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According to the authors of the 5th IPCC Report (2014), weather 
extremes related to low temperatures will be less frequent and 
less intensive, though they will still occur. Although the last 
extremely cold winter in Europe in the 20th century was recorded 
in the 1984/1985 season, the phenomenon occurred again 
after 25 years in the 2009/2010 season, in spite of progressing 
climate warming, and was described as a ‘cold extreme in a 
warming climate’ (Cattiaux et al. 2010; Twardosz & Kossowska-Cezak 
2016). Despite falling to a minimum in the years 1990–2000, the 
number of extremely cold winter months has been growing since 
the beginning of the 21st century (Twardosz et al. 2016). Shorter cold 
periods, called cold waves or cold spells, still result in numerous 
deaths and contribute to a higher number of road accidents 
and injuries, including broken bones. They also cause damage 
to road and railway infrastructure and constrain river transport. 
The occurrence of periods of low air temperature results in an 
increase in the demand for heat energy (Healy 2003; Vajda et al. 
2014; Mladenović et al. 2017). In recent years, such phenomena 
occurred at the turn of February and March 2018 in Great Britain 
(described as the ‘Beast from the East’), and in January 2017 in 
central, southern, and eastern Europe (Anagnostopoulou et al. 2017; 
Schulze et al. 2018).

In Poland in the 20th century, regional variability of the 
number of frosty days was observed. The highest number of 
such days occurred in the eastern part of the country and in the 
mountains, and the lowest at the coast (Cebulak & Limanówka 2007). 
The cold spells in Poland are usually related to more active and 
intensive pressure systems, especially with strong high-pressure 
systems and blocking westerly circulation (Tomczyk et al. 2019). 

Cold waves, covering almost the entire territory of the country in 
recent years, were recorded in January 2006, December 2009 
and January 2010 (Krzyżewska & Wereski 2011). After 2010, there 
were some strong cold spells in January/February 2012 (Tomczyk 
et al. 2019), January 2017 (Krzyżewska et al. 2019) and February/
March 2018. Due to the latter cold wave, those two months in 
2018 were an anomaly and were colder than the multi-annual 
mean; the rest of the year was warmer (Tomczyk & Bednorz 2019).

The human organism, subject to an atmospheric environment 
with negative air temperature, and often high relative humidity 
and the occurrence of wind, runs the risk of hypothermia. One 
of the mechanisms of thermoregulation in such conditions is 
to wear clothing with appropriate thermo-insulation properties. 
This does not solve the problem, however, because some 
body parts may stay uncovered, running the risk of frostbite. In 
countries such as Canada and the United States, preventive 
communications are issued in the winter season, providing 
information on the risk related to spending time in open areas and 
to the potential consequences (Błażejczyk & Kunert 2011). In Poland 
such information, together with short-term biometeorological 
forecasts, is presented by the Institute of Meteorology and 
Water Management – National Research Institute through their 
webservice – pogodynka.pl. However, despite the warnings, most 
cold-related deaths caused by hypothermia occur not during the 
cold wave itself but at the beginning of the cold season, when the 
human body has not yet adapted to the cold environment. Yet, 
even in the 21st century, with the rising global temperature due to 
climate change, many people die from hypothermia – a cause of 
death that is fully preventable (Krzyżewska et al. 2017).
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Abstract
The study analyses spatial and temporal variability of the UTCI index 
during winter seasons in Poland in the 21st  century. The most frequent 
UTCI thermal stress category was moderate cold stress with a frequency 
varying from 45.8% in Łeba (Coastal region) to 66.1% in Zielona Góra 
(Central region). In mountain areas, this class was less frequent (7.3-
12.3%). The second most frequent class was strong cold stress with 
values from 11.1% in Zakopane (Carpathian region) to 43.4% in Suwałki 
(North-East region). In mountain areas, very strong cold stress and 
extreme cold stress occurred frequently (25.0-35.5% and 17.7-52.0%, 
respectively). Few cases of extreme cold stress were observed on other 
Polish stations. Thermoneutral zone was not recorded in the mountain 
area, although on other Polish stations its frequency ranged from 0.1% in 
Chojnice, Suwałki and Białystok located in northern part of Poland to 4.3% 
in Zakopane (Carpathian region).
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The assessment of biometeorological conditions currently 
involves the application of advanced indices based on the human 
heat balance equation. Such indices include the Universal 
Thermal Climate Index (UTCI), developed as a result of the 
collaboration of an international research team within the scope 
of COST Action 730 (eds. Jendritzky et al. 2009; Jendritzky et al. 2012). 
The index was used in the description of bioclimatic conditions 
in selected regions of Poland (Chabior 2011; Mąkosza 2013; Milewski 
2013; Kolendowicz et al. 2018; Koźmiński & Michalska 2019; Owczarek 2019; 
Owczarek et al. 2019; Tomczyk & Owczarek 2019), but it was also applied 
in studies in different regions of the world (Provençal et al. 2016; Ge 
et al. 2017; Mohammadi et al. 2018).

The objective of this paper is the temporal and spatial analysis 
of bioclimatic conditions in Poland during the winter season. The 
situations of recorded occurrences of thermal stress, from strong 
cold stress to extreme cold stress, are described using basic 
descriptive statistics (minimum, maximum, mean, and bottom and 
top quartile). The special focus is on the frequency of occurrence 
of biothermal conditions that cause strong cold stress. Due to 
contemporary climate change, such situations now occur less 
frequently in Poland. The positive aspect of such a trend is the 
lower risk of cold-related diseases such as flu infections, or fewer 
deaths from hypothermia (Błażejczyk et al. 2015). However, in the 
case of the occurrence of such conditions, society may not be well 
adapted, and health consequences may be much more severe.

Material and methods
The description of bioclimatic conditions in Poland in 

the winter season employed term data (air temperature, 
relative humidity, wind speed, and cloudiness) from 12 UTC 
– an observation term most representative of human activity 
(Kozłowska-Szczęsna et al. 1997). The winter season was defined 
as three subsequent months: December of the preceding year, 
and January and February of the following year. This analysis 

was carried out for the 2001/2002 – 2017/2018 seasons. Data 
were obtained from 18 meteorological stations at the Institute 
of Meteorology and Water Management – National Research 
Institute (Fig. 1). The choice of stations provided for complete data 
sequences, the representation of all biometeorological regions of 
Poland (Błażejczyk & Kunert 2011), and the even distribution of points 
in the territory of the country.

In the first stage, the presentation of the climatic background 
involved the analysis of mean seasonal values of selected 
meteorological elements – air temperature, relative humidity, wind 
speed, and cloudiness – at 12 UTC. Biometeorological conditions 
were determined using the UTCI index, based on Fiala’s multi-
nodal model of heat exchange between the human organism and 
the atmospheric environment (Fiala at al. 2001, 2012). The index 
is defined as the ‘air temperature of the reference conditions 
causing the same model response as actual conditions’ (Błażejczyk 
et al. 2013). The calculation of the UTCI value employs a power of 
six exponential function taking the following form:

UTCI = f (Ta, Tmrt, va, vp)

where: Ta – air temperature [°C]; vp – water vapour pressure 
[hPa]; va – wind speed at a height of 10 m a.g.l. [m·s-1]; Tmrt 
– difference between mean radiation temperature (Mrt), and air 
temperature [°C].

In this article, the authors calculated the UTCI value 
using BioKlima ver. 2.6 (IGiPZ PAN 2019) software. Because 
measurements of the intensity of solar radiation, required for the 
determination of the value of mean radiation temperature (Mrt), 
were not conducted in every station, the authors decided to use 
information on cloudiness in the calculations, and to apply the 
radiation model implemented in the BioKlima software. In all 
cases, when wind speed was equal to 0 m·s-1, the 0.5 m·s-1 value 
was adopted, and when it exceeded 20 m·s-1, the 20 m·s-1 value 

Figure 1. Location of meteorological stations used for this study against the background of bioclimatic regions, following K. Błażejczyk 
(Błażejczyk & Kunert 2011). Names of bioclimatic regions are presented in Table 1
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was adopted. Such a solution is due to problems concerning 
the calculation of the UTCI index for selected wind speeds, as 
mentioned by Nowak (2013).

In addition to the temporal and spatial variability of particular 
thermal conditions that were determined based on UTCI (Table 
1), the measures of the location (top and bottom quartile) and 
range (maximum and minimum values) were also traced for 
cases with classes from strong to extreme cold stress. 

Climatic conditions of the winter season
Bioclimatic conditions are defined as a group of atmospheric 

stimuli collectively affecting the human organism. Meteorological 
elements usually considered in the bioclimatic assessment 
include air temperature, relative humidity, wind speed, and solar 
radiation intensity, which depends on cloudiness among other 
things. The spatial variability of the values of the elements in 
the territory of Poland in the winter season analysed is worth 
mentioning.

Mean seasonal (DJF) air temperature value at 12 UTC varied 
from -6.7°C at Kasprowy Wierch station to 2.5°C in Wrocław. A 
value somewhat higher than that recorded on Kasprowy Wierch 
was observed on another high mountain station – Śnieżka, at 
-5.4°C. In the lowland part of the country, low air temperature 
values were observed on stations representing the North-East 
region, in Suwałki (-1.6°C), and Białystok (-0.9°C). Negative 
values of mean seasonal air temperature at 12 UTC were also 
recorded at the stations of the South-East region: Lublin (-0.4°C) 
and Terespol (-0.4°C), as well as at the Zakopane station (-0.1°C), 
located in the Carpathian region (Table 2). Approximate results 
were presented by Błażejczyk and Kunert (2011) for the multi-
annual period 1971–1990. According to the authors, in the winter 
season, the North-East region is the coldest, and the Coastal and 
Upland regions are the warmest. In the analysed period, lower 
seasonal air temperature values occurred in 2002, 2005, 2009, 
2010 and 2012, and higher temperature values occurred in 2006, 
2007, 2013 and 2015.

Mean seasonal relative humidity values in winter at 12 
UTC in the analysed multi-annual period varied from 71.2% in 

Zakopane and 74.3 in Jelenia Góra to 86.2% in Suwałki. Lower 
air humidity was observed at the stations in the Upland region 
(79.0–79.3%), and this was higher in northern Poland where, in 
the Coastal and Lakeland regions, the seasonal relative humidity 
value varied from 80.9% in Szczecin to 85.9% in Chojnice (Table 
2). Annually, in Poland, the highest values of the elements are 
recorded in winter months. A different annual course of relative 
humidity is observed in mountain areas. In the Carpathians and 
Sudetes, the highest relative humidity occurs in late spring and in 
summer; in winter short-term decreases in humidity are recorded 
in the mountains, related to Foehn wild circulation, when mean 
daily humidity values do not exceed 30–40% (Woś 2010).

Cloudiness in the winter season varied at the analysed 
stations from 5.6 octanes in Świnoujście to 6.6 octanes in Chojnice, 
Białystok, and Terespol (Table 2). According to Błażejczyk and Kunert 
(2011), Świnoujście is a station that shows no seasonal variability 
of cloudiness, and in the north, north-east, and central Poland in 
winter, the annual maximum of the value occurs. In the Carpathian 
and Sudetic regions, cloudiness is lower than in the remaining 
regions of the country. This is confirmed by data from Zakopane 
and Kasprowy Wierch, where mean the seasonal cloudiness 
values were 5.9 and 6.0 octanes, respectively (Table 2).

Both the lowest and highest mean wind speed in the winter 
season at 12 UTC occurred at stations located in mountain 
regions. In mountain valleys – in Zakopane (2.0 m·s-1) and Jelenia 
Góra (3.4 m·s-1) – the lowest wind speed value was recorded, 
and the highest was found on high mountain stations – Kasprowy 
Wierch (7.4 m·s-1) and Śnieżka (14.2 m·s-1). The variability is due 
to the diverse land relief characteristics of mountain areas. In 
the lowland part of the country, high wind speed was observed 
in the north, in Łeba (5.8 m·s-1) and other parts of the Coastal 
region, as well as in Chojnice (4.6 m·s-1) and Szczecin (4.7 m·s-1) 
in the Lakeland region. High wind speed was also observed in 
Rzeszów in the Upland region. Its value was 5.2 m·s-1 (Table 2). 
In Poland, the highest wind speed values occur in winter months. 
This is explained with the occurrence of greater gradients of 
atmospheric pressure during this period (Paszyński & Niedźwiedź 
1999).

Table 1. Assessment scale of UTCI 

UTCI (°C) Heat stress category Recommendations for protection

> 46.0 extreme heat stress EHS periodical cooling and drinking > 0.5 l·h–1 necessary; stay inactive

38.1 – 46.0 very strong heat stress VSHS periodical use of air conditioning or shaded sites, and drinking > 0.5 l·h–1 
necessary; reduce activity

32.1 – 38.0 strong heat stress SHS drinking > 0.25 l·h–1 necessary; keep to shady places and reduce activity

26.1 – 32.0 moderate heat stress MHS drinking > 0.25 l·h–1 necessary

9.1 – 26.0 thermoneutral zone TZ physiological thermoregulation sufficient to stay comfortable

0.1 – 9.0 slight cold stress SlCS use gloves and cap

–12.9 – 0.0 moderate cold stress MCS increase activity; protect extremities and face against cooling

–26.9 – –13.0 strong cold stress SCS strongly increase activity; protect face and extremities; use better insulated 
clothing

–39.9 – –27.0 very strong cold stress VSCS strongly increase activity; protect face and extremities; use better insulated 
clothing; reduce time outdoors

≤ –40.0 extreme cold stress ECS stay indoors or use heavy, wind-protective clothing

Source: Błazejczyk et al. 2013
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Thermal stress in Poland in the winter season
In Poland, the most frequently recorded class of thermal 

stress in the winter season was moderate cold stress. In the 
lowland part of the country, this occurred with a mean frequency 
from 45.8% in Łeba to 66.1% in Zielona Góra. In Jelenia Góra 
and Zakopane, this class of thermal stress was recorded on 
50.2% and 55.1% of days in winter months, and on Śnieżka and 
Kasprowy Wierch, its frequency was only 7.3% and 12.3% of 
days, respectively. At the majority of the analysed stations, the 
second most frequent class of thermal stress was strong cold 
stress. Such cases were recorded on an average of 11.1% of 
days in the winter season in Zakopane and on 43.4% of days in 
Suwałki. In Świnoujście, Zakopane, and Jelenia Góra, mild cold 
stress, with a frequency on the three aforementioned stations 
of 22.5–26.5%, was recorded more frequently than strong cold 
stress. On high mountain stations, high frequency of thermal 
stress was also observed: very strong cold stress (25.0% on 
Śnieżka and 35.5% on Kasprowy Wierch) and extreme cold 
stress (17.7% on Kasprowy Wierch and 52.0% on Śnieżka). At 
the remaining stations, very strong cold stress was recorded 
on average in a range from 0.1% of days in the winter season 
in Zakopane to 5.7% of days in Łeba, and 7.4% of days in 
Rzeszów. In addition to high mountain stations, single cases of 
extreme cold stress were sporadically recorded. The last class 
that occurred during winter months was the thermoneutral zone. 
Thermoneutral conditions were the most frequently recorded in 
Świnoujście (2.1%), Jelenia Góra (3.1%), Kraków (3.6%), and 
Zakopane (4.3%). Only 2–3 such cases throughout the multi-
annual period were observed in Chojnice, Suwałki, and Białystok. 
No such case was recorded on high mountain stations (Fig. 2).

Thermoneutral zone in Poland in the winter season
Comfort conditions are considered those of the atmospheric 

environment for which physiological thermoregulation processes 
are sufficient to maintain the heat balance of the organism. This 
state corresponds with conditions in which UTCI values vary from 
9.1 to 26.0°C (Table 1). In the territory of Poland in winter, such 
situations are rare. An average of more than two days with no 
thermal stress was only recorded at three stations in the winter 
season. Two of the stations, namely Zakopane and Jelenia Góra, 
are located in valleys within mountain regions. A similar location 
is characteristic of the station in Kraków, representing the Upland 
region. At the station in Kraków, the number of cases that fell in 
the thermoneutral zone for two seasons was equal to or higher 
than 10 days (Fig. 3). In the 2006/2007 season, 12 such days 
occurred, of which 8 were recorded in December; and in the 
2013/2014 season, 5 out of 10 days were observed during which 
thermal comfort occurred in February. At the remaining stations, 
such situations occurred considerably more seldom. Among the 
stations representing the lowland regions of Poland, Świnoujście 
was noteworthy, where an average of 1.9 days of thermal comfort 
conditions occurred in the winter season.

Strong cold stress categories (SCS+VSCS+ECS) in the 
winter season 

In the winter season, the information that is important for a 
person in an open area is the frequency of occurrence of thermal 
stress that may lead to hypothermia. In the case of classes of 
thermal stress, namely mild and moderate cold stress, ways of 
dealing with unfavourable biothermal conditions include covering 
body parts prone to hypothermia (face and extremities), as well 

Table 2. Mean seasonal (DJF) values of selected meteorological elements at 12.00 UTC in Poland, 2001/02 – 2017/18

Name and number of region Name of station t [°C] f [%] N [octant] v [m·s-1]

Coastal (I)
Łeba 1.7 81.9 6.3 5.8

Świnoujście 2.2 83.3 5.6 3.5

Lakeland (II)
Szczecin 2.4 80.9 6.3 4.7

Chojnice 0.2 85.9 6.6 4.6

North-East (III)
Białystok -0.9 82.8 6.6 3.2

Suwałki -1.6 86.2 6.5 4.3

Central (IV)

Toruń 1.0 80.7 6.4 3.3

Warszawa 0.5 80.3 6.3 4.3

Wrocław 2.5 76.2 6.2 4.3

Zielona Góra 1.5 81.8 6.3 3.7

South-East (V)
Lublin -0.4 82.5 6.5 3.8

Terespol -0.4 80.5 6.6 3.5

Upland (VI)
Kraków 1.1 79.0 6.1 4.2

Rzeszów 0.6 79.3 6.4 5.2

Sudetic (VII)
Jelenia Góra 1.9 74.3 6.1 3.4

Śnieżka -5.4 85.1 6.3 14.2

Carpathian (VIII)
Zakopane -0.1 71.2 5.9 2.0

Kasprowy Wierch -6.7 81.6 6.0 7.4

Source: own elaboration
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as increasing physical activity. During weather situations with 
potential thermal stress, from strong cold stress to extreme cold 
stress, it is recommended that clothing with increased thermo-
insulation and wind-proof properties is worn, and that the time 
spent in the external environment is limited (Table 1).

At two stations representing the Coastal region, high 
differences were observed in the number of days in which 
thermal stress classes fell into strong cold stress categories. In 
Świnoujście, an average of 14 such days was recorded, and in 
Łeba, the number was three times higher (43 days). In the multi-
annual course, in Świnoujście, this thermal stress categories 
occurred from five times in the 2007/2008, 2014/2015 and 
2017/2018 seasons to 27 times in the 2009/2010 season. In 
Łeba, the number of days classed as strong cold stress varied 
from 24 in the 2008/2009 season to 62 in the 2010/2011 season 
(Fig 4.). The tendency of the changes in the number of days 
classed in strong cold stress categories on both of the stations 
discussed was different. In Świnoujście, a negative trend was 
recorded, and in Łeba, a slightly positive trend. The trends were 
not statistically significant in either case.

High contrasts were also observed in the Sudetic and 
Carpathian mountain regions. In mountain valleys, strong 
cold stress categories were recorded on average 10 times in 
Zakopane and 17 times in Jelenia Góra. In Zakopane, the highest 
number of such cases (20 days) was in 2011/2012 season. 
Slightly fewer cases (14 days) occurred in the 2003/2004 and 
the 2009/2010 seasons. In Jelenia Góra in the 2004/2005, 
2005/2006, 2009/2010, 2010/2011 and 2012/2013 seasons, the 
number of days in the strong cold stress categories ranged from 
24 to 27. At high mountain stations, such situations occurred on 
78–83 days on average in a season with a higher frequency in 
the Sudety Mountains. The highest number of 88 such cases 
occurred on Śnieżka in seasons: 2006/2007 and 2011/2012 (Fig. 
5). With the exception of the stations on Kasprowy Wierch and 
Jelenia Góra, the trends showing changes in the number of days 

in strong cold stress categories were negative. None of them 
were statistically significant.

In the remaining regions of Poland, a small number of days 
falling in strong cold stress categories was characteristic of 
stations of the Central region, particularly Zielona Góra and Toruń, 
where an average of 17–18 such days were recorded (Fig. 6).  
In Rzeszów, representing the Upland region, and in Suwałki (Fig. 
7), representing the North-East region, the average number of 
days classed as strong cold stress was more than two times 
higher (42–44 days). At most stations during the period analysed, 
the highest number of cases in strong cold stress categories was 
in the 2010/2011 season. In this season, in Białystok and Toruń, 
the number of such days was about two times higher than the 
multi-annual average. In the multi-annual period analysed, a 
decrease in the number of days classed in strong cold stress 
categories was observed in the Lakeland (II), North-East (III), 
Central (IV), South-East (V), and Upland (VI) regions. The trends 
determined for the stations proved statistically significant in four 
cases: in Suwałki and Warszawa (α=0.05), and in Toruń and 
Lublin (α=0.1).

At the stations analysed, cases of strong cold stress were 
observed at temperature values from -25.7°C (Kasprowy Wierch 
– Carpathian region) to 11°C (Łeba – Coastal region). In the 
North-East and South-East regions, as well as the Carpathian 
and Sudetic regions (with the exception of Jelenia Góra), 75% 
of cases of thermal stress related to strong cold stress occurred 
at negative temperatures. At the majority of stations in the 
aforementioned regions (with the exception of stations located in 
mountain valleys), the lowest air temperature values were lower 
than -20°C. Higher temperature values during strong cold stress 
conditions were observed at the stations of the Coastal, Lakeland 
and Upland regions, and in Wrocław and Jelenia Góra (Fig. 8a).

Humidity conditions during thermal stress from the group 
of strong cold stress categories were variable, whereas at the 
majority of stations, situations when relative humidity was higher 
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Figure 4. Number of days in strong cold stress categories (SCS+VSCS+ECS) at 12.00 UTC in 
the winter season (DJF) in the Coastal region, 2001/02 – 2017/18 (Source: own elaboration) 
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0

10

20

30

40

50

60

70

80

90

nu
m

be
r o

f d
ay

s

ŚWINOUJŚCIE ŁEBA

0

10

20

30

40

50

60

70

80

90

nu
m

be
r o

f d
ay

s

JELENIA GÓRA ŚNIEŻKA
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than 70%, and on Śnieżka higher than 80%, were prevalent 
(75% of cases, Fig. 8b). The analysis of anemometric conditions 
draws attention to stations located in the belt of the Baltic coast 
and high mountain stations. Both in Łeba and in Szczecin, as 
well as on Kasprowy Wierch, 75% of thermal stress cases in the 
strong cold stress category occurred at a wind speed equal to or 
higher than 5 m·s-1; and on Śnieżka such conditions developed 
at a wind speed equal to or higher than 10 m·s-1. At the last of 
the aforementioned stations, 25% of cases occurred at a wind 
speed equal to or higher than 20 m·s-1 (Fig. 8c). At the majority 
of stations, the occurrence of thermal stress from the strong cold 
stress category was usually (in 75% of cases) accompanied 
by cloudiness equal to or higher than 7 octanes. Only at high 
mountain stations and in Świnoujście, was the cloudiness value 
equal to or higher than 5 octanes (Fig. 8d).

Discussion and conclusions
In the winter season in Poland, spatial variability of bioclimatic 

conditions is observed. This was emphasised by Błażejczyk and 
Kunert (2011). According to the authors of this paper, as in summer, 
the differences are also very evident in winter. Thermoneutral 
situations in this season of the year occur sporadically, and 
are particularly limited to four stations: Świnoujście, Kraków, 
Zakopane, and Jelenia Góra. The class of moderate cold stress, 
in the western part of the country (Zielona Góra) recorded on an 
average of 2/3 days per season, is the most frequently observed. 
A high share of such days also occurs at stations in mountain 
valleys (more than 50% of all cases in a season).

In winter, the most unfavourable conditions for the human 
organism are those where thermal stress was recorded in 
the strong cold stress category. These usually occur at high 
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mountain stations. On Kasprowy Wierch and on Śnieżka, this 
was observed on an average of 78–83 days in a season. Such 
situations are recorded considerably more seldom in Jelenia 
Góra and Zakopane (10–17 days in a season). This is related to 
local conditions due to the location of the stations in the mountain 
valleys. Also, Miszuk et al. (2016) point to substantial differences 
in the frequency of strong to extreme cold stress between the 
station in Jelenia Góra (20% of days analysed) and Śnieżka (70% 
of days analysed). In addition, it is worth mentioning the results 
of research for Hala Gąsiennicowa in the Tatra Mountains, where 
strong cold stress categories were recorded in approximately 
45% of cases in the winter season (Błażejczyk & Kunert 2010). In the 
remaining regions of Poland, the effect of local conditions on the 
frequency of the occurrence of this category of thermal stress 
is also evident. At stations in the Coastal region (Świnoujście 
and Łeba), 14–43 days of UTCI≤-13°C were recorded. This 
was emphasised by Koźmiński and Michalska (2019), pointing to a 
considerable disproportion in the frequency of the occurrence 
of thermal stress from the strong cold stress category at the 
Świnoujście and Ustka stations. A similar situation occurred in 
the Upland region, where the difference between the stations in 
Kraków and Rzeszów was 13 days, and in the North-East region, 
where 18 such days more than in Białystok were observed in 
Suwałki. According to Błażejczyk and Kunert (2011), in January, the 

conditions of occurrence of strong cold stress are considerably 
more frequently recorded in the northern and central part of the 
country, where their frequency can reach up to 30–40% in a 
month.

Next to local factors, the development of local bioclimatic 
conditions of the winter season is largely determined by the 
location of Poland in the zone of oceanic and continental 
influences, leading to the meridional course of isotherms in this 
season of the year (Paszyński & Niedźwiedź 1999). This is also evident 
in the spatial distribution of the mean number of days of thermal 
stress in the strong cold stress category. In Zielona Góra, located 
in the west of the country, such days occurred on average 17 
times per season, and in Terespol or in Lublin, located in eastern 
Poland, approximately 30 such days were recorded.

In the period of modern climate change, a decrease in 
the number of extreme events related to low air temperature 
was observed (IPCC 2014). This is confirmed by the decreasing 
tendency of the number of days classed in strong cold stress 
categories in the winter season observed at the majority of 
stations. At four out of the 18 analysed stations, the trend 
determined proved statistically significant. These changes were 
already observed at selected stations in Poland in the second 
half of the 20th century. In Poznań and Kołobrzeg, the number of 
days that fall in the strong and very strong cold stress categories 

 

Figure 8. Selected measures of location (lower and upper quantile) and range (minimum and 
maximum) of air temperature, relative humidity, wind speed and cloudiness during strong 
cold stress (SCS + VSCS + ECS) in Poland in the winter season (DJF) (Source: own 
elaboration) 
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Figure 8. Selected measures of location (lower and upper quantile) and range (minimum and maximum) of air temperature, relative 
humidity, wind speed and cloudiness during strong cold stress (SCS + VSCS + ECS) in Poland in the winter season (DJF) (Source: 
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decreased in January by more than 20%, with a simultaneous 
increase in the frequency of days of moderate cold stress 
(Okoniewska & Więcław 2012). Also, research conducted for Warsaw 
(Błażejczyk et al. 2013) and Poland (Błażejczyk et al. 2015; Kuchcik 2017) 
confirms that in recent decades the number of days classed in 
strong cold stress categories decreased. In years 1966–2012 this 
number decreased from about 60 at the beginning of this period 
to about 30 in recent years. Based on different climate change 
SRES scenarios, a systematic increase of the mean annual UTCI 
value is predicted in Poland by 2100. Consequently, there will be 
a decrease in the number of days that fall in strong cold stress 
categories. Assuming that during the 1991–2000 period such 
days were observed on 10 days of the year, at the end of 21st 
century these are predicted to occur on 6.0–7.7% of the days of 
the year, depending on the climate change scenario (Błażejczyk et al. 
2015). It should be remembered, however, that such phenomena 

will keep occurring, although their frequency and intensity will be 
considerably lower. This is particularly important because, as a 
result of the changes described, our society will be less adapted 
to biothermal conditions, which cause the cooling of the human 
body, and in the case of such conditions, health consequences 
may be very severe.

The results presented, in the context of possible risks, may 
be a source of information for governmental institutions, non-
governmental organisations and emergency services who work 
on adaption procedures related to current and future climate 
changes. 
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