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Abstract 

Šleger V., Neuberger P., 2010. Frequency of occurrence of a certain air temperature at various sites in  
the Czech Republic. Res. Agr. Eng., 56: 127–137.

The present paper analyses the problem of calculation of the average number of hours in a year during which air tem-
perature is lower than a preselected limiting level. A method for estimating the number of hours in situations where 
only the minimum, average, and maximum daily temperature data are available has been suggested and tested. The 
work encompassed 30 sites in the Czech Republic at different altitudes and with different average temperatures, using 
weather data from the 1961–2000 period. The results are presented in the tabular form. It is shown that interdependence 
exists between the number of hours with temperatures lower than a preselected limiting level and the average yearly 
temperature at the specific site. For instance, temperatures below 15°C during a typical year at a site with an average 
yearly temperature θyr (°C) within the range of 2.8°C to 9°C can be expected (coefficient of determination 0.986) for 
a time τ (h) calculated from the quadratic equation τ = –12.992 × θyr

2  – 116.6 × θyr + 8,483.
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Climatic conditions at a site are among important 
input parameters when assessing the efficiency and 
effectiveness of an heating/cooling facility at that 
site. Air temperature data are particularly relevant 
in this context (Šleger et al. 2009).

Design climatic conditions for the Czech Republic 
can be found, e.g., in the Czech/European Standard 
ČSN EN 12831 (2005) or in the ASHRAE Handbook 
– Fundamentals (2005), summarizing data collected 
from 4,422 stations especially in the USA and Cana-
da, as well as from other countries worldwide. How-
ever, the data have been compiled based on old or 
short measuring series and do not match each other 
enough from the time and/or space aspects. Although 
not impossible, collecting new and, at the same time, 
long-run and detailed data from the Czech Hydrom-
eteorological Institute (Prague) would be a very ex-

pensive project, requiring the processing of a large 
volume of data, which are often difficult to obtain.

The present paper analyses the problem of calcu-
lation of the average number of hours in a year dur-
ing which air temperature is lower than a preselect-
ed limiting level. The work encompassed 30 sites in 
the Czech Republic at different altitudes and with 
different average temperatures, using weather data 
from the 1961–2000 period.

Material and methods

Climatic conditions at specific areas were assessed 
based on daily meteorological data over the period 
from January 1, 1961 to December 31, 2000, obtained 
from the non-governmental organization “National 
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Climate Programme for the Czech Republic” (NKP). 
The maximum, minimum, and average daily temper-
atures collected from 30 weather stations are available 
in the electronic format. The maximum and minimum 
daily air temperatures were determined by using ex-
treme thermometers. The average daily temperature 
was calculated from data measured in predetermined 
time points (at 7 a.m., at 2 p.m., and at 9 p.m.).

Weather stations performing continuous meas-
urements at fixed sites (as far as possible) were se-
lected. All of them lie within the Czech Republic 
between 48.8° and 50.8° north latitude at altitudes 
from 158 to 1,324 m.

Considering a typical temperature development 
during the day (Květoň 2001), the number of 

hours during which air temperature is lower than 
the predetermined limiting level can be estimated. 
Now, if the limiting temperature is higher than 
the maximum daily temperature, air temperature 
is lower than the limiting level for 24 h of the day, 
whereas if the limiting temperature is lower than 
the minimum daily temperature, air temperature is 
never lower than the limiting level that day.

A problem only occurs if the limiting level lies 
between the maximum and minimum daily tem-
peratures. It is suggested that the actual interde-
pendence between the number of hours with lower 
temperatures during the day τd (h) and the limiting 
temperature θlim (°C) lying within this range can be 
fitted with 4 different functions defined in Table 1, 
as shown in Fig. 1.

In 2 variants, see arc sine curve 2 and linear func-
tion 2, the number of hours with temperatures lower 
than the limiting level is calculated based on the 
minimum θmin (°C) and maximum θmax (°C) daily 
temperatures solely, whereas in the other 2 variants, 
i.e. arc sine curve 1 and linear function 1, the average 
daily temperature θavg (°C) is also taken into account 
and it is assumed that temperatures lower than the 
average level occur for 12 h during the day.

The four functions were tested on data of 2005, 
a year for which hourly air temperature data col-
lected by the weather station at the Czech Univer-
sity of Life Sciences in Prague (Czech Republic) are 
available at http://meteostanice.agrobiologie.cz.

The function with the lowest absolute and rela-
tive errors was then used to calculate the number 
of hours with temperatures lower than 55 selected 
limiting levels (from –21°C to 33°C) over the entire 

min maxavg
 0 
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24
 arc sine curve 1
 arc sine curve 2
 linear function 1
 linear function 2
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Fig. 1. Four methods for estimating the number of hours 
with temperatures lower than a predefined limiting level 
during a day

Table 1. Definition of the functions suggested

Estimate variant
Relationship validity range

θmin ≤ θlim ≤ θavg θavg < θlim  ≤ θmax

Arc sine curve 1
lim avg

avg min

–24 arcsin 12
–d

lim avg

max avg

–24 arcsin 12
–d

Arc sine curve 2 lim max min

max min

2× – –24 arcsin 12
–d

Linear function 1
lim min

avg min

–12
–d

lim avg

max avg

–
12 12

–d

Linear function 2 lim min

max min

–24
–d
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40-year period at all of the 30 weather stations. The 
least squares method was applied to fit the large 
volume of resulting data with a quadratic regres-
sion dependence of the number of hours on the av-
erage yearly temperature of the specific site. Only 
such regression functions whose coefficient of de-
termination (correlation coefficient squared) was 
higher than 0.8 were considered significant.

Results and discussion

The calculated estimates in comparison with actual 
data measured by the Prague-Suchdol, Czech Republic 
weather station in 2005 are shown in Fig. 2. Very good 
results were obtained with all the four functions used.

The true values are best fitted by the arc sine 
function passing through the minimum, aver-
age, and maximum daily temperature levels (arc 
sine curve 1). The absolute error of the estimate is 
higher than 24 h only six times among the 46 values 
(Fig. 3), i.e. at 17°C to 21°C (the relative error, how-
ever, is lower than 0.7%) and, furthermore, at 1°C, 
where this function led to the maximum absolute 
deviation of 53 h (relative error 3%).

The average absolute difference between the esti-
mate and the true value is lower than 14 h for this 
function, while the same difference for the arc sine 
function passing through the minimum and maxi-
mum levels only (arc sine curve 2) is 16.4 h, for the 
linear function passing through the minimum, av-
erage, and maximum daily temperature levels (line-

Table 3. Interdependence between the yearly number of hours with temperatures lower than the limiting level and 
the average yearly temperature

Limiting 
tempera-
ture (°C)

Quadratic regression function  
τ (h), θyr (°C)

Coefficient 
of determi-
nation (–)

Limiting 
tempera-
ture (°C)

Quadratic regression function  
τ (h), θyr (°C)

Coefficient 
of determi-
nation (–)

31 τ = –1.395×θyr
2 + 12.32×θyr + 8741 0.822 10 τ = 3.431×θyr

2 – 381.61×θyr + 7862 0.988

30 τ = –2.285×θyr
2 + 19.68×θyr + 8727 0.874   9 τ = 6.123×θyr

2 – 411.47×θyr + 7593 0.988

29 τ = –3.420×θyr
2 + 28.29×θyr + 8711 0.901   8 τ = 8.580×θyr

2 – 435.43×θyr + 7302 0.989

28 τ = –4.700×θyr
2 + 36.68×θyr + 8697 0.919   7 τ = 9.584×θyr

2 – 439.38×θyr + 6952 0.989

27 τ = –6.282×θyr
2 + 46.35×θyr + 8682 0.932   6 τ = 8.502×θyr

2 – 417.02×θyr + 6528 0.988

26 τ = –7.970×θyr
2 + 54.53×θyr + 8670 0.941   5 τ = 7.308×θyr

2 – 396.32×θyr + 6122 0.985

25 τ = –9.686×θyr
2 + 60.30×θyr + 8664 0.951   4 τ = 5.391×θyr

2 – 369.77×θyr + 5710 0.982

24 τ = –11.030×θyr
2 + 59.29×θyr + 8671 0.958   3 τ = 3.615×θyr

2 – 348.77×θyr + 5322 0.978

23 τ = –11.838×θyr
2 + 50.33×θyr + 8690 0.965   2 τ = 2.654×θyr

2 – 342.51×θyr + 4983 0.975

22 τ = –12.386×θyr
2 + 37.18×θyr + 8707 0.970   1 τ = 3.013×θyr

2 – 354.60×θyr + 4685 0.972

21 τ = –12.596×θyr
2 + 19.10×θyr + 8724 0.975   0 τ = 6.207×θyr

2 – 395.75×θyr + 4427 0.968

20 τ = –12.865×θyr
2 + 0.85×θyr + 8726 0.979 –1 τ = 11.623×θyr

2 – 445.73×θyr + 4143 0.968

19 τ = –13.094×θyr
2 – 18.11×θyr + 8709 0.982 –2 τ = 17.222·θyr

2 – 488.92×θyr + 3852 0.969

18 τ = –13.718×θyr
2 – 33.81×θyr + 8666 0.984 –3 τ = 20.253×θyr

2 – 491.77×θyr + 3461 0.972

17 τ = –14.176×θyr
2 – 52.43×θyr + 8607 0.985 –4 τ = 21.285×θyr

2 – 467.54×θyr + 3027 0.971

16 τ = –14.184×θyr
2 – 77.60×θyr + 8542 0.986 –5 τ = 20.118×θyr

2 – 416.35×θyr + 2555 0.970

15 τ = –12.992×θyr
2 – 116.60×θyr + 8483 0.986 –6 τ = 17.745×θyr

2 – 351.85×θyr + 2084 0.967

14 τ = –10.913×θyr
2 – 164.25×θyr + 8413 0.986 –7 τ = 14.440×θyr

2 – 281.17×θyr + 1646 0.959

13 τ = –7.808×θyr
2 – 220.96×θyr + 8333 0.986 –8 τ = 11.164×θyr

2 – 215.16×θyr + 1261 0.942

12 τ = –4.138×θyr
2 – 279.42×θyr + 8221 0.986 –9 τ = 8.668×θyr

2 – 164.80×θyr + 964 0.911

11 τ = –0.215×θyr
2 – 335.10×θyr + 8069 0.987 –10 τ = 6.430×θyr

2 – 121.61×θyr + 718 0.858
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lim avg

avg min

–24 arcsin 12
–d

lim avg

max avg

–24 arcsin 12
–d

(temperatures in °C) is applied.
This method was applied to calculate the data, and 

a table of average numbers of hours in a year with 
temperatures lower than 55 limiting levels (from 
–21°C to 33°C) was set up based on meteorological 
data (1961–2000) for 30 sites within the Czech Re-
public. Statistical analysis revealed that significant 
interdependence, given in Table 3, exists between 
the average number of hours (τ) in a year with tem-
peratures below the limiting level (from –10°C to 
31°C) and the average yearly temperature (θyr).

The results can be used when calculating the 
power demands of heating/cooling facilities in ag-
ricultural and other buildings at sites with average 
yearly temperatures between 2.8°C and 9°C.
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ar function 1) it is 29.9 h, and for the simples linear 
function, which only passes through the minimum 
and maximum daily temperature levels (linear 
function 2) it is 35.2 h.

At lower temperatures (in the winter season) 
the differences are mostly positive for the arc sine 
function, in other words, the calculated number 
of hours with low temperatures is higher than the 
actual value. This implies that the true energy con-
sumption for heating would be lower. The reverse 
is true of days with higher temperatures: the dif-
ferences are negative, i.e. the estimated number of 
hours is lower than the true value. Hence, the ac-
tual number of hours with temperatures lower than 
the limiting level is higher and so the actual power 
consumption for ventilation or cooling would once 
again be lower than the calculated value.

Table 2 includes the average yearly numbers of 
hours with temperatures lower than 55 limiting 
levels (from –21°C to 33°C) determined based on 
1961–2000 data at 30 sites in the Czech Republic. 
The data in the table can be used to assess the fre-
quency of occurrence of a certain air temperature 
at sites at different altitudes and with different aver-
age yearly temperatures.

Conclusion

A method for estimating the number of hours dur-
ing which air temperature is lower than a preselected 
limiting level in situations where only the minimum, 
average, and maximum daily temperature data are 
available has been suggested and tested. If the limiting 
temperature (θlim) lies between the minimum (θmin), 
and average (θavg) temperatures, the number of hours 
(τd) with temperatures lower than the limiting level 
during one day is calculated by using the equation

(all temperatures in °C). If the limiting temperature 
lies between the average and maximum (θmax) daily 
temperatures, the relationship:
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