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Abstract. Nowadays, the problem of climate change receives a wide resonance throughout the 

world. According to meteorological observations in Bashkortostan over the past 30 years, annual 

precipitation has increased. The occurrence of natural hazards is directly related to climate 

change, the number of which has been steadily increasing in recent years. If in the period from 

1998 till 2005, their number in Bashkiria ranged from 5 to 11, then in 2010 it was recordedas 37, 

and as 34 in 2016. In this article, the object of study is the Republic of Bashkortostan, its territory 

is 142,947 km². Available data consists of annual time series of precipitation for 34 stations, they 

were analyzed to identify potential trends and their significance. As a first step, precipitation data 

was checked to assess the quality of the data, to find potential points of change in the time series. 

For this purpose, parametric (The Student’s t -test) and non-parametric (Pettitt’s test) statistical 

criteria were applied. Then, a statistical test was used to determine the significance of linear 

trends (the Mann-Kendall trend test and the Sen’s test). Thus, the main purposes of the article 

are to detect points of change, as well as, to check, with a help of parametric and non-parametric 

tests, annual trends for precipitation data. 

1. Introduction 

Nowadays, the problem of climate change is receiving a wide resonance throughout the world. This is 

confirmed in the articles of many authors [1-4]. Moreover, climate change in recent decades has been 

called unprecedented. Actually, the analysis of regular meteorological measurement data impartially 

confirms the increase of average global air temperature over the past century. According to the 

Hydrometeorological Center of Russia, the growth rate of average annual air temperature in Russia is 

2.5 times higher than the growth rate of global temperature. Significant changes have occurred in 

precipitation. In general, on the territory of Russia, in the period 1976–2016, annual rainfall is growing 

by 2.1% in every 10 years. Spring precipitations are especially fast growing, 5.9% growth per 10 years 

(in Eastern Siberia it is up to 15–20% per 10 years). Some decrease in annual sums was noted in most 

of the European territory of Russia, in the Southern Urals, and in the Volga Federal District [5]. 

According to meteorological observations in Bashkortostan over the past 30 years, annual 

precipitation has increased. With an average level for the region of 499 millimeters per year, over the 

last decade it was 502 mm. Several researches prove this [6, 7]. The occurrence of natural hazards is 
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directly related to climate change, the number of which has been steadily increasing in recent years. If 

in the period from 1998 to 2005, their number in Bashkortostan ranged from 5 to 11, in 2010 it was 

noted 37, and in 2016 - 34 [8]. According to the IPCC, higher temperatures and increase in precipitation 

can raise the frequency of fires [9].  

The most important indicators of climate are air temperature and rainfall [10]. 

In this article, the object of research is the Republic of Bashkortostan, its area is 142,947 km². 

Available data consists of annual time series of precipitation for the 34 stations, analyzed to identify 

potential trends and their significance. 

As a first step, precipitation data was checked to assess the quality of the data, to find potential points 

of change in the time series. For this purpose, parametric (The Student’s t -test) and non-parametric 

(Pettitt’s test) statistical criteria were applied. Subsequently, a statistical test was used to determine the 

significance of linear trends (the Mann-Kendall trend test and the Sen’s test). These tests were widely 

used in different countries, such as Italy, Iraq, China, India etc. Their effectiveness has been proven by 

many authors [11-16]. 
Thus, the main objectives of the article are to detect points of change, as well as to check, using 

parametric and non-parametric tests, trends on an annual basis for precipitation data. 

2. Materials and methods 

There are 34 weather stations in the Republic of Bashkortostan, Russia.Bashkortostan belongs to a 

temperate climate zone with an Atlantic-continental climate. The climate is rather humid, the winter is 

moderately severe, the summer is warm. Thus, the average annual air temperature in the central and 

southwestern regions of the republic is +2, + 3°, and in the mountainous and northeastern regions 0, + 

1°, respectively. The average temperature of the warmest month of July is 17-19°, in mountainous areas 

is 16°, the absolute maximum in the territory of the republic is 38-41°. The average temperature of the 

coldest month of January is -14, -16°, the absolute minimum is -50, -52°. In some cold years there are 

severe frosts for a long time. For example, in January 1969 during 21-23 days the minimum temperature 

was below -30°, within 12-15 days of them below -35°, within 3-8 days below -40°. The summer heat 

is increasing due to the neighborhood in the south of the republic witharid steppe territories of Orenburg 

and Chelyabinsk regions, as well as in Kazakhstan. Most of the precipitation (40-60%) falls during 3 

summer months. Average annual rainfall is 400-550 mm, in mountainous areas 500-600 mm. 

Summertime is more typical for thunderstorms. The diversity of the climate is greatly affected by the 

relief. Ridges of the Ural Mountains, which stretched from north to south,create a sharp difference in 

the climatic conditions on the western and eastern hillsides. [5] 

Annual precipitation data were collected from the Bashkir Territorial Administration for 

Hydrometeorology and Environmental Monitoring (BashHMC) and from the All-Russian Research 

Institute of Hydrometeorological Information - the World Data Center (ARSRIHMI-WDC). The 

database includes annual records at 34 meteorological stations in the Republic of Bashkortostan from 

1936 to 2009. 
In order to detect change points, we used two tests: the parametric The Student’s t –test [17, 18] and 

the non-parametric Pettitt’s test [19]. The non-parametric Mann-Kendall trend test [20-23] and The 

Sen’s test [24, 25] were used to detect the linear trend in time. 

3.Change point detection methodology 

As a preliminary step in any homogeneity analysis, it is very useful to make a schedule of time series in 

linear scale (Figure 1). A visual inspection of the site(territory) may reveal the presence of noticeable 

changes in the time series, which can be further investigated by statistical procedures. So, in some 

stations (for example, Askino) we immediately detect the presence of missing data. Failure in data 

collection and, thus, missed data have mainly occurred during the period 1940–1950, that is the period 

of the Second World War and immediately after it. Even if the missing data are not related to 

heterogeneity, there may be points of change during this period. 
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Figure 1. Graphs of time series in a linear scale as seen in the example of Akyar and Askino stations. 

A series of homogeneous climate data is defined as a series in which changes are caused only by 

changes in weather and climate [26]. Climate factors do not really affect on most of the long-term 

climate series: changes in instruments, station locations, station environments, etc. They make climate 

data unrepresentative of temporal climate variability. Heterogeneities lead either to sharp discontinuities 

or to a gradual bias in the data, which can be detected using statistical tests. Actually, a large number of 

approaches have been proposed to detect change points, and when we use them to the same series, they 

can actually lead to conflicting conclusions due to different climatic elements relating to the time series 

under research [27]. For this reason, it would be advisable to apply a number of methods to detect points 

of change and compare. [28] 

In order to detect change points, we used two tests: the parametric Student’s t –test [17, 18] and the 

non-parametric Pettitt’s test [19].  

3.1 Results of the detection of change pointsanalysis 

The parametric Student’s t –test and the non-parametric Pettitt’stestwere applied to detect 

discontinuities in the data set on long-term annual precipitation at 34 stations of the Republic of 

Bashkortostan from 1936 to 2009. For each meteorological station and for each test, the corresponding 

results are shown in Figure 2, for the significance level α = 5%. 

From the article, it can be seen that the various approaches applied to long-term annual precipitation 

data show different results. Letus pretendthat time series can be defined as non-uniform if two tests 

indicate this. Further, only homogeneous precipitation time series will be analyzed additionally to 

identify trends. The Student’s t –test indicates that a change point has been detected in all time series, 

but the probability of its occurrence is very small (p = 0.0001). Based on this, we will assume that the 

time series in which Pettitt’s test indicates a positive result are homogeneous. In this way, we can see, 

that at 16 meteorological stations, time series are non-uniform. Accordingly, they are excluded from the 

following trend detection analysis. 

4 Trend Analysis 

Trendin meteorological variables in the series of observations during the period under consideration 

[29]. We tested 18 meteorological stations, in which time series are homogeneous, to detect a linear 

trend in time. For this, the non-parametric Mann-Kendall trend test [20-23] and The Sen’s test [24, 25] 

were used.  

4.1 Results of trend detection analysis 

The tests, which we discussed above, were applied to detect a linear trend from precipitation data of 

18 meteorological stations in the Republic of Bashkortostan for the period from 1936 to 2009, in which 

the time series are homogeneous. Whereashalf of the time series turned out to be heterogeneous, it is 

difficult to talk about the general picture of changes in precipitation in the Republic of Bashkortostan. 

But in most cases, Sen's slope is positive, which indicates an increase in annual precipitation amounts. 
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4 among 18 meteorological stations have a negative trend, but it is not significant. For illustrative 

purposes, a map was made (Figure 2). Based on the map data, made on the basis of the results of the 

Mann-Kendall test and the Sen test, it can be seen that most stations have a positive trend. The maximum 

positive trend was found at the Dyurtyuli meteorological station. 

 

Figure 2. Map of average annual precipitation decrease (negative trend,green scale) or increase (positive 

trend, blue scale) inmillimeters per year. 

5. Conclusion 

The main purpose of this research was to analyze the time series of precipitation, to identify potential 

trends and assess their significance over the wide (about 142,947 km²) territory of the Republic of 

Bashkortostan and over a long time interval (1936-2009). To this purpose, climate data on precipitation 

were preliminarily checked for data uniformity using parametric The Student’s t –test and non-

parametric Pettitt’s test. It was found, that the time series of 16 meteorological stations are 

heterogeneous. Later on, only homogeneous time series (18 meteorological stations) were tested for 

trend detection on an annual scale, affected using non-parametric tests: the Mann Kendall test and the 

Sen test. According to the study, it was found that on an annual scale, the study area is experiencing a 

positive trend, even though in the eastern part, minor negative trends were observed. 

The growth of precipitation represents a serious threat to the Republic of Bashkortostan, this leads 

to an increase in the probability of emergencies. An increased wind, a sharp drop of air temperature, and 

a thunderstorm accompany precipitation, thus greatly complicating the situation. They may cause injury 

and death. 
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