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past 30 years [50, 51]. For both time horizons, this
effect is more uniform in space when the scenario used
for calculations is harder. The reliability of this
decrease was confirmed by an additional series of cal-
culations for the ensemble containing all available
models, for which this effect is more pronounced than
in the optimized ensemble.

For the European part of the country, this quanti-
tatively means a decrease in the average annual wind
speed to 5% in the medium term (by 2050) and to 10%
in the long term (by 2090). The dynamics of wind
potential in the south of the European part of the
country and in the area south of the Urals is more
favorable, especially when using more realistic scenar-
ios: even a slight increase in wind speed (within 4%)
can be expected by 2050 with a small (up to 2%)
decrease in the south of the European part.

In subarctic regions, the tendency towards a change
in average wind speed appears earlier and manifests
itself more strongly, ranging from –6 to –2% by 2050
and up to –10% by 2090, which means a decrease in
wind potential to 10 and 15%, respectively.

Another area of stable changes in wind speed,
which is found in the ensemble calculations, is more
favorable: for all the considered scenarios and both
model ensembles in Primorskiy Kray in the coming
decades, a steady increase in the average wind speed
compared to the current level can be expected. In all
likelihood, this effect is associated with the weakening
of the Siberian High observed since the late 1970s and
intensification of cyclonic activity over the Pacific
Ocean. An increase in wind potential in Russian Pri-
morskiy Kray, combined with a significant increase in
biological productivity and hydro potential in the
south of East Siberia [52], means that conditions for
the development of renewable energy will significantly
improve in the south of the Far East. It seems that the
climate change provides local energy systems with
additional opportunities for changing the vector of the
development by diversifying the energy balance and
developing distributed energy.

It should be noted that the results obtained in this
study for European countries (see Figs. 2, 3), espe-
cially in the medium term, are in some contradiction
with the data of works [19, 53], which predict a decrease

Fig. 2. Relative change in the near-surface wind speed in 2045–2054 compared to 2007–2016 for the different climatic scenarios.
Black and white dots indicate the location of existing and planned wind farms, respectively. (a) RCP2.6 and GEPL; (b) RCP4.5. 
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 climaru::show_stations(st_ids = st_in_wind_commiss_area,  
                                          x_range = ru_lat, y_range = ru_long)
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Support of the long-term development plans with 
climate research is still quite limited

Fields of study
• Space heating efficiency

• Reliability and risks of power supply

• Renewables integration into regional power 

systems and the national power market

• Need for uncertainty assessment when utilising 
climate archives 


• Automation of observations records processing: 
climaru & meteoclean packages 

• Pragmatic approach towards the climate change 
scenarios
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• Iterative process towards the climate-energy 
problem formulation


• Utilisation of analytical methods and theoretical 
tools

*The model was implemented with oemof Krien U., Schönfeldt P., Launer 
J., Hilpert S., Kaldemeyer C., Pleßmann G. oemof.solph—A model 
generator for linear and mixed-integer linear optimisation of energy 
systems / Software Impacts 6 (2020) 100028
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Figure 1. National plans on renewables development  

Figure 3. Projection of the relative change in the 
near-surface wind speed, %: 2050 vs 2010

Figure 2. Example of the R-interface to processing 
the Roshydromet observation records

Figure 5. Operation of the Middle Volga power 
system with wind power included*

Figure 4. Sensitivity of the condensing power plants 
to the cooling water temperature
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