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SUMMARY

The weather and climate conditions of a particular region are among the determining factors
for the development of recreation and tourism. Information about weather and climate can
help to choose the best period for visiting the city as well as minimize heat or cold-related
morbidity. This study presents the human-biometeorological conditions of Kyiv in the
modern period (1991-2020). The highest frequency of heat stress at any level is found in July
and in the first 10-day period of August during the study period. The highest frequency of
strong and extreme heat stress (PET>35°C) was found in the first decade of August and it
reached 10.6%. During heat wave events, the frequency of days with extreme heat stress at 12
UTC reached 34.6%. The highest probability of occurrence of a sky cover of less than 5 octas
in Kyiv in August (53.6-59.5%), while from November to the end of February this parameter
does not even reach 25%. The highest precipitation amount (198 mm) was found in summer.
The frequency of heavy rain (>10.0 mm) events in Kyiv was quite low and the highest value
reached 8.3-9.7% and occurred in some decades of June and July.
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Introduction

Tourism is a very important sector of the economy. It grows very fast and brings a lot of profits. The
weather and climate conditions of a particular region are among the determining factors for the
development of recreation and tourism. Thermal comfort conditions influence even city tourism.
Information about weather and climate can help choose the best period for visiting the city and
minimize heat or cold-related morbidity.

The rising global temperature, higher frequency of hot days, tropical nights, heat waves, and the
development of intensive urban heat islands make cities less comfortable to live in and less attractive
for tourists. Climate trends show an increase in air temperature (Balabukh & Lukianets, 2015) and
according to climate projections based on representative concentration pathways (RCP) air
temperature will increase over the territory of Ukraine during the XXI (Snizhko et al., 2020). A few
very strong heat waves have been observed during the last few decades in Ukraine with strenuous
human heat load (Shevchenko et al., 2022a, b).

Air temperature is one of four meteorological parameters used in the estimation of human thermal
perception. Nevertheless, assessment of the thermal environment which is based only on air
temperature or a combination of different meteorological variables cannot be accurate and objective
(Vanos et al., 2010). Therefore, human-biometeorological assessment indices, e.g. PET (Mayer and
Hoppe, 1987) or UTCI (Jendritzky et al., 2012), were developed on the basis of the human energy
balance. Compared to other bioclimatic indexes, which are also based on the human energy balance,
PET has the advantage of being expressed in a widely known unit (degrees Celsius), which makes
results more comprehensible to other people who are not so familiar with human-biometeorological
terminology (Matzarakis, Mayer, & Iziomon, 1999). According to Potchter et al. (2018), PET is the
most frequently used index nowadays. 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, while predicted
mean vote (PMV) was used in 10.1%, and universal thermal climate index (UTCI) — in 8%.

Method and Theory

The thermal conditions of Kyiv were analyzed using daily data available at 00:00, 03:00, 06:00,
09:00, 12:00, 15:00, 18:00, and 21:00 UTC, collected over the period 1991 to 2020. The data are from
the weather stations of the Ukrainian Hydrometeorological Center.

The Physiologically Equivalent Temperature (PET) is used in this study to determine the thermal
bioclimate at Kyiv for the assessment of its climate recreation potential. PET values between 18.1 °C
and 23.0 °C can be characterized as comfortable (Table 1).

Table 1 Ranges of the Physiologically Equivalent Temperature and associated grades of thermal
perception by human beings and physiological stress on human beings (Matzarakis, Mayer, &
Iziomon, 1999)

PET, °C Thermal Perception Grade of Physiological Stress
<4 Very cold Extreme cold stress
4.1-8.0 Cold Strong cold stress
8.1-13.0 Cool Moderate cold stress
13.1-18.0 Slightly cool Slight cold stress
18.1-23.0 Comfortable No thermal stress
23.1-29.0 Slightly warm Slight heat stress
29.1-35.0 Warm Moderate heat stress
35.1-41.0 Hot Strong heat stress
>41.1 Very hot Extreme heat stress
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The calculation of PET is performed utilizing the RayMan model, which is a micro-scale model
developed to calculate radiation fluxes in simple and complex environments (Matzarakis, Rutz, &
Mayer, 2010). PET values are calculated based on air temperature, relative humidity, wind speed, and
cloud cover data. All the meteorological parameters used in the calculation of PET must be recorded
at a human bio-meteorologically significant height, for example, 1.1 m above ground level (the
average height of a standing person’s center of gravity in Europe). Wind speed was not available at a
height of 1.1 meters, so it was calculated based on a power-law profile approach applied by Kuttler
(2000). The values of the other parameters have been obtained at a height of 2 meters and have been
used without altitude correction because the error is negligible.

In this study, a heat wave (HW) is defined as a period of more than 5 consecutive days with the daily
Tamax = 5 °C above the mean daily maximum temperature T, max for the normal climatic period 1961—
1990 (definition of heat waves recommended by IPCC).

Results

The thermal conditions in Kyiv throughout the year are based on the thermal index, PET to provide
the thermal comfort and stress conditions. Three-hourly PET values were averaged over a ten-day
window for the research period 1991-2020. These values were subsequently used to create decadal
averages of PET for each month. PET values simulated by RayMan for the research period varied
extensively throughout the year (Figure la). The winter months (December to February) are
dominated by values of PET<4 °C, indicating extreme cold stress. The frequency of extreme cold
stress in these months at Kyiv varied from 95.4% to 99.9%. All grades of heat stress (PET>23 °C) in
Kyiv were observed to occur from the first decade of April through to the last decade of October. In
July and in the first decade of August the highest frequency of all grades of heat stress were found. It
ranged between 38.5 and 42.7%. The highest frequencies of strong and extreme heat stress (PET>35
°C) were 10.6% in the first decade of August.
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Figure 1 Frequency diagram depicting the average occurrence of the PET classes for Kyiv for each
decade (column) of the year for the period 1991-2020 (based on three-hourly resolution data). The
thermal perception classes are defined in Table 1

It is well-known that the daily variation of air temperature values on sunny days during the warm
period in Ukraine can reach 15 °C and even more. During a typical sunny, summer day, high air
temperatures observed during the daytime typically decrease at night as part of the normal diurnal
cycle. PET values depend (in part) on air temperature, thus, higher air temperature values during the
daytime are correlated with higher thermal stress. In order to investigate more about thermal stress at
Kyiv, were calculated and analyzed PET values during daytime (09:00, 12:00, 15:00, and 18:00 UTC)
for the period March—November (Figure 1b). The higher frequency of all grades of heat stress in
daytime was observed in July and in the first decade of August and ranged between 70.6 and 78.9%.
The frequency of moderate, strong and extreme heat stress (more than 29.0 °C) at the same period was
higher than 37.9%.
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Summertime heat waves are known to have a negative effect on the human body. During the period
Ist June 1991 to 31st August 2020, the number of heat wave cases identified in Kyiv was 17 and their
total duration reached 156 days (Table 2). The mean maximum air temperature for all HW events in
Kyiv was 32.0°C and the frequency of days with extreme heat stress at 12 UTC reached 34.6%.

Table 2 Characteristics of summer-time HWs events in Kyiv for the period 1991-2020

Characteristics
Number of heat wave events 17
Total duration of HWs, Days 156
Maximum duration of a HW event, Days (year of occurrence) 18 (2010)
Mean maximum air temperature during HWs (°C) 32.0
Frequency of days with PET >41 °C at 12 UTC 34.6%

Higher frequencies of cloudiness are generally observed during the colder months in Kyiv (Figure 3).
The probability of occurrence of sky cover more than 5 octas in Kyiv from November to the end of
February reached more than 75%. Between April and October, the overcast conditions decrease,
reaching a minimum in August. The probability of occurrence of sky cover less than 5 octas in Kyiv
in August ranged between 53.6 and 59.5%.
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Figure 3 The probability of occurrence of sky cover less than 5 octas in Kyiv, 1991-2020

The annual mean precipitation in Kyiv for the period 1991-2020 is approximately 618 mm. The
highest precipitation amount (198 mm) was found in summer and nearly similar amounts of
precipitation are observed throughout the other seasons: winter (123 mm), spring (147 mm), and
autumn (150 mm). Days without rain at Kyiv were most often observed in all decades of August, in
the first two decades of October, in the second decade of September, and in the last decade of April.
The frequency of such days ranged between 70.0% to 74.0% (Figure 4). The highest probability of
days with light rain (0.1-1.0 mm) occurred from the last decade of November to the first decade of
March, with values ranging from 16.3% to 24.3%. The frequency of heavy rain (>10.0 mm) events in
Kyiv was quite low and the highest value reached 8.3—9.7% and occurred in some decades of June
and July.

100y Smm=—
20

80 | | H-| H
70 HHHH [ HHHTEH | ol
60 L HH L
50 ] H -
40
30
20
10
0

Frequency (%)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Decade
oo 0o.1-1.0 0>1.1-10.0 m>10.0

Figure 4 Frequency distribution of precipitation classes (in mm) for Kyiv 1991-2020
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Conclusions

This study presents the human-biometeorological conditions of Kyiv in the modern period (1991—
2020). The highest frequency of heat stress at any level is found in July and in the first 10-day period
of August during the study period. The highest frequency of strong and extreme heat stress (PET>35
°C) was found in the first decade of August and it reached 10.6%. The frequency of all grades of heat
stress in the daytime (09:00, 12:00, 15:00, and 18:00 UTC) ranged between 70.6 and 78.9%. During
heat wave events, the frequency of days with extreme heat stress at 12 UTC reached 34.6%. The
highest probability of occurrence of a sky cover of less than 5 octas in Kyiv in August (53.6 - 59.5%),
while from November to the end of February this parameter does not even reach 25%. The highest
precipitation amount (198 mm) was found in summer. The frequency of heavy rain (>10.0 mm)
events in Kyiv was quite low and the highest value reached 8.3-9.7% and occurred in some decades
of June and July.

The findings obtained in this study can be used for planning business and tourist visits to Kyiv, as
well as for organizing different events e.g. musical festivals, national and international sports
competitions, Dnipro river cruises, etc.
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