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The study of a climate change in Ukraine in the twentieth century by means of geographic
information mapping aims to draw attention to the problem of the climate change, both
scientists and the general public and decision-makers in the field of the climate policy. As a
result of processing and presenting data from the scientific organization NCAR GIS Climate
Change Scenarios, a retrospective series of analytical maps was created. In the ArcGIS
program three series of maps (a total of 30 maps) of changes in the average annual climate
indicators of Ukraine in the twentieth century in steps of 10 years were created. Based on the
Keppen's climate classification, a series of maps of climate zones of Ukraine, which reflect the
change of climate types in the twentieth century in steps of 20 years, was built. The developed
analytical and synthetic cartographic works fully characterize the climate changes that Ukraine
has undergone during the twentieth century. For the territory of Ukraine according to the
Keppen's classification, by removing the critical types, the main types of climate are
determined - B, C, D. After determining the general type of climate, subtypes are distinguished
based on the amount and nature of precipitation. The third order of the classification concerns
the features of the temperature regime. The research results indicate a change in Ukraine's
climate before warming, a gradual increase in aridity in the southern regions and a significant
increase in the temperature of the coldest month. There is a high probability that the
continentality of the climate will decrease. In the worst case, some southern regions of the
country may be prone to desertification.
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Introduction

Global climate change is one of the greatest challenges that humanity faces. According to forecasts of
leading international scientific institutions, over the next century the temperature will rise by 2-5 °C
(Dangermond and Artz, 2010). Such rates of the global warming will lead to serious climate change,
and as a result, the nature and human life in general will undergo irreversible changes. Noticing, that
climate change is most pronounced for temperate and polar latitudes, climate change in Ukraine is
ahead of global trends. The phenomenon of setting new climate records has become quite common.
Thus, the average monthly air temperature in February, March, June, October, November and
December in 2019 was the highest or one of the highest for these months for the entire period of
instrumental weather observations since 1881.

Taking into account the international treaties of our state (Ukraine signed and ratified the UN
Framework Convention on Climate Change and its Kyoto Protocol) (Pro ratyfikatsiiu Ramkovoi
konventsii OON pro zminu klimatu, 1996) Ukraine has undertaken to protect the climate system for
the benefit of present and future generations of mankind, to fulfill its individual obligations as a Party
to the Convention and the Protocol.

The study of climate change in Ukraine in the 20th century by means of geoinformation mapping
aims to draw attention to the problem of climate change, both scientists and the general public and
decision-makers in the field of climate policy.

Method and Theory

A data exchange plays a significant role in the climatology. An important condition is the usage of
internationally agreed standard formats for the data exchange. International data sharing agreements
provide opportunities for compiling, globally, publications on climate standards, such as World
Weather Records and Monthly Climatic Data for the World (World Weather Records (WWR)
Clearinghouse). Bilateral and multilateral agreements also play an important role in the creation of
long-term datasets, such as the The Global Historical Climatology Network, the Comprehensive
Aerological Reference Data Set, and the International Comprehensive Ocean Atmosphere Data Set,
compiled by the United States, as well as the Met Office Hadley Centre observations datasets,
compiled by the United Kingdom, including their exchange. These datasets are usually provided to
research centers (Rukovodstvo po klymatolohycheskoi praktyke, 2018). The set of such climatic data
consists of observations results set of the relevant elements.

To study climate change, monthly data on temperature and precipitation on the territory of Ukraine
for the 20th century was obtained from the web-site of the scientific organization NCAR GIS Climate
Change Scenarios. This portal is designed to serve the community of GIS users, which are interested
in climate issues. Free climate datasets are downloaded as a text file and then converted to *.shp
format for using it in the ArcGIS. Based on the obtained data, the following indicators were
calculated: the average air temperature in January and July, the coldest and warmest month of the
year, and the average annual rainfall for each decade (10 years) of the 20th century.

Based on the analysis of the developed maps series of the temperature and precipitation changes,
general information about the climate of Ukraine, the types of climate on the territory of Ukraine in
the 20th century were calculated. To determine the types of the climate, Keppen's classification was
chosen, in particular: it is proposed to perform series calculations with an interval of two decades (20
years); to use classification within classes B, C, D; to perform calculations based on existing climate
data management systems; to make calculations in the database; to visualize the results in the
ArcMap.
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To determine the type of the climate according to the Keppen's classification, it is necessary to
combine indicators of temperature and precipitation. Taking into account the general features of the
Ukraine climate, there were created a series of analytical maps, while climate classification there were
rejected types A (not the typical temperature of the coldest month 18°C or higher), and E (temperature
of the warmest month less than 10°C). After determining the general climate type, the subtypes, based
on the amount and nature of precipitation, are distinguished. The third order of classification concerns
the features of the temperature regime. It is important to note that the allocation of the climate subtype
d in the general type D (temperature of the coldest month is less than -38°C) is not appropriate,
because the territory of Ukraine is not characterized by such low temperatures, even as anomalies.
Consequently, on the territory of Ukraine at the initial stage, by removing the critical types, the main
types of climate are determined - B, C, D. To determine the climate zones, the following indicators
are calculated for each time interval: the average temperature of each month; the average annual
temperature; the temperature of the coldest month; the temperature of the warmest month; the number
of months with an average temperature above 10°C; the average rainfall each month; the total annual
precipitation; the amount of precipitation in summer; the amount of precipitation in winter; the
amount of precipitation in the driest and wettest months of summer and winter.

Results

In the ArcGIS there were created three series of the analytical maps (30 maps in general) the year-
average Ukraine climate changes indicators in the 20th century with a step of 10 years (1900-1909),
(1910-1919), (1920-1929), (1930-1939), (1940-1949), (1950-1959), (1960-1969), (1970-1979),
(1980-1989), (1990-1999):

1. Ukraine. Air temperature. July. Figure 1.

2. Ukraine. Air temperature. January. Figure 2.

3. Ukraine. Precipitation. Figure 3.

Figure 1 An example of a series of maps of changes in the air temperature in the warmest month of
the year (July) at the beginning and at the end of the 20th century

According to the Keppen's classification there were created a maps series of the climate changes of
the territory of Ukraine in the 20th century with a step of 20 years (1900 — 1919), (1920 — 1939),
(1940 — 1959), (1960 — 1979), (1980 — 1999) Figure 4, Figure 5.
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Figure 2 An example of a series of maps of changes in the air temperature in the coldest month of the
year (January) at the beginning and at the end of the 20th century

Figure 3 An example of a series of maps of changes of the average annual amount of precipitation at
the beginning and at the end of the 20th century.

Figure 4 Climatic zones of Ukraine according to the Keppen's classification, where Cfa —
precipitation is evenly distributed throughout the year, the temperature in the warmest month is 22°C
or higher; Cfb - precipitation is evenly distributed throughout the year, the temperature in each of the
four warm months is 10°C or higher, but the warmest month is less than 22°C; Csb - precipitation in
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the dry month of summer are less than 30 mm and less than a third part of the wettest month of
winter, the temperature in each of the four warm months is 10° C or higher, but in the warmest month
it is less than 22°C; Dfa — precipitation is evenly distributed throughout the year, the temperature in
the warmest month is 22° C or higher; Dfb - precipitation is evenly distributed throughout the year,
the temperature in each of the four warm months is 10°C or higher, but in the warmest month it is less
than 22° C

Figure 5 Climatic zones of Ukraine according to the Keppen's classification, where Csa —
precipitation in the dry month of summer is less than 30 mm and less than a third part of the wettest
month of winter, the temperature in the warmest month is 22°C or higher, Bsk — precipitation during
spring and summer make 30% -70% of total precipitation; the average annual temperature is less
than 18°C

Conclusions

The climate of Ukraine tends to gradually increase the aridity in the southern regions and a significant
increase in the temperature of the coldest month. There is a high probability that the continentality of
the climate will decrease. In the worst case, some southern regions of the country may be prone to
desertification. In the future, based on the created series, it is planned to develop a forecast series of
dynamic maps of climate changes in Ukraine until 2100.
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