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SUMMARY 

Manifestations of climate change are recorded both over the territory of Ukraine in general 
and in specific regions, including Volyn region. Climate standard norms have changed from 
those of 30 years ago (1961–1990). Over the last 15 years an increase in the average annual 
temperature is observed both in the southern and the northern part of the region. In the 
conditions of the current state of the climate, indicators of the amount of precipitation per 
year for cold and warm periods fluctuate in time and differ from the standard climate norm 
within 10-15%. Some redistribution between seasons and uneven fallout over time is 
recorded. 

The changes that occurred due to the increase in air temperature and the distribution of 
precipitation during the period of observation led to changes in the average annual flow and 
the seasonal redistribution of the flow of the rivers Pripet, Turia, Stokhid, Styr, Western 
Bug, which form the basis of the water resources of the Volyn region. In general, an increase 
in air temperature and a decrease in the amount of precipitation led to a decrease in the 
humidity of the territory and, as a result, a decrease in the water content of the rivers. 
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Introduction 
 
The problem of climate change is one of the global and long-term challenges of the 21st century and 
a priority of both the international and domestic agendas. It is worth noting first of all that climate 
change manifests itself in changes in such meteorological parameters as temperature and air 
humidity, precipitation, wind speed, cloudiness, etc. Their indicators today significantly deviate from 
statistical averages for 1961–1990. A review of current publications on climate change confirms that 
Ukraine, like other European countries, is also undergoing these changes which will only intensify in 
the future. 
 
The most important sign of climate change is the average annual air temperature which has increased 
by more than 2°C since the beginning of the 20th century in Ukraine, including by 1.2°C over the 
past 30 years. Thus, in recent years, the share of such extreme weather phenomena as the recurrence 
of days with maximum temperatures above 35 and 40°C in summer has increased, which leads to the 
increase in droughts, the number and duration of hot periods, the frequency of heavy downpours and 
the intensity of thunderstorms, hail, squalls, floods, early frosts, the frequency of maximum wind 
speeds, etc. This, in turn, increases risks for the health of the population, water and forest resources, 
sustainable functioning of the energy infrastructure and agriculture. It is worth noting that under 
further climate changes, the conditions of natural moisture supply will deteriorate which will 
negatively affect the hydrological regime of water bodies, in particular small rivers, and there will be 
a further decrease in usable surface and underground water resources. 
 
The trend is already observed that climate changes significantly affect the hydrological regime of 
rivers. These conclusions were reached by such Ukrainian scientists as V. I. Vishnevskyi, 
V. O. Balabukh, E. D. Hopchenko, V. V. Grebin, B. V. Kindyuk, N. S. Loboda, O. I. Lukyanets, 
Obodovskyi O.G., Snizhko S.I. etc. (Bolbot, Grebin, 2019; Loboda, et al., 2014 ; Melnyk et al., 
2011). 
 
The period from the end of the 20th century to today is the warmest in the entire history of 
meteorological observations in Ukraine. For instance, a significant decrease in the volume of annual 
river flow in comparison with the indicators of the last century is recorded, as the water level in the 
rivers of Ukraine during the summer period has been lower than the norm for several years. A rise in 
temperature and a change in the moisture regime according to a negative forecast can lead to further 
transformation of the river flow, deterioration of the ecological quality of water and, accordingly, to 
problems of water supply and availability of water resources in certain regions. This situation will 
progress. According to integral calculations, the amount of available water resources in our country 
may decrease by three times over the next 15-20 years (Snizhko et al., 2021; Climate of Ukraine,  
2022;  Loboda et al., 2014). 
 
Method and Theory 
 
Manifestations of climate change are recorded both over the territory of Ukraine in general and in 
specific regions, including Volyn region. Climate standard norms have changed significantly from 
those of 30 years ago (1961–1990). To determine the 2006–2020 dynamics of such meteorological 
parameters as air temperature and precipitation which affect the water regime of rivers and the 
formation of the chemical composition of water, the materials of the Department of Synoptic 
Meteorology and Hydrology of the Volyn Regional Center for Hydrometeorology obtained on 6 
representative weather stations (WS) of the Volyn region were analyzed. 
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Examples 
 
Analysis of these data during the observation period showed that the average long-term temperature 
was 9ºC which is 1.8ºC above the climate norm (7.2ºC) (Table 1). Average annual temperature 
during this period was the highest in 2019 at 10.0ºC–10.4ºC, and the lowest in 2006 at 7.7ºC–8.2ºC.  
 

 

Table 1 Average annual temperature during this period 2006-2020 (WS) of the Volyn region 
(Volyn Regional Center for Hydrometeorology, 2022) 
 

Year 

Average annual air temperatures at WS, °С 

WS 
Lyubeshiv 

WS 
Svityaz 

WS 
Kovel 

WS 
Manevychi 

WS 
Lutsk 

WS 
Volodymyr-
Volynskyi 

2006 8.0 8.2 8.1 7.7 7.9 8.0 
2007 9.0 9.2 9.1 8.8 9.0 9.2 
2008 9.1 9.4 9.2 8.8 9.2 9.3 
2009 8.2 8.5 8.4 8.0 8.5 8.5 
2010 8.0 8.1 8.1 7.8 8.2 8.1 
2011 8.6 8.7 8.7 8.3 8.6 8.6 
2012 8.2 8.4 8.4 8.0 8.3 8.3 
2013 8.7 8.7 8.8 8.5 8.7 8.7 
2014 9.0 9.3 9.2 9.0 9.3 9.3 
2015 9.7 9.9 9.9 9.6 9.9 9.8 
2016 9.0 9.1 9.1 9.0 9.3 9.1 
2017 8.9 9.0 9.0 8.8 9.1 8.9 
2018 9.2 9.6 9.4 9.2 9.6 9.4 
2019 10.0 10.4 10.1 10.0 10.3 10.2 
2020 9.9 10.1 10.0 9.9 10.2 9.9 

 
The highest average annual temperature was recorded at WS Svityaz in 2019, and the lowest at WS 
Manevychi in 2006. So, over the last 15 years in the 21st century, an increase in the average annual 
temperature is observed both in the southern (WS Lutsk, WS Volodymyr-Volynskyi) and the 
northern part of the region (WS Lyubeshiv, WS Svityaz). 
 
The thermal regime is also characterized by extreme temperatures, the minimum and maximum 
annual temperature. Analysis of the data showed that the values of both minimum and maximum 
annual temperature throughout the region also increased. For instance, the lowest values of the 
minimum annual temperature range from –29ºC in 2006, 2010, 2012 to –22ºC in 2009, 2014, 2017. 
A decrease in the values of the minimum annual temperature from (–14; –16ºC) to (–18; –20ºC) was 
recorded in 2019, 2007-2008, 2011, 2013, 2015, 2018. The highest minimum annual temperature (–
8.3ºC) was recorded in 2020 which indicates a decrease in minimum temperature and warming 
winter (Snizhko et al., 2021; Climate of Ukraine, 2022). 
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The highest possible temperature is expressed by the absolute maximum. The maximum annual 
temperature of 37º C was recorded in 2012, 2015, 2017, 2019 at the Kovel and Svityaz weather 
stations. Therefore, an increase in maximum annual temperatures during the observed period was 
also recorded. The temperature amplitude (the difference between the highest absolute maximum and 
the lowest minimum) was 40ºC in 2020 which indicates a decrease in the continental type of the 
climate in the Volyn region. 
 
The amounts of precipitation for the cold and warm periods and for the year as a whole were also 
analyzed in the research. The distribution of precipitation shows that the largest amount of 
precipitation during the studied period was observed in the eastern part of the Volyn region (WS 
Manevychi) and averaged 732 mm per year. A somewhat smaller amount of 676 mm was recorded 
in the northeastern part (WS Lyubeshiv). 
 
Approximately the same amount of precipitation fell during the studied years in the northwestern, 
central, and southwestern parts of the region. Average long-term values at Svityaz, Kovel, and 
Volodymyr-Volynskyi stations were 643 mm, 657 mm, and 659 mm, respectively. The lowest 
amount of precipitation on average per year during the studied period was observed in the 
southeastern part of the Volyn region, at 627 mm according to the data of WS Lutsk. The small 
difference between the indicators is explained by the fact that nearly the entire region lies in the 
temperate climate zone and occupies a relatively small area which does not allow the latitudinal 
zoning to be fully manifested. Only the southern part of Volyn belonging to the forest-steppe zone is 
characterized by a decrease in annual precipitation. 
 
The analysis of the precipitation dynamics showed that the lowest amount of 477 and 506 mm, was 
recorded in 2015 and 2019 at WS Lyubeshiv, Svityaz. In some years, the amount of precipitation 
exceeded the climate norm (600-685 mm) by 1.2 times. The amount of precipitation in the winter 
months has increased slightly by 1.3-1.6 times compared to the climate norm for WS Lutsk in 2013 
and 2018. On the contrary, the amount of precipitation at WS Svityaz and WS Kovel decreased in 
some years by 1.7-1.4 times. In the warm period of the year, there was also an increase in the amount 
of precipitation by 1.4-1.5 times at WS Svityaz, Kovel, and Lutsk. It was in the summer that there 
were more frequent cases when half a month's or a month's norm of precipitation fell in a few hours. 
 
A trend towards the absence of stable snow cover was observed in recent years. Its average height 
over the past 15 years was 6.5 cm. The maximum was 15.3 cm in 2010, and the minimum in 2016 
was only 1.6 cm. The average duration of the frost-free period in the air reaches 200 days, and 
sometimes more. 
 
Thus, in the conditions of the current state of the climate, indicators of the amount of precipitation 
per year for cold and warm periods fluctuate in time and differ from the standard climate norm 
within 10-15%. Some redistribution between seasons and uneven fallout over time is recorded. 
A thorough analysis of data on the Pripet River and its tributaries detects a trend of simultaneous 
growth of average annual water flow from 4.05 to 12.8 m3/c in 2012-2020 and an increase in the 
amount of precipitation. A similar situation is characteristic of other rivers of the region. Average 
annual water flow decreased the most to 5.01−5.07 m3/s in 2015-2017, the years with the lowest 
precipitation in the river basins relative to the climate norm. During this period, minimums in water 
flow of the rivers of the region were recorded which had not been observed before, as well as a 
decrease in the area of wetlands in river basins. Changes were also observed in the seasonal 
distribution of river flow in the region which is characterized by the Eastern European type with a 
high spring flood, a summer low with intermittent heavy rains, a low winter high, and increased 
autumn flow. An abnormally low for Polissia summer threshold was observed in 2015-2016. 
The changes that occurred due to the increase in air temperature and the distribution of precipitation 
during the period of observation led to changes in the average annual flow and the seasonal 
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redistribution of the flow of the rivers Pripet, Turia, Stokhid, Styr, Western Bug, which form the 
basis of the water resources of the Volyn region. In general, an increase in air temperature and a 
decrease in the amount of precipitation led to a decrease in the humidity of the territory and, as a 
result, a decrease in the water content of the rivers. 
 
Conclusions 
 
Thus, the analysis of the dynamics of long-term indicators of the climate features in Volyn showed 
that in recent decades a change occurred in the characteristics of the seasons, to mild and gloomy 
winter, with frequent thaws and little precipitation, and hot dry summer. As a result of prolonged 
winter thaws, the snow cover sometimes completely melts, the surface of the soil thaws as the 
temperature rises to 10-14°C. The annual amount of precipitation secreased alightly. This leads to 
some redistribution of the the sesonal runoff, when the spring flood becomes less pronounced and 
extended in time, with no peak flows. Rainfall in the summer does not contribute to the accumulation 
of water reserves, but only to a short-term rise in water levels in rivers. Not infrequently in summer, 
the values of the minimum and maximum river flows practically do not differ, which indicates the 
impact of climate change on the water regime of rivers. 
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