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ABSTRACT   
   

Different criteria have been considered for evaluation of storm precipitation change during the last 

several decades in respect to different geographical zones of the European territory of Russia. 
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1 INTRODUCTION    

An increase of maximum daily precipitation during storm rains has been observed recently at many 

meteorological stations around the world (Groisman et al, 2005; Ilinich 2016 et al; Zolina,2012; etc,). The 

appearance of heavy precipitation is primarily due to an increase in air temperature and increased 

pollution in the urban areas, and other causes (Groisman et al, 2005; Ilinich 2016 et al; etc.). The main 

purpose of the research is to analyze the possible criteria for assessment of change of storm precipitation 

during last decades.  

 

2      MATERIALS AND METHODS  
The object of the study is data from stations located in various natural zones: the foothills of the North 
Caucasus (Mineral Waters), the forest zone (Bryansk), the Steppe zone (Volgograd). Chronological changes 
in the maximum daily precipitation are shown in Fig. 1. 
 

  
 

Figure 1. Examples of long-time observation at different meteorological stations. 

There is a positive trend of changes at all the stations studied. However, the obtained graphs are not 
sufficient for a full assessment of changes in precipitation. Man Kendall’s numerical criterion (Mann 1945) 
has been used for estimation of storm precipitation’s trend. The procedure of estimation is based on using 
chronological series from n data. The size of differences is determined by comparing the data value from a 
later (Xi) time period to data value from an earlier (Xj) time period. The difference between them takes on 
values 1, 0, or -1. Value 1 is assigned if Xj-Xi > 0; 0 if Xj-Xi = 0; -1 if Xj-Xi < 0. The S parameter is 
calculated according to the formula 1. 
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A positive value of S parameter means that the observations have a positive trend. The following values of the 

criteria were obtained: Mineralnye Vody +255; Bryansk +205; Volgograd +429. Similar estimations were made 

for other time windows: a) 1950–2017 and b) 1960 – 2017. The following S-parameters were obtained 
correspondently a ) 129; 118; 157 and b) 188; 219; 111. 
The next criterion takes into account the quantiles of maximum daily precipitation, which is determined with 
help of Weibull formula (Dmowska el al., 2011). The obtained results are represented in figure 2. The figure 
shows that the values of the second series of observations are higher than the ones on the first, which means 
that there is an increase in storm precipitation.  
 

   
 

Fig. 2.Points of quintile values of empirical probabilistic curves  
 

 
3 RESULTS AND DISCUSSION   
All analyzed aspects allow us to conclude that there is an increase in maximum daily storm precipitation 
during the last several decades at all studied stations. It is necessary to note that the values of Man Kendall’s 
numerical criterion are very significant even such value is located within 10-20 we believe that there is a clear 
positive test. Also we have to note that almost all quantiles of maximum daily precipitation during the last 
several decades are above the quantiles of previous decades. The differences are much more significant for 

smaller probabilities (3-5%). 
 

4 CONCLUSIONS  
All the considered criteria for assessing the increase in maximum daily precipitation validate each other; 
respectively, we can conclude that they are quite objective. Since the design standards for hydraulic 
structures on small rivers, both in Russia and in many other countries, take into account the maximum daily 
precipitation, we can conclude that the reliability of all such structures from the last century has been 
decreased due to increased rainfall. Empirical dependences (fig.2) between precipitation and of their 
probability (for the last decades) can be used for projecting small hydraulic structures within 5 - 10% of 

probability. 
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