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Intensity of heat stress in 2015 and 2018
summer seasons in the region of the Lower Silesia (Poland)

Abstract

The main goal of this paper was to assess the intensity of heat stress in
Lower Silesia, Poland, during selected weather events characterized by
high air temperatures. The complex impact of weather on the thermal load
of the human organism is presented using the Universal Thermal Climate
Index (UTCI). The analysis was carried out for the 2015 and 2018 summer
seasons and compared with the multiannual period of 1971-2018. It was
based on meteorological data from the IMGW-PIB stations of Wroctaw,
Jelenia Goéra and Sniezka. In order to examine how heat conditions
affect UTCI in different geographical regions, stations located at different
altitudes and representing the lowlands, the lower mountain zone and the
summit zone of the Sudetes Mountains were considered. The research
showed that during the most extreme thermal events, UTCI values in the
lowlands and the lower mountain zones can be among the highest heat
stress classes. In the summit zone, the maximum UTCI values are usually
classed as ‘no thermal stress’.
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Introduction

One of the latest world climate reports showed that the last
years of the current decade have been some of the warmest
in the history of meteorological observations. The 2019 WMO
report concluded that 2015-2018 were four of the warmest years
ever since records have been kept. The high air temperature
values over the last few years were especially noticeable in 2015
and 2018. The summer of 2015 was ranked as one of the most
extreme thermal periods in the last few decades in Europe (Russo
2015) and concerned central Europe in particular. In some regions
of Germany, Austria, the Czech Republic (Czechia) and Poland,
thermal records were broken (Hoy et al. 2017; Muthers, Laschewski &
Matzarakis 2017; Krzyzewska, Wereski & Demczuk 2019). Record high
temperatures were also observed in some states of western and
southern Europe, namely Switzerland, Italy and Spain (Ragettli et
al. 2016; Hoy et al. 2017; lonita et al. 2017). In central Europe, the mean
air temperature in the summer of 2015 exceeded the multiannual
value by 2.4°C (Dong et al. 2016). An exceptionally warm summer
was also recorded in 2018 (Kornhuber et al. 2019; Tomczyk & Bednorz
2020). In Poland, the mean temperature in August 2018 was
2.7°C higher than for the 1966—2018 period (Tomczyk & Bednorz
2020). Such thermal conditions often contributed to heatwave
occurrences (Dong et al. 2016; Sulikowska, Wypych & Woszczek 2016;
Krzyzewska & Dyer 2018; Urban et al. 2017; Wibig 2018), which are very
unfavourable conditions that affect the human organism.

Lower Silesia is located in south-west Poland and is a
popular tourism region. Most of the region consists of lowlands;
however, the southern part of the area is covered by a mountain
foreland and the Sudetes Mountains, the highest peak being
Sniezka. During recent decades, weather conditions related
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to heat stress have frequently been observed in the lowlands.
The summer seasons of 2015 and 2018, when thermal records
were reached in most of the region under discussion, are good
examples of such periods. Very high air temperatures contributed
to an increase in biometeorological indices, including Universal
Thermal Climate Index (UTCI). This is currently a popular
biometeorological tool and was used in the evaluation of bio-
thermal conditions in numerous European states, including
the Czech Republic (Novak 2013; Urban & Kysely 2014), Germany
(Matzarakis, Muthers & Rutz 2014), Greece (Bleta, Nastos & Matzarakis
2014) and Serbia (Pecelj et al. 2017). Further papers also presented
the impact of heat stress, in terms of UTCI, on mortality rate (Urban
& Kysely 2014; Blazejczyk et al. 2018; Di Napoli, Pappenberger & Cloke 2018).
In Poland, evaluations of UTCI have been carried out for the
entire country (Blazejczyk & Kunert 2011; Kuchcik et al. 2013; Blazejczyk
et al. 2018; Tomczyk & Owczarek 2020) or for particular regions, such
as Warsaw (Lindner-Cendrowska 2013; Blazejczyk et al. 2014; Rozbicka
& Rozbicki 2018), the coastal region (Chabior 2011; Kolendowicz et al.
2018), south-east Poland (Nowosad et al. 2013; Bartoszek et al. 2017)
and the Tatra Mountains (Blazejczyk & Kunert 2010; Blazejczyk et al.
2013). In the case of the lowlands of Lower Silesia, research
was related to the evaluation of UTCI in the suburban area of
Wroctaw (Bry$ & Ojrzynska 2016) and Legnica (Sobolewski 2018). In
the Sudetes Mountains, analysis concerned the variability of
UTCI, based on geographical factors and land use (Milewski 2013)
and the assessment of tourism potential in the Western Sudetes
(Miszuk et al. 2016). The studies showed that the lowlands and lower
mountain zones of Lower Silesia are vulnerable to heat stress
occurrences in the summer. During heatwaves, usually occurring
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Figure 1. Location of the Wroctaw-Strachowice, Jelenia Géra and Sniezka meteorological stations. Source: own studly.

under south-east circulation conditions, UTCI in the lowlands and
lower zones of the Sudetes Mountains can exceed 40°C (Kuchcik
et al. 2013; Bry$ & Ojrzynska 2016).

Therefore, the main goal of this paper was to examine
the intensity of heat stress during selected weather events,
characterized by high air temperatures, in the summer seasons
of 2015 and 2018 using UTCI and synoptic analysis. In order
to examine how weather events (defined as heat conditions) in
the lowlands affect bio-thermal conditions in the mountains, a
comparison between the lowlands, the lower mountain areas and
the summit zone of the Sudetes Mountains was carried out. The
results of the analysis can be considered in tourism plans and
investments.

Data and Methods

The analysis of biometeorological conditions was carried
out using meteorological data for 1971-2018 from IMGW-PIB
stations located in Wroctaw, Jelenia Géra and on Sniezka, which
included air temperature, relative humidity, vapour pressure, wind
speed and cloudiness. The data related to the 12.00 UTC period
because of high human activity during daytime hours. However,
in order to present the daily courses of UTCI in 2015 and 2018,
data for the main synoptic terms (0.00, 3.00, 6.00, 9.00, 12.00,
15.00, 18.00 and 21.00 UTC) were also used. Additionally, in the
context of the assessment of the radiation factor, data related to
the sun angle for particular days were also taken into account.

The three meteorological stations considered in the paper
represented various geographical regions of Lower Silesia (Fig. 1).
They were located in the lowlands at 120 m a.s.l. (Wroctaw-
Strachowice), in the lower mountain zones at 342 m as.l.

(Jelenia Goéra) and in the summit zone of the Sudetes Mountains
at 1603 m a.s.l. (Sniezka).

The main tool used in the paper was UTCI which is based on
multi node models, mainly on Fiala’s model (Fiala, Lomas & Stohler
2001). The description of UTCl is presented in detail in publications
concerning this index (i.e. Blazejczyk et al. 2010; Jendritzky, de Dear &
Havenith 2012). UTCI classifies weather conditions into ten different
thermal stress categories. The structure of the stress categories,
according to UTCI, is presented in Table 1.

Calculations of UTCI were carried out using the BioKlima2.6
software package (Institute of Geography and Spatial Organization 2020).
The results of the UTCI values and the frequency of its categories
(for 12.00 UTC) for June—August 2015 and June—August 2018
were compared to mean values for 1971-2018.

For some days of the 2015 and 2018 summer seasons,
courses for air temperature and UTCI were presented in order
to show the changes in heat stress classes during hot periods
that lasted several days. Additionally, synoptic analysis was
carried out in order to assess what the synoptic situation had
contributed to the heat stress events. This analysis considered
synoptic charts for sea level pressure and the higher zones of
the troposphere (isobaric surfaces of 850 hPa, 500 hPa and 300
hPa).

Results

The research showed that in terms of heat stress occurrence,
the summer seasons of 2015 and 2018 were characterized as
two of the most extreme in the 1971-2018 period. The mean
daily air temperature in these summer seasons reached 20.5°C
and 20.8°Cin Wroctaw, 18.3°C in Jelenia Gora (for both seasons)
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Table 1. Stress category according to UTCI
2015
Stress category UTCI [°C] 10
Extreme heat stress above 46 8
Very strong heat stress 38 to 46 o 6
Strong heat stress 3210 38 = 4
Q
Moderate heat stress 26 to 32 '5 2 1
No thermal stress 9to 26 0 1
Slight cold stress 0to9 -2
June July August
Moderate cold stress -13t0 0 ]
EWroctaw OJelenia Géra B Sniezka
Strong cold stress -27 to -13
Very strong cold stress -40 to -27 2018
Extreme cold stress below -40 10
Source: Blazejczyk et al. 2010 8
G 6
and 10.6°C and 10.5°C on Sniezka; whereas mean values for 2. 4
1971-2018 amounted to 18.1°C, 16.2°C and 8.4°C, respectively. o
The mean UTCI for 12.00 UTC in the summer of 2015 was 24.9°C '5 2
in Wroctaw, 22.3°C in Jelenia Géra and 3.1°C on Sniezka, while 0
in 2018 the figures reached 26.0°C, 23.6°C and 3.0°C. Therefore, -
the values were higher than in 1971-2018 by about 3-5°C (2015) June Jul August
and 4-5°C (2018). v 9
In both seasons, the highest differences in mean values of m\Wroctaw @ Jelenia Gora mSniezka

UTCI, against the multiannual period, were observed for August
(Fig. 2). In 2015, it was 5.7-9.1°C while in 2018 it reached 5.4—
8.1°C. The highest differences occurred on Sniezka as a result of
high air temperature and low wind speed (lower by about 2 m/s
compared with 1971-2018).

The general structure of thermal stress, according to UTCI,
shows significant differences between the lower hypsometric
zones and the summit area of the Sudetes. In the lowlands and
the lower mountain parts, the ‘no thermal stress’ category usually
dominates in the summer season. In 1971-2018, its mean
seasonal frequency exceeded 50 days. In terms of heat stress,
about 10-20 days are characterized by ‘moderate heat stress’
while ‘strong heat stress’ occurs on 3—6 days. Cold stress is mainly
represented by the ‘slight cold stress’ category. In 1971-2018,
this was recorded for more than 10 days a season. ‘Moderate
cold stress’ usually occurs on 1-2 days. During the most extreme
thermal events, ‘very strong heat stress’ occasionally appeared
in Wroctaw and Jelenia Goéra. In the summer seasons of 2015
and 2018, the number of days of cold stress and thermoneutral
conditions was lower, while the frequency for all of the classes
related to heat stress increased (Fig. 3).

In the summit zone of the Sudetes (Sniezka), cold stress was
the prevailing category in the summer seasons of 1971-2018.
‘Moderate cold stress’ was the most frequent (24 days), while
‘slight cold stress’ and ‘strong cold stress’ occurred on 19 days.
The mean number of ‘very strong cold stress’ and ‘extreme cold
stress’ days came to 10 and 2, respectively. Weather conditions
related to ‘no thermal stress’ occurred on 17 days. In terms of
heat stress, one case of ‘moderate heat stress’ was recorded
during the whole 1971-2018 period. The most distinctive issue
on Sniezka in 2015 and 2018 was the increase in frequency
of ‘no thermal stress’ and ‘moderate cold stress’, while a lower
number of days with a higher intensity of cold stress (very strong
and strong cold stress) was observed. In the summer of 2015 and
2018, ‘moderate cold stress’ and ‘no thermal stress’ prevailed.
In 2015, these occurred on 21 days and 32 days, while their
frequency in 2018 was 32 days and 28 days.

Figure 2. Differences in UTCI for 12.00 UTC between 2015,
2018 and the 1971-2018 period for June, July and August in
Wroctaw, Jelenia Gora and Sniezka. Source: own study

One of the most distinctive features of the summer seasons
discussed were weather conditions characterized by many
days when maximum air temperature exceeded 30°C or even
35°C. Such conditions were recorded in the lowlands and lower
mountain zones of the discussed region (i.e. in Wroctaw and
Jelenia Goéra). During these periods, UTCI values often fell into
heat stress classes, including ‘very strong heat stress’. In order
to show the course of UTCI for such days, two heat weather
conditions were selected: 8-10 August 2015 and 31 July —
3 August 2018.

On 8-10 August 2015, the region of Lower Silesia was
found to be within a low-pressure area that lay between a high-
pressure area from south-western Russia and the Azores High
in the west that reached as far as the North Sea (Fig. 4). During
those days, a cold front stretched from Finland and the Baltic
Sea to Spain and the Western Mediterranean Sea. It separated
tropical air advecting over central Europe and cool maritime polar
air masses.

In the higher parts of the troposphere, the discussed region
was covered by a high-pressure ridge reaching from Africa
to south-western Russia. Meanwhile, a deep low-pressure
trough moved slowly towards western Europe. Such pressure
distribution generated south-west circulation over Lower Silesia
and consequently the advection of tropical air masses from
the north-west of Africa. At the isobaric level of 850 hPa, this
was reflected in very high air temperature values. The area of
south-western Poland that included Lower Silesia was within the
isotherm of 20°C. On 9 August, a high moved from the North
Sea towards Sweden, while the high-pressure area over Russia
weakened. As a result, the cold front moved to Poland, enabling
the advection of cool maritime polar air masses to the north part of
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Figure 3. Frequency of thermal stress in the summer season
(June—August) for 12.00 UTC in 1971-2018, 2015 and 2018

in Wroctaw, Jelenia Géra and on Sniezka, according to UTCI
categories: extreme cold stress (-5), very strong cold stress (-4),
strong cold stress (-3), moderate cold stress (-2), slight cold
stress (-1), no thermal stress (0), moderate heat stress (1), strong
heat stress (2), very strong heat stress (3). Source: own study

the state. However, the rest of Poland was still under the influence
of tropical air masses. In the middle and upper troposphere, there
was a low-pressure area that moved from France towards the
Mediterranean Sea on 10 August. This low-pressure area, along
with another one from Greece and the Adriatic Sea, developed a
vast trough over southern Europe, which consequently disabled
the advection of tropical air masses from Africa to central Europe.
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On 10 August, the north of Poland was under the influence of
maritime polar air masses, while transforming tropical air masses
still covered the southern regions, including Lower Silesia. As a
result of such a baric situation, very high air temperature values
were observed in the region under discussion. On 8 August,
thermal records were observed in Wroctaw and Jelenia Goéra
where maximum air temperatures reached 37.9°C and 35.8°C,
respectively. On Sniezka, the highest value exceeded 24°C.
In the lowlands and the lower mountain parts, maximum air
temperatures on 9 August and 10 August were also very high.
Due to such extreme air temperatures, high UTCI values were
recorded throughout the period (Fig. 5). UTCI usually exceeded
32°C every day which placed it in the ‘strong heat stress’
category. On the first of those days, maximum UTCI values in
Wroctaw and Jelenia Géra were 40.6°C and 39.0°C, respectively;
bio-thermal conditions were classed in the ‘very strong heat
stress’ category. In the night-time, ‘no thermal stress’ was usually
observed. Different conditions were observed on Sniezka. Due to
lower air temperature and high wind speed reaching 10 m/s, the
‘no thermal stress’ category was observed during the daytime,
while in the night ‘slight cold stress’ occurred.

In the summer season of 2018, one of the most extreme
periods from a thermal point of view took place at the turn of
July and August (31 July — 3 August). Over those days, the
eastern part of Europe was under a high that moved from the
north-west of Russia to Belarus (Fig. 6). Weather conditions
over western Europe were determined by a low-pressure area
from the north Atlantic Ocean. A cold front moved slowly from
the west towards central Europe. It separated the advection of
hot tropical air masses from the south and cool maritime polar
masses behind the front. On 2 August, the front started affecting
weather conditions in the north-west of Poland and moved further
to the south-east. The tropical air was substituted by maritime
polar masses.

On 31 July, in the middle and upper troposphere, the north-
west of Europe was in a low-pressure area with its centre located
south of Iceland and reaching the Iberian Peninsula. On the
other side, a vast high-pressure ridge covered the region from
Africa through central Europe to western Russia. Such pressure
distribution generated the advection of tropical air masses from
the south and south-west. In the following days, the upper baric
field transformed. The low over western Europe filled while the
high-pressure area from Africa significantly developed. In the
east, the high-pressure ridge over Russia was weakened and the
low-pressure trough from the Arctic deepened. Consequently,
there was a change in circulation over Lower Silesia from south
to west. Thus, the advection of maritime polar air masses began,
substituting the tropical masses. As a result of the advection of
tropical air masses, air temperature and UTCI in the lowlands and
the lower mountain zone were characterized by high values (Fig. 7).
Similar to the case previously discussed, the air temperature was
higher than 30°C. Maximum daily values for 31 July — 3 August
in Wroctaw and Jelenia Gora exceeded 33°C and 32°C. Air
temperature on Sniezka exceeded 19°C during the daytime
(1 August), while it decreased to 14.4°C in the night. In terms of
UTCI, ‘strong heat stress’ dominated in the lowlands and lower
mountain zones during daily hours, while minimum UTCI was
classified as ‘no thermal stress’. In case of Sniezka, relatively low
air temperature and high wind speed (up to 11 m/s) contributed to
a decrease in UTCI. Its maximum values were classed in the ‘no
thermal stress’ category and its minimum values were recorded
as ‘slight cold stress’.

Discussion and Conclusions
The results presented show that the summer seasons of
2015 and 2018 were some of the most extreme periods in the last
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Figure 4. Synoptic situation over Europe on 8 August 2015, including sea level pressure field (left) and isobaric surface of 500 hPa
(right). Source: The Royal Netherlands Meteorological Institute ; www.wetter3.de (R. Behrendt, H. Mahlke) (according to the
conditions given by the map’s authors)
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Figure 5. Course of air temperature (left) and UTCI (right) on 8-10 August 2015 in Wroctaw (WR), Jelenia Géra (JG) and on Sniezka
(SN); UTCI categories: moderate cold stress (-2), slight cold stress (-1), no thermal stress (0), moderate heat stress (1), strong heat
stress (2), very strong heat stress (3). Source: own study
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Figure 6. Synoptic situation over Europe on 1 August 2018, including sea level pressure field (left) and isobaric surface of 500 hPa
(right). Source: The Royal Netherlands Meteorological Institute ; www.wetter3.de (R. Behrendt, H. Mahlke) (according to the
conditions given by the map’s authors)
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Ifigure 7. Course of air temperature (left) and UTCI (right) on 31 July — 3 August 2018 in Wroctaw (WR), Jelenia Géra (JG) and on
Sniezka (SN),; UTCI categories: moderate cold stress (-2), slight cold stress (-1), no thermal stress (0), moderate heat stress (1),
strong heat stress (2), very strong heat stress (3). Source: own study
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half century in terms of bio-thermal conditions. A high intensity of
heat stress was observed, especially in the lowlands and lower
mountain parts of the Sudetes Mountains. The UTCI values were
even classified in the ‘very strong heat stress’ category that had
been observed sporadically in the past in the lowlands during
extreme heatwaves; for example, in July 2010 (Bry$ & Ojrzynska
2016). In Poland, this type of thermal stress occasionally occurs
in the summer, especially during the southern circulation and
advection of tropical air masses (Chabior 2011; Nowosad et al. 2013;
Bartoszek et al. 2017; Rozbicka & Rozbicki 2018). The most extreme
conditions, from a bio-thermal perspective, occurred during
anticyclonic types of weather. They can be defined as southerly
anticyclonic circulation (AS, ASE, ASW) over central Europe
(Plavcova & Kysely 2016). The selected cases of heat weather in
2015 and 2018 confirmed that a high-pressure system often
contributes to the occurrence of strong and very strong heat
stress, because of blocking zonal circulation (Wibig 2018; Tomczyk &
Owczarek 2020). A relation between strong anticyclonic conditions
and heat stress occurrences was also observed for heatwaves in
2003 (Black et al. 2004; Garcia-Herrera et al. 2010).

Daily course and UTCI values in the lowlands, during the
most extreme thermal events, were similar to those recorded in
Prague in the Czech Republic, where UTCI can exceed 40°C on
hot days (Novak 2013). In addition, the mean UTCI for 12.00 UTC
for the summer seasons of 2015 and 2018 were about 1-3°C
(Wroctaw) and 3-6°C (Jelenia Géra) lower than the multiannual
values for the summer in the main municipalities of Hungary
(Nemeth 2011). In the case of Jelenia Gora, maximum UTCI values
in the summer of 2015 and 2018 were comparable with maximum
UTCI for the foothills of the Tatra Mountains (Zakopane) where it
exceeded 37°C (Tomczyk & Owczarek 2020). Mortality rates, related to
cardiovascular issues, significantly increase when UTCI exceeds
32°C (Btazejczyk et al. 2018; Di Napoli, Pappenberger & Cloke 2018;
Tomczyk & Owczarek 2020). Thus, the impact of weather conditions
on the human organism during such extreme thermal periods can
pose a risk to human health and life in the lowlands and lower
mountain zones. It should be also emphasized that during hot,
calm and sunny weather, UTCI in urban areas, even in the lower
mountain zones of the Sudetes, can significantly increase and be
classed as extreme heat stress conditions (Milewski 2013).

Unlike the areas located lower down, the summit zone of
the Sudetes was not affected by heat stress, even in the most
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