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Abstract 

The paper deals with the probabilistic analysis of the coincidence of wind and snow actions on 
structures. Yearly maxima of the ten minute mean wind speed and the ground snow loads have been 
analysed. The observation year was considered as lasting from 1 October to 30 September.  

Examples of calculations have been presented using data from one meteorological station and 44 years 
of observations. The border probability distributions have been the Gumbel ones. The combination 
factors received from calculations differ from those given in Eurocode. Results of calculations of data 
from more stations would be introduced into the Polish National Annex to Eurocode.  

1 Introduction 

Combination of wind and snow actions plays an important role in structural calculations. One action is 
usually considered as having 50 year return period. In each year, as in a reference period, probability 
of exceedance of its value is than 0.02. For two simultaneously acting loads it would be 0.0004, so the 
combinations of actions have been introduced into codes, among other also to the Eurocode (EN 
1990:2002). However, climatic actions like wind actions and snow loads depend on the geographical 
locations and they should be analysed on the base of the local meteorological measurements. The  task 
was to find such values of the wind velocity pressure and ground snow load which may be exceeded 
together, within the selected return period and only once in the chosen reference period.  

2 Main assumptions. Combinations of actions to be analysed 

The observation year was considered as lasting from 1 October to 30 September, the time interval 
called as climatological year. Four approaches may be used when analysing the coincidence of actions, 
namely the elaboration of yearly maxima of the following combinations: 

1. the ground snow loads and the yearly maxima of the ten minute mean wind speeds, both measured 
in the same years, as an envelope of the below mentioned cases, 

2. the yearly maximum ground snow loads and the daily maximum wind speeds recorded the same 
day, 

3. the yearly maximum ground snow loads and maximum wind speeds recorded one week before or 
one week after the day when the maximum snow load was recorded, 

4. the yearly maximum ten minute mean wind speeds and ground snow loads recorded at the same 
day. In many cases there were no snows when the maximum wind speeds were recorded and for 
this reason next situation was also analysed, 
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5. the yearly maximum ten minute mean wind speeds and ground snow loads recorded at the same 
day but under the condition that snow load existed.   

Calculations have been made using data from 12 meteorological stations and 44 years of observations 
(1966/1967 – 2009/2010). The border probability distributions have been the Gumbel and Weibull 
ones (Gumbel, 1958). The parameters of the Gumbel probability distribution have been estimated 
using maximum likelihood method. One example is presented here. 

3 Methods of elaboration 

If one assumes that the probability density functions of the snow loads on the ground f1(S) and wind 
speed f2(V) are known then the simultaneous probability of the wind speed V1 < V ≤ V2 and snow load 
S1 < S ≤ S2 is  
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It is important to find such values of wind speed and snow load which would be simultaneously 
exceeded in the accepted reference period. Usually it is assumed, that so called characteristic value of 
one variable, climatic action may be exceeded once in 50 years on average. In any one year the 
probability of exceedence of this value is 0.02. Other assumptions about return periods are also 
possible. 

The probability of the simultaneously exceeding of values ST and VT in the time interval T is 
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which may be written in  terms of probability distribution functions F1(S) and F2(V) 

                        ( ) ( ) ( ) ( ) ( ))1()1(, 2121 TTTT VFSFVPSPVVSSP −⋅−=⋅=>> .            (3) 

The task is to find the values ST and VT simultaneously exceeded in the accepted reference time, that is 
to find the boundary probability distributions of the wind speed and the snow load on the ground. For 
this purpose the equation (3) should be solved taking into account equation (2). 
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Putting to the equation (4) the Gumbel probability distribution of the snow load  

                                                    ( ) ( )( )( )ss USSF −−−= αexpexp1                                           (5)   

and the Gumbel probability distribution of the wind speed  

                                                    ( ) ( )( )( )vv UVVF −−−= αexpexp2                                          (6) 

one has the following equation 
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The parameters of the Gumbel probability distribution of the annual maximal wind speeds are denoted 
as αv and Uv while αs and Us are the parameters of the Gumbel distribution of maximal values of the 
snow loads on the ground. 

After modification one obtains the formula for wind speed as a function of the return period T and 
probability parameters for wind speed and snow load  
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In order to compare with snow loads this equation should be transformed from wind speed into the 
velocity pressure using simple calculations. Taking ρ = 1.25 kg/m3 and recalculating from pascals into 
kN/m2 one obtains the dependence of the velocity pressure on the ground snow loads in the same units. 

An example of calculations according to the five above mentioned approaches (in Section 2) is 
presented in the Figure 1. 
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Figure 1. Interdependence of the ground snow loads and ten minute mean wind velocity pressure at the 

meteorological station Rzeszów. Return period 50 years. Four curves are shown according to 
approaches numbered above in the section 2. 

4 Improved method of elaboration 

Approach (combination) number 4 has one disadvantage, already mentioned: there were many cases of 
zero snow loads when the maximum wind speeds were recorded. Conditional probability should be 
used in this case. Taking into account this circumstance equation (5) may be replaced by the equation 

                                                  ( ) ( ) ( )sFppsF ⋅−+= 001 1                                                     (9) 

where (1 – p0) is the frequency of snowy days when maximal yearly wind speeds are recorded,  F(s) is 
the distribution of the maximal yearly values of the snow load on the ground S > 0. 
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This approach may be more appropriate but there is still the same disadvantage: small number of data. 
Among 44 years of observations less then a half concern snow data when maximal yearly wind speeds 
were recorded. An example is presented in Figure 1 as a curve 5. 

5 Final remarks  

The method of the probabilistic analysis of the coincidence of the yearly maxima of the ground snow 
loads and ten minute mean wind velocity pressure has been presented in the paper on the base of 
meteorological data. 

In Figure 1, as an example of obtained results, three curves from five may be simplified according to 
earlier proposals (Mathieu, 1980). The curve 1, according to the first approach, may be considered as 
an envelope. Two combinations are obvious: full value of the wind velocity pressure, that is 0.24 
kN/m2 and snow load on the ground equal to 0.3 kN/m2; that is app 0.3 of its characteristic value. 

The conclusive curve is rather number 3. The wind velocity pressure may be taken as 0.04 kN/m2 
when snow load is in the full characteristic value. If the velocity pressure would be in the full 
characteristic value then snow loads may be zero. However, improved method of analysis on the base 
of conditional probability gives some value of snow load but never higher than given by the curve 1. 
The curve 4 shows that the combination of maximal wind speeds and corresponding snow loads may 
be neglected. 

Above presented results showed that the combination factors differ from those given in Eurocode (PN-
EN 1990:2002). It may be concluded that the combination factors for snow and wind loads may be 
taken as 0.3, instead of 0.5 and 0.6. Results of the elaboration of data from meteorological stations in 
Poland would be introduced into National Annex to Eurocode. Moreover, they may be used in the 
works of the new working group CEN/TC250/SC1/WG Climatic actions. One of the purposes of these 
works is the elaboration of a map of Europe with combination factors for climatic actions.  
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