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ABSTRACT 

The study includes statistical analysis of Priština meteorological station data on temperature and precipitation 

trends. The data are organized into four time series: average annual air temperatures (Ta), average maximal 

annual air temperatures (Tamax), average minimal annual air temperatures (Таmin), as well as annual 

precipitation sums (RRsum), all in the period 1949 – 1999. The Mann-Kendallʹs (MK) trend test analysis of the 

corresponding hypotheses discloses that the H0 
hypothesis should be accepted.  The general conclusion is that 

there is no trend neither in maximal, minimal, average temperatures, nor in average annual precipitation for the 

1949 – 1999 period for the central Kosovo and Metohija (K&M).  
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INTRODUCTION 

According

 to the Intergovernmental Panel on Climate 

Change (IPCC 2007) report, the global average temperature have 

risen for 0.7°C within the last 100 years. However, the global 

temperature rise is not distributed uniformly over the all of the 

Earth surface. 

The rise varies in different regions. Using data from 168 

meteorological stations across European continent, Klein Tank 

(2002) presented tendency of the European average temperature 

rise. In general, an average temperature rise in Europe is 

recorded both on annual and seasonal levels (Brázdil et al., 1996; 

Brunetti, 2004; Feidas, 2004; Brunet, 2007). 

In Serbia a trend of average temperature rise after 1975 is 

recorded too (Unkašević & Tošić, 2011). The results analysis of 

data on temperature extremes from 15 meteorological stations for 

the period 1949 – 2009 reveal that the climate in Serbia shows a 

worming tendency within last 61 years (Unkašević & Tošić, 

2013). Similar results on climate in our country were published 

recently (Ducić & Radovanović, 2005; Unkašević & Tošić, 

2009; Gavrilov et al., 2010, 2013a; Tošić et al., 2013; Hrnjak et 

al., 2013; Vukoičić et al., 2018; Milentijević et al., 2018). The 

climate in K&M was subject of several studies (Gavrilov et al., 

2018; Ivanović et al., 2017; Bačević et al., 2017) and shows a 

mild temperature rise tendency for the 1949 – 1999 period. GIS 

analysis in combination with numerical methods are very 

powerful tool for calculating and climatological properties 

(Valjarević et al., 2018). 

The focus of the study is the average annual and seasonal 

temperature and precipitation rise in Priština (central K&M) 

region for the 1949 – 1999 period. 
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MATERIAL AND METHODS 

Data 

The data from Priština meteorological station were 

organized into four time series: the average annual air 

temperatures (Ta), average maximal annual air temperatures 

(Tamax), average minimal annual air temperatures (Таmin), and 

annual precipitation sum (RRsum), all of them for the 1949 – 

1999 period. While forming the time series, we noticed that the 

data for some of the years were incomplete. Therefore, the 

completion of the data was needed in order to form the time 

series (Douglas et al., 2000). For that reason Random number 

generator function was done for the missing data. As a result, we 

obtained comprehensive time series, and could start with the data 

processing using Microsoft Office Excel 2007. One column was 

used to input data for the 1949 – 1999 period, and another to 

input the time series. Both columns are marked and, using 

Scatter function, a graph showing the temperature values is 

obtained. The graph was transformed into 2-D histograms more 

convenient for the time series analysis.  The resulting histogram 

consisted of 51 bars, the x axis was used to represent years, and 

the y axis was used to represent the measured values.  In order to 

create the trend curve, a special function should be activated in 

Excel 2007. In the Trendline options check-box we check the 

linear trend function. The Display Equation on Chart option 

helps us in obtaining the formula. Here one can arrange the trend 

line, color, size and the value units. In this way we formed four 

graphs (figure 1 – the annual precipitation sum distribution, 

figure 2 – the average maximal annual temperatures, figure 3 – 

the average minimal annual temperatures, figure 4 – the average 

annual temperatures.  
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Trend 

The temperature and precipitation trends were examined 

using three statistical analyses. The first data processing was 

used to calculate linear equations representing Priština 

meteorological station data trends. The trend was represented 

with a linear curve showing values of annual (maximal, minimal, 

average) temperatures and annual precipitation sums. The second 

statistical processing was done using XL-stat software that uses 

MK test on temperature and precipitation (Gilbert, 1987). The 

test is mostly used in environmental sciences that require 

meteorological data processing (e.g. Gavrilov et al., 2010, 2011, 

2013a, 2018; Hrnjak et al., 2013). The MK trend test is very 

convenient because it could be used for different groups of data 

(Kendall, 1938, 1975). The minimal number of time series for a 

successful test is ten. After the trend processing, the XL-stat 

software tests two hypotheses: (1) 
a

H  – there is a trend, and (2) 

0
H  – there is no trend in time series. The trend probability is 

defined through the scientific reliability level (α-0.05). In the 

third data processing, differences between the first and the last 

values of temperatures/precipitation were calculated for the 1949 

– 1999 period. These values represent the quantitative 

measure/value (Δy). 

Study area 

Priština, the capital of K&M province is located in the north 

part of Kosovo basin, on foothills of the Grmija Mountain. The 

urban core area covers 857 km², its altitude is 652 m above the 

sea level, and coordinates are: latitude 42° 65ʹ N and longitude 

21° 15ʹ E. Priština meteorological station is located near the city 

airport, in Goleš.  Its coordinates are: latitude 42° 67ʹ N and 

longitude 21° 17ʹ E, and its altitude is 573 m (Gavrilov et al., 

2018). 

 

Figure 1. Physical-geographical map of the Republic of Serbia and Kosovo and Metohia in Europe, and the position of the 

meteorological station of Prishtina, which is especially marked with red circles. 

NUMERICAL RESULTS 

The four time series were subjected to three different ways 

of statistical data processing. The corresponding equations and 

relevant values for precipitation, maximal, minimal and average 

temperatures are as follows:  

1,2,3,4.(1 )

0.645 597. 0.0738, 39., 0.45 96.7, p

RRsum

y x p y



     
 (1) 

1,2,3,4.(2 max)

0.013 23.1, 0.104, 0.292, 0.65.

Ta

y x p y



      
          (2) 

1,2,3,4.(3 min)

0.011 2.9, 0.137, 0.58.0.162,

Ta

y x p y



      
            (3) 

1,2,3,4.(4 )

0.005 10.2, 0.073, 0.471, 0.25.

Ta

y x p y



       
        (4) 

The first equation (1-Rrsum)1,2,3,4 represents the average 

precipitation sum in Priština for the 1949 – 1999 period, 1 – the 

linear equation, 2 – Kendall τ value (the range of values from  + 

1 to – 1), 3 – p - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The second 

equation 1,2,3,4(2 max)Ta  represents average maximal annual 
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temperatures in Priština for the 1949 – 1999 period, 1 – the linear 

equation, 2 – Kendall τ value (the range of values from  + 1 to – 

1), 3 – p - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The third 

equation (Tamin)1,2,3,4 represents average minimal annual 

temperatures in Priština for the 1949 – 1999 period, 1 – the linear 

equation, 2 – Kendall τ value (the range of values from  + 1 to – 

1), 3 – p  - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The fourth 

equation ( Ta)1,2,3,4 represents average annual temperatures in 

Priština for the 1949 – 1999 period, 1 – the linear equation, 2 – 

Kendall τ value (the range of values from  + 1 to – 1), 3 – p  - the 

trend probability, 4 – Δyp is the difference in values at the 

beginning and the end of the period. 

All four trends with their linear equations and magnitudes 

were obtained with the XL-stat software. There we dealt with 

(maximal, minimal, average) temperatures, as well as with 

precipitation sums. The conclusion is that the 
0

H  hypothesis 

should be accepted. It shows that there is no trend in the time 

series.  Besides, in equations (1, 2, 3, 4) we calculated the 

Kendall τ correlation value, p value and the trend magnitude 

value (Δy). 

Figures (2), (3), (4), (5) represent results of trend testing 

with the MK test with respective hypothesis assessment. Using 

these results we analyze trends for four time series. 

 

Figure 2. Annual precipitation sum distribution, the trend line and the trend equation for Priština in the 1949 – 1999 period. 

 

Figure 3. Average maximal annual temperatures, the trend line and the thrend equation for Priština in the 1949 – 1999 period. 

 

Figure 4. Average minimal annual temperatures , the trend line and the trend equation for Priština in the 1949 – 1999 period. 
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Figure 5. Average annual temperatures, the trend line, the trend equation for Priština in the 1949 – 1999 period.

 Negative trend values in the time series can be seen in the 

Figure 2, as well as in the equation 1-(RRsum)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 45.66 %. The precipitation 

difference Δyp  equals 39.96 mm. 

Positive trend values in the time series are seen in the 

Figure 3, as well as in the equation (2-Tamax)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 29.19 %. The tempreature 

difference Δy equals – 0.65 °C. 

 Positive trend values in the time series are seen in the 

Figure 4, as well as in the equation (3-Tamin)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 16.24 %. The tempreature 

difference Δy equals – 0.58 °C. 

Negative trend values in the time series are seen in the 

Figure 5, as well as in the equation (4-Ta)1,2,3,4. The hypothesis 

test will give us an answer whether this assertion is true or not. 

The calculated p value is higher than 0.05, which means that the 

null hypothesis should be accepted. The probability for its 

acceptance is 47.07 %. The tempreature difference Δy equals  

0.25 °C. 

CONCLUSION 

Priština meteorological station was a part of Serbian 

meteorological system until 1999. It started with data collecting 

in 1949. Its significance is in its location – near the K&M 

province capital.  The data used in this study was for the 1949 – 

1999 period. The data processing was organized in two phases. 

In the first one a random data interpolation took place. In the 

second phase the XL-stat statistical software was chosen, and 

using it we came to assertions on data trends for (maximal, 

minimal, average) temperatures and precipitations. The Mann-

Kendallʹs trend test was used due to its suitability for 

meteorological data processing. For the purpose of obtaining 

long term climate assessments, three statistical trends for two 

time series were done and a conclusion about Priština trend was 

drawn. Having in mind results of the MK test, we come to a 

conclusion that the 
0

H  hypothesis should be accepted. The 

general conclusion is: there is no trend neither in maximal, 

minimal, average temperatures, nor in average precipitation sums 

for the 1949 – 1999 period. 
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