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Abstract
The aim of this research was to illustrate the relationship between the occurrence of very strong and extreme 
cold stress among human beings under the Universal Thermal Climate Index (UTCI) across Poland and large-
scale near-surface air temperature over the central part of Europe. The statistical downscaling procedure 
of  canonical correlation analysis (CCA) with respect to the period between 1971 and 2000 was applied to ex-
tract the main modes of large-scale factors and their local responses. The greatest frequency of occurrence 
of the discussed cold stress exceeded 35% in January. Most of the variance (39-44%) of the local field in each 
winter month is explained by the first coupled canonical maps. T he main patterns of large-scale field show 
negative anomalies of monthly mean air temperature in central Europe from -1°C up to -3°C. It can indicate 
an increase in frequency of the occurrence of analysed cold stress categories throughout the entire area 
of Poland, by 2% to even over 10%, depending on the region. The best quality model was obtained in eastern 
Poland, especially in the north-east and south-west of Poland.
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Introduction

The meteorological conditions and the climate 
features incessantly affect the human body 
and human well-being. The impact of weath-
er conditions is manifested primarily by the 
formation of ‘bio-thermal environment’. This 

term encompasses both the atmospheric 
heat exchange with the human body and the 
organism physiological response (Błażejczyk 
et al., 2013). The atmospheric conditions 
of heat exchange are shaped by a combinate 
of meteorological variables: radiation, air 
temperature, air movement and air humidity. 
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This is important particularly in the case 
of conditions inducing strong thermal stress 
on human beings. In a cold stress condition, 
thermoregulatory mechanisms are directed 
to the reduction of heat loss from the body 
(Holmér, 1988). They result in narrowing 
of blood vessels and increase in blood pres-
sure. There is a risk of hypothermia, heart 
failure, myocardial infarction or even death 
following the excessive heat loss from the 
body (Kuchcik, 2017, 2020). In the case 
of deaths associated with cold thermal con-
ditions, in contrast to the deaths associated 
with the occurrence of heat stress, their 
increase is recorded faster, as early as 2 days 
after a sudden decrease in air temperature, 
but the maximum number of cases usually 
appears with a delay, within 30 days (Keat-
inge, 2002; Laschewski & Jendritzky, 2002). 
The analysis of death risk in Warsaw showed 
32% increase during very strong cold stress 
conditions (Błażejczyk et al., 2015; Kuchcik, 
2017). Moreover, negative effects of cold 
stress can often be accompanied by a higher 
risk of seasonal infection (e.g. influenza) and 
other factors, such as demographic and soci-
oeconomic conditions (Laschewski & Jendritz-
ky, 2002; Kuchcik, 2017). The risk of negative 
effects of cold stress also varies depending 
on the general climatic conditions. This is due 
to poorer adaptation to cold conditions 
among people in temperate climate regions 
than in the regions with severe winters (Gas-
parrini et al., 2015). The effect of adaptation 
is also visible in studies taking into account 
many cities in one country (Kuchcik, 2017, 
Kuchcik et al., 2021). Air temperature is the 
essential component of bio-thermal envi-
ronment. The studies of long-term changes 
in the thermal conditions in Poland indicated 
an increase in the average air temperature 
in winter and a decrease in the number 
of days with extremely low air temperature 
and cold waves (Wibig, 2007; Wibig et al., 
2009; Owczarek & Filipiak, 2016; Tomczyk 
et al., 2021). However, hazards associated 
with cold thermal environment does not dis-
appear, e.g., 2009/2010 winter in Europe 
can be considered as an example of cold 

extreme superimposed on a warming climate 
(Cattiaux et al., 2010). Central Europe experi-
enced extremely cold conditions in the winter 
of 2011/2012, which resulted in more than 
800 deaths due to hypothermia in Central and 
Eastern Europe (Lhotka & Kyselý, 2015). Very 
low values of air temperature were recorded 
in Poland even during relatively warm winter 
seasons of 2016/2017 and 2017/2018 (Tom-
czyk et al., 2019a). Therefore, taking into 
account the above-mentioned changes in the 
thermal conditions in Poland, indicating the 
possibility of sudden and short-term periods 
with low air temperature, studies on the con-
ditions of the occurrence of cold stress are 
of particular importance. Many thermal stress 
indices have been defined and used to assess 
bioclimatic conditions for human beings 
(Błażejczyk et al., 2012). The Universal Ther-
mal Climate Index (UTCI) is one of the most 
appropriate indices for applications in human 
biometeorological studies (Jendritzky et al., 
2012; Staiger et al., 2019). It was derived from 
the advanced and comprehensively validated 
multi-node Fiala model of human tempera-
ture regulation and thermal comfort (Fiala 
et al., 2012; Błażejczyk et al., 2012). The UTCI 
is defined as the air temperature of reference 
environment that would provide the same 
physiological response of a reference person 
as the actual environment (Błażejczyk et al., 
2012; Jendritzky et al., 2012). The UTCI has 
been commonly applied in biometeorologi-
cal research related to various spatial and 
temporal scales in different regions, e.g., 
in Europe as a whole (Błażejczyk et al., 2015a; 
Di Napoli et al., 2018), Germany (Matza-
rakis et al., 2014), Czech Republic (Novak, 
2013; Urban & Kyselý, 2014; Lehnert et al. 
2020), Italy (Petralli et al., 2020), Russia (Vino-
gradova, 2020), Canada (Provençal et al., 
2016), Brazil (Bröde et al., 2013; Krüger et al. 
2020), China (Ge et al., 2017). The first results 
of a new micrometeorological model with 
a biometeorology module to calculate UTCI 
(Fröhlich & Matzarakis, 2020) were recently 
presented by Geletič et al. (2021). The spa-
tiotemporal patterns of thermal exposure 
in a moderate-climate urban area were per-
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formed for a domain in Prague. The UTCI 
across Poland has been analyzed (Błażejczyk 
& Kunert, 2011; Błażejczyk et al., 2015b; 
Kuchcik 2017, 2020; Owczarek, 2019; Tom-
czyk & Owczarek, 2020; Krzyżewska et al., 
2020; Wereski et al., 2020; Kuchcik et al., 
2021). The index has been also used to assess 
bioclimatic conditions in different regions 
in Poland (e.g., Nowosad et al., 2013; Milew-
ski, 2013; Kolendowicz et al., 2018; Błażejczyk 
et al. 2020; Głogowski et al., 2020) and in Pol-
ish cities (e.g., Błażejczyk et al., 2016; Bryś & 
Ojrzyńska, 2016; Bartoszek et al., 2017; Oko-
niewska, 2020; Kuchcik et al., 2021). The UTCI 
is calculated, in large measure, based on the 
temperature value and represents air tem-
perature of the reference condition with the 
same physiological response as the actual 
condition. From a longer perspective, the 
regional-scale variability of air temperature 
and its impact on variability of biothermal 
conditions is important. One should also 
remark that air temperature is the primary 
variable used to classify the global climate. 
Most of classifications, such as the most fre-
quently used Köppen-Geigen climate classi-
fication, makes a quite effective description 
of the climate global variability based on the 
thermal regimes (Błażejczyk et al., 2015a). 
Thus, the use of air temperature as a large-
scale factor provides an opportunity to take 
into account the thermal impact of the fur-
ther-away areas on bioclimatic conditions. 
The aim of this study is to find connections 
between the occurrence of very strong and 
extreme cold stress under the UTCI in Poland 
and the regional air temperature field. 
It allows the derived statistical model to be 
useful to describe bioclimatic conditions 
in Poland in winter months. 

Data and methods

To prepare the analysis of the occurrence 
of strong and extreme cold stress based 
on the UTCI in Poland, long data series 
recorded at 45 meteorological stations (high 
mountains were excluded) for the period 
between 1951 and 2010 were used (Fig. 1). 

Only three series were incomplete: the data 
of Rzeszów is available for the period from 
1952 and of Nowy Sącz and Lesko – for 
the period from 1954 The abovementioned 
series were obtained from certified database 
of the Institute of Meteorology and Water 
Management – National Research Institute. 
The applied data meets the requirements 
in terms of good quality. Everyday values 
of air temperature (°C), relative humidity (%), 
wind speed (m∙s-1), and total cloudiness (oct.) 
at 12:00 UTC were used to calculate the UTCI 
values. This time o f day corresponds to most 
types of outdoor human activity in Poland 
(Kuchcik, 2020). The air temperature (°C) 
at 2 m above ground over the central part 
of Europe (42.5°N–62.5°N and 5°E–32.5°E) 
was characterized by anomalies calculated 
based on the data obtained from the rela-
tively commonly used data NCEP/NCAR 
Reanalysis (Kalnay et al., 1996) with spatial 
resolution of 2.5° latitude and 2.5° longitude.

As mentioned above, the UTCI is defined 
as the air temperature of the reference con-
ditions which produces the same response 
index value. The meteorological reference 
conditions are as follows: the mean radiant 
temperature equals the ambient tempera-
ture, the wind speed observed 10 m above 
ground is 0.5 m∙s-1, and the reference vapor 
pressure corresponding to 50% relative 
humidity for ambient temperature equals 
at most 29°C. In physiological reference con-
ditions a metabolic rate while walking at the 
speed of 1.1 m∙s-1 equals 135 W∙m-2 and cloth-
ing insulation meets the current thermal 
conditions and wind speed. In  the present 
work, the UTCI was calculated with the use 
of BioKlima 2.6 software package (Bł ażejczyk 
& Błażejczyk, 2006) with implemented com-
puting formula of the mean radiant tempera-
ture (°C). Absorbed solar radiation (W∙m-2) 
was calculated from SolAlt model (Błażejczyk, 
2005) depending on total cloudiness (oct.) and 
solar elevation angle (°). The longwave outgo-
ing surface radiation (W∙m-2) was estimated 
on the base of total cloudiness (oct.) and air 
temperature (°C). Longwave back radiation 
emitted by atmosphere was calculated using 
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values air temperature (°C) and vapor pres-
sure (hPa). Formu las for calculating the vari-
ables are clearly defined in Błażejczyk (2005) 
and Błażejczyk & Kunert (2011). Then, the 
daily and monthly frequencies of the occur-
rence of very strong and extreme cold stress 
were determined in line with the assessment 
scale of the UTCI values classified in terms 
of thermal stress (Bröde et al., 2012). To con-
struct the scale the UTCI, threshold values 
for the occurrence of critical levels of thermal 
stress reactions in human beings were identi-
fied (Błażejczyk et al. 2010; Bröde et al. 2012). 
The very strong cold stress UTCI threshold 
value equals -27°C, facial skin frostbite may 
occur within 120 minutes. It is recommended 
to use warmer clothing and to reduce out-
door exposure time. As the value of the UTCI 
decreases, further physiological respons-
es are observed, e.g., numbness of facial 

skin and shivering at -32°C, the risk of frost-
bite is increasing. The extreme cold stress 
UTCI threshold value equals -40°C, face skin 
frostbite can occur within 30 minutes and 
it is recommended to stay indoor. The rela-
tionship between the variability of the occur-
rence of very strong and extreme cold stress 
in Poland and the air temperature regional 
field was examined using a statistical down-
scaling tool, the canonical correlation analy-
sis (CCA). The CCA analysis allows to find 
the best linear combination between two 
multidimensional vectors of the large-scale 
factor (predictor) and local-scale response 
field (predictand), and to select pairs of pat-
terns (canonical maps) of spatial and tem-
poral-dependent variables so that their 
coefficient time series are optimally corre-
lated (Barnett & Preisendorfer, 1987; Wer-
ner & von Storch, 1993). This method was 

Figure 1. Location of the meteorological stations used in the study
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described in detail in the works of Barnett 
& Preisendorfer (1987), von Storch & Zwiers 
(1999) and Wilks (2005). The CCA method 
has been most commonly applied to identify 
the coupled modes of large-scale variables 
and local fields of various air temperature 
indexes (Benestad, 2002; Tomozeiu et al., 
2018) and precipitation indexes (Santos 
et al. 2007; Busuioc et al., 2008). The large-
scale circulation sea level pressure, geo-
potential height at 500 hPa, air tempera-
ture at 850 hPa as well as air temperature 
at 2 m above ground were most often used 
as predictors. However, biometeorological 
variables has not been widely used as pre-
dictands. Most often they were the pheno-
logical characteristics (Maak & von Storch, 
1997; Matulla et al., 2003; Santos et al., 
2012). The CCA was applied to find con-
nections between the occurrence of heat 
load among human beings across Poland 
and atmospheric circulation over the North 
Atlantic Ocean and Europe as well as air 
temperature at 2 m above ground over cen-
tral Europe (Owczarek, 2019). In the present 
study, the CCA with respect to the period 
between 1971 and 2000 was applied to find 
the main modes of large-scale near-surface 
air temperature and its local response. 
The air temperature (°C) at 2 m above 
ground over the central part of Europe was 
chosen as a predictor. The monthly frequen-
cy of the occurrence (%) of very strong and 
extreme cold stress in Poland became the 
predictand. The reconstructed series of the 
frequency of occurrence of very strong 
and extreme cold stress in Poland between 
1951 and 2010 were determined. The vali-
dation of the constructed model was per-
formed using independent data series cov-
ering the periods between 1951 and 1970 
as well as 2001 and 2010. The maximum 
number of canonical map pairs was taken 
into account. The correlation coefficient 
between the modelled and observed val-
ues of the frequency of occurrence of very 
strong and extreme cold stress as well 
as the root mean square error (RMSE) were 
calculated. 

Results

The frequency of occurrence of the UTCI 
index ranges that represents very strong and 
extreme cold stress among human beings 
under the observational series over the peri-
od between 1951 and 2010 in winter months 
generally increases from the west to the east 
(except for the mountains). Such a variability 
reflects the impact of the Atlantic Ocean: 
bioclimatic conditions become more severe 
as the distance increases. The greatest fre-
quency of occurrence of the discussed cold 
stress can be observed in the north-eastern 
part of Poland. It exceeded 25% in Decem-
ber (Fig. 2A), 30% in February (Fig. 2C) and 
35% in January (Fig. 2B) corresponding 
to even 11 days per month. In western Poland 
it can be observed approximately within 
3 to 10% of cases in January and less than 5% 
in December and February. The mitigating 
effect of the waters of the Baltic Sea in winter 
is not as clearly visible as in the case of spa-
tial variability of air temperature. The coastal 
stations usually record the high est values 
of average seasonal air temperature as its 
values decrease gradually with increased 
distance from the coastline (Owczarek & Fili-
piak, 2016). The longitudinal increase in the 
frequency of occurrence of very strong and 
extreme cold stress can be observed also 
on the coast. This indicates that the thermal 
stress on the coast is subject to the cooling 
effect of wind. It is noticeable especially in the 
eastern part of the coast. In turn, relatively 
low frequency of occurrence of very strong 
and extreme cold stress (below 5%) can 
be observed in foothills of the Carpathians. 
It probably refers to the advections of warm 
air from the south, particularly during local 
orographic wind phenomenon. The impact 
of relief on wind speed mitigation during 
daytime can also be observed. 

The influence of large-scale air tempera-
ture field on the occurrence of very strong 
and extreme cold stress among human 
beings in Poland was investigated by applying 
the CCA. To estimate the abovementioned 
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relationship, 6 pairs of canonical patterns 
were obtained in December as well as in Jan-
uary and 5 pairs in February. Most of the vari-
ance of the local field in each winter month 
is explained by the first coupled canonical 
maps. The first CCA in January reveals nega-
tive values of anomalies in air temperature, 
decrease from the southwest to the north-
east. The mode shows the area of the lowest 
negative values of air temperature anoma-
lies, lower than -3°C, localized over eastern 
Europe. The anomalies of air temperature 
in much of Poland was approximately -2°C 
and are lower than -2.5°C in the eastern 
part of the country. One can assume that the 
presence of cool continental air masses from 

the east and north-east have caused 
a decrease in monthly mean air temperature. 
It results in the increased frequency of the 
occurrence of analysed cold stress categories 
throughout the entire area of Poland, even 
up to over 10%. This mode explains over 43% 
of the variance of the monthly frequency 
of occurrence of strong and extreme cold 
stress field and over 57% of the variance 
of the air temperature field at 2 m over cen-
tral Europe. The canonical series are very 
well correlated (0.96). The close relationship 
between low regional-scale air temperature 
at 2 m and positive anomalies of the frequen-
cy of strong and extreme cold stress in Poland 
is also shown by the first coupled mode 

Figure 2. Monthly mean frequency of occurrence (%) of very strong and extreme cold stress based 
on the Universal Thermal Climate Index (UTCI) in Poland in January (A), February (B) and, December (C), 
1951-2010
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in February. The negative anomalies of month-
ly mean air temperature were visible through-
out Poland. The spatial extent of the values 
of anomalies above 2.5°C reached as far 
as northern Germany. The local map pre-
sents positive values of the analysed variable, 
which indicates an increase in the frequency 
of cold stress of 2 to 4% in the west and south 
regions of Poland, up to over 8% on the east-
ern part of the coast and over 10% in the east. 
The mode explains 44% of the variance of the 
local variable field and over 58% of the vari-
ance of large-scale field. The canonical cor-
relation equals 0.95. The first coupled canoni-
cal map in December explains 39% of the 
variance of the local field and 20% of the 
variance of large-scale field; canonical series 
are characterized by a high correlation coef-
ficient (0.95). The pattern of large-scale field 
shows monthly mean air temperature not spa-
tially differentiated throughout Poland; nega-
tive values of anomalies are not lower than 
-1°C. However, over the northern half of the 
Baltic Sea and partly over the southern Scan-
dinavian Peninsula the values of anomalies 
are lower than -1.1°C. In consequence, the 

frequency of occurrence of very strong and 
extreme cold stress increases up to over 6% 
in the eastern part of the Baltic Sea coast 
and over most of the eastern part of Poland, 
probably due to the inflow of cold air from 
the north and the north-east. The inverse 
relationship was obtained in the case of the 
second couple mode in January (Fig. 6). 
The longitudinal decrease in the positive val-
ues of air temperature anomalies most prob-
ably reflects the warming impact of marine 
air due to the western air flow. Negative val-
ues of the analysed local variable anomaly 
indicate a decrease in the frequency of occur-
rence of cold stress of about 3% in western 
regions to below 1% in the east. Canonical 
series are well correlated (0.91); however, the 
explained variance in the response field totals 
only approximately 7% and 8% of the air 
temperature field.

The data series covering the periods 
between 1951 and 1970 as well as 2001 
and 2010 were used to validate the rela-
tionships demonstrated by the developed 
model. In January, the correlation coefficient 
between the reconstructed and observed 

 Figure 3. The first pair of canonical maps of the 2 m air temperature over the central Europe (A) and the 
frequency of occurrence (%) very strong and extreme cold stress based on the Universal Thermal Climate 
Index (UTCI) in Poland (B) in January, 1971-2000
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 Figure 4. The first pair of canonical maps of the 2 m air temperature over the central Europe (A) and the 
frequency of occurrence (%) very strong and extreme cold stress based on the Universal Thermal Climate 
Index (UTCI) in Poland (B) in February, 1971-2000

 Figure 5. The first pair of canonical maps of the 2 m air temperature over the central Europe (A) and the 
frequency of occurrence (%) very strong and extreme cold stress based on the Universal Thermal Climate 
Index (UTCI) in Poland (B) in December, 1971-2000



259The influence of air temperature diversity in Central Europe on the occurrence…

Geographia Polonica 2021, 94, 2, pp. 251-266

time series varies from 0.1 in the central 
part of the coast to 0.8 on the coast of the 
Gulf of Gdańsk, north-eastern end of Poland 
and southwestern Poland; the mean value 
is 0.5. The same mean value was obtained 
for February; however, the best results 
(up to over 0.7) can be observed in the east 
and in the southwestern Poland. The most 
reliable reconstruction on the whole area was 
obtained in December. The mean value of the 
correlation coefficient is 0.6 and the high-
est values (up to over 0.7) can be observed 
in the east and in the western part of cen-
tral Poland. The mean monthly RMSE value 
in January totals 9.5% (4.0 to 17.1%), in Febru-
ary 10.3% (2.6 to 19.5%), and in December 
8.2% (4.1 to 13.0%). The results show that the 
air temperature at 2 m over central Europe 
seems not to be an equally useful predictor 
throughout the area. The best quality model 
was obtained in eastern Poland, especially 
in the north-east and south-west of Poland. 
The results are the least useful in foothills 
of the Carpathians and on the central coast. 
Insufficient ability of the constructed model 
may result from the specificity of the analysed 

local element, the occurrence of which is also 
conditioned by other meteorological factors. 
Moreover, the analysed cold stress does not 
appear everywhere in every month of each 
winter season. 

Discussion and conclusions

The results obtained in the present study 
show that the variability of near-surface air 
temperature over central Europe influences 
the frequency of occurrence of very strong 
and extreme cold stress among humans 
determined by the UTCI. The sign and the val-
ues of anomalies in the frequency of occur-
rence of the analysed variable in Poland 
clearly refer to the spatial variability of the 
anomaly in the monthly mean near-surface 
air temperature throughout central Europe. 
The greatest increase in the local variable 
is related to the occurrence of negative 
anomalies of regional variable with the high-
est values over north-eastern Europe. This 
pattern of air temperature field indicates 
an increase in the frequency of occurrence 
of analysed cold stress at 12 UTC all over 

 Figure 6. The second pair of canonical maps of the 2 m air temperature over the central Europe (A) and 
the frequency of occurrence (%) very strong and extreme cold stress based on the Universal Thermal 
Climate Index (UTCI) in Poland (B) in January, 1971-2000
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Poland. In eastern Poland, the analysed cold 
stress may take about half of the days 
a month. Taking into account that the occur-
rence of cold stress was analysed only at mid-
day, when the air temperature is usually not 
the lowest during the day, it should be con-
cluded that the exposure of human body 
to the effects of cold stress may last longer. 
If very cold stress occurs at noon, it can 
be assumed that it could have occurred even 
more in the morning. Moreover,  the regional 
variable is expressed by anomalies of month-
ly mean air temperature. Similar  relationships 
between the forcing and the local variable 
would probably be obtained,  if more values 
of UTCI were used. The near-surface air tem-
perature negative anomalies presented 
in this work suggest the occurrence of a lower 
than usual air temperature over Poland due 
to the advection of cool air from the east, 
northeast, southeast or the north. More dis-
tant areas form a source of these cool air 
masses. The greatest decrease in air temper-
ature usually falls on the areas where cold air 
flows are the earliest, e.g., in north-eastern 
Poland. Additionally, stagnant cold and dry 
air over the research area is conducive to the 
intense earth-surface radiation flux and 
a strong cooling of the surface. The influence 
of cold air advection on the thermal condi-
tions in Poland were presented in previous 
works, most often in the context of atmos-
pheric circulation. The occurrence of extreme-
ly low temperatures in central Europe in win-
ter were mainly associated with anticyclonic 
types of circulation (Domonokos et al., 2003; 
Ustrnul et al., 2010). The variability of air tem-
perature in winter primarily depends on the 
intensity or reduction of the zonal air flow. 
Weakening zonal circulation causes the 
advection of cold polar-continental air or even 
more cold arctic air masses favouring a strong 
decrease in the mean air temperature to over 
3°C in south-eastern Poland (Bartoszek et al., 
2017) and over 3.5°C in the north-eastern 
part of the country (Wójcik & Miętus, 2012). 
Similar values of air temperature anomalies 
were obtained in the present work. Abnormal 
low values of air temperature often occurred 

during consecutive days in the form of cold 
waves. The occurrence of cold waves in cen-
tral Europe is associated mainly with sus-
tained anticyclonic situations blocking zonal 
circulation from the west (Pfahl, 2014; Tom-
czyk et al., 2019b). Above 30% of the overall 
number of days with cold waves coincided 
with high pressure blocking situations and 
the highest number was observed in January 
(Porębska & Zdunek, 2013). Many works 
reveal that high pressure atmospheric block-
ing may extend over a large area (e.g., Kyselý, 
2008). The patterns of atmospheric circula-
tion favouring cold air flow from the east and 
northeast, and the occurrence of cold waves 
were presented in many previous works 
(Wibig et al., 2009; Plavcová & Kyselý, 2016; 
Tomczyk et al., 2019a). The influence of large-
scale near-surface air temperature on biom-
eteorological conditions in Poland has been 
analysed only in relation to heat stress 
in summer (Owczarek, 2019). However, large-
scale atmospheric circulation patterns of the 
greatest importance for the occurrence 
of cold stress among humans in Poland were 
demonstrated in several previous works, but 
only at a regional scale. The circulation pat-
terns favouring similar near-surface air tem-
perature field to those presented in this work 
were identified in these studies. Very strong 
and extreme cold stress, under the UTCI, 
along the Polish coast occurs during cold air 
advection from the east and northeast over 
central Europe and during the presence 
of very cold air over northern Poland 
(Półrolniczak et al., 2016). Moreover, the influ-
ence of advection from the north-west was 
noticeable in the central part of the Polish 
coast as well as the air flow from the south-
east in the eastern part. In turn, the extreme-
ly low UTCI values on the Polish coast were 
associated with the advection of cold air from 
the east and north-east over much of Europe 
as well as during air flow from the north over 
the Polish coast (Kolendowicz et al., 2018). 
The occurrence of very low UTCI values was 
also detected due to strong inflow of air 
masses from the west, favouring the increase 
of wind speed. It can be the evidence 
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of the wind speed cooling impact on biomete-
orological conditions on the Baltic coast 
(Kolendowicz et al., 2018). The wind cooling 
effect in south-eastern Poland during the 
intensive north-western air flow was also 
highlighted (Bartoszek et al., 2017). The results 
of the present work also seem to confirm the 
synergistic effect of low air temperature and 
wind speed on the coast. Both the variability 
in the frequency of occurrence of very strong 
and extreme cold stress and the anomalies 
in individual CCA patterns do not clearly 
reflect the mitigating effect of the thermal 
activity of the Baltic Sea in winter, which 
is usually visible in the case of air tempera-
ture variability in Poland. One should also 
remember that the biometeorological condi-
tions are also shaped by other factors (e.g., 
radiative, anemometric). Their impact can 
be varied depending on air temperature 
(Bröde et al., 2013). Moreover, meteorological 
elements are modified by the local modifica-
tions (e.g., local relief, land use). Despite the 
complexity of factors shaping the bioclimatic 
conditions, the results sufficiently reflect the 
important role of large-scale air temperature 
in shaping bioclimatic conditions in Poland 
in winter. Particularly, when negative anoma-
lies are found over the area of eastern Europe 
and the Scandinavian Peninsula, which may 
indicate the possibility of cold air advection 
over the area of analysis. Abnormally low air 
temperature in winter can significantly modi-
fy the thermal environment and intensify cold 
stress among human beings. This relationship 
would also be revealed, if other biothermal 
indices were used, based on similar meteoro-
logical variables as UTCI, e. g. Physiologically 
Equivalent Temperature, PET (Matzarakis 
et al., 1999, 2010). However, particular indi-
ces provide different temperature thresholds 
with the same meaning of thermal stress (Bła-
żejczyk et al., 2012). It can be assumed that 
the frequency of the range called very cold 
would be different than in the case of the 
UTCI index. For example, studies with the 
results based on the UTCI and PET in temper-
ate climate were compared and showed the 
greatest differences in the winter period. 

The UTCI values are lower and vary more 
considerably than PET for winter conditions. 
The values of UTCI can be even over 30°C 
lower than values of PET (Matzarakis et al., 
2014). The frequency of very cold conditions 
under the PET scale can exceed 85% of cases, 
while there were no very cold evaluations 
of the UTCI (Chen & Matzarakis, 2018). These 
differences mainly result from the different 
settings of clothing insulation used in model-
ling of these indices. Moreover, UTCI empha-
sizes the importance of the wind speed 
effects, while PET is more related to air tem-
perature (Błażejczyk et al., 2012; Chen & 
Matzarakis, 2018). Thus, the impact of nega-
tive values of air temperature anomalies 
on the increase in the frequency of the occur-
rence of very cold conditions under PET could 
be even more pronounced than in the case 
of the very strong and extreme cold stress 
of UTCI, but the confirmation of the above 
would require separate research. Taking into 
account the predicted changes in bioclimate, 
in view of this study, the results seem to be 
moderately reliable. The best reliability mod-
el was obtained in December. Generally, the 
study results are the most useful in the east-
ern part of Poland, in the south-west and 
on the eastern part of the coast. However, 
more meteorological variables should 
be used to predict future bioclimatic condi-
tions. It can be concluded that the use 
of downscaling models allows to identify the 
main patterns of variables favouring 
the strongest cold stress in a human body. 
One can particularly be reminded that the 
observed increase in air temperature can 
be expressed by different changes in its sta-
tistical distribution (Wibig et al., 2009). 
This can constitute the evidence of the exist-
ing risk of very strong and extreme cold stress 
occurrence and its consequences also 
in the changing climate.

Editors‘ note:
Unless otherwise stated, the sources of tables and 
figures are the authors‘, on the basis of their own 
research.
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