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Abstract. This paper reveals an impact of the climatic loads on the sustainable operation of 

power grid facilities. An overview is provided considering various international standards related 

to the design of overhead transmission lines. The aim of the research was to analyze and compare 

the actual and design values of wind loads for transmission lines located in the Central European 

part of Russia and operated by the power grid company “Rosseti Center and Volga Region”. An 

analysis of wind load dynamics has been carried out considering the territory of 9 subjects of 

Russia and 1983-2022 timeframe. The actual climate data were computed according to the direct 

measurements of the weather stations. Nomograms of the maximum annual wind speeds are 

formed utilizing the first limiting Gumbel distribution for two climatic regions of the research 

area. The retrospective wind loads values were compared against the design values. The results 

of the study show that climate standards should be updated more frequently as it is the case 

nowadays, in particular, it relates to revision of existing wind loads or recalculation of wind 

speed correction factors for the near future. 

1. Introduction 

Impacts of the climatic factors and their changes on the reliability, stability and operability of electric 

power systems are studied for various countries: Europe [1, 2], the USA [3, 4], China [5, 6], Russia [7, 

8, 9]. The high relevance of this topic is linked to increased requirements towards energy security, 

including challenges linked with decentralization of infrastructure facilities.  Reliability of electricity 

supply in Russia is likely to be even more vulnerable as compared to other parts of the world due to a 

sufficiently large area of the country. In terms of the real situation, following the results of the autumn-

winter period 2021-2022, a national power grid operator in Russia – Public joint-stock company (PJSC) 

“Rosseti”, has reported a sharp increase in the number of dangerous weather events, observed on the 

territory the company was operating – by 30% compared to 2020-2021, and there were environmental 

factors that caused most of the outages. According to the annual reports of PJSC “Rosseti” subsidiaries 

for 2019-2021, more than 50% of accidents in the power grid occur on overhead transmission lines (next 

– OTL), meaning these objects are the most vulnerable compared to the rest, and the main causes of 

damage include the wire clashing and the trees fall due to wind gusts. 



6th International Conference on Clean Energy and Technology 2023
IOP Conf. Series: Earth and Environmental Science 1281 (2023) 012050

IOP Publishing
doi:10.1088/1755-1315/1281/1/012050

2

 
 
 
 
 
 

It is generally assumed that the reliability of power grid facilities depends, among other things, on 

the climatic load values assumed at the time of design. In the framework of a comparative analysis of 

international [10], European [11, 12], Canadian and US [13, 14] standards for the design of OTL have 

established that the main parameter to be taken into account in all regulatory documents is the factor of 

wind loads, and only then icy impacts, and extreme temperatures. Also, reference documents used for 

design are mainly based on a deterministic approach [15], in which it is necessary to periodically revise 

the boundary (maximum) values for various types of external climatic loads. 

In Russia, there are also methodological approaches that take into account the degree of climatic 

factors influences when making design calculations of OTL and its elements, which is reflected in 

regulatory documents [16, 17]. For example, as one of the main climatic factors affecting OTL and their 

elements, in accordance with PUE-7 [16], wind loads are allocated to such objects as: supports, wires 

and insulators. Also, in accordance with SP 20.13330 [17], the wind load is a combination of four 

components: the main load, peak values, resonant vortex excitation, aerodynamically unstable 

oscillations. However, for [17], it was found impossible to determine the averaging period on which 

actual standard values of wind loads were calculated and a low spatial resolution of visual assessment 

tools – climate zoning maps. 

In general, all the international documents suggest utilizing almost identical approaches to 

determining initial data and wind loads. Necessary, we should be aware that there could be some issues 

due to climate non-stationarity linked with the climate change (namely in wind loads) what could impact 

on the reliability during designing the power grid infrastructure. The aim of the study is to fulfill a 

comparative assessment considering actual and design values of wind loads for OTL on the example of 

a branch of the largest power grid company in Russia PJSC “Rosseti”. 

2. Methods and materials 

As the research area was chosen the territory of the power grid complex of PJSC “Rosseti Center and 

Volga Region”, located in the central European part of Russia and covering the following areas: Kaluga, 

Tula, Ryazan, Vladimir, Ivanovo, Nizhny Novgorod, Kirov regions, as well as the Republic of Mari El 

and Udmurtia. Map and a brief description of the research area are shown in Figure 1. 

 

Figure 1.  Spatial distribution of 

power supply disruption on the 

considered territory. Calculated 

by the authors according to 

official reports of PJSC “Rosseti 

Center and Volga region” power 

grid. 

 

In accordance with the Russian technical regulations [16, 17], the basis for zoning by wind pressure 

is the values of maximum wind speeds with a 10-minute interval of averaging speeds at a height of 10 
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m with repeatability of 1 every 25 years. Accordingly, such a repeatability of the maximum annual 

values of wind loads is equivalent to the probability of not exceeding 0.96.  We have calculated this 

value using two approaches.  The first one has relayed on the climatic zoning maps values while the 

second one used statistical information on maximum annual wind speeds based on observations data. 

To assess the dynamics of wind load variability on the considered area, the values of wind speeds 

were calculated based on statistical data published by Russian Research Institute of 

Hydrometeorological Information–World Data Centre with a 3-hour measurement interval for the period 

from 1983 to 2022 for more than 60 weather stations. To estimate the probabilities of not exceeding the 

design wind loads, an analysis was carried out which based on empirical integral probability distribution 

functions and their approximation using the first Gumbel limit distribution.  We calculated the highest 

values of maximum wind speeds averaged over a 10-minute time interval for each year of the analyzed 

statistical series. The obtained values were ranked in ascending order, and the accumulated probability 

was estimated for each year included in the time range, according to the equation (1): 

 𝐹′(𝑉) =
𝑚

𝑛+1
 (1) 

where 𝑚 – the ordinal number of the ranked series member;  𝑛 – the number of row members. 

The values of mathematical expectation 𝑉̅  and standard deviation 𝜎  were calculated for each 

statistical series. At the second stage, the limiting Gumbel distribution was used to approximate the 

accumulated probabilities of maximum values of wind speeds per year using the equation (2): 

 𝐹(𝑉) = 𝑒−𝑒
−𝛼∙(𝑉−𝛽)

 (2) 

where 𝐹(𝑉) – probability of not exceeding the maximum wind speed; 𝛼 =
𝜎𝑛

𝜎
, 𝛽 = 𝑉̅ −

𝑦𝑛̅̅ ̅̅

𝛼
– the 

distribution parameters; 𝜎𝑛 = 𝜎10 = 0.9497 and 𝑦𝑛̅̅ ̅ = 𝑦10̅̅ ̅̅ = 0.4952 – auxiliary (design) values. 

For each climatic region, retrospective values were calculated considering the maximum wind speed 

with different levels of non-excess 𝐹(𝑉𝑖) = {0.96, 0.98}, which correspond to the periods of phenomena 

repeatability, respectively, 1 time in 25 and 50 years, according to the equation (3): 

 𝑉𝑖= 𝑉̅ −
𝑦𝑛̅̅ ̅̅ +ln(− ln(𝐹(𝑉𝑖))

𝛼
 (3) 

The results of our computations were further presented as nomograms with various levels of 

phenomena repeatability based on the statistical processing results considering time-series of the 

maximum annual wind speeds distribution function. 

3. Results and discussion 

The analysis was carried out considering changes in wind load to assess an impact on OTL across the 

considered areas in accordance with the best international and Russian practices over the past 40 years 

to determine the trend direction within various ranges of wind speeds. Based on the available data from 

more than 60 weather stations located in the research area, 4-time intervals with a ten-year shift were 

formed (1983-1992; 1993-2002; 2003-2012; 2013-2022), to estimate a change in the maximum wind 

speed during each decade as compared with a previous time interval. That has allowed to establish 

changes of patterns in wind load. Table 1 contains the results on distribution of the average annual values 

of maximum (𝑉𝑀𝐴𝑋.10
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ) wind speeds according to 3-hour observations for the considered regions.  

The obtained results indicate that there is the heteroscedasticity of wind speed values has been found 

for both the considered climatic regions using the wind pressure values for each subsequent time 

interval. Namely, an increase in the standard deviation has been found for annual maximum wind speeds 

which leads to an imbalance both low and high wind speeds, and this process increases over time. 

The nomograms in the Fig. 2 demonstrate approximation of the maximum annual wind speeds 

according to the function of Gumbel distribution by equation (3) for the considered two climatic regions. 

The calculation results indicate that there has been a decrease in maximum wind speeds for any levels 

of repeatability for climatic region No. I, in terms of wind loads, since 1983, within each subsequent 
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time interval. In the case of region No. II, the reverse situation is found, namely, there is an increase in 

annual maximum wind speeds for each subsequent time interval, and this is especially noticeable for the 

phenomena repeatability 1 time in 25 and 50 years. These conclusions are consistent with the distribution 

of previously obtained in this work values of maximum wind speeds for 3-hour observations, and also 

confirm one of the main conclusions of our studies [7, 8] about an increase in the range (imbalance) of 

wind speeds for territories with high wind pressure. 

Table 1. Annual values of maximum wind speeds according to 3-hours observations on the study 

area 𝑉𝑀𝐴𝑋.10
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ , m/s 

Climate 

district 

Russian subject (part of PJSC 

“Rosseti Center and Volga region” 

Period 

1983-1992 1993-2002 2003-2012 2013-2022 

I 

Kaluga, Tula, Ryazan, Vladimir and 

Ivanovo regions, Republic of 

Udmurtia  

24.4±1.9 23.0±2.0 24.2±1.8 23,3±1.8 

II 
Nizhny Novgorod and Kirov 

regions, Republic of Mariy El 
25.2±1.9 24.7±2.1 25.4±2.4 25.3±2.6 

  

Figure 2. Graphs of Gumbel distribution functions of maximum wind speeds for I and II climatic 

districts of considered regions by wind loads. 

Table 2 shows the results of a comparative assessment regarding retrospective values of wind loads 

for OTL for PJSC “Rosseti Center and the Volga region”, in accordance with the retrospective data 

defined as weather stations observations and design values calculated according to the maps of climatic 

zoning [16] for a probability of not exceeding 96% (repeatability 1 once in 25 years). It was found that 

even initially calculated values of maximum wind speeds did not correspond [17]. For the current 

realities (2013-2022), in turn, for both climatic region No. I and region No. II, the annual maximum 

wind speeds are 13% higher than the corresponding design values. 

Table 2. Retrospective and design values of the maximum wind speed with a various probability of 

not exceeding (provision) 𝑉𝑀𝐴𝑋.10
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ , m/s 

Provision (repeatability) 96% (1 time in 25 years) 98% (1 time in 50 years) 

Period 
1983-

1992 

1993-

2002 

2003-

2012 

2013-

2022 

1983-

1992 

1993-

2002 

2003-

2012 

2013-

2022 

D
is

tr
ic

t I 
Retrospective 29.9 28.7 29.4 28.3 31.4 30.2 30.7 29.6 

Design 25 – 

II 
Retrospective 30.7 31.8 31.3 32.8 32.1 33.6 32.8 34.7 

Design 29 – 
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4. Conclusion 

Quantitative assessment considering the main causes of technological disruptions at power grid facilities 

has revealed multifaceted and nonlinear connections in the structure of empirical data related to 

disruptions and the observed weather conditions.  A number of shortcomings has been identified in the 

technical documents regulating the requirements for the OTL structural reliability that in the medium 

term may affect the reliability of projected and reconstructed power facilities.  

In conformity with results demonstrating the increase of annual maximum wind speeds with each 

subsequent decade for areas with a higher wind load, it is necessary to take into account that during the 

next decades, the actual wind exposure may exceed design standards and pose a danger to new power 

grid facilities. 

Thus, it may be recommended to update climate standards more often compared to how it is currently 

happening, to revise existing wind loads or recalculate correction factors for the wind speed based on 

retrospective data to account for the climate non-stationarity in a more accurate and timely way.  
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