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SUMMARY           

The assessment of climate change was made for 5 socio-economical and geographical regions 
of Ukraine till 2100 on the base of climate scenarios from the FP7-funded IMPRESSIONS 
project. The climate projections constitute a set of seven GCM-RCMs coupled climate 
simulations with 0.5◦ resolution under RCP 4.5 and RCP 8.5 forcing by 2100. These 
GCM/RCM projections were selected to cover the range of projected temperature’s increases 
in Europe and in Ukraine, which vary according to the RCP forcing as well as to model. The 
climate simulations were obtained from the CORDEX database (for territory of Ukraine used 
bias-corrected climatic data from 400 grid points with resolution 50×50 km). These seven 
climate projections were combined into three sets of low, intermediate, and high-end scenarios. 
Low-end and high-end scenario show sufficient increasing of air temperature for all regions of 
Ukraine for the next periods of simulation: middle future (2041–2070) and far future (2071–
2100). Increasing of the temperature is expected for both periods after low-end scenario on 1,8 
-1,9ºC, after intermediate scenario on 2,3-3,4ºC and after high-end scenario on 2,8-4,9ºC. 
Changes in the average annual precipitation during XXI century estimate as not sufficient 
(increasing on 0,5-6%). 
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Introduction 
 
The current climate of Ukraine is characterized by asymmetric warming (more significant in the north 
than in the south), pronounced in the winter and summer months. The most important meteorological 
parameters that determine the climatic and agroclimatic resources of each territory are air temperature 
and precipitation. In this regard, it is important to estimate next possible changes of climatic 
parameters by the end of the 21st century. 
 
Method 
 
The assessment of climate change was made in Ukraine till 2100 on the base of climate scenarios 
from the FP7-funded IMPRESSIONS project (Impacts and Risks from High-End Scenarios: 
Strategies for Innovative Solutions) at the Taras Shevchenko National University, the Department of 
Meteorology and Climatology in frame of collaboration with Potsdam Institute for Climate Impact 
Research (PIK) (Didovets at al., 2017). The climate projections constitute a set of seven GCM-RCMs 
coupled climate simulations with 0.5◦ resolution under RCP 4.5 and RCP 8.5 forcing by 2100. These 
GCM/RCM projections were selected to cover the range of projected temperature’s increases in 
Europe and in Ukraine, which vary according to the RCP forcing as well as to model. The climate 
simulations were obtained from the CORDEX database (for territory of Ukraine used climatic data 
from 400 grid points with resolution 50×50 km) and bias-corrected in the IMPRESSIONS project to 
the WFDEI dataset. These seven climate projections were combined in IMPRESSIONS into three sets 
of low, intermediate, and high-end scenarios. The high-end scenarios include three projections under 
RCP 8.5: HadGEM2-ES/RCA4, CanESM2/CanRCM4, and IPSL-CM5A-MR/WRF. The intermediate 
scenarios include the GFDL-ESM2M/RCA4 scenario under RCP 8.5 and the HadGEM2-ES/RCA4 
scenario under RCP 4.5. The low-end scenarios include two projections under RCP 4.5: GFDL-
ESM2M/RCA4 and MPI-ESM-LR/CCLM. To estimate climate change induced signals of changes in 
temperature and precipitation, the period from 1981 to 2010 was taken as a reference period 
(corresponding to the bias-correction period), and the future period was subdivided into three time 
slices: near future, 2011–2040; middle future, 2041–2070; and far future, 2071–2100—simulations 
for which were later compared to those in the reference period. 
 
Estimation of regional changes in air temperature 
 
The Assessment of expected changes in temperature and precipitation was made for 5 socio-
economical and geographical regions of Ukraine: west, north, central, east, south). Figure 1 presents 
the expected change in air temperature in the five regions of Ukraine obtained with set of low-end, 
intermediate and high-end scenarios. All projections demonstrate an increase in average annual 
temperature from the near future to the end of the XXI century. In the reference period (1981-2010) 
the average annual temperature across the territory of Ukraine was from 8° (north) to 10°C (south). In 
the end of the century, there expects increase in the average regional annual temperature by different 
scenario on 2-5°C. The average regional temperature values will reach 10° (north) and 15°C (south).  
Expected changes in the air temperature during XXI century across different regions of Ukraine is 
presented in the Table 1. An Increase in the air temperature in the near future (2011–2040) in the low-
end scenario in comparison with the reference period (1981-2010) in all regions estimates from 10,6 
(south) to 13,8% (west) (Figure 2). These changes are not sufficient and comparable with natural 
long-term oscillation of temperature. In the middle future (2041–2070), these changes are become 
more evident: from 18,1% in the south to 22,6% in the north. In the far future (2071–2100), average 
annual temperatures will increase on 19,9% in south and on 23,9% in north and in west by 
comparison with the reference period. 
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Figure 1 Expected air temperature changes in the five regions of Ukraine from the near future to the 
end of the XXI century calculated under RCP scenario 

 
An increasing in the air temperature in the near future (2011–2040) by high-end scenario in 
comparison with the reference period (1981-2010) in all regions estimates from 14,8% (south) to 
17,7% (north) % (Figure 3). In the middle future (2041–2070), these changes are become more 
sufficient: from 31,4% in the south to 35,8% in the north. In the far future (2071–2100), average 
annual temperatures will increase by 49,9% in south and on 56,6% in north by comparison with the 
reference period.  
To estimate climate change induced signals of changes in the precipitations under RCP scenario, the 
period from 1981 to 2010 was taken as a reference period, and the future period was subdivided into 
three time slices: near future, 2011–2040; middle future, 2041–2070; and far future, 2071–2100 —
simulations for which were later compared to those in the reference period 
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Table 1 Expected changes (increasing in ºC) in the average annual air temperature during XXI 
century across different regions of Ukraine 

Regions of Ukraine Near future, 
2011–2040 

Middle future 
2041-2070 

Far future 
2071-2100 

Low-end scenario 

West region 1,1 1,8 1,9 

North region 1,1 1,8 1,9 

Central region 1,1 1,8 1,9 

East region 1,0 1,8 1,9 

South region 1,0 1,8 2,0 

Intermediate scenario 

West region 1,2 2,3 3,2 

North region 1,2 2,3 3,2 

Central region 1,2 2,3 3,2 

East region 1,2 2,4 3,3 

South region 1,3 2,4 3,4 

High-end scenario 

West region 1,3 2,8 4,5 

North region 1,4 2,9 4,5 

Central region 1,4 2,9 4,6 

East region 1,4 3,0 4,7 

South region 1,4 3,1 4,9 

 

 
Figure 2 Increasing of the average regional annual air temperature in Ukraine by low-end scenario       
 

 
Figure 3 Increasing of the average regional annual air temperature in Ukraine by high-end scenario 
 
Very similar estimates were obtained earlier by the research team from Ukrainian 
hydrometeorological institute (Krakovskaya at al., 2013) using SRES scenario from the IPCC Third 
Assessment Report (TAR), published in 2001 and climate projection from the EU project 
“ENSEMBLES”. They report that until the end of the XXIth century average temperature increases 
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over the entire territory of Ukraine in relation to 2001-2010 for scenario B1 from 0.7 to 3.0°C with an 
average value of 2.0 ± 0.8°C, for scenario A1B from 2.4 to 4.2 ° C with an average value of 3.1 ± 
0.7°C and for scenario A2 from 2.6 to 4.6°С with an average value of 3.8 ± 0.8°С.    
 
Estimation of regional changes in the precipitation 
 
The assessment of expected changes in the precipitation was made using the same methods as in case 
of temperature for main river basins of Ukraine only for intermediate scenario (Figure 4). 

 
Figure 4 Expected changes in the average annual precipitation (mm) within the territory of the main 
river basins of Ukraine for intermediate RCP scenario  
 
Changes in the average annual precipitation during XXI century by intermediate scenario by 
comparison with the reference period (1981-2010) in all river basins are not sufficient (increasing on 
0,5-6%).Calculations for previous generation of climatic scenario (SRES scenario) showed that the 
smallest changes in precipitation are predicted for scenario B1: except for the middle century, when a 
decrease of -0.3% is predicted, and in all other decades a slight increase in precipitation is predicted to 
2.3% with a final value of 1.8 ± 5.1% (VI National Communication of Ukraine on Climate Change 
(2017).  
 
Conclusions 
 
Low-end and high-end scenario show sufficient increasing of air temperature for all regions of 
Ukraine for the next periods of simulation: middle future (2041–2070) and far future (2071–2100). 
Increasing of the temperature is expected for both periods after low-end scenario on 1,8 -1,9ºC, after 
intermediate scenario on 2,3-3,4ºC and after high-end scenario on 2,8-4,9ºC. Changes in the average 
annual precipitation during XXI century estimate as not sufficient (increasing on 0,5-6%). 
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