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SUMMARY

The heat wave (HW) events are well-known for their large-scale negative impact — an
increase in the number of forest fires and droughts, as well as mortality rates as a result of
heat stress, etc. The researches of frequency, intensity and forecasting of HW events
characterized by high scientific and practical significance. The analysis of HWs projections
shows that an increase in the frequency of this atmospheric phenomenon is expected in Kyiv
in the 21st century. Even according to the optimistic RCP 2.6 scenario, increasing in the
frequency of HW events in all forecast periods are expected. The amount of HWs will be
almost 2 times higher compared to the historical period during far-term future and will range
from 49 to 55 events. For the near-term future, the RCP 8.5 scenario is not significantly
different from RCP 2.6, however, starting from 2041-2070, all HW indicators for Kyiv
increase significantly. According to RCP 8.5 scenario, the amount of HWs will increase
almost four times (compared to the historical period) and will reach 110-112 cases by the end
of the 21st century. In the far-term future (2071-2099) the average duration of HW in Kyiv
will increase by 75% and intensity will be at 120% higher, compared to historical period.
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Introduction

Climate change is one of the main global environmental challenges facing the world in the 21st
century. Recent Earth's climate researches show that during the last decades, the values of air
temperature and other meteorological parameters differ from the values of their values for normal
climatic period. Results of climate simulations project further increasing in air temperature all over
the world, including the territory of Ukraine (Snizhko et al, 2020). The frequency of heat wave (HW)
events is increasing significantly under conditions of global climate change. The heat wave events are
well-known for their large-scale negative impact — an increase in the number of forest fires and
droughts, as well as mortality rates as a result of heat stress, etc. The study of frequency, intensity and
forecasting of severe weather phenomena (including heat waves), do not go beyond the solution of
only scientific tasks and are also of high practical significance.

Kyiv (50°27°N, 30°31 E), located in the northern part of Ukraine, is the biggest city in the country.
The population of the city is about 3 million (not including non-permanent residents). In addition, this
city belongs to the main centers of urban tourism in Ukraine, the annual attendance of which reached
more than 1.5 million people in recent years. The frequency of heat stress during daytime hours in
summer months in Kyiv is more than 60% (Shevchenko et al, 2020), and during HW events, the
intensity and frequency of heat stress increases significantly. According to Shevchenko et al.
(Shevchenko et al, 2022a) in Kyiv in the modern period, the frequency of HW has increased
significantly: 12 cases were recorded in the period 1991-2015, while 7 cases were recorded in the
period 1961-1990. In 2010, a very powerful mega-heat wave was observed on the territory of Ukraine
(including Kyiv) which produced the strenuous human-biometeorological conditions (Shevchenko et
al, 2022b). Considering aforementioned, the research of tendency in the frequency of heat waves
events changes in the city of Kyiv until the end of the 21st century is very relevant. The results of
such researches can be used for increasing of the living comfort of a large number of people, by
developing and implementing heat stress adaptation measures.

Method and Theory

Heat wave (HW) is an atmospheric phenomenon that consists of abnormally hot weather that lasts for
a certain period and covers large areas. Usually, HW are characterized by duration and intensity. For
today, there is no one objective and uniform definition of HW, which creates difficulties in comparing
the characteristics of individual cases. All existing definitions of HWs can be divided into several
types. There are definitions with a fixed absolute and relative temperature threshold, as well as
definitions also differ in the duration of the period with temperatures exceeding the limits, after which
the hot period is considered to be a heat wave. Definitions with absolute temperature limits are
generally used for the researches of a small areas, where the same (or very similar) meteorological
conditions are observed. Shevchenko et al. (2014) substantiated the unsuitability of definitions based
on such approaches for researches of HW in Ukraine. In this research to identify of HW events were
used the following criteria: a heat wave is a period of six or more hot days (a hot day is a day with a
maximum air temperature above the 90th percentile (derived from the daily maximum temperature
values for each station for the reference period 1991-2020 (WMO, 2017))).

To obtain forecasts of climate evolution, climate models use information described in scenarios of
greenhouse gas emissions, emissions of pollutants into the atmosphere and land-use models.
Scenarios are created using a variety of approaches, from simple idealized experiments to integrated
evaluation models. The main factors which determine changes in anthropogenic emissions of
greenhouse gases are economic and demographic development, lifestyle and changes in behavior
which related to changes in energy consumption and land use, technology and climate policy, which
are still uncertain. The standard set of scenarios used in the Fifth Assessment Report of the
International Panel on Climate Change (ARS) are called Representative Concentration Pathways
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(RCP). RCPs are four greenhouse gas concentration trajectories adopted in 2014: RCP 2.6, RCP 4.5,
RCP 6.0, and RCP 8.5, which are named for the possible magnitude of radiative forcing in 2100
compared to pre-industrial values (+2.6, +4.5, +6.0 and +8.5 W/m2) (IPCC, 2014).

In this research, to create projections of heat waves in Kyiv until the end of the 21st century two
scenarios RCP 2.6 and RCP 8.5 were used.

RCP 2.6 is the most optimistic scenario with the earliest emission peak about 2020, which takes into
account measures to avoid global warming. The goal of this scenario is to prevent increasing of global
temperature of more than 2°C relatively to pre-industrial level. RCP 2.6 scenario (/PCC, 2014) calls
for a reduction in carbon dioxide emissions by 2020 and their complete absence by 2100.

RCP 8.5 is the “worst case” climate change scenario with very high greenhouse gas emissions (/PCC,
2014), based on an overestimate of projected coal production, characterized by an increase in
greenhouse gas emissions over time, which is representative of scenarios that lead to high levels of
greenhouse gas concentrations.

The data were obtained from the MOHC-HadGEM2-ES simulation belonging to the EURO-
CORDEX Project (EURO-CORDEX Guidelines, 2021). The grid resolution of the used simulation is
0.22 degrees. Four points of a regular grid were chosen to create projections of heat waves in Kyiv.
The points are located around Kyiv in its vicinity (02439st — southwest of Kyiv, 02440st — southeast
of Kyiv, 02506st — northwest of Kyiv, 02507st — northeast of Kyiv). For each point, HW events were
identified and calculated their duration and intensity for the period 1970-2099. The results of HW
projections and their characteristics are presented for three forecast periods: near-term (2011-2040),
middle-term (2041-2070), far-term future (2071-2099), and also for the basic (historical) period —
1970-2005.

The HWMId index was used to assess the intensity of HW (Russo et al, 2015).
Results

The number of HW cases ranged from 27 to 30 cases at different points during the baseline period
(1970-2005) (Figure 1). The mean HW duration was 9 days for all points and the mean value of the
HWMId index varied between 21.3 and 23.5.

According to the RCP 2.6 scenario, 40—46 cases of HWs are expected (the number of cases varies at
different points) for the near-term period (2011-2040). The expected amount exceeds amount of HW
events in the baseline period by almost a third. The number of cases will increase to 49-52 in the
middle-term period (2041-2070). The highest amount of HW events is expected during far-term
future (2071-2099). This parameter will vary between 49 and 55 cases at different points. The mean
duration of heat waves for all three periods and at all points will be the same level as in the baseline
period (9 days). Exception to this include only one point for the period 2041-2070, where the
expected mean duration of HWs is one day longer. The mean HWMId index value will also almost
unchanged in all forecast periods, compared to the historical, and is expected to be in the range of
21.5-24.4.

According to the RCP 8.5 scenario, a significant increasing frequency of occurrence of heat waves,
their intensity and duration in all forecast periods are expected. The amount of HW events for near-
term period (2011-2040) will be in the range 43-55 for different points, for the middle-term period
(2041-2070) — in the range 81-97. The highest number of HWs is projected for the last thirty years of
the 21st century. It can reach 110-112 and will exceed the repeatability of HWs in the basic period by
almost four times. Significant changes in the duration of HWs are also expected according to this
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scenario. It will increase to 11-12 days starting from the middle-term (2041-2070) period, and at the
end of the current century it may increase to 15-16. The intensity of HWs will remain almost
unchanged in the nearest forecast period, but it will increase significantly in the following ones: the
HWMId index are expected in the range 29.5-32.6 during the middle-term period (2041-2070) and in
the range 45.8-51.3 during the far-term period (2071-2099). The values of HWMId index for the last
period will be more than twice higher than intensity of HWs in the basic period.
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Figure 1 Projections of HW events and their characteristics in Kyiv in the 21st century for the RCP
2.6 and RCP 8.5 scenarios
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Conclusion

The analysis of HWs projections shows that an increase in the frequency of this atmospheric
phenomenon is expected in Kyiv in the 21st century. Even according to the optimistic RCP 2.6
scenario, increasing in the frequency of HW events in all forecast periods are expected. The amount
of HWs will be almost 2 times higher compared to the historical period during far-term future and will
range from 49 to 55 events for different points. Duration of heat wave events will remain unchanged
and will be 9 days during the whole 21st century according to RCP 2.6 scenario.

For the near-term period, the RCP 8.5 scenario is not significantly different from RCP 2.6,
however, starting from 2041-2070, all HW indicators for Kyiv increase significantly. According to
RCP 8.5 scenario, the amount of HWs will increase almost four times (compared to the historical
period) and will reach 110-112 cases by the end of the 21st century. In the far-term future (2071—
2099) the average duration of HW in Kyiv will increase by 75% and intensity (according to the
HWMId-index values) will be at 120% higher, compared to historical period.
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