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Abstract. The possibilities of using the basic technology of probabilistic
projecting the regional climate to obtain detailed estimates of future changes in the
applied indicators of the thermal regime on the territory of federal districts and
individual subjects of the Russian Federation are considered. Probabilistic
ensemble estimates of future changes are presented for such climatic indicators as
seasonal extremes of air temperature for a given averaging period, the sum of active
temperatures, energy consumption indices for cold and warm seasons, and other
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characteristics of intra-annual periods with air temperatures above / below
threshold values. The analysis of the observed changes in the considered indicators
of the thermal regime is carried out. It is shown that the main tendencies which are
detected by the simulation results are well manifested for most of the territory of
Russia according to the observational data in the 1961-2020.

Keywords. Climate change, regional models, probabilistic estimates, risks,
adaptation.
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 1.
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Figure 1. The median ensemble estimates of changes in indicators of the thermal regime in 2050-
2059 as compared to 1990-1999 on the territory of federal districts of the Russian Federation 

a – heating season length (NWFD); b) degree-day of the heating period (UFO); c) the duration 
of the period with negative air temperature (SFO); d) temperature of the coldest 5 days (FEFD); 
e) the number of days with air temperature crossings through 0°  (CFD); f) the number of days

with a daily minimum air temperature below -30°  (VFD); g) index of energy consumption
in the summer season (SFD); h) temperature of the hottest 5 days (NCFD)
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Figure 2. The median estimates of changes in the sum of active temperatures above +10°  in 2050-

2059 as compared to 1990-1999 on the territory of the federal districts of the Russian Federation:
NWFD (a), UFD (b), SFD (c), FEFD (d), CFD (e), VFD (e), SFD (w), NCFD (h)
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Table 1. Percentiles of the distribution of expected values   of climatic indicators
in 2050-2059 (in deviations from the "norms" of the base period)

, %
5% 25% 50% 75% 95%

 5-  (° )
-2.3 2.2 4.7 7.5 11.0
-1.6 2.0 4.9 7.0 10.6
-1.8 2.0 4.5 7.0 10.6

 5-  (° )
-1.5 0.1 1.4 3.1 5.2
-1.4 1.1 2.3 3.6 5.3
-0.3 1.6 2.7 3.9 5.6

 -30 °  ( )
-5.8 -4.5 -3.0 -1.7 0.3
-5.1 -4.9 -2.7 -1.3 0.5
-4.9 -4.7 -2.4 -1.5 0.8

 +30°  ( )
-1.2 -0.5 -0.1 1.1 5.9
-4.9 3.1 11.4 20.3 33.4
-4.4 9.6 19.7 29.7 43.5

 +30°  ( )
-3.0 -1.6 1.0 4.2 10.9
-5.7 1.8 8.1 16.6 34.3
-5.8 4.3 12.6 24.7 44.5

 ( )

-55.0 -35.5 -21.9 -11.4 3.1
-54.4 -32.3 -19.7 -9.3 5.6
-52.2 -33.4 -21.4 -8.5 6.1
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 3.  30-
(  « » ) 2050-2059 .:

)  ( ); )  ( ); ) -  ( ); )  ( )
Figure 3. Probabilities of expected temperature values   for the hottest 30 days (in deviations 

from the “norms” of the base period) 2050-2059: 
a) Kostroma (Central Federal District); b) Orenburg (Volga Federal District); c) Rostov-on-Don

(Southern Federal District); d) Stavropol (North Caucasus Federal District)

 4.  5-
 2050-2059 .  2090-2099 . ,  ( )

:  (° )  « »
Figure 4. Probability of non-exceeding the various levels by the temperature of the hottest 5 days 

in 2050-2059 and 2090-2099. Bolotnoye, Novosibirsk region (SFD)
Explanation: the levels are set in deviations (° ) from the "norms" of the base period
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Figure 5. The rate of change of energy consumption indices in the cold (a) and warm (b) seasons
according to observation data in the interval 1961-2020: a – degree-day of the heating period

(° * day/10 years); b) cold deficieny (° /10 years)
Explanation: hereinafter, the results of trend analysis using the nonparametric Mann-Kendall method 

are shown; small dots mark areas with a critical level of significance above 10%
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 6. 
 1961-2020

 – -30º  ( /10 );
–  +30º  ( /10 );
–  0º

( /10 ); –  +10º  (º /10 )
Figure 6. The rate of change in the threshold indicators of the thermal regime according to

observation data in the interval 1961-2020
a – the number of days with the daily minimum air temperature below -30°C (days/10 years);

b – the number of days with the daily maximum air temperature above +30°C (days/10 years);
c – the number of days with the intradayly 0°C crossings of the air temperature during the cold 

period (days/10 years); d – the sum of active temperatures above +10°C (°C/10 years)

 7.
 1961-2020

–  5-  (° /10 ); –
5-  (° /10 )

Figure 7. The rate of change in the indicators of the extremeness of the thermal regime according 
to observation data in the interval 1961-2020

a – temperature of the coldest 5 days (° /10 years); b – temperature of the hottest 5 days (°/10 years)
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Figure 8. The change in the frequency of exceeding the 50th (a) and 90th (b) percentiles for the 
temperature of the hottest 5 days in 1991-2020 in relation to the period 1961-1990
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