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The ecological state of the environment, climatic conditions with pronounced seaso-
nality, variability, anomaly summer heat and regional manifestations of climate change, have
a certain negative impact onwell-being, health and comfort of the population. To assess cli-
matic comfort of a person, a bioclimatic index (equivalent-effective temperature) was used,
which allows evaluating thermal sensation of a person under a certain combination of meteo-
rological parameters. In this study we used daily observation data (surface temperature, air
humidity and wind velocity) at 34 meteorological stations in Ukraine for the period 1991—2020.
Analysis and ranging of data, which characterize the thermal bioclimatic conditions, were done.

It was found that the weather conditions with apparent temperature of very cold—cold—
cool—slightly cool comprise about 268 + 9 (73 %) days per year. Thus, the population of Uk-
raine experience conditions of physiologically cold stress during most of the year. Weather
conditions that fall into gradations very cold —(30—23) and cold —(23—12) represent 6 + 5
(=2 %) and 42 = 17 (~12 %) days per year respectively. They can consequently cause extreme
cold and strong cold stress and have a tendency towards decreasing repeatability.

The largest number of days on average across the country have such gradations as slightly
cool 0—12 and cool —(12—0), 113 = 10 (31 %) and 107 £ 8 (29 %) days per year respectively.
Slightly cool weather conditions are typical for the warm period of the year, mainly autumn
and spring, and partially winter, while cool —(12—0) is more prevalent in winter, autumn and
spring seasons.

Comfortable and subcomfortable thermal conditions with apparent temperature of
slightly warm and warm compose on average 96 * 8 (~26 %) days per year. Comfortable
thermal conditions represent about 47 £ 13 (13 %) days per year and are typical for the
warm period from April to October, with maximal values in summer: June 10 + 3, July 17 +
*+ 4 and August 15 + 4 days per month. A number of days with subcomfortable thermal condi-
tions comprise also 48 + 3 (13 %) days per year. Moreover, for May—September the number
of days per month is almost stable from 7 to 12 with minimal values in April, October and
November, about 1—2 days. There is a tendency to increase in the number of days with com-
fortable thermal conditions in summer by 0.2—0.3 days per month for this period. The trend is
0.83 days per year (on average 25—30 days were added each year) for the period 1991—2020.
Thus, comfortable climatic conditions for the local population in Ukraine increase during the
warm season.

However, the frequency of hot apparent temperatures (23—30) has increased, especially
during yhe summer period, which can subsequently cause strong and extreme heat stress for
humans. In some years, it was recorded up to 5—19 days per year.

For that reason, the climatic conditions of Ukraine have a certain potentially comfortable
climatic resource(in June—August): the Western region has a minimal climatic resource
(23—40 %); the Northern region has a sufficient climatic resource (36—53 %); Central region
has an optimal climatic resource (40—60 %); and the Southern region has an optimal climatic
resource (40—67 %).

Key words: climate change, equivalent-effective temperature, comfortable and subcom-
fortable weather conditions, trends.
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Introduction. Currently, a high level of
concern among scientists exists due to the
increasing impact of climate change on hu-
man health [WHO ..., 2005; IPCC ..., 2013].
People's exposure and vulnerability to diffe-
rent health threats depends on regional cha-
racteristics of the environment, level of awa-
reness, availability of financial resources as
well as management efficiency and quality
of infrastructure.

Due to climate change, the role of thermal
environment and outdoor thermal comfort will
have a significant importance in urban popu-
lation's daily life and social well-being. Projec-
tions of Intergovernmental Panel on Climate
Change [IPCC ..., 2013] show that at the end
of 21st century there will be an increase in the
global mean surface air temperature by 2.0
to 4.8 — that will have a direct impact on the
changing conditions of the thermal comfort
in urban areas.

Moreover, the situation will deteriorate
due to pervasive phenomena of «heat waves»,
especially in urbanizes territories. Climate
change nowadays results in more frequent
and intense heat waves in comparison to the
past century [Koffi, Koffi, 2008; Lemonsu et
al., 2014] that cause an emerging public-he-
alth problem. For instance, one of the larg-
est spikes in excess heat-related deaths was
noted in Europe during the summer of 2003
[Canoui-Poitrine et al., 2006]. In particular, for
the period of 11 extremely hot days in August
2003 the rate of mortality reached over 14 947
deaths in France [Poumadere et al., 20095].

Significant heat stress may also cause the
development of heatstroke, heat exhaustion,
heat syncope, and heat cramps [Kovats, Hajat,
2008]. It is worth noting that the periods of
extreme heat are often associated with an
increase in emergency hospital admissions
[Johnson et al., 2005]. Particularly, among the
elderly this number increased considerably
during the heat wave in August 2003 in Spain
[Cajoto et al., 2005] and in France [Gremy et
al., 2004].

Thermal comfort is «a condition of mind
which expresses satisfaction with the thermal
environment» [Epstein, Moran, 2006]. It is a
subjective sensation which influences the
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working capacity, health and life span of the
individual. Sensation of the thermal comfort
is attributable to 3 main parameters such
as: heat balance of the body, sweat rate, and
mean skin temperature [Fanger, 1970]. Any
deviations that are outside of the comfort
limits may cause the feeling of discomfort.
In order to assess thermal comfort for human
being, a number of bioclimatic indices have
been developed.

Populations in different climate zones ex-
perience the different level of heat stress
due to variations in such meteorological pa-
rameters as air temperature, humidity, solar
radiation, wind velocity, etc. Heat load di-
rectly depends on latitude; however, it can
also be influenced by altitude [Jendritzky,
Tinz, 2009]. People who live in the tropics,
experience the highest number of days with
heat load during the year, but due to climate
change, in moderate latitudes the number
of days with heat stress will also increase in
future [Jendritzky, Tinz, 2009].

For example, it was found that there is a
shift from «no thermal stress» to «moderate
thermal stress and strong thermal stress» in
Hong Kong due to climate change [Cheung,
Hart, 2014]. Other studies show that Miami
[Huang etal., 2020] had a very high frequency
of moderate and strong unacceptable heat
stress (54.7 %), while in Gothenburg the ove-
rall hours of «no thermal stress» increased
[Thorsson et al., 2011]. Heat load index in
Serbia defined stressful thermal conditions
in July 2011 on six different weather stations
[Pecelj, 2012; Pecelj et al., 2013]. Increased
values were also fixed in 2000 and 2007 in
Loznica, Belgrade, Novi Sad [Milovanovi¢
et al., 2017]. Likewise, thermal comfort in
Poland increased significantly during heat
waves in 2011, 2013, 2015 and 2016 [Rymuza
et al., 2019].

Taking into consideration Ukraine, it was
reported that during the period of 2006—2018,
a shift by 10—15 % cases towards more com-
fortable climate in Kyiv was identified [Boy-
chenko, Zabarna, 2019].

The main aim of the research is to analy-
ze the patterns and trends of spatial-temporal
distribution of comfortable thermal bioclimat-
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ic conditions for human within the territory of
Ukraine during the period 1991—2020.

Materials and methods. Anumber of bio-
climatic indices were developed in an attempt
to assess conditions for humanbased on heat
budget models. For instance, such indices
as Universal Thermal Climate Index (UTCI),
Standard Effective Temperature (SET), Physi-
ological Equivalent Temperature (PET), Per-
ceived Temperature (PT), Physiological Sub-
jective Temperature (PST), etc. are widely us-
ed nowadays [Fanger, 1970; Matzarakis, Ame-
lung, 2008; Blazejczyk et al., 2012].

In this research, in order to assess the cli-
matic comfort for human in a given region,
the bioclimatic index Equivalent-Effective
Temperature (hereinafter I ;) was used. It was
calculated in accordance with Missenard for-
mula [Missenard, 1933, Rymuza et al., 2019]:
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where t— daily variables of mean temperature

(°C), f— relative humidity (%), v, — wind ve-
locity (m/s), calculated for the height of 2 m.

This index allows assessing the thermal sen-
sation of an average person protected by stan-
dard clothing for a certain season, in certain
weather conditions in the shade. It takes into
account various combinations of meteorologi-
cal parameters, such as: surface air tempera-
ture, relative air humidity and wind velocity.

In this article daily empirical data (surface
temperature, air humidity and wind velocity)
from the network of meteorological observa-
tion stations on the territory of Ukraine for the
period of 1991—2020 were used in order to
calculate I (source [Weather ..., 2021;World
... 2021]). 34 meteostations were selected in
accordance with the following criteria: the sta-
tions are evenly located on the territory of Uk-
raine and their height above the sea level does
not exceed 350 m. The I values were after-
ward ranked by gradations (Table 1).

It should be noted that a special emphasis is
done on the spatial-temporal distribution pat-
terns of comfortable thermal and subcomfor-
table thermal conditions for human. It is con-
sidered that for temperate latitudes, including
the territory of Ukraine, comfortable thermal
conditions for human (with low activity) have
I values (16—23). Subcomfortable thermal

Table 1. Ranges of the Index of Equivalent-Effective Temperatures (I-;) for different
grades of apparent temperature for human [Epstein, Moran,2006; Isayev, 2001]

Gradations of lggt Apparent temperature Degrees of physiological stress
—(30.0—23.1) and -30.0 Very cold Extreme cold stress
—(23.0—12.1) Cold Strong cold stress
-(12.0—0.1) Cool Moderate cold stress
0—12.0 Slightly cool Slight cold stress
12.1—16.0 Slightly warm Subcomfortable thermal condition
16.1—23.0 Warm Comfortable thermal condition
23.1—30.0 Hot Strong heat stress
> 30.1 Very hot Extreme heat stress

Note: Hereinafter extreme gradations are combined and presented as: —(30—23), —(23—2), —=(12—0),

0—12, 12—16, 16—23 and 23—30.
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conditions for human with values (12—16) can
also be considered as comfortable if a person is
active [Isayev, 2001; Vitchenko, Telesh, 2017].
Hereinafter we refer to these variables as
leeT (16—23)@nd lger (1216, While to a number of
daysin each gradation as N(16723) and N(12—16)
respectively.

During the last couple of decades due to
climate change, hot thermal conditions that
have astrong heat stress for human became
more intensive. That is why, the analysis of
leeT (23 30) Values with a number of days in the
gradation N (2330 Was also included.

Considering natural, climatic and orogra-
phic conditions, we defined 4 regions in Uk-
raine: Western, Northern, Central and South-
ern. From the beginning of 2013, the meteo-
rological data from the most part of Eastern
region is not available, so this region had to
be excluded. Anumber of functional stations
of the Eastern region were relocated to the ne-
arest regions (Table 2). However, during map-
ping an interpolation of data from nearest
stations was applied.

Moreover, for comfortable thermal and sub-
comfortable thermal conditions 2 maps were
created. To develop these maps the thin plate
spline interpolation method was applied using
ArcGIS desktop 10.7 software. This method
produces the smooth surface based on input
values and proved to be affective for continu-
ous variables, if there is no additional para-
meter that required manual tuning [ Franke,
1982]. It is widely used for the interpolation
of weather data from meteorological stations
network, especially in case of sparce input po-
int distribution [Boer et al., 2001].

Results. The thermal bioclimatic condi-
tions of Ukraine. For the territory of Ukraine
|geT values were calculated according to equ-
ation (1). It characterizes the thermal biocli-
matic conditions at the given meteorological
stations for the period 1991—2020 and are
ranked in accordance with Table 1.

The distribution of days in a year according
to Iggr gradations with different conditions of
thermal comfort for 4 separate regions and the
whole territory of Ukraine are averaged over
the period 1991—2020 and are shown in Fig.
1, a and Table 2.
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It was found that over the territory of Uk-
raine the largest number of days per year fall
into gradations «slightly cool» (0—12) and
«cool» —(12—0)with 112+ 10 (31 %) and 106 =
* 6 (29 %) days per year respectively.

The thermal bioclimatic conditions identi-
fied as «slightly cool» are typical for the warm
period, mainly during autumn and spring and
partly in winter due to the significant warming
in the cold period of the year. Moreover, the
number of days in gradation «slightly cool»
has it maximum in the Western region (124 +
* 6 days per year) with the highest values at
particular meteorological stations such as
Uzhhorod — 136 + 18 and Lviv— 127 + 15 days
per year. There are 110 + 7 such days per year
in the Northern region (Sarny — 123 + 12 and
Zhytomyr— 118 + 12 days per year), and 108 £
*+ 7 days per year in the Central region (Mohy-
liv-Podilskyi— 126 £ 10 and Uman— 120+ 11
days per year), and 106 * 7 days per year in
the Southern region (Simferopol — 116 + 9
and Chornomorske — 111 * 10 days per year).

«Cool» conditions are typical for cold pe-
riod and partially warm period with maximum
values in the Western and Northern regions
reaching 109 * 6 days per year (Lviv— 127 *
*+ 15and Sarny — 119 *+ 12 days per year), whi-
le in the Central and Southern regions it is
about 102—107 days per year.

Weather conditions falling into gradations
«very cold» —(30—23) and «cold» —(23—12)
compose 5+ 3 (1.5 %) and 44 £ 16 (12 %) days
per year respectively. In detail, Northern and
Western regions have 5—6 days per year in
gradation —(30—23) and 45—46 days per
year in gradation —(23—12), while Central re-
gion has 7 + 4 and 46 * 20 days per year, and
Southern has 4 + 2 and 37 + 9 days per year,
respectively. These weather conditions are
typical for winter period and can cause strong
and extreme cold stress for human.

Therefore, the local population living in
this area undergoes the thermal bioclimatic
conditions of extreme cold—strong, cold—mo-
derate, and cold—slight cold stress over the
most part of the year — 268 + 9 (73 %) days
per year.

During the warm period of the year, wea-
ther conditions that fall into gradations «sli-
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Table 2. Distribution of a number of days due to Izt gradations at the meteostations

of Ukraine, averaged for the period 1991 —2020

) < g Gradations
E g | Bo | o = S ~
£ | Meteostation | 2 & =N 2 2 3 T ~ © =
: il -0 I A P O I O
= S < @l/ :I/ ? - - N N
Western region 4.8 44.7 108.9 | 123.9 | 47.8 34.2 1.0
1 Chernivtsi 48.36 | 25.90 | 246 5.1 39.1 106.0 | 124.3 | 51.1 38.4 1.3
2 | Khmelnytskyi | 49.43 | 26.98 | 350 9.1 66.4 102.6 | 119.7 42.6 24.4 0.5
3 Lviv 49.81 | 23.95 | 319 3.2 43.0 115.0 | 127.0 | 48.7 27.3 1.1
4 Rivne 50.58 | 26.13 | 231 7.4 60.4 106.1 | 118.2 | 42.5 29.7 1.0
5 Shepetivka 50.16 | 27.05 | 278 4.6 45.8 113.6 | 116.5 | 49.1 35.2 0.5
6 Ternopil 49.53 | 25.60 | 329 6.7 61.0 109.0 | 1239 | 42.9 21.2 0.6
7 | volodymyr- | 558310431 | 104 | 2.1 | 205 | 1160 | 126.0 | 51.9 | 388 | 1.0
Volynskyi
8 Uzhhorod 48.63 | 22.26 | 124 0.2 12.7 103.0 | 135.7 | 53.9 58.2 1.6
Northern region 6.0 46.3 109.3 | 109.9 | 47.0 45.1 1.7
9 Boryspil 50.33 | 30.96 | 121 9.0 57.4 106.1 | 112.8 | 44.9 33.0 2.1
10 Chernihiv 51.46 | 31.28 | 141 7.3 52.0 112.6 | 112.1 44.3 35.7 1.3
11 Izium 49.18 | 372.30 | 78 4.0 32.2 108.5 | 104.6 | 50.0 63.6 2.4
12 Kharkiv 49.96 | 36.13 | 154 10.7 61.4 99.0 101.9 | 45.1 45.7 1.5
13 Konotop 51.23 | 33.20 | 149 4.5 38.1 115.1 | 105.3 | 48.9 51.7 1.7
14 Kyiv 50.40 | 30.45 | 166 4.9 45.0 110.8 | 109.3 | 48.5 44.3 2.5
15 Myronivka 49.66 | 31.00 | 153 3.1 39.0 114.0 | 106.9 | 49.1 51.7 1.5
16 Sarny 51.28 | 26.61 | 156 1.3 26.1 118.9 | 123.2 | 49.7 45.0 1.1
17 Sumy 50.85 | 34.78 | 181 12.0 70.0 98.3 105.0 | 43.0 35.6 1.4
18 Zhytomyr 50.23 | 28.63 | 224 3.4 41.8 110.0 | 118.0 | 46.7 44.4 1.0
Central region 4.9 39.6 103.2 | 112.7 | 49.0 53.3 2.6
19 Dnipro 48.35 | 34.96 | 143 9.9 59.0 98.1 97.8 46.9 50.7 2.9
20 | Kropyvnytskyi | 48.51 | 32.25 | 171 7.0 55.0 103.0 | 106.2 | 47%.2 44.0 2.9
21 KryvyiRih 48.03 | 33.21 | 124 9.0 55.0 102.0 | 101.8 | 47.9 46.8 2.8
22 Lubny 50.00 | 33.00 | 158 2.6 35.2 112.0 | 105.7 | 49.8 57.8 2.2
93 | Mohyliv- | yg 4512778 | 78 | 03 | 126 | 946 | 1263 | 534 | 752 | 2.9
Podilskyi
24 Poltava 49.60 | 34.55 | 160 7.4 48.0 105.7 | 100.8 | 49.3 51.8 2.3
25 Vinnytsia 49.23 | 28.46 | 298 8.9 59.2 104.0 | 1174 | 42.6 30.4 2.8
26 Uman 48.76 | 30.23 | 216 3.3 27.5 100.0 | 119.7 | 51.4 60.7 2.7
27 | Zaporizhzhia | 47.80 | 35.25 | 112 11.1 64.0 94.4 97.6 45.4 49.3 3.5
Southern region 4.3 36.7 | 106.5 | 106.4 | 47.1 60.4 3.9
28 | Chornomorske | 45.51 | 32.70 | 10 3.0 28.0 108.3 | 1109 | 47.6 64.0 3.5
29 Kerch 45.40 | 36.41 | 49 2.9 33.0 108.0 | 106.7 | 45.0 65.8 3.9
30 Kherson 46.63 | 32.61 | 54 3.8 329 103.7 | 104.4 | 44.8 70.9 4.8
31 Liubashivka 47.85 | 30.26 | 183 5.0 40.0 106.3 | 107.2 | 50.8 52.1 3.9
32 Mariupol 47.03 | 372.50 | 70 8.0 55.0 104.3 | 92.6 447 57.1 3.6
33 Odesa 46.43 | 30.76 | 42 3.6 34.0 111.5 | 106.3 | 45.8 60.4 3.8
34 Simferopol 44.68 | 34.13 | 180 4.0 34.0 103.2 | 116.7 51.2 52.5 3.7
Average 5.5 43.9 106.6 | 112.0 | 47.6 47.5 2.2
Ukraine s 3.2 16.7 8.4 9.7 3.9 12.8 0.7
Tendency —-0.09 | -0.81 | 0.18 | —0.28 | 0.06 0.92 0.03
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ghtly warm» (12—16) and «warm» (16—23)
and, according to the heat sensation belong
to subcomfortable and comfortable thermal
conditions for human, consist of 48+ 8 (~13%)
days per year each. Furthermore, in the Wes-
tern region comfortable thermal conditions
for human are observed only during 34 + 12
days per year (due to high humidity and high
wind speed that are typical for mountain re-
gions). In the Northern and Central regions
this number is 45 + 9 and 52 + 14 days per
year respectively, while the Southern region
has 60 + 8 days per year (e. g. Kherson has 71
days per year and Crimea has 53—66 days).

The subcomfortable thermal conditions
for human are almost evenly distributed over
the territory of Ukraine and can be defined
as more stable, since they have the least vari-
ability.

The «slightly warm» and «warm» grada-
tions have on average 96 + 8 (~26 %) days per
year on the territory of Ukraine with apparent
temperature for human assubcomfortable and
comfortable.

Values g that fall into gradation «hot»
(23—30) have a small number of days (on the
average 2+ 1 (~1 %), while averaging the daily
values of meteorological parameters over the
past 30 years. However, in certain years and
at certain meteorological stations up to 5—19
days per year in the gradation «hot» (with
strong heat stress for human) were noted. On
Fig. 2 shows the number of days (N (23730)) at
the selected meteostations for the period
1990—2020. The hottest years were 1998,
1999, 2001, 2002, 2007, 2010, 2012, 2016 and
2017. In particular years such weather condi-
tions with lggr (o330, Were prevalent on more
than 60—80 % of the territory of Ukraine. Al-
though in certain years such weather condi-
tions were either not established or had low
values (e. g. 1992—1995, 1997, 2003, 2013,
2018—2019).

It should be noted that the gradation «hot»
can be defined more precise based on the
analysis of maximum temperatures or fixed
daily data of meteorological parameters,
which has already been done in the research
[Boychenko, Zabarna, 2019]. Additionally,
other bioclimatic indices can be utilized, such
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as Universal thermal climate index (UTCI)
that is widely used for hot climates [Teodor-
eanu, 2016; Napoli et al., 2018].

The tendency of thermal bioclimatic
conditions changes in Ukraine. Over the
last couple of decades, climate change in
Ukraine has exceeded the global pace [Boy-
chenko et al., 2016, 2018, Krakovska et al.,
2018]. These changes were evidenced by a
significant increase in temperature through-
out the year, supported by aridization process.
Warming during the cold period of the year,
abnormally high temperatures in summer as
well as significant variability of weather con-
ditions affect heat sensation of a person, and
influence consequently well-being, comfort
and health of the population.

During the study period, stable tenden-
cies in redistribution of weather conditions
with regard to gradations were established.
Namely, a decrease in the number of days
falling into gradations «very cold» —(30—23),
«cold» —(23—12) and «slightly cool» (0—12)
for—0.1,-0.8 and —0.23 days per year respec-
tively for the period 1991—2020 was noticed.
The tendency of increase in the number of
days is set for gradations «cool» —(12—0),
«slightly warm» (12—16), «warm» (16—23)
and «hot» (23—30) for 0.2, 0.1, 0.9 and 0.03
days per year respectively. Moreover, the
tendencies of redistribution by gradation ap-
peared almost synchronously in all regions of
Ukraine (see Fig. 1, b).

Spatial-seasonal distribution of com-
fortable thermal conditions for human. In-
depth analysis of spatial-seasonal distribution
of comfortable and subcomfortable thermal
conditions for human at the selected meteo-
rological stations for the period 1991—2020
was done.

The number of days with comfortable ther-
mal conditions for human (N_,3)) on the
territory of Ukraine compose 48 + 13 (13 %)
days per year,mainly in the warm period of
the year, from April to October. The maximal
number of days is typical for summer (June
11 £ 3, July 17+ 4 and August 14 *+ 4 days per
month), while the minimal number is typical
for spring and autumn about 3 * 2 days per
month (Fig. 3, a). However, (N(;5_13)) values
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Fig. 1. Distribution of a number of days with thermal conditions for human due to |ggr gradations (a)
and its trends (b) in different regions and over the whole territory of Ukraine for the period 1991—2020.
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Fig. 2. Temporal distribution of days of «hot» grada-
tion (23—30) on the territory of Ukraine for the period
1991—2020: 1 — percentage of stations where Iggt
values in this gradation were recorded, scale on the
right; 2 — number of days in gradation for the par-
ticular meteostation; 3— an average number of days
per year, scale on the left.
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have some spatial differences, namely:

— Western region: June 7 + 3, July 13+ 3
and August 11 + 4 days per month;

— Northern region: June 11 + 2, July 16 + 2
and August 13 + 3 days per month;

— Central region: June 12 + 3, July 18 + 4
and August 15 * 4 days per month;

— Southern region: June 13 + 2, July 22 + 2
and August 20 + 3 days per month.

Likewise, on Fig. 4, a there is a stable ten-
dency to increase in a number of days with
comfortable thermal conditions for human
during the warm period almost in all regions of
Ukraine for the last 30 years. The most signifi-
cant tendencies of increase in N(j5_ 3, values
on 0.2—0.3 days per month are typical for
summers throughout the period 1991—2020.

Number of days
= e = O 0 ;
-
T
—a
e
T
——
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3 4 5 6 7 8 9 10 11
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[ Western region
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b

Fig. 3. Seasonal distribution of days with comfortable (a) and subcomfortable (b) thermal conditions
for human according to | ger in different regions and over the whole territory of Ukraine for the period

1991—2020.
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Fig. 4. Tendencies in alteration of seasonal distribution of days with comfortable (a) and subcomfortable
(b) thermal conditions for human according to |ggt in different regions and over the whole territory of

Ukraine for the period 1991—2020.

On the average, N(;5_,3) values increased on
1—1.5 weeks in a month over the territory of
Ukraine. Further more, when assessing the
trends, it was established that the number of
days with comfortable thermal conditions for
human increased on 0.83 days per year for
the period 1991—2020 (about 25—30 days we-
re added).

Subcomfortable thermal conditions for hu-
man (N(_53) on the territory of Ukraine is
also represent by 48 + 3 (13 %) days per year.
Moreover, for May—September this number
is almost equal, from 6 to 11 days per month,

while the minimal values were identified in
April, October and November of about 1—2
days (see Fig. 3, b). N(;5_93) values have some
spatial differences, namely:

— Western region: May 7 + 2, June 11 + 1,
July 11 £ 3, August 11 + 3 and September 6 +
* 1 days per month;

— Northern region: May 8 = 1, June 10 £ 1,
July 11 £ 1, August 11 + 1 and September 7 +
*+ 2 days per month;

— Central region: May 8 + 2, June 10 + 1,
July 10 £ 1, August 11 £ 2 and September 8 +
*+ 2 days per month;

Mumber
118-23)
H.

irEEE &

=-
F
2
-

Fig. 5. Spatial distribution of days with comfortable (a) and subcomfortable(b) thermal conditions for
human according to | gg over the whole territory of Ukraine, averaged for the period 1991—2020.
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— Southern region: May 8 £ 1, June 11 = 1,
July 8 + 2, August 8 + 2 and September 10 + 1
days per month.

On Fig. 4, b there is an increase in N(12716)
values on 0.02—0.16 for the last 30 years with
a slight decrease in June and August on -0.1
days per month for the same period. When
accessing the changing tendency, N5 44
increased on only 0.05 days per year for the
period 1991—2020.

The spatial distribution of days with com-
fortable and subcomfortable thermal condi-
tions for human due to averaged lgg values
for the period 1991—2020 on the territory of
Ukraine is shown on Fig. 5.

Thus, during the warm period of the year
the numbers of days with comfortable and
subcomfortable thermal conditions for human
on the territory of Ukraine have a tendency to
increase in spatial-temporal distribution over
the territory (with some regional differences).
However, despite an increase in comfortable
and subcomfortable thermal conditions for
human, the manifestation of abnormally high
temperatures in summer is also noted.

Discussion. Climate change impact pat-
terns on comfortable thermal conditions for
human in Ukraine. The vulnerability of hu-
man health to climate change can be defin-
ed as a function of sensitivity to changes in
weather and climate, an exposure to the we-
ather or climate hazard, characteristics of
the population (development level and de-
mographic structure) and a state of the local
environment [WHO ..., 2003].

Climate changes on the territory of Ukraine
in the 20" century and the beginning of the
215 century were characterized by an increase
in surface air temperature by 1.2+ 0.2 % /100
years, while in 20" century this increase was
only by 0.6 £ 0.1 % /100 years [Boychenko et
al., 2018, Krakovska et al., 2018]. Nevertheless,
climate change in Ukraine has spatial diffe-
rences, e.g.in the northern, north-eastern and
north-western regions warming is more in-
tense (AT = 1.7 £ 0.4 % /100 years) with a de-
crease in the amount of precipitations by
10—15 %/100 years. On the contrary, in the
southern, south-eastern and south-western re-
gions the temperature rise is less intense (AT =
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=0.8+0.3%/100years), with a slight increase
and sometimes even a decrease in precipita-
tions within 5—7 % /100 years.

Over the last couple of decades an increa-
se in the frequency of abnormally high sum-
mer temperatures supported by aridification
process is noted, as well as abnormally warm
winters with increased variability of weather
conditions and precipitations mainly in the
form of rain or sleet [Boychenko et al., 2016].
Such climatic conditions have a negative im-
pact on the well-being, comfort and health of
the population. In [WHO ..., 20095] it is stated
that in temperate latitudes due to seasonality,
mortality and morbidity rates among the po-
pulation increase, while in the tropical clima-
te, the level of seasonal mortality is significan-
tly lower. Manifestations of seasonality in the
climate of temperate latitudes and significant
variability of weather conditions during the
cold season have considerable impact on hu-
man health.

Weather conditions with apparent tempe-
rature of very cold—cold—cool—slightly cool
compose about 268 + 9 (73 %) days per year
that consequently lead to emergence of physi-
ologically cold stress for a prevalent part of
population in Ukraine (extreme cold—strong
cold—moderate cold—slight cold stress).

On the average, across the territory of Uk-
raine, the largest numbers of days fall in-
to gradations slightly cool (0—12) and cool
—(12—0), 113 £ 10 (31 %) and 107 £ 8 (29 %)
days per year respectively. Weather conditions
(slightly cool) are typical mainly for autumn
and spring and also partially for winter, while
cool —(12—0) is more typical for winter and
partially for autumn and spring.

Changes in temperature below or above
0 °C during several days (with an increasing
effect of «temperature swing») can cause seri-
ous deteriorations in people's well-being, an
exacerbation of chronic diseases, especially
connected to cardiovascular system [Marti-
Soler et al., 2014].

Comfortable and subcomfortable thermal
conditions for human with apparent tempera-
ture of slightly warm and warm compose on
the average 96 + 8 (~ 26 %) days per year on the
territory of Ukraine, with the stable tendency
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to increase over the past 30 years by 25—30
days per year. It creates more comfortable
climatic conditions for the local population
at a certain period of the year. The comfor-
table thermal conditions for human on the
territory of Ukraine is represented by 48 *
* 14 (13 %) days per year during the warm
period from April to October, with maximum
insummer:June 11+ 3, July 17+ 4 and August
14 + 4 days per month.

It should be noted that in recent decades,
the frequency of hot and very hot apparent
temperature (23—30) as well as temperatures
above 30 °C has increased significantly during
the summer period and can cause strong and
extreme heat stress for human. Such abnor-
mally hot climatic conditions will be analyzed
more detailed in our future studies.

For temperate latitudes, depending on the
quantity of days per month that fallinto N5 s
gradation, the degree of a comfortable clima-
tic resource in a region can be identified: 30 %
— minimal, 30—50 % — sufficient, 50—70 %
— optimal, more than 70 % — the most opti-
mal [Isayev, 2001, Vitchenko et al., 2017]. Thus,
in June—August, the climatic conditions of
Ukraine have a certain comfortable climatic
resource:

— Western region — minimal climatic re-
source (23—40 %)and in particular years suf-
ficient;

—Northern region — sufficient climatic re-
source (36—53 %) and in particular years op-
timal,;

— Central region — sufficient climatic re-
source (40—60 %)and in particular years the
most optimal;

—Southern region — sufficient climatic re-
source (40—67 %) and in particular years the
most optimal.

Conclusions. Environmental and climatic
conditions with pronounced seasonality and
variability, abnormal summer heat as well as
regional climate change, have a certain nega-
tive impact on well-being, health and comfort
of life of population in the region. To assess
the climatic comfort of a person, a bioclimatic
index (equivalent-effective temperature) was
used, which allows to evaluate thermal sensa-
tion of a person under a certain combination
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of meteorological parameters. In this study we
used daily observation data (surface air tem-
perature, air humidity and wind velocity) at
34 meteorological stations in Ukraine for the
period 1991—2020. Calculated values of the
indices, which characterize the thermal biocli-
matic conditions, were ranked and analyzed.
It was found that weather conditions with
apparent temperature of very cold—cold—
cool—slightly cool compose about 268 *+ 9
(73 %) days per year. Thus, the population of
Ukraine experience conditions of physiologi-
cally cold stress (extreme cold—strong cold—
moderate cold—slight cold stress) during the
prevalent time of the year. Weather conditions
that fall into gradations very cold —(30—23)
and cold —(23—12) represent 6 £ 5 (~2 %) and
42+ 17 (~12%) days per year, respectively. This
weather conditions can consequently cause
extreme cold and strong cold stress and have
a tendency towards decreasing repeatability.
The largest numbers of days on the avera-
ge across the country have such gradations as
slightly cool (0—12) and cool —(12—0), 113+
+ 10 (31 %) and 107 = (29 %) days per year res-
pectively. Slightly cool weather conditions are
typical for the warm period of the year, mainly
autumn and spring, and partially winter, while
cool gradation —(12—0) is more prevalent in
winter, autumn and spring seasons.
Comfortable and subcomfortable thermal
conditions for human with apparent tem-
perature of slightly warm and warm compose
on the average 96 + 8 (~26 %) days per year.
Comfortable thermal conditions for human on
the territory of Ukraine are represented by 47+
+ 13 (13 %) days per year and are typical for
the warm period of year from April to October,
with maximal values in summer: June 10 % 3,
July 17 + 4 and August 15 + 4 days per month.
A number of days with subcomfortable ther-
mal conditions for human on the territory of
Ukraine compose also 48 = 3 (13 %) days per
year. Moreover, for May—September it has al-
most an equal number of days per month from
7 to 12 with minimal values in April, October
and November of about 1—2 days.
There is a significant tendency to increase
in the number of days with comfortable ther-
mal conditions for human in summer by 0.2—
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0.3 days per month for the period 1991—2020.
The trend is 0.83 days per year (on average
25—30 days were added each year) for the pe-
riod 1991—2020. It contributes to creation of
more comfortable climatic conditions for the
local population in a certain period of the year.
It should be noted that over the last couple
of decades, especially during the summer pe-
riod, the frequency of hot apparent tempera-
tures (23—30) has increased, which can sub-
sequently cause strong and extreme heat
stress for humans. In particular years, it was
recorded up to 5—19 days per year.
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KomdopTHi KAiIMaTU4YHiI yMOBHY Ha TepuTopii YKpainu
3a nepiop 1991 —2020 pp.

C. boriuenko'?, O. 3abapua®, T. Kyuma®, 2021

MucturyT reodisuku imeni C.I. Cy66otina HAH Ykpaiuu, Kuis, Ykpaina
2HamnjionaanpHuM yHiBepcureT «KueBo-MoruasHcbka akapeMiss», KuiB, YKpaiHa
SLlenTparbHO-EBpONENCLKUM YHIBepcuTeT, Byaamnenrt, YropuuHa
4IHCTUTYT arpOEKOAOTIT i TpupoAoKopucTyBaHHs, Kuis, YKpaina

ExoAOTIUHNI CTaH AOBKIAAS, KAIMATHYHI YMOBH 3 BUPA’KeHOIO Ce30HHICTIO Ta MiHAMBICTIO,
QHOMAaABHA AITHS CIIeKa Ta PETiOHAABHI NPOSIBU 3MiH KAIMATy MalOTh NEBHUU HETATUBHUU
BIIAVIB Ha AOOPOOYT, 3A0POB'ST Ta KOM(OPTHICTE JKUTTSI HACEASHHS KpaiHuU. AAS OI[iHIOBaHHS
KAIMATUYHOTO KOMMOPTY BUKOPUCTAHO OIOKAIMATHUYHUU IHAEKC (IHAEKC eKBiBaAe€HTHO-
e(peKTUBHUX TeMIIepaTyp), 0 AQ€ 3MOTY OLIHUTU TENAOBIAUYTTS AIOAMHU 3a IIE€BHOI KOM-
OiHallil METEOPOAOTIUHUX HTapaMeTpiB. Y AOCAIAKE€HHI BUKOPUCTAHO A@HI HIOA€HHUX CIIOC-
TepesKeHb (IIpHU3eMHa TeMIlepaTypa, BiAHOCHA BOAOTICTb MOBITPS Ta IIBUAKICTE BiTPY) AAS
34 meTeocTaHIli¥ YKpainu 3a nepiop 1991—2020 pp. [TpoBepeHO paH)KyBaHHS Ta aHaAi3 11o-
Ka3HMUKIB, 1110 XapaKTepU3yIOTh TEIIAOBI Oi0KAIMAaTHUUHI yMOBU.

YcTaHOBAEHO, 1110 IOTOAHI YMOBH 3 TEIIAOBIAUYTTAM Ay KE XOAOAHI—XOAOAHI—IIPOXOAOA-
Hi—3Aerka MPOXOAOAHI CTaHOBASTE 268 + 9 (73 %) AHIB Ha pik. OT)Ke, HaceAeHHs YKpalHu
IIPO’KUBAE B YMOBaX (Pi3i0AOTIYHOTO XOAOAHOTO CTPeCy OiABITY YaCTUHY POKY. [ToroaHi ymMoBH,
SKI MATAAQIOTH HiA IPajaliii, Ay>ke XoaoaHi — (30—23) Ta xonoAHI —(23—12), cTAHOBAITE 6+5
(~2%) Ta 42+ 17 (~12 %) AHIB Ha PiK BIATIOBIAHO i CIPUYUHSIOTH TETIAOBIAUYTTS CUABHOTO XO-
AOAY Ta CUABHOI'O XOAOAHOTO CTPECY 1 MAIOTh TEHAEHIIIIO A0 3MEeHIIIeHHS Yepe3 3MiHU KAIMATYy.

Harbinbmia KiABKICTE AHIB y CepepAHbOMY IO KpalHi IPpUNapa€e Ha IPapallil 3 TOTOAHUMU
yMOBaM# — 3Aerka IpoxoAoAHi (0—12) Ta mpoxoaopni —(12—0), 113 = 10 (31 %) Ta 107 = 8
(29 %) AHIB Ha PiK BIATIOBIAHO. 3AerKa TPOXOAOAHI YMOBHU XapaKTepHi AAST TEIIAOTO IIEPIOAY
POKY, IepeBa’KHO OCEHI Ta BECHU, Y4aCTKOBO 3UMU, TOAL IK IIPOXOAOAHI 4aCTillle IIepeBa’katoTh
Y 3UMOBMH, OCIHHIN Ta BECHAHUN CE30HU.

KoMdopTHi Ta cyOKOMMOPTHI YMOBU AAST AFOAUHM 3 TEIIAOBIAUYTTAM 3A€erKa TellAl ¥
TEIIAl CTAHOBASITE y cepepHboMY 96 + 8 (~26 %) AHIB Ha pik. KoMdopTHI yMOBH CTaHOBASITH
6AM3BKO 47 = 13 (13 %) AHIB Ha piK i XapaKTepHi AAST TETIAOTO TIePioAY 3 KBIiTHS TIO JKOBTEHb,
3 MaKCUMaAbHUMM 3HAUEHHSIMU BAITKY: ¥ 4epBHiI — 10 * 3, y aunzi — 17 * 4, y cepnni —
15 pHIB * 4 AHI Ha Micanb. KiABKiCTb AHIB i3 cyOKOM(MOPTHUMM YMOBaMU CTAHOBUTH 48 * 3
(13 %) AHIB Ha piK, 3 Mal’)ke OAHAKOBOIO KiABKICTIO AHIB Ha Micsilb 3 7 110 12 B TpaBHI—Be-
pecHi Ta 3 MiHIMAABHUMHU 3HAUYEHHSIMU Y KBiTHI, )KOBTHI Ta AUCTONAAL, IPUOAM3HO 1—2 aAHI.
BcTaHOBAEHO TEHAEHIIIIO AO 30IABIIEHHS KIABKOCTI AHIB 13 KOM(MOPTHUMHA YMOBAMHU BAITKY
Ha 0,2—0,3 AHS Ha Mics1b, a TaKOXK IopiuHuy npupicT Ha 0,83 AHS Ha PiK (Y cepeAHBOMY AO-
Aanrock 25—30 aHiB) 3a epiop, 1991—2020 pp. OTKe, KOMMOPTHICTE KAIMATUUYHUX YMOB AAS
MiCII€BOTO HACEAEHHS Ha TEPUTOPIil YKPAIHU 3POCTAE B TEIIAMU II€PiOA POKY.

OpHakK 3pocAa MOBTOPIOBAHICTH @aHOMAABHO BUCOKUX TeMIlIepaTyp, OCOOAMBO B AiTHIM
mepiop, 110 MATIAAAIOTE AO I'papariii (23—30), 10 CIPUUMHSIE CUABHUY TEIIAOBUM CTPeC AAT
AIOAVHM (Y IIeBHI poKU 3aikcoBaHO A0 5—19 AHIB Ha piK).

Takum YMHOM, KAIMAaTUYHNUM YMOBaM YKpaiHU BAACTUBUY ITI€BHUY TOTEHIIMHO KOMMOPT-
HUM KAIMAaTHUYHUN pecypc (Y YepBHI—cepIHi): y 3aXiAHOMY perioH — MiHiMaAabHUN (23—
40 %); y TTiBHiuHOMY perioni — pocTtaTHit (36—53 %); y LleHTparbHOMY perioHi — ONTHMaAb-
uutt (40—60 %), y TTliBAeHHOMY perioHi — ontuMarbHUH (40—67 %).

KAaAro4oBi cAOBa: KAiIMaTUYHI 3MiHH, eKBiBaA€HTHO-e(peKTHUBHA TeMIlepaTypa, KoM(OPTHI
Ta CyOKOM(POPTHI IOTOAHI YMOBH, TeHAEHII{I.
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S. BOYCHENKO, O. ZABARNA, T. KUCHMA

KoM@opTHBIE KAMMaTH4YEeCKNEe YCAOBUS HA TEPPUTOPUN
YKpauHsl 3a nnepuoA 1991 —2020 rr.

C. Boriuenko'?, A. 3a6apna3, T. Kyuma®, 2021

1I/IHCTI/ITyT reocpusuku nmenu C.UM. Cy66otuna HAH VYkpaunsl, KueB, YKpanuHa
?HanuoHaAbHBINM yHUBepcureT «KueBo-MoruassHckas akapemus», Kue, YKpauHa

3enTparbHo-EBponetickuii yauBepcurer, Byaanemr, Benrpus
*VIHCTUTYT arpO3KOAOTHUY U MIPUPOAOIIOAB30BaHusT, Kres, YRKpauna

OKOAOTHMYECKOe COCTOSIHHE OKPYJKalollel CpeAbl, KAUMaThiYeCKre YCAOBUS C BHI-
Pa’KeHHOM Ce30HHOCTBIO M M3MEeHUNBOCTHIO, aHOMaAbHAasI A€THSS JKapa U peTHoOHaAbHOe
IIpOsSBAEHIE U3MeHeHUN KAUMaTa UMeIOT OIIpeAeAeHHOe HeraTuBHOe BAMSHMIE Ha OAa-
TOCOCTOSIHUE, 3A0POBbe U KOM(OPTHOCTh HACEAEHUSI CTPaHbl. AAS OIeHKU KAUMATU-
4eCcKoTo KoM(@opTa UCITOAB30BaH OMOKAMMATUYECKNM UHAEKC (MHAEKC 9KBUBAAEHTHO-
3((PEeKTUBHEIX TEeMIIEPATypP), YTO MO3BOASIET OLIEHUTH TEMAOOIIYIIEeHUS YeAOBeKa II0
OIIpeAEAeHHOU KOMOWHAIIMM MEeTEeOPOAOTMYECKUX IlapaMeTpoB. B uccaepoBanuu uc-
IIOAB30BAHBI AQHHBIE €’KeAHEBHBIX HaOAIOAEHUN (IIpU3eMHasl TeMIIlepaTypa, OTHOCUTEAD-
Hasl BAQKHOCTB BO3AyXa U CKOPOCTB BeTpa) AAST 34 MeTeOCTaHIIMY YKPAUHBI 3a IIePHOA,
1991—2020 rr. ITpoBepeHBI paHXMPOBaHNE U aHAAU3 ITOKa3aTeAel, XapaKTepU3yolnuX
TeIIAOBbIe OMOKAUMATHYEeCKHE YCAOBUS.

YCcTaHOBAEHO, UYTO IOTOAHBIE YCAOBHS C TEIIAOOIIYIIEHNEM OUeHb XOAOAHBIE—XOAOA-
HBle—IIPOXAAAHBIE—CAETKa IIPOXAAAHBIE COCTAaBASIOT 268 + 9 aAHell (73 %) B ropy. Caepo-
BaTEABbHO, HaCeAeHMe YKpPauHbl IPOJKUBAET B YCAOBUSAX (PU3UOAOTHIECKOTO XOAOAHOTO
cTpecca OOABIIYIO YaCTh ropad. [1oropHble YCAOBHS, KOTOPBIE MTOAIAAAIOT IIOA TPapAlluY,
OoueHb X0AOAHBIe —(30—23) 1 xoAoAHBIE —(23—12), cocTaBASIOT 6 = 5 (~2 %) u 42 £ 17
(~ 12 %) AHEM B TOAY COOTBETCTBEHHO, BLI3BIBAIOT TEIIAOOIIYIIEHUS CUABHBIM XOAOA U CUAB-
HBIM XOAOAHBIH CTPECC ¥ UMEIOT TEHACHIINIO K YMEHBIIIeHUIO 13-3a U3MeHeHsI KAUMaTa.

HauboAabliee KOAMYECTBO AHEN B CpeAHEM [0 CTPaHe MPUXOAUTCS Ha I'PAAALUU C I10-
TOAHBIMH YCAOBUSMU CAeTKa TpoxAaaHble (0 —12) n npoxaapnsie —(12—0), 113£10 (31 %)
u 107 £ 8 (29 %) AHel B TOAY COOTBeTCTBeHHO. CAerka IIPOXAAAHBIE YCAOBHS XapaKTePHEI
AASI TEIIAOTO IIePUOAA TOAQ, IPEUMYIIIeCTBEHHO OCEHU U BECHBI, YaCTUYHO 3UMBI, TOTAQ
KaK IPOXAaAHbIE Yallle MPeoOAaAQIOT B 3MMHUM, OCEHHUU U BECEHHUU CEe30HHI.

KomdoprabIe 1 cyOKOM(OPTHLIX YCAOBHUS AAST 9EAOBEKA C TEIIAOOIIYIIIEHUSIMH CAET-
Ka TeIIAble U TEeIIABIe COCTABASIIOT B cpepaHeM 96 * 8 (~26 %) aHel B ropy. KoMmdopTHEBIe
YCAOBHSI COCTaBASIOT OKOAO 47 + 13 (13 %) AHeU B ropy M XapaKTepHBIE AAS TEIIAOTO
IIeproAa C alpeAsi o OKTIOPh, C MAaKCUMaAbHBIMU 3HAaUEHUSIMHU AeToM: B mioHe 10 £+ 3, B
utore 17 + 4, B aBrycTe 15 pHel + 4 AHA B Mecs1l. KoanyecTBO pAHelM ¢ CyOKOMQOPTHBIX
ycaoBUsIMU cocTaBasieT 48 + 3 (13 %) AHel B TOAY, C TOYTH PABHBIM KOAUYECTBOM AHEH B
Mecdr ¢ 7 110 12 B Mae—CeHTsA0pe U C MUHMMAAbLHBIMU 3HAUEHUSIMU B allpeAe, OKTsI0pe U
HOsAOpe, NpuMepHO 1—2 AHA. YCTaHOBAEHA TEHAEHIVA K YBEAMYEHHUIO KOAUUECTBA AHEN
C KOM(OPTHBIMU yCAOBUAMU AeToM Ha 0,2—0,3 AHS B Mecsl], a TakKKe e’KeTrOAHBIN ITpH-
pocT Ha 0,83 AHs B TOA (B cpepHeM nTpubaBUAoCh 25—30 aHelt) 3a nepuop 1991—2020 rr.
HTak, KoMMOPTHOCTb KAUMATHUYECKUX YCAOBUM AT MECTHOTO HAaCeAeHU Ha TEPPUTOPUN
YKpauHbI BO3pacTaeT B TEMALIM IIePUOA TOAQ.

OAHAKO YBEAMYHAACH IOBTOPSIEMOCTH @HOMAABHO BBICOKUX TeMIIepaTyp, 0COOEHHO B
AETHUM MIEePUOA, OTHOCSAIITUXCS K rpapanum (23—30), YTO BBI3BIBAET CUABHBIN TEIIAOBOU
CTpecc A UeAOBeKa (B OIIpeAeAeHHEBIe TOABI 3a()UKCUPOBAHO 5—19 AHel B roay).

TakuM oOpa3oM, KAUMATU4YeCKUEe YCAOBUS YKPAWHBI 00AAAQIOT OIIPEAEAEHHEBIM I10-
TEeHIIMaABHO KOM(OPTHBEIM KAUMATUYECKUM PeCypcoM (B UIOHe—aBTyCTe): 3allaAHbIN
pernoH — MUHUMAABHBIM (23—40 %); CeBepHBINM PEernoH — AOCTAaTOUYHBIM (36—53 %);
LleHTpaAbHBIN PeruoH — onTUMaAbHBIM (40—60 %), FOKHBIM PETrMOH — OIMTUMAABHBIM
(40—67 %).

KAroueBble CAOBa: KAMMAaTHYEeCKHUE N3MEHEHN s, D9KBUBAAEHTHO-3(D(PEKTUBHAA TEMIIEe-
paTypa, KoM(OpTHBIE 1 CYOKOM(MOPTHBIE IIOTOAHBIE YCAOBUS, TEHACHIUH.
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