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SUMMARY

Cold waves are dangerous natural phenomena affecting human activity. The purpose of work
is the analysis of the characteristics of the current cold waves in Ukraine. The main research
method is a climatological analysis of a significant decrease in air temperature during the
cold season of 2011-2020. The main results were obtained on the basis of an analysis of the
deviation of average daily air temperatures from the climatological normal of 1981-2010. The
quantitative characteristics of cold waves are presented in a context of 10 cities of Ukraine.

XV International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Introduction

Advective changes in air temperature are an important characteristic of the climate. The most large-
scale advective changes in air temperature are called heat or cold waves. It's no secret that due to
modern global warming, scientists pay more attention to heat waves, but cold waves are no less
dangerous (Vinogradova, 2018). In many countries, they lead to significant economic losses (A4riel et
al, 2017), and therefore their in-depth study also has great practical importance.

It is known that cold waves at the end of the 19th century started being researched by M. Woodruff,
T. Russell and B.l. Sreznevskyi. Already then, in the practice of defining this phenomenon, various
authors laid down certain differences, which only deepened over time. However, all in all, the
researchers were united, emphasizing the great speed and spatial coverage of the territory by this
phenomenon (Russel, 1895; Sreznevskyi, 1899; Woodruff, 1885). This approach to the definition of
cold waves is preserved in International meteorological vocabulary (1992), published under the
auspices of the World Meteorological Organization. There, this phenomenon is defined as the
invasion of very cold air mass over a large area, which is accompanied by a significant decrease in air
temperature. At the same time, the quantitative criteria of air temperature or other meteorological
variables necessary for clear identification of a cold wave remain outside the scope of discussion.
Traditionally, the criteria for cold waves are based on an estimation of the decrease in the average
daily air temperature from one day to the next (Sreznevskyi, 1899) or in relation to the climatological
normal (Duytseva and Ped, 1963). In the work (Khrabrov, 1949), a decrease in the average daily air
temperature for two days or more by an amount that equal to twice the value of the mean square
deviation of the temperature is considered as a criterion for a cold wave. Physico-statistical methods
of searching for analogues of high-altitude baric fields have significant potential for cold waves
researching. In Ukraine, such methods were developed at the Ukrainian Hydrometeorological Institute
under the leadership of V.F. Martazinova. An example of such kind of research in Russia is the article
(Morozova, 2014).

With the development of tools for statistical processing of meteorological observation data, a
tendency to use more complex definitions emerged. Thus, the European Copernicus Drought
Observatory proposes to consider a cold wave as 3 consecutive "cold days", the minimum temperature
(Tmin) of which is lower than their daily threshold values, calculated as the 10th percentile value of
Tinin for this calendar day during a period between 1981 and 2010 (Heat and Cold Wave Index...).
The work (Grigorieva, 2019) describes some other variants of definitions of cold waves.

Currently, there are no scientific publications in Ukraine devoted to cold waves in the country. At the
level of analysis of negative anomalies of average monthly temperatures, this issue is indirectly
mentioned only in a few works, first of all in the monograph "Climate of Ukraine™" (Lipinskyi et al.,
2003). In particular, the authors of the monograph established that the most severe cold waves in the
20th century were observed in February 1929 and January 1935, 1940, 1941, 1950, 1954, 1963, 1985,
1987 and December 1997. Cold waves are also mentioned in the work (Nazhmudinova, 2010) during
the analysis of the winters of 2006, 2008, 2009 and 2010. The same researcher (Nazhmudinova, 2020)
examined in detail the average monthly air temperature anomalies in the cold season of 2010-2019. In
the conditions of global warming, cold waves of varying intensity and duration have been observed in
recent decades.

Method and Theory

The purpose of this work is to obtain and analyze the quantitative characteristics of cold waves in
Ukraine in recent years, primarily their duration and intensity. The main task of the work is to
investigate cold waves in Ukraine during the cold season of 2011-2020 according to the average daily
temperature.

Not coincidentally, the study of cold waves in this work is limited to the boundaries of the cold
season. Although sharp cooling, which spreads in a certain direction and covers a larger and larger
area in a short period of time, can be observed throughout the whole year, but mostly it occurs during
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the cold season. It is generally accepted that in Ukraine the cold season of the year with the
predominance of winter synoptic processes lasts from November to March (Lipinskyi et al., 2003).
The defining features of this period are the weakening of the radiation factors of climate formation
and the strengthening of the role of atmospheric circulation.

Main data on average daily and minimum daily air temperature at weather stations of Ukraine for the
cold season of 2011-2020 were obtained from the website
https://www.wunderground.com/history/monthly/ua. Also, there were used the following resources:
http://www.pogodaiklimat.ru/monitor.php and https://meteopost.com/weather/archive/. The value of
the climatological normal, which is necessary for establishing the quantitative characteristics of cold
waves, was determined for the reference period 1981-2010 and is presented on the website:
http://www.pogodaiklimat.ru/monitor.php.

The main results were obtained due to the application of standard methods of climatological
processing of meteorological information. Scientific works of researchers on cold waves, primarily
the works of S.V. Morozova, are the methodological basis of this research.

Results of research

The variety of approaches to defining cold waves and the heightened interest of the general public to
the problems of fluctuations and climate change indicate the need for use criteria of cold waves that
are as specific as possible and at the same time simple enough to understand.

Since from the 70s of the 20th century a clear trend towards an increase in air temperature has been
established in the world, long-term cold weather increasingly began to change into sharp short-term
temperature drops — "temperature swings". Taking this into account, in the future we will consider
such periods of time and changes in temperature that the decrease of the average daily air temperature
in relation to the climatological normal by 3°C or more lasted for two or more days. These periods are
called the cold waves. Cases when the cold wave was interrupted by one day of warming or
isothermia will be considered as one cold wave. This definition of cold waves is practically identical
to that used in the work (Morozova, 2014).

It was established that, with the exception of the cold season of 2019-2020, every other one-year
period has at least one cold wave. The largest number of cold waves during the research period was
recorded in Kharkiv and Odesa— 44 and 46, respectively (Fig.). In general, 383 cold waves of
different duration and intensity were recorded during the study period. Their average number varies
from 3 in Uzhhorod to 5 in Odesa. Note that according to this and some other characteristics of cold
waves, the climate in the area of the Uzhhorod weather station is significantly different from the
climate of other Ukrainian weather stations, which is largely explained by the peculiarities of its
geographical location: its shorter distance from the Atlantic and, especially, its protection from the
invasion of cold air from the north and east by the mountain structure of the Ukrainian Carpathians.
The specificity of the geographical location and climate of Transcarpathia and the Carpathian region
as a whole, in particular its greater oceanicity, has been emphasized in the works (Zatula, 2018a;
2018Db; Zatula and Zatula, 2018).

The average duration of cold waves during the studied period ranged from 4.8 days in Lviv, Kharkiv
and Uzhhorod to 5.7 days in Kyiv. The cold wave that lasted from the 3rd decade of January 2012 to
the end of the 2nd decade of February 2012 was the longest for all meteorological stations. It lasted
from 20 days in Uzhhorod to 27 days in cities in north and center of country. The duration of the
remaining cold waves in the section of individual observation points differed by no more than 1-3
days. It is interesting that in the cold season of 2019-2020, there was no prolonged cold wave.

To characterize the intensity of cold waves, the difference between the highest and lowest air
temperature values during the wave is traditionally used (Morozova, 2014). In 10.2% of all cases this
temperature difference reached 10-15°C. Exceptionally strong cold waves (with a temperature drop of
15-17°C) were recorded during the already mentioned cold wave, which lasted from the 3rd decade of
January 2012 to the end of the 2nd decade of February 2012. However, these cases were only 1.6% of
the total.
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Figure The number of cold waves in the cities of Ukraine for 2011-2020 cold season

The following indicator of intensity is much more informative:

Tcum = ?:I(TE - (TL - 3))’
where T, IS the accumulated amount of temperature deviation during the cold wave period; T; and
(T; — 3) — the minimum daily air temperature and the limit value, which depends on the definition of
the cold wave used (for the i-th day); n is the number of days during which the cold wave was lasted.
In terms of cumulative temperature, the most powerful wave lasted from the end of the third decade of
January to the end of the second decade of February 2012. It reached record intensity values in
Chernihiv: -338.2°C. Tt also turned out to be the longest for the research period. The leading role in its
occurrence was played by the Siberian anticyclone, the atmospheric pressure in the center of which
exceeded 1065 hPa (European frosts..., 2012; Shikhov, 2012). During this anomaly, daily historical
air temperature minimums were updated in most Ukrainian cities, in particular in Lviv, Kyiv, Dnipro
and Kharkiv. Severe cold caused a large number of hypothermia and even deaths.
The cause of an exceptionally powerful cold wave, which lasted from the end of the second decade of
January to the middle of the first decade of February 2014, was a blocking anticyclone over Russia.
At that time, the temperature dropped below -20°C in the vast majority of the territory of Ukraine.
During this wave, the daily minimums of air temperature were updated in Dnipro (-23.7°C on January
30, 2014) and Kharkiv (-26.0°C on January 30, 2014).
The shortest duration and weakest cold waves were observed in Ukraine during the cold season 2019-
2020.

Conclusions

As the result of the work done, a number of quantitative characteristics of cold waves in Ukraine over
the last 10-year period were obtained. It turned out that the spatio-temporal characteristics of cold
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waves in different cities of Ukraine (except of Uzhhorod) are very similar. This indicates a great
commonality of the processes during which they are formed. During the strongest cold waves in
Ukrainian cities, the historical minimum air temperatures may be updated. At the same time, the short
period of observation did not allow establishing any clear trend of change in the main characteristics
of cold waves, which may become the subject of further research.
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