occurrence of thunderstorms 
is associated with a  strong increase in cumulus 
clouds, caused by thermal ground factors or the 
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movement of atmospheric fronts. Thunderstorms 
are often associated with heavy precipitation (Woś 
1999) and are a local phenomenon. During a flight 
in a thunderstorm zone, there is a high probability 
of heavy turbulence, lightning, hail, icing, and wind 

shear as downbursts or microbursts (Domicz and 
Szutowski 1998; Szot 2013; Szewczak 2014). In By-
dgoszcz, which is located in lowland central Poland, 
general atmospheric circulation and related inflow-
ing air masses play a major role in the formation 

Fig. 1. Location of the study area

Fig. 2. Military meteorological garden at the Bydgoszcz-Szwede-
rowo Airport in the 1990s. (photo: J. Czop)

Fig. 3. Bydgoszcz-Szwederowo Airport meteorological garden 
of the Institute of Meteorology and Water Management 
- National Research Institute in the 21st century (pho-
to: E. Łaszyca)
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of thunderstorms (Bielec-Bąkowska 2002; Kolendo- 
wicz 2005). 

Research on the occurrence of thunderstorms in 
Bydgoszcz is supplemented by an analysis of the oc-
currence of hail as potentially the most dangerous 
thunderstorm precipitation. “Hail” is the term for 
the precipitation of ice pellets usually of diameter 
5–50 mm (Niedźwiedź 2003). In addition to lim-
iting visibility, hail may cause mechanical damage 
to an aircraft, thus reducing its aerodynamic prop-
erties. In addition, hailstones falling on the airport 
apron and runways also affect the airport’s oper-
ational condition, usually temporarily restricting 
traffic.

The first condition that must obtain when start-
ing a flight is sufficient visibility. The aviation pa-
rameter that determines the minimum permissible 
visibility for aircraft take-off is  minimum atmo-
spheric conditions. These comprise fog and cloud 
base height. Fog is a suspension of small droplets of 
water or ice crystals in the ground layer of the air 
reducing horizontal visibility to below 1 km (Nie- 
dźwiedź 2003). Fog is an atmospheric phenomenon 
that negatively affects many areas of human activity, 
including impeding air traffic and complicating its 
organisation. The greatest impediment to aviation is 
thick fog. Visibility of less than 300 m results in air 
transport being suspended at most airports around 
the world. Fog also contributes to the persistence 
of particulate and gas contaminants in the air, de-
creasing the influx of solar radiation and reducing 
visibility, while also deteriorating human well-be-
ing and exacerbating many diseases (Błażejczyk and 
Kunert 2011).

Glaze (or “clear ice”) is a coating of ice that re-
sults from supercooled droplets of drizzle or rain 
freezing to surfaces with a temperature lower or 
slightly higher than 0°C (Niedźwiedź 2003). Glaze 
may also form as a result of unchilled drizzle drop-
lets or rain freezing immediately upon contact with 
a surface below 0°C (Woś 1999). Glaze presents a 
particular hazard to aviation activities. Its occur-
rence prevents any manoeuvres being conducted 
on runways and the apron, thus preventing the air-
port from serving air traffic.

Results 

Number of thunderstorm days

Analysis of the annual course shows that the thun-
derstorm maximum in Bydgoszcz occurred in July 
(an average of 4.0 days with a thunderstorm), fol-
lowed by June, August and May (Fig. 4A). The 
greatest number of days with a thunderstorm in a 
single month (13) occurred in July 1973. In the ana-
lysed 40-year period, July and August were the only 
months in which thunderstorms always occurred. 
Thunderstorm incidence was 95% in May and June, 
45% in September, and 25% in April. The minimum 
occurred in November, when there was no thunder-
storm in the study period. 

In Bydgoszcz, the annual average number of 
days with a thunderstorm was 14.3 in 1971–2010. 
There were a total of 570 days with a thunderstorm 
in the 40-year study period. Because thunderstorms 
predominantly have convective origins, they pre-
dominate in  the summer. In the warm half-year 
(April–September) there were 556 thunderstorms, 
and in the cool half-year (October–March) only 14. 
In the winter months there were only 4 days with 
thunderstorms, while none occurred in November. 
Thunderstorms were most numerous in 1973 and 
1997 both across the year as a whole (29) and in 
the warm half-year (28). By contrast, the least (6) 
occurred in 2003 (Fig. 4B).

In Bydgoszcz, the number of thunderstorms de-
creased in the years 1971–2010. The decrease was 
statistically significant, both for the summer half-
year and over the year (by 1.62 days and 1.68 
days/10 yrs, respectively). The number of days with 
a thunderstorm in the winter half-year shows a 
weak downward trend that is not statistically sig-
nificant (0.06 days/10 yrs).

Number of days with hail

In Bydgoszcz in the annual course over 1971–2010, 
the hail maximum occurred in May and June (an 
average of 0.2 days with hail). Hail was most fre-
quent (2 days) in December 1978 and January 2010. 
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In Bydgoszcz, there was no hail in November dur-
ing the study period (Fig. 5A).

Precipitation of hail was extremely rare in the 
Bydgoszcz-Airport area (about 1  day/yr). Over the 
40 years, there were 25 such days in the warm half 
of the year, and 14 in the cool half-year. The total 
seasonal hailfall was highest in spring (13), and low-
est in autumn (5). Analysis of the frequency of this 
dangerous weather phenomenon shows that hail oc-
curred in 26 of the 40 analysed years (frequency 
65.0%), in  55% of warm half-years, and in 27.5% 
of cool half-years. The year 1975 was record-break-
ing in terms of the number of days with hail, with 
as many as 4 such days – all in the warm half-year 
(Fig. 5B). 

Trend analysis of the annual sum of number of 
days with hail did not show an increase in aviation 
hazards over the years 1971–2010. There was a fall-

ing tendency in the number of days with hail (0.14 
days/10 yrs) and in the temporal variability of the 
phenomenon.

Number of days with fog

In Bydgoszcz, over the course of the average year, 
fog was most often recorded in December (10.7 
days) and November (10.1 days). Conversely, it was 
least frequent in June and July (on average 2.2 and 
2.4 days, respectively) (Fig. 6A). During the study 
period the most days with fog (18) occurred in Oc-
tober 1977.

Fog is a relatively common phenomenon in By-
dgoszcz, being recorded about 71 days a year. The 
annual total number of days with fog ranged from 
41 (in 2009) to 100 (in 1997) (Fig. 6B). In the re-

Fig. 4. A) Annual course of mean (m), maximum (max) and minimum (min) number of days with a thunderstorm; and B) Num-
ber of days with a thunderstorm by year in Bydgoszcz in the period 1971–2010

Fig. 5. A) Annual course of mean (m) and maximum (max) number of days with hail; and B) Number of days with hail by year 
in Bydgoszcz in the period 1971–2010
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cord year (1997) the most days with fog occurred 
in December (15), in February (14) and in January 
(13). Fogs have always occurred, every year, from 
September to January in the study period. In By-
dgoszcz there were a total of 2,849 days with fog 
in the years 1971–2010. In the cool and warm half-
years, there were 2,021 and 828 days, respectively.

In Bydgoszcz in the 40-year study period the 
number of days with fog during the year was found 
to have decreased (by 4.76 days/10 yrs), which is 
statistically significant at the level of 0.05. The de-
crease in number of days with fog is greater in the 
cool half-year (3.64 days/10 yrs) than in the sum-
mer half-year (1.11 days/10 yrs). Of the individu-
al seasons, the number of fogs decreased most in 
autumn (1.77 days/10 yrs) – a statistically signifi-
cant decrease.

Number of days with glaze

In Bydgoszcz in the annual course, the highest av-
erage number of days with glaze occurred in  De-
cember (1.9 days) and January (1.2 days). This 
phenomenon occurs sporadically outside the win-
ter period. In the 40 years, this phenomenon did 
not occur in Bydgoszcz between March and Octo-
ber (Fig. 7A).

In Bydgoszcz in the years 1971–2010, the aver-
age number of days with glaze was 4.5. According 
to observations, there were a total of 181 days with 
this phenomenon in the study period. There were 
142 days with glaze in the winter months (Decem-
ber–February) and 39 days in November. Analysis 
of the incidence of this hazardous weather phenom-
enon shows that glaze occurred in 37 of the 40 years 

Fig. 6. A) Annual course of mean (m), maximum (max) and minimum (min) number of days with fog; and B) Number of days 
with fog in Bydgoszcz by year in the period 1971–2010

Fig. 7. A) Annual course of the mean (m) and maximum (max) number of days with glaze; and B) Number of days with glaze in 
Bydgoszcz by year in the period 1971–2010
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period 1966–2006). Number of days with thunder-
storms increases from northwestern Poland (15,4 
days at Świnoujście station) to southeastern part of 
Poland (34,4 days at Lesko station) (Bielec-Bąkows-
ka 2002). The author also analyzed hail days at 23 
stations and found similarity in spatial distribution 
of hail days and days with storm (Bielec-Bąkowska 
2013). Suwala (2010) also analysed station data, for 
the whole year (in the period 1973–2009), and ob-
tained the highest hail activity at a station on the 
Baltic coast (up to 10 hail days per year). In anoth-
er study, only for the warm half year, Suwala and 
Bednorz (2013) report an average point hail fre-
quency of 1.12, which is close to the estimation of 
Bielec-Bąkowska (2010). No trend was found  in 
the multi-annual course of mean yearly number of 
days with hail in Poland (Bielec-Bąkowska 2013). 
Similar results were obtained for the airport in Byd- 
goszcz in this work.

In European countries, according to Vautard 
et al. (2009) frequency of low-visibility conditions 
such as fog, mist and haze has declined over the 
past 30 years, for all seasons and all visibility rang-
es between 0 and 8 km. This decline is spatially and 
temporally correlated with trends in sulphur diox-
ide emissions, suggesting a significant contribution 
of air-quality improvements (Vautard et al. 2009). 
This is confirmed by studies of fog and low stratus 
(FLS) conducted by Cermak et al. (2009) and Egli 
et al. (2017). Winter shows the highest FLS occur-
rence, but with a general decrease over the most 
recent period. Spring, summer and autumn show 
less pronounced trends and lower average FLS fre-
quencies.

In Poland, numbers of days with fog are high-
est in mountainous areas. Clouds that reach moun-
tain peaks (the Tatras, the Sudetes) are often treated 
as fogs. Therefore, the average annual number of 
days with fog is 310 days on Śnieżka, and 290 on 
Kasprowy Wierch (Lorenc 2005). Meanwhile, the 
number of days with fog in the lowland part of the 
country ranges from fewer than 40 on parts of the 
Baltic coast and in eastern central Poland, through 
about 50 in the middle of the country, to over 90 in 
the Chojnice area of the Pomeranian Lake District 
and over 80 in the middle Odra river basin (Lorenc 
2005). Fogs are more common at stations located in 
topographical depressions. As Lorenc and Myszu-
ra (2012) stated for the period 1971–2005, the de-

(all except 2008–2010) (92.5%). The record year in 
terms of number of days with glaze (9 days) was 
1995 (Fig. 7B).

Analysis of the trends in the number of days 
with glaze showed a slight increase in 1971–2010. 
These days increase in number each year, including 
in winter (0.16 and 0.04 days/10 yrs, respectively). 
These changes are not statistically significant.

Discussion

In Europe, thunderstorms are the most frequent 
during summertime, from May to September 
(Taszarek et al. 2020), while during wintertime 
convective activity shifts to the Mediterranean area 
(Galanaki et al. 2015, 2018; Enno et al. 2019; Tasza-
rek et al. 2019, 2020). According to Proud (2015) 
in the period from March 2014 to February 2015, 
2.4% of aircraft in Europe reported their position to 
be within 40 km of a thunderstorm, most frequent-
ly during summer.

In Poland Bielec-Bąkowska (2002) analysed the 
occurrence of thunderstorms from 56 meteorologi-
cal stations in the period 1949–98. A spatial analysis 
of the number of days with thunderstorms in Po-
land done by Bielec-Bąkowska (2002) showed that, 
even though there are 24 such days on average in 
Poland per year, the numbers varies from 15 in the 
north-west of the country to 33 in the south-east. 
A similar distribution is given by other authors, e.g. 
Grabowska (2001) and Lorenc (2005). No trend was 
found  in the multi-annual  course of mean year-
ly number of days with thunderstorms in Poland 
(Bielec-Bąkowska 2002, 2013). In this study in By-
dgoszcz, the number of days with thunderstorms 
decreased (by about 2 days/10 years).

Across the vast majority of Europe, the hail sea-
son starts in April/May and lasts until August/Sep-
tember – e.g. in Germany (Mohr and Kunz 2013) 
or France (Dessens 1986). By contrast, hail is re-
ported to be a year-round phenomenon near the 
coasts, where the climate is strongly influenced by 
the Atlantic Ocean or the Mediterranean (Punge 
and Kunz 2016).

In Poland, Bielec-Bąkowska (2010) identified on 
average about 17 hail days per year by analysing 
observational data from 23 weather stations (in the 
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crease in number of fog days in Poland, e.g. in 
Kraków or Opole, may be significantly caused by an 
anthropogenic factor, such as falling concentrations 
of suspended particulate matter. This study found 
a statistically significant reduction in threat to avi-
ation in Bydgoszcz – the number of days with fog 
fell (5 days/10 yrs). Similar results were obtained by 
Łupikasza and Niedźwiedź (2013) for Kraków-Bali- 
ce (for the period 1966–2015).

The Polish lowlands of Central Europe experi-
enced from fewer than 2 days with glaze to more 
than 10 in the period 1971–2000 (Lorenc 2005). 
The fewest days with glaze (below 2) occur on the 
western Baltic coast, in the north of the Kraków–
Częstochowa Upland up to the Opole Plain, and in 
the middle Dunajec basin. The number of days with 
glaze is highest in the Siedlce Upland (over 10). In 
the mountains, the number of days with glaze is 
higher, reaching 13 on Kasprowy Wierch and 26 on 
Śnieżka (Lorenc 2005). In the years 2001–05 there 
was an upward trend in this phenomenon at most 
stations in Poland. In Siedlce, where glaze incidence 
is very high, it increased from 10 days/yr (1971–
2005) to about 15 days/yr (2001–05) (Dołęga and 
Lorenc 2012). In the present study of Bydgoszcz, 
the same 5-year period brought an average of only 
2 days/yr with glaze.

Summary

The analysis of weather phenomena hazardous to 
aviation in Bydgoszcz in 1971–2010 allows several 
conclusions to be drawn: 
•	 The average annual number of thunderstorm 

days was around 14. During the study period, 
the number of thunderstorm days fell statisti-
cally significantly (by 1.68 days/10 yrs).

•	 There were few days with hail (around 1 per 
year). A falling trend in aviation threats was 
found in the form of a decrease in the number 
of days with hail (0.14 days/10 yrs).

•	 The annual average number of fog days was 71. 
A statistically significant decrease in number of 
fog days (of 4.76 days/10 yrs) was found during 
the study period.

•	 There were an average of around 4.5 days with 
glaze in Bydgoszcz. In the surveyed years, the 
number of such days increased slightly (0.16 
days/10 yrs).

Each phenomenon examined in the study (thun-
derstorms, hailstorms, fog and glaze) is hazardous 
to aircraft in flight, or performing take-off or land-
ing manoeuvres. Each is  dangerous to a differing 
degree and at different times of the day and year. 
Weather phenomena are most dangerous when 
their actions coincide with one another. The study 
revealed that no months are entirely devoid of days 
with weather conditions adverse for aviation activi-
ties. It was found that the greatest threat to air traf-
fic in Bydgoszcz is from November to February.

Summing up the distribution of phenomena un-
favourable to aviation activities, relative to Poland 
as a whole, (Lorenc 2005; Woś 2010) Bydgoszcz has 
specific local climate properties: less frequent thun-
derstorms, hail and glaze, but more days with fog. 
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