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Global climate change (including temperature changes) had already observable effects
on the environment and humanity. Air temperature characteristics have been observed
at the mountain study site of Bílý Kříž (the Beskids Mts., Czech Republic) since 1989. This
paper presents an analysis of long-term (1997–2016) air temperature conditions at this
study. Comparison is made of selected long-term mean air temperature characteristics
with mean air temperature characteristics for the period 1997–2016. The results show
slightly increasing air temperature, as indicated not only by values for mean annual air
temperature but also by changes in number of extreme days (summer, tropical, ice, etc.)
and occurrence of hot period. Moreover, the length of the growth season has increase
slightly.
Keywords: annual air temperature, minimum and maximum air temperature, hot periods, ice and
freezing days, summer and tropical days, growth season

Introduction
The world has been getting warmer since the
beginning of the industrial revolution. Overall,
the global annual temperature has increased at
an average rate of 0.07 °C per decade since 1880
and an average rate of 0.17 °C per decade since
1970 according to the Annual Global Analysis for 2016 from NOAA’s National Centers for
Environmental Information. Although climatologists agree that the climate is warming, the
change in the occurrence of extreme meteorological events is still poorly understood. That is
because an investigation of such events requires
long climatic series (Guiot 2012).
Air temperature fluctuates locally and in
short periods due to predictable cyclical events
(night – day, summer – winter). Air temperature
at a specific site mainly depends on how much

energy that site receives from the Sun and how
much it emitts back into space. The amount of
energy emitted by the site depends significantly
on chemical composition of the atmosphere
(particularly on the amount of greenhouse
gases) (Preining 1992, Ramanathan and Feng
2009, Dang and Unger 2015).
Global climate change (including temperature changes) already has observable effects on
the environment and humanity. The ranges of
some plants and animals have shifted, trees are
often flowering sooner, more intense and longer heat waves are occuring, etc. (Rustad 2008,
Jeganathan et al. 2014, Croitoru et al. 2016,
Kulakowski et al. 2017, Wason et al. 2017, Vitasse et al. 2018).
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Global climate change also has increased pressure on forest ecosystems. Forest stands are
particularly sensitive to climate change, because
the long lifetime of trees does not allow for rapid
adaptation to environmental changes (Bonan
2008, Linder et al. 2010, D’Amato et al. 2011,
Nelson et al. 2016, Altman et al. 2017). Rising
temperature and increasing drought will probably be the major constraints on forest trees
growth (Crabbe et al. 2016, Mildrexler et al.
2016, Franke et al. 2017, Gustafson et al. 2017,
Madrigal-González et al. 2017).
This paper presents an analysis of long-term
(1997–2016) air temperature conditions at the
mountain study site of Bílý Kříž (the Beskids
Mts., Czech Republic).

Material and Methods
Air temperature characteristics have been observed at the mountain study site of Bílý Kříž
(the Beskids Mts., Czech Republic) since 1989.
Geographic coordinates of the study site are
49°30’ N and 18°32’ E and altitude is 890 m a.s.l..
The climatological station is a part of the experimental ecological study site of Bílý Kříž (Marková et al. 2009) which includes also a spruce
stand.
The observer recorded daily air temperature
at 07:00, 14:00 and 21:00 and daily minimum and
maximum air temperature during 1989–1996.
Mercury thermometers placed within a classical
meteorological box in an open place were used
for the measurements.
Air temperature measurements have been
automatized since 1997. A resistance sensor
(Pt1000) placed within a classical meteorological box in an open place has been used for the
measurements since that time. Air temperature
values are recorded at 30-s intervals, and 10-min
mean values of these records are automatically
stored into a data-logger.
Mean daily air temperature values were calculated for the period 1989–2016 according to the
equation:

AT = (AT7 + AT14 + 2*AT21)/4

air temperature, length of the growth season, hot
periods and number of temperature extremes
(ice, freezing, summer and tropical days and
tropical nights) were evaluated for this period.
Therms describing temperature conditions
are defined as follows:
•• length of the growth season – growth season
is obviously defined as a five consecutive
days with mean daily air temperature above
5 °C for the beginning of the growth season
and below 5°C for the end of the growth season (Chen et al. 2000, Groot and Saucie 2008,
Wu et al. 2012),
•• hot wave – daily maximum air temperature
of more than five consecutive days exceeds
the mean maximum air temperature by 5 °C
then the daily maximum air temperature
is determined for the place on the basis of
values obtained from the normal 30-years
period (according to the World Meteorological Organization),
•• hot period – the period when daily maximum air temperature of more than five
consecutive days exceeds the mean maximum air temperature by 5 °C then the daily
maximum air temperature is determined for
this study site on the basis of values obtained
from the period of 1989–2016,
•• ice day – air temperature for the whole day is
below 0 °C,
•• freezing day – daily minimum air temperature is below 0 °C,
•• summer day – daily maximum temperature
is above 25 °C,
•• tropical day – daily maximum temperature
is above 30 °C,
•• super-tropical day – daily maximum temperature is above 35 °C,

(1),

where AT – daily air temperature (°C), AT7 – air
temperature at 7:00 (°C), AT14 – air temperature
at 14:00 (°C), AT21 – air temperature at 21:00 (°C).
More detailed analysis of temperature conditions was done for the 20-year period 1997–
2016. Mean annual air temperature, mean daily

•• tropical night – daily minimum air temperature is above 20 °C,
The air temperature data obtained were statistically evaluated (using F- and t-tests, regression
analysis, and descriptive statistics).
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Results and Discussion
Mean annual air temperature was 6.3 ± 0.9 °C
at the study site of Bílý Kříž during 1997–2016
(Fig. 1). Mean annual air temperature is 5.5 ± 0.5 °C
for the region of the study site, as determined by
extrapolation of data from nearby meteorological stations for the period 1961–2000 presented
by Tolasz et al. (2007). Mean annual air temperature was higher in 1997–2016 by about 0.3 °C
compared to that determined by Tolasz et al.
(2007). This is consistent with the conclusion of
Czech Hydrometeorological Institute that the
global average air temperature has increased by
0.1 to 0.2° in ten years (http://www.infomet.cz/
index.php?id=read & idd=1490087088).
Mean maximum air temperature was 31.9 ±
2.1 °C and mean minimum air temperature was
(-17.2) ± 3.5 °C at the study site in 1997–2016
(Fig. 1). The highest maximum air temperature
was observed in 2006 (37.4 °C, a super-tropical
day) and the lowest minimum temperature was
determined in that same year (-26.1 °C).
Statistical evaluation (with significance level
α = 0.05) showed some differences in daily air
temperature values at the study site of Bílý Kříž
between individual years in the period 1997–
2016 (Tab. 1). The results show that in the past
decade daily air temperature was mostly significantly higher in comparison to earlier periods.

Warm period (April–September)
Warm period is a climatological term, but the
warm period is almost identical to growth season for plants. Growth season varies, however,

depending on latitude and altitude. It is important to analyse temperature conditions during the warm period, because these conditions
during this period affect the development and
growth of plants inasmuch as many growth processes (e.g. transpiration, respiration, onset and
duration of phenology phases) are influenced
by air temperature (Granier et al. 2000, Misson et al. 2002, Carrara et al. 2004, Schleip et al.
2009, Vitasse et al. 2009, Hadden and Grelle
2016, Mekkonen et al. 2017).
Different temperature conditions in individual years influence length of the growth season
for plants. Mean length of the growth season was
195 ± 16 days at the study site of Bílý Kříž during
1997–2016 (Fig. 2). Mean date for the beginning
of the growth season was 19 April and mean date
for the end of the growth season was 24 October
during the period 1997–2016.
Global warming is characterized by more
frequent extremity of temperature conditions
as seen in hot waves, higher number of tropical
days and nights, and the rather newly used term
super-tropical days (Guiot 2012, Elizbarashvili et al. 2017, Matcharashvili et al. 2017). The
mean number of summer days was 29 at the
study site of Bílý Kříž in the period 1997–2016
(Fig. 3A). A rising number of summer days have
been observed from 1997 to the present, but
this trend is not yet statistically significant. The
mean number of tropical days was 6 and that of
tropical nights 0.7 at the study site of Bílý Kříž
in the period 1997–2016 (Fig. 3B). Even supertropical days were recorded at the study site (in
2006). A slightly rising number of tropical days
have been observed from 1997 to the present,
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Fig. 1: Mean, minimum and maximum annual air temperature at the study site of Bílý
Kříž (the Beskids Mts.) in the period 1997–2016.
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Tab. 1: Statistical differences (significance level α = 0.05) in daily air temperature values at the study site of Bílý
Kříž (the Beskids Mts.) between individual years in the period 1997–2016.
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Fig. 2: Length of the growth season at the study site of Bílý Kříž (the Beskids Mts.) during 1997–2016
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but this trend, too, is not yet statistically significant. Tropical nights have been recorded more
frequently at the study site over the past decade.
Heat waves constitute one of the most significant climatic stressors for the environment and
humanity. There are available neither measurements of air temperature for the 1961–1990 normal period nor for the newly established 1981–
2010 normal period. Use of the new 1981–2010
normal period is recommended in the Abridged
final report with resolutions (WMO No. 1157)
(http://www.wmo.int/aemp/sites/default/files/
wmo_1157_en.pdf). So only “hot period” was
evaluated at the study site of Bílý Kříž for the
period 1997–2016. Since 1997, the number
and length of “hot periods” has been increasing
(Fig. 4). “Hot periods” occurred mainly during
summer months (June–August). Increasing
occurrence of “hot waves” has been reported
by other authors (Croitoru et al. 2016, Zampieri et al. 2016, Guerrero-Meseguer et al. 2017).
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Cold period (October–March)
Cold period also is a climatological term. Cold
period is almost the same as is the dormancy
period for plants. Thus, this period is not so
important in terms of plant development. An
analysis of the air temperature conditions in this
period can nevertheless show changes in the
temperature conditions over the long-term and
which can ultimately affect plant growth and
health condition.
Global warming is characterized by more
frequent extremity of temperature conditions
not only in the warm period but also in the cold
period (Matcharashvili et al. 2017). The annual
mean number of ice days was 59 and mean number of freezing days was 128 at the study site of
Bílý Kříž during 1997–2016 (Fig. 5). A decreasing number of ice and freezing days has been
observed from 1997 to the present. This trend
was statistically significant (correlation coefficient -0.49).
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Fig. 3: Number and trend of the number of the summer days (A) and number and trend of the number of tropical days,
number of super-tropical days and number of tropical nights (B) at the study site of Bílý Kříž (the Beskids Mts.)
in 1997–2016.
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Fig. 4: The occurrence of the “hot periods” at the study site of Bílý Kříž (the Beskids Mts.) in the warm period (April–September) during 1997–2016.
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Fig. 5: Number and trend in number of ice and freezing days at the study site of Bílý Kříž
(the Beskids Mts.) during 1997–2016.

The occurrence of “hot period” at the beginning
(October) and in the end (March) of the cold period is very interesting. Since 1997 the number
of “hot periods” has increased at the study site
of Bílý Kříž mainly in recent years (Fig. 6). Occurrence of these warmer periods can prolong
the length of the growth season. Extension of
the length of the growth season via earlier onset
of spring and later onset of autumn phenological events has been presented by a number of
authors (Chen and Xu 2012, Petrie et al. 2015,
Thompson and Paul 2017). Consequently, the
length of the growth season at middle and high
latitudes of European forest has been reported
(Crabbe et al. 2016).

Conclusions
It is evident that temperature conditions have
changed at the mountain study site of Bílý Kříž
(the Beskids Mts., Czech Republic). Differences
can be seen when comparing selected long-term
mean air temperature characteristics with mean
air temperature characteristics for the 1997–
2016 period (Tab. 2 and 3). The results show
slightly increasing air temperature indicated
not only by mean annual air temperature values
but also by changes in number of extreme days
(summer, tropical, ice, etc.) and the occurrence
of hot period

Consequently, the length of the growth season at middle and high latitudes of European forest
has been reported (Crabbe et al. 2016).
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Conclusions
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Tab. 2: Comparison of mean annual air temperature at the study site of Bílý Kříž (the Beskids Mts.) with the longterm values determined for the region.
Mean annual
air temperature (°C)
Long-term mean at the study site of Bílý Kříž in the period of 1997–2016

6.3 ± 0.9

Long-term mean in the region in the period of 1961–2000 *

5–6

Normal value in the region in the period of 1961–1990 **

5–6

Normal value in the region in the period of 1981–2010

6–7

***

* according to Tolasz et al. 2007
** according to http://portal.chmi.cz/historicka-data/pocasi/mapy-charakteristik-klimatu
*** according to http://portal.chmi.cz/historicka-data/pocasi/mapy-charakteristik-klimatu

Long-term mean
at the study site of Bílý Kříž
in the period of 1997–2016

Long-term mean
in the region
in the period of 1961–2000
according to Tolasz et al.
(2007)

Maximum air temperature (°C)

31.9 ± 2.1

28–29

Minimum air temperature (°C)

-17.2 ± 3.5

(-19)–(-20)

Length of the growth season (days)

195 ± 16

180–200

Date of the growth season begining

19. 04.

10. 04.–20. 04.

Date of the growth season end

24. 10.

20. 10.–25. 10.

Summer days (number)

29

10–20

Tropical days (number)

6

0–1

Tropical nights (number)

0.7

0–0.1

Ice days (number)

59

60–70

Freezing days (number)

128

140–160
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