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Assessment of the big cities bioclimate during heat wave (HW) events is a highly topical issue and a focus point for
many researchers. Reliable results of the assessment of heat stress (HS) intensity during HWs form the basis for the
development and implementation of heat adaptation measures.

In Ukraine, first HW studies started only a few years ago, and the thermal comfort conditions during these atmospher-
ic phenomena have not been explored yet. The purpose of this article is to assess characteristic features of thermal
bioclimate in Kyiv during heat wave events. The assessment is based on the thermal index — physiologically equivalent
temperature (PET). The RayMan model was used to simulate PET values. As shown in the study, during the period of
1961-2020, 24 heat wave events were observed in Kyiv. Those HWs were characterized by different duration (from 6
to 18 days) and intensity (with the maximum value of cumulative T, 108.6°C). Thermal comfort conditions regis-
tered during heat waves were characterized by heat stress varying from slight (23.7°C) to extreme (47.0°C). To assess
the impact of HWs on the human, a classification based on mean PET values during a single heat wave and its dura-
tion was proposed. According to this classification, heat waves belong to three following grades: HWs with moderate,
strong, and extreme HS. Analysis of HW events in Kyiv for the research period demonstrates four (4) heat waves with
moderate heat stress, nineteen (19) with strong stress, and one (1) with extreme stress (specifically, the heat wave in
late July—first half of August 2010). The daily PET values at 12 UTC during this HW varied from 37°C to 47°C and were
much higher than mean PET values for these days during 2005 and 2014.

Keywords: human thermal comfort conditions, thermal indices, physiologically equivalent temperature, heat stress,
heat wave.
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Introduction

Heat wave (HW) is an atmospheric phenomenon of a
synoptic scale and manifests itself as abnormally hot
weather which lasts for a certain period and covers a
large area. In the context of global climate change, the
frequency of heat wave events is notably growing all
over the world, as well as in Ukraine. Summertime heat
waves (HWs) top the list of extreme climate and weather
events (Gershunov et al., 2009).

The increased use of man-made materials (with low
albedo values) and increased anthropogenic heat pro-
duction leading to changes in urban energy balance are
the main causes of an urban heat island. Thus, the ur-
ban population is exposed to even stronger heat stress
compared with the population in the neighbouring rural
areas (Matzarakis et al., 2009). The results of the study
show that heat islands in big cities can further exacerbate
the negative effect of heat on human health during heat
waves. For example, during the well-known HW of 1995
in Chicago, when air temperature reached 38°C, the night
temperature was by 2°C higher than in suburban areas
because of UHI; in Athens, temperatures in urban areas
and suburbs can differ for up to 5°C in the summer; in
London, during the HW of August 2003, the heat island
intensity reached 8-9°C (Heat and Health: Guidance on
Warning-System Development, 2015).

In recent years, the attention of scientists worldwide
is being increasingly focused on the heat waves issue
(Kysely, 2010; Gershunov et al., 2009; Shevchenko et al,,
2014; Krzyzewska & Dyer, 2018). There are at least sev-
eral compelling reasons for that. They include growing
frequency of manifestation of this phenomenon in the
global context over the past decades, negative impact on
human health, increased risk of forest fires, reduction in
crop yields, and emergence or aggravation of droughts.
Although negative implications on population, which can
result not only in the deterioration of health, but also in
the increased mortality during abnormal heat periods, are
usually considered the major reason, thermal comfort
conditions during heat waves seem to be less explored
to-date in comparison with the frequency, duration and
intensity of these phenomena in different regions of the
planet. The first research in this field refers to studying the
thermal comfort conditions during extreme HW in Athens
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in July 1987 (Matzarakis & Mayer, 1991). Also, the result
of such studies can be found in Matzarakis et al. (2009) for
Strasbourg during severe HW of 2003, and in Matzarakis
and Nastos (2006) for the heat waves in Athens over
the period of 1955-2001. It should be noted that the lat-
est above-mentioned study (Matzarakis & Nastos, 2006)
not only analysed the thermal comfort conditions during
HWs in Athens, but also identified their events based on
the physiological equivalent temperature. The scale and
severity of the negative heat impact on human beings
was highlighted in the comprehensive publication of 2015
focused on the impact of heat waves on human health,
which was prepared by the World Health Organization to-
gether with the World Meteorological Organization (Heat-
waves and Health: Guidance on Warning-System Devel-
opment, 2015). Nowadays, there are many successful
examples of performing human biometeorological as-
sessments of thermal stress during HW periods utilising
thermal indices derived from the human energy balance
(Basarin et al,, 2016; Konstantinov et al,, 2014; Krzyzews-
ka et al,, 2020; Roshan et al,, 2018; Tomczyk et al., 2020).

Long-term analysis of thermal comfort conditions dur-
ing heat waves in Kyiv has not been conducted yet. It
is largely due to the fact that although the bioclimate
studies in Ukraine started a few decades ago (e.qg., first
research of thermal bioclimatic conditions of Kyiv was
conducted in the 1970s-1980s by Eisenschtadt and
Sakali (Climate of Kyiv, 2010), but heat waves research
was not performed until 2014 (Shevchenko et al., 2014).

The aim of this work is an assessment of the thermal
comfort conditions in Kyiv during heat wave events for
the period of 1961-2020.

Study area

Kyiv is located in the northern part of Ukraine (50°27 "N,
30°31°E). It is the biggest city in Ukraine. The city's ad-
ministrative boundaries cover a total terrestrial area of
approximately 850 km?, and the population of the city
is about 3 million (not including non-permanent resi-
dents). Kyiv is situated on the banks of the Dnipro river
with an average elevation of 179 m above sea level.
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According to Koppen-Geiger's climate classification, Kyiv
has a warm-summer humid continental climate. Annual
average sunshine duration is 1952 h. The annual aver-
age air temperature is 8.0°C. Total annual precipitation
amountis 641 mm. The mean air temperature of calendar
summer (June-August) is 19.0°C (Climate of Kyiv, 2010).

Materials and methods

Investigations of human thermal comfort are usually
conducted using integral indicators called thermal in-
dices. Growing interest in the problem of the impact of
meteorological parameters on the human body has
resulted in the emergence of numerous thermal indi-
ces based on various approaches to assessment of the
factors that determine human thermal comfort condi-
tions. The first thermal indices were developed about 100
years ago. Such indices were very simple and only me-
teorological parameters were used as input information
for the calculations. Nowadays, more complex indices,
which are based on human energy balance, are used for
investigations. Physiologically equivalent temperature
(Mayer & Hoppe, 1987; Hoppe, 1999; Matzarakis et al.,
1999) belongs to these indices. PET is a thermal index
derived from the human energy balance. The basis for
PET calculation is “The Munich energy balance model for
individuals® (MEMI) (Hoppe, 1999). Compared with oth-
er thermal indices which are also based on the human
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energy balance, PET has the advantage of a widely known
unit (degrees Celsius), which makes results more com-
prehensible to people who are not so familiar with hu-
man-biometeorological terminology (Matzarakis et al.,
1999). A comprehensive review of approaches and meth-
ods of the outdoor human thermal perception conducted
by Potchter et al. (2018) has shown that PET belongs to
four widely used human thermal indices out of the165
that have been developed. An analysis of the frequency
of the thermal indices that were used in the reviewed
studies shows that PET was used in 30.2 % of the case
studies (Potchter et al,, 2018). Thus, PET has one more
advantage, that there are analysis and results available
for many cities worldwide, and it is easy to compare ther-
mal bioclimatic conditions in different parts of the world.

To estimate thermal comfort conditions, PET values were
divided into nine physiological stress grades (Table 1).
The calculation of PET is performed utilizing the RayMan
model (Matzarakis and Rutz, 2006).

For PET simulation, the following data groups are used in
the RayMan model:

. Date and time.

II. Geographic data: location name, geographic longitude and
latitude, elevation above sea level (altitude), and time zone.
lll. Meteorological data: air temperature (°C), vapour

pressure (hPa) or relative humidity (%), wind speed
(m/s) and cloud cover (octas).

Table 1. Ranges of the physiological equivalent temperature for different grades of thermal perception by human beings and physiological stress

on human beings (Matzarakis et al., 2009)

PET Thermal perception
<4.0°C very cold
4.1-8.0°C cold
8.1-13.0°C cool
13.1-18.0°C slightly cool
18.1-23.0°C comfortable
23.1-29.0 slightly warm
29.1-35.0 warm
35.1-41.0 hot
>41.0°C very hot

Grade of physiological stress
extreme cold stress
strong cold stress
moderate cold stress
slight cold stress
no thermal stress
slight heat stress
moderate heat stress
strong heat stress

extreme heat stress
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Global radiation can be specified as a fixed input param-
eter or it can be calculated from time, date, geographic
position and a cloud cover. From these parameters, an
initial global radiation is calculated, that is later correct-
ed by sky view factor and shading.

In this study, daily data obtained from the weather sta-
tion “Kyiv” of the Ukrainian Hydrometeorological Centre
taken at 12.00 UTC for the period June 1-August 31,
1961-2020, were used.

IV. Personal human data and parameters that may affect
heat perception (height, weight, age, sex, clothing, activ-
ity, and position).

In this research, the simulations referred to standard pa-
rameters of a person: 35-year-old man, 1.75 m height, 75
kg weight, wearing clothing with a heat resistance of 0.9
CLO, sedentary, with heat producing is equivalent to 80 W.

So far, there is no objective and uniform HW defini-
tion that would be used as a criterion to identify this
atmospheric phenomenon in all studies, without ex-
ception (Gershunov et al., 2009; Monteiro et al.,, 2013).
Shevchenko et al. (2014) substantiated that the defini-
tion of heat waves recommended by the Intergovern-
mental Panel on Climate Change (IPCC) is suitable for
the investigations of HW climatology on the territory of
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Ukraine. According to the IPCC definition, a HW is a pe-
riod of more than 5 consecutive days with daily T, _ >

5°C above the mean daily T, __, for the normal climatic

period 1961-1990 (Radinovié & Curi¢, 2012). This defini-
tion of heat wave was used as the basis for the determi-

nation of HW episodes in Kyiv.

Time series of daily maximum air temperature in the
summer months of June to August 1961 to 2020 was
used for determining heat wave events in Kyiv.

Results and discussion

As a result of air temperature series analysis, it was
found that over the period of 1961-2020 in Kyiv there
were 24 heat wave events (Table 2). Despite a small
number of HW events during the investigation period,
this phenomenon was observed every decade (once per
ten years). The results show that the greatest number
of HW events occurred in the decade of 2011-2020 (Fig.
1). However, it should be noted that the highest num-
ber of HW events was found during the decadal periods
after 1990. In Kyiv over the past 30 years (1991-2020),
the number of HWs increased more than twice (from 7
to 17 events) compared with the normal climatic period

Fig. 1. Number of HWs and their total duration (in days) in Kyiv for the period 1961-2020
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Table 2. Characteristics of heat wave events in Kyiv in the summer months over the period 1961-2020

Date HW duration (days)

25.07-31.07.1963
03.08-10.08.1963
16.06-24.06.1964

~N | o0 0o 3

15.06-21.06.1968
15.07-29.07.1972

o1

16.06-23.06.1975

[e0)

26.08-31.08.1985

~ | &

07.06-20.06.1999
17.08-23.08.2000

R RN

20.07-28.07.2001
08.07-22.07.2002

1

08.06-14.06.2010

~

14.07-24.07.2010

31.07-17.08.2010

[e0)

02.07-09.07.2012

[e0)

25.07-07.08.2012

0~

30.07-06.08.2014
04.07-09.07.2015
24.08-29.08.2015
31.07-05.08.2017
16.08-21.08.2017
10.06-17.06.2019
19.06-24.06.2019

~N o~ O O~ O~ O O~ ©

07.06-13.06.2020

1961-1990. The total duration of HW events for different
periods also varied significantly — from é days during the
period 1981-1990 to 75 days in 2011-2020.

The average duration of HW in Kyiv during the investiga-
tion period was 9 days, fluctuating within the range from 6
to 18 days. It should be noted that since there are a num-
ber of different definitions of this phenomenon, according
to which an episode exceeding three days (provided that
other criteria are met) can also be recognized as HW (Ding

Cumulative Mean maximum air temperature
Ty (CE) during the HW event (°C)

10.7 312
16.1 32.6
18.8 30.6
10.8 29.7
24.1 314
19.3 30.8
9.8 28.9
326 30.6
26.1 322
254 325
28.1 315
23.1 31.7
35.1 33.1
108.6 36.0
28.4 32.4
43.7 30.0
18.3 326
16.0 31.6
13.2 29.4
15.8 32.9
27.1 33.1
282 313
15.9 31.6
20.2 315

etal, 2010; Kysely, 2010), and the fact of the negative effect
of heat on the human body, even events of a 6-day dura-
tion should not be considered short and need further anal-
ysis, because those hot periods could result in a significant
deterioration of thermal comfort conditions and have an
adverse effect on human health. Also, it is worth mention-
ing that in Kyiv between 1961 and 2020, only six events of
HW were 6-day long, while between 1911 and 1960 there
were found nine such cases (Shevchenko, 2013).
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To characterize the intensity of HW, a cumulative T,y
for a single HW is usually used. Kysely (2002) found that
it was most appropriate for this purpose. Typically, cu-
mulative T, for a single HW is calculated as the sum
of the temperature differences between the maximum
daily air temperature and a threshold value, which de-
pends on the applicable heat wave definition. The cal-
culation of the cumulative T, excess started at the
first day of a period, which was subsequently identified
as a HW. According to the definition used in this study,
the T, yax excess is the difference between the daily T,
and the mean daily T, in the standard period 1961~
1990 increased by 5°C. According to the values obtained
of the cumulative T, the intensity of different HW
events in Kyiv was distinctly variable. The highest cu-
mulative T, for the investigation period was recorded
in 2010 and amounted to 108.6°C (Table 2).

Using the research vocabulary of biometeorology, a heat
wave can be defined as a period with a constant heat load
or excessively hot weather, resulting in at least one of the
following health implications — deterioration of health and
increased mortality or the number of ambulance calls (Ko-
vats & Jendritzky, 2006). However, it is obvious that despite
a quite accurate reflection of the heat waves concept from
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the biometeorology point of view, this definition does not
contain any measurable numerical criteria, which makes
its application for scientific research totally unsuitable.

To quantify the duration of HW events and their impact on
the human, Matzarakis and Nastos (2006) used consecu-
tive days (three and more) and chose thresholds for PET
values and daily minimum air temperature (T, ). The
thresholds for physiologically equivalent temperature
was > 35°C and for T, = 23°C. It is worth noting that
PET values within the range of 35.1-41.0°C correspond
to strong heat stress, and above 41.0°C to extreme heat
stress. Analysis of average monthly air temperatures in
Athens and Kyiv during the summer months (Table 3)
reveals a significant difference, namely: in June the air
temperature in Athens is higher than in Kyiv by 6.4°C, in
July by 7.7°C, and in August by 8.0°C. Given much hot-
ter climate conditions in Athens and a certain correlation
between adaptation to a specific climate and heat per-
ception of a human body, it becomes apparent that peri-
ods with significantly lower (compared with Athens) PET
values can lead to a thermal stress in population of Kyiv
and, accordingly, the PET threshold values used earli-
er by Matzarakis and Nastos for HW identification are
not applicable in Kyiv.

Table 3. Mean monthly air temperature (°C) in Athens and Kyiv during the normal climatic period (1961-1990) (calculated from the data of

Sakellariou et al., 2000, Climate Cadastre of Ukraine, 2006))

Cities/Months June
Athens 24.6
Kyiv 18.2

Additionally, if a value of certain thermal indices was
used for identification of HW events, such predetermina-
tion, in fact, imposes certain bioclimatic pre-conditions
(moderate, strong or extreme heat stress) on the heat
wave periods, instead of studying bioclimate over the
periods that were identified as HW according to certain
meteorological criteria. Therefore, in order to achieve
the objectives of this study, we simulated and analysed
PET values at 12.00 UTC every day for 24 HW events that
meet the IPCC criteria for this atmospheric phenomenon.

The analysis of the thermal comfort conditions at 12.00
UTC during the heat waves in Kyiv since 1961 shows
that conditions varying from slight to extreme heat

July August
27.0 26.6
19.3 18.6

stress were observed during these periods (Table 4). No
days with comfort conditions and only 8 days with slight
heat stress out of 216 days (total duration of all HWs
for the investigation period in Kyiv), or 3.7%, have been
recorded during these periods. The days with slight heat
stress were recorded mainly at the beginning or at the
end of the heat wave episode, and they are predomi-
nantly associated with cloud cover which significantly
reduces the direct solar irradiation of the human body,
lowers the mean radiant temperature and, therefore,
reduces the PET values. 38 days were characterized
with extreme heat stress (17.6%), and 117 days with
strong heat stress (54.2% of the total).
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Table 4. Thermal conditions during heat wave events in Kyiv in the summer months over the period 1961-2020

Date and duration Mean PET values at 12.00 UTC Range of PET values (°C)

(days) during the HW period (°C) at 12.00 UTC during the HW
25.07-31.07.1963 (7) 378 34.8 (moderate HS) — 42.0 (extreme HS)
03.08-10.08.1963 (8) 40.8 36.7(strong HS) — 43.5 (extreme HS)
16.06-24.06.1964.(9) 372 31.6 (moderate HS) — 42.4 (extreme HS)
15.06-21.06.1968 (7) 320 27.9 (slight HS) - 39.1 (strong HS)
15.07-29.07.1972 (15) 36.4 31.7 (moderate HS) - 46.2 (extreme HS)
16.06-23.06.1975 (8) 34.1 27.3 (slight HS) — 39.3 (strong HS)
26.08-31.08.1985 (6) 29.8 26.5 (slight HS) - 31.9 (moderate HS)

07.06-20.06.1999 (14) 352 28.6 (slight HS) — 41.7 (extreme HS)
17.08-23.08.2000 (7) 36.0 23.7 (slight HS) — 43.5 (extreme HS)
20.07-28.07.2001 (9) 38.8 34.5 (moderate HS) - 42.7 (extreme HS)
08.07-22.07.2002 (15) 37.1 34.1 (moderate HS) — 39.6 (strong HS)
08.06-14.06.2010 (7) 37.1 33.2 (moderate HS) — 40.0 (strong HS)
14.07-24.07.2010 (11) 405 36.6 (strong HS) - 44.1 (extreme HS)
31.07-17.08.2010 (18) 422 37.0 (strong HS) — 47.0 (extreme HS)
02.07-09.07.2012 (8) 38.0 33.4 (moderate HS) - 42.3 (extreme HS)
25.07-07.08.2012 (14) 38.0 29.9 (moderate HS) — 43.8 (extreme HS)
30.07-06.08.2014 (8) 37.7 34.7 (moderate HS) — 42.0 (extreme HS)
04.07-09.07.2015 (é) 35.8 32.9 (moderate HS) - 38.3 (strong HS)
24.08-29.08.2015 (6) 327 29.0 (slight HS) — 37.6 (strong HS)
31.07-05.08.2017 (6) 38.4 34.6 (moderate HS) — 40.9 (strong HS)
16.08-21.08.2017 (6) 385 34.9 (moderate HS) — 41.4 (extreme HS)
10.06-17.06.2019 (8) 36.8 34.5 (moderate HS) — 39.7 (strong HS)
19.06-24.06.2019 (6) 36.6 33.1 (moderate HS) - 41.4 (extreme HS)
07.06-13.06.2020 (7) 35.9 34.1 (moderate HS) — 38.2 (strong HS)

Although the population of Kyiv has been suffering from
heat stress during the heat waves, thermal load and du-
ration of HW episodes were somewhat different in each
single case and, obviously, the health impact also var-
ied. As mentioned previously, to characterize the HW
intensity, a cumulative T, is usually used. Also, quite
often this parameter serves as a determinant for classi-
fication of HWs by intensity (for example, to identify the
mega heat waves (MHWs)). Krzyzewska and Dyer (2018)
defined MHW as a period during which the maximum

daily air temperature for more than 6 consecutive days
exceeds 30°C (including one day with the temperature
below this value), and cumulative T, ., — 30°C. According
to the above criteria, over the period of 1961-2020, only
three episodes in Kyiv can be identified as MHW, namely:
heat wave from July 20 to July 28, 2001; from July 31 to
August 17, 2010; and from July 25 to August 7, 2012. All
other events just fall into the “regular heat wave” grade.
However, if we look at Table 4 in more detail, it becomes
apparent that all identified HW events vary significantly
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Fig. 2. Types of heat waves according to the grade of human heat stress

HW grades by bioclimatic
conditions
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HW with moderate HS - HW which
consist of only days with heat stress of
any magnitude, with average PET value
over the HW period within 29.1-35.0°C

and duration lower than average for
the long-tenn (at least 30-year) period

HW with strong HS - HW which consist
of only days with heat stress of any
magnitude, with average PET value over
the HW period within 35.1-41.0 ° C and
duration 6 or more days.

HW with extreme HS - HW which
consist of only days with strong and
extreme heat stress, with average PET
value over the HW period higher than
41.0 °C and duration exceeding average
for the long-tenn (at least 30-year)

for the investigation area.

period for the investigation area.

in terms of their impact on the human body, and a log-
ical solution would be to split them into more than two
groups based on the degree of such impact. Therefore,
for a more objective assessment of the HW's impact on
the human, it is proposed to introduce their classification
based on the mean values of physiological equivalent
temperature and HW duration. The results of numerous
studies demonstrate that the long-lasting HW causes
a significantly adverse impact on health, especially in
vulnerable population groups. For example, mortality
increases 1-1.5 times compared with the cases of short-
term HW (D'lppoliti et al., 2010; Montero et al, 2012;
Rocklov et al., 2012).

The proposed classification includes three grades: HWs
with moderate heat stress, HWs with strong heat stress,
and HWs with extreme heat stress (Fig. 2).

The analysis of the HW events in Kyiv over the period
of 1961-2020 shows that during this period one heat
wave with extreme heat stress and four heat waves
with moderate heat stress were recorded in the city,
and all other events were classified as HWs with strong
heat stress (Table 5).

The heat wave of late July-August 2010 was outstand-
ing, not only in terms of an extreme heat stress, but
also due to the highest duration and intensity for Kyiv
since 1911 (Shevchenko et al., 2014). It began on July
31 and lasted until August 17. Over its duration, the
average daily air temperature exceeded the normal by
7-11°C. The maximum air temperature was recorded
on August 8 and reached 39.2°C. The air temperature at
night time was 21-24°C, and in the daytime it was 36—
39°C. On August 3-9 and 12-15, absolute (historical)

Table 5. Classification of heat waves which were observed in Kyiv during
the period 1961-2020 according to the grade of human thermal stress

HWSs with extreme
HS

HWSs with moderate
HS

HWs with strong HS
25.07-31.07.1963
03.08-10.08.1963
16.06-24.06.1964
15.06-21.06.1968
15.07-29.07.1972
16.06-23.06.1975
26.08-31.08.1985
07.06-20.06.1999
17.08-23.08.2000
20.07-28.07.2001
08.07-22.07.2002
08.06-14.06.2010
14.07-24.07.2010
31.07-17.08.2010
02.07-09.07.2012
25.07-07.08.2012
30.07-06.08.2014
04.07-09.07.2015
24.08-29.08.2015
31.07-05.08.2017
16.08-21.08.2017
10.06-17.06.2019
19.06-24.06.2019
07.06-13.06.2020
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Fig. 3. Temporal pattern of PET values at 12.00 UTC during the 18-day heat wave in Kyiv from 31 July (DOY- 212) to 17 August 2010 (DOY: 229)

and mean PET values during 2005 and 2014
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values of maximum air temperatures for these days
were exceeded by 0.2-5.2°C.

The daily PET values at 12.00 UTC during this HW var-
ied from 37°C to 47°C and belong to the grade of strong
and extreme heat stress. They were much higher than
mean PET values for these days during 2005 and 2014
(Fig. 3). The maximum physiological equivalent tem-
perature during the period of this HW (47.0°C) was
recorded on the same day as the maximum air tem-
perature, namely on August 8. The mean PET values
for the period of 2005-2014 were within the range of
28.3-32.7°C and belong to the grade of moderate and
slight heat stress.

A particularly extreme heat wave occurred in July
and August 2010 not only in Ukraine but also Western
Russia (Barriopedro et al., 2011; Grumm, 2011; Rahm-
storf & Coumou, 2011). Due to its dimension in terms
of amplitude and spatial extent, it was evaluated as a
mega HW event by Barriopedro et al. (2011). The sum-
mer temperatures in Europe in 2010 were on average
by 0.2°C higher than in 2003. The area exposed by the

extreme heat was more than two million square kilo-
metres, and very high temperatures lasted between
15- and é1-day averages (Basarin et al., 2020). The
blocking anticyclone over the European part of Russia
was the reason for the strong heat wave over central
and eastern part of Ukraine and western Russia (Kon-
stantinov et al., 2014; Shevchenko et al., 2013). This
anticyclone was a high, well-developed baric forma-
tion, which was formed during the second 10-day pe-
riod of July and was observed up to an isobaric surface
of 700 hPa. At the level of 500 hPa, a powerful heat
ridge corresponded with the anticyclone, the axis of
which was directed from Asia Minor to the European
part of Russia. This position of the centre of the anticy-
clone caused a change in the direction of air flows over
Ukraine from the west to the south, southeast, and a
little later — to the southwest. The configuration of air
flows in combination with a powerful heat source in
the Middle East led to advection of heat to the territo-
ry of Ukraine and caused the abnormally hot weather
(Shevchenko et al., 2014).
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Conclusions

During the period of 1961-2020, 24 heat wave events oc-
curred in Kyiv. Those HWs were characterized by different
duration (6 to 18 days) and intensity (with the maximum
value of cumulative T, 108.6°C). Assessment of thermal
comfort conditions in Kyiv during the heat waves, based
on physiologically equivalent temperature, has shown that
HW events are characterized by heat stress varying from
slight (23.7°C) to extreme (47.0°C). To assess the impact of
HWSs on the human body, the classification based on mean
PET values during a single heat wave and its duration was
proposed. According to the classification, heat waves are
divided into the following three grades: HWs with mod-
erate heat stress, HWs with strong heat stress, and HWs
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