
MENDELNET 2014                                      

295| P a g e  

A Trend of the Five-Year Development Temperatures computed from 
Average Monthly Temperatures in the Territory of the Czech Republic 

 
RENATA OSICKOVA, STANISLAV BARTON, VOJTECH KUMBAR 

Department of Technology and Automobile Transport  
Mendel University in Brno 
Zemedelska 1, 613 00 Brno 

CZECH REPUBLIC 
 

xosicko7@node.mendelu.cz 
 
Abstract: In this paper, its authors process and analyze values of average monthly temperatures recorded in 34 
meteorological stations since January 2003 till December 2013 that are uniformly distributed in the territory of 
the Czech Republic. At first statistical relevance of each term of the used regression function is evaluated using 
the sum of squared residuals per degree of freedom. A second function containing only significant terms is 
tested on the edge of statistical reliability equal to 99%, 95% and 90% with respect to its individual terms. The 
Fisher-Snedecor function was used to determine really important terms of the evaluated function. The Final 
function enabled computation coefficients of 7 regression functions explaining recorded data in 7 time steps of 
5 year intervals. These functions were used to determine border positions splitting areas of the Czech Republic 
into zones of local warming and cooling. Recorded data is plotted graphically and shows that this border 
oscillates over the whole territory of the Czech Republic. 
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Introduction 
Problems of global warming represent a widely 
discussed theme that is the focus of interest of the 
major part of world population, for example [2, 9]. 
Many authors publish papers that accentuate the fact 
that the process of global warming is real and quite 
inevitable while some others write that this is 
a disputable phenomenon and that the global 
warming is a mere fiction, [3, 5].  

In this paper we present a mathematical study of 
the development of diurnal temperatures in the 
territory of the Czech Republic within the period of 
the recent decade from January 2003 till December 
2013. Using a Maple application, see [6], based on 
the method of least squares, we have developed 
a regression function T(t,x,y,h), which explains the 
dependence of temperature on time, geographical 
position and height above the sea. To determine the 
significance of the regression function members that 
have been tested with a confidence interval of 90%, 
95% and 99% have been used in the Fischer-
Snedecor function (4). The resulting functions allow 
us to calculate the coefficients of the regression 
function, which is used at the end and are necessary 
for determining the motion boundary warming and 
cooling in the area of the Czech Republic. 
Calculations were made for seven five-year cycles, 

and gradually shifted by one year.  
 
Material and Methods 
Data concerning average monthly temperatures as 
recorded within the period of last ten years in 22 
selected meteorological stations are normally 
available on the Internet, [10]. As far as further 12 
stations are concerned, similarly data can be 
obtained from graphs that are available at the web 
page, [11]. 

The Czech Hydrometeorological Institute 
collects data about daily temperatures, as measured 
and recorded in a much higher number of 
meteorological stations already for a long time 
period. These data, however, can be obtained only 
on the base of payments and for that reason they are 
not available for wider public.  

Nevertheless, data recorded in available 34 
meteorological stations cover the territory of the 
Czech Republic adequately and in a satisfactory 
manner. The minimum airline distance between two 
stations is 12 km while the maximum does not 
exceed 54.7 km. Distances were recomputed from 
GPS coordinates onto XY coordinates with respect 
to [8, 12]. Data presented in this paper informs 
about an exact geographical location of the station, 
about its altitude and also about average monthly air 



MENDELNET 2014                                      

296| P a g e  

temperatures. Temporary data is expressed as yearly 
fractions and the time t = 0 corresponds with the 1st 
January 2003. In case that partial data about the 
temperature is excluded or missing, the temperature 

is rewritten by -99 °C. Stations with incomplete data 
are highlighted in red, stations in Group 1, or in 
blue, Group 2. Data from Group 2 is reconstructed 
from graphs.  
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The first step is to determine the statistical 
significance of each member of the regression 
function (1), where k = 2, using the sum of squared 

residues on one degree of freedom – SQR1 with 
a precision of 15 significant digits, (2).  

  
pN

ThyxtF
SQR

N

i iiiii




  1

2

1

,,,
, (2)

where N = number of measurements, t = time, 
[x,y,h] = spatial coordinates, p = number of function 
parameters F, F = seeking regression function, Ti = 
measured temperature. It turned out, not all 
members of the function (1) leads to a reduction in 

the sum squared residuals at one degree of freedom. 
Therefore, the resulting function (3) contains only 
members that meet this condition. In addition, each 
member in the list was sorted according to their 
importance.
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The accuracy of calculation was then verified 
with a precision of 36 digits in force according to 
another algorithm, see [4]. All computations were 
done in the programme Maple, [6]. Both 
calculations differed only within the selected 
numerical precision, which means that their relative 
difference was of the order of 1013%. The 
coefficient of linear correlation for each station for 
the entire period 2003-2013 ranges from 0.961 to 
0.975, average correlation coefficient of linear 

spatial temperature distribution in the Czech 
Republic is 0.931. This means that the regression 
function can be considered as satisfactory. 

Fischer-Snedecor function, see [13, 7], F(z), (4), 
is used for testing and determining the significance 
of members of the regression function with more 
coefficients compared to simpler regression 
function. Level of the uncertainty is .
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This feature, with accuracy 1-, tells us how to 
change the statistical significance of the function, if 
we add more function members. More complex 
functions is statistically significant if it satisfies the 

condition (5). Selection of the most suitable model 
is performed on the basis of a test which is based on 
the inequality (5), see tables XVIII 4a-4c in [1]. 
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Results and Discussion  

 
Determining individual members of regression 
function 
For each member of the regression function (1) 
containing 20 members is calculated the sum of 
squared residuals per 1 degree of freedom, further 
shorten as SQR1, see [14]. Selected is the value 
where SQR1 is the lowest. This selected member is 
searched from the remaining 19 members, another 
member such that SQR1 for two members was the 
lowest. It is being continued for each subsequent 

member by this manner until they are exhausted all 
the members or SQR1 begins to rise. In this way, 
we find that members 2xt, y, sin(kt), yt2, t, t2 are 
meaningless. Graph showing SQR1 as a function of 
the number of members is shown below, (see 
Fig. 1). From this graph it is clear that with the 
increasing number of sum of squared residuals on 1 
degree of freedom to the 15th member decreases. 
Graph showing SQR1 for two consecutive functions 
that differ from each other about member is for 5th 
to 15th member shown below, (see Fig. 2). 

Fig. 1 SQR1 as a function of count of operands of F3 

 

Fig. 2 SQR1(n) - SQR1(n-1) as a function of count of operands of F3 

 
Test to determine whether a more complex model 
(multivariable) better than the simpler model is done 
with respect to the equation (5). The more complex 
function is omitted if F > F1-(p2-p1, n-p2).The 

count of operands of functions that correspond to 
the reliability of α = 90%, α = 95% and α = 99%, 
(see Fig. 3). 
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Fig. 3 Value of the q, (5), as a function of the count of operands of the function F3 

 
Periodic components sin(kt) and cos(kt) are 

removed of these functions appropriate to the 
individual reliability. Then a derivation function by 
time is done, see (6).  

 

f99=10.93199-0.00586 h-0.00038 y t-0.00222 x
(6)f95=10.93199-0.00586 h-0.00038 y t-0.00222 x-0.00001 h t2 

f90=10.93199-0.00586 h-0.00038 y t-0.00222 x-0.00001 h t2+0.00014 h t . 
 

These derivatives are set equal to zero, see (7). 
Furthermore, the coordinates y are calculated and 

the exact position of 3 boundary for a 5-year 
intervals are found. 

ft99=-0.00038 y
(7)ft95=-0.00038 y-0.00003 h t 

ft90=-0.00038 y-0.00003 h t+0.00014 h . 
 

The functions corresponding reliability α = 99% 
passes through the center of gravity of the Czech 
Republic. This fact shows the graph in Fig 4 –
positions on the map of the Czech Republic and 
Fig. 5 showing average y position of the boundaries 
in 7 five years intervals.  

From the calculations above it is clear that 
members of the 9 explain 99% of the data, the 
members of the 13 explain 95% of the data and the 
members of the 14 explain 90% of the data. The 

boundary, 95% and 99% reliability are plotted on 
the graph, (see Fig. 4). 

In our case, we work with 95% reliability, for 
which the corresponding function contains 14 
members. This reliability is designed for more 
complex models. The boundaries, corresponding to 
99%, is stable and passes through the center of 
gravity of the Czech Republic. The functions 
corresponding 99% reliability, contains 9 members 
and it is independent on time.  
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Fig. 4 Average cooling/warming border position of 5 year intervals in the Czech Republic for 1- = 95% 

Fig. 5 Y coordinate of average cooling/warming border of 5 year intervals as a function of time 1- = 95% 
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Conclusion 
In area of the Czech Republic there is a border 
between areas where warming and cooling are 
occurring. If we use a simpler function, then 
a position of this boundary has coordinates y = 0 
(the border passes through the center of gravity of 
the Czech Republic) and is not dependent on time. 
This feature is able to explain 99% of the measured 
data.  
 From the properties of the more complex 
function, it follows that the position of the boundary 
is moved over the whole area of the Czech 
Republic, (see Fig. 4 and Fig. 5).  
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