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Abstract

MUZIKOVA, B., VLCEK, V.,, STREDA, T.: Tendencies of climatic extremes occurrence in different Moravian
regions and landscape types. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 5, pp. 169-178

In this study present frequency of several characteristic days as tropical, summer, arctic, frost and ice
days and also length of heat waves was compared with modelled future occurrence of these climate
extreme indices. Climate-diagrams were used for drought hazard assessment. The main objective of
our research was to detect possible changes of frequency of the extreme events toward future. Data
from four localities in the Czech Republic (Moravia) were chosen for the evaluation. Each locality
represents different climatic, landscape and settlement conditions. Localities are represented by the
closest grid points. Future trend was modelled for scenario data (scenario A1B) by regional model
ALADIN-Climate/CZ in the Czech Hydrometeorological Institute. The results showed obvious rising
tendency of tropical and summer days frequency on all localities, especially in lowland regions. Very
strong decreasing trend seemed to be in occurrence of arctic days, which might be very scarce in the
future. Frost days and ice days should also decrease. Increase in number of days in heat wave was
considerable. Climate-diagrams showed possible rising drought hazard for all localities towards

future periods.

characteristic days, climatic extremes, ALADIN

Extreme climatic events can have serious impact
on environment and society. Analyses of observed
temperature in many regions of the world have
already shown some important changes in the
extremes occurrence. The extreme climatic events
are mainly associated with precipitation and
temperature.

Global airtemperature hasincreased by an average
of 0.74 °C (IPCC 4th Assessment Report 2007)
in last hundred years. Generally, the global daily
minimum and maximum air temperature values
(Tmin and Tmax) increase, though the minima
increase three times faster (Kejna et al., 2009). The
negative consequences of possible climate change
are rather connected with changes in variability and
occurrence of extreme events than with changes in
average temperature characteristics.

The research of tendencies of several climatic
extreme indices has been realized in many
countries all over the world. A study of the long-

term changes of various climatic extremes was made
jointly by a number of European countries. It was
found that the changes in maximum and minimum
temperatures follow the corresponding well-
documented mean temperature changes. Minimum
temperatures, however, have increased slightly
more than maximum temperatures, although both
have increased. As a result, the study confirmed that
the diurnal temperature range has mostly decreased
during the present century in Northern and Central
Europe. Frost has become less frequent (Heino et al.,
1999).

Not only changes in average or minimum and
maximum air temperature are suitable to study
changes of climatic conditions. Characteristic days
(tropical, summer, ice, frost and arctic days) are also
very useful indices.

A research focused on such temperature
characteristics was also done in Canada. Vincent and
Mekis (2006) studied trends and variations in several
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indices of daily and extreme temperature (frost days,
cold days, cold nights, summer days, warm days,
warm nights) and precipitation in Canada for the
periods 1950-2003 and 1900-2003, respectively.

Trends temperature extremes for South America
during 1960-2000 are presented by Vincent et al.
(2005). The results showed changes in temperature
extremes in South America. Significant trends were
observed in the indices based on daily minimum
temperatures. The percentage of cold nights is
decreasing while the percentage of warm nights is
increasing, and these changes are more pronounced
during the summer (DJF) and fall (MAM). The
night time warming corresponds to a significant
decrease in the diurnal temperature range over
the continent. The results generally agree with
what has been observed in many other parts of the
world. The near global analysis by Frich et al. (2002)
has indicated an increase in the frequency of warm
nights, a decrease in the extreme temperature range,
and also a decrease in the number of frost days.
Frost days is not a representative index for South
America since the temperature remains above
0°C almost everywhere with the exception of the
stations located in the high mountains of Ecuador,
Peru, and Bolivia, and for those stations located
in the southern part of Argentina and Chile. The
results from the Caribbean region have indicated
that the frequency of warm nights and warm days
has significantly increased since the late 1950s while
it seems that in South America only the warm nights
have increased.

Temperature and precipitation extremes were
studied also in many Asian countries. Changes in
indices of climate extremes in central and south
Asia were studied by Klein Tank et al. (2006). At
70 per cent of the stations, statistically significant
increases in the percentage of warm nights/days and
decreases in the percentage of cold nights/days were
observed for the period 1961-2000.

In the conditions of Czech Republic temperature
extremity was evaluated by Pokladnikova et al.
(2008). Three stations in south Moravia in elevation
about 200m a.s.l. Every month of the period 1961-
2007 was included to defined category of extremity
(extraordinary above normal, very above normal,
above normal, normal, below normal, very below
normal and extraordinary below normal). As
extraordinary above normal 79 months, as very
above normal 115 moths, as above normal 175
were classified. As extraordinary below normal
32 months, as very below normal 86 and as below
normal 129 were classified. Periods of 1961-1970
and 1971-1980 contains more cold months than last
two periods (with prevails warm month).

Hot weather and changes in precipitation already
express themselves in various sectors and regions,
for example in agriculture. Very undesirable effect
of climate extremes is drought. Drought events
may occur in case of long-term lack of precipitation
coinciding with hot weather. Analysis of several
temperature and precipitation indices and their

changes in the second half of the 20th century in
Hungary with emphasis on agriculture was done
by Pongrdcz et al. (2006). Their results showed
that regional intensity and frequency of extreme
precipitation increased, while the total precipitation
decreased in the region and the mean climate
became drier.

Recently a few episodes of heat waves have
been observed in European countries, especially
in Mediterranean region. Some of them were
connected with hundreds of human death cases
(from hyperthermia and heart failure). Severe
heat waves have caused catastrophic crop failures.
Anyway they mean stress for humans, animals and
plants.

The research of heat waves duration has been
done mainly in urban areas, especially in big
agglomeration. In Czech Republic occurrence
of heat waves and tropical days was evaluated by
StFedova et al. (2010) and Kysely (2003).

Most of the research has been done for the
present and past. Modelling the tendencies of
climatic extremes is quite rare, but definitely not
uninteresting and unimportant because of the
management planning in various economy sectors.

The uncertainty of future climate change trends
arises from the ignorance of future development
of emissions and greenhouse gases concentration
(and also aerosols that have cooling effect). That
is why the models work with emission scenarios
with a wide range - from low to high emissions.
Four main groups of emission scenarios of possible
development of society and climate till the end of
21t century were established within the frame of the
Intergovernmental Panel on Climate Change.

Al Scenario is a group of scenarios that describes
the world with a very fast economy growth and
new technologies development. A1B is a subgroup
which was used in this paper. This scenario
represents a state with balance in use of all fuels
(fossil and other fuels).

MATERIALS AND METHODS

Chosen localities

For the evaluation four localities were chosen.
Each locality represents different type of landscape
or settlement and is located in different climatic
conditions. Every locality is also represented by
one grid point (see map — Fig. 1), that is closest to
the chosen municipality. The point Velky Tynec
represents suburban climate, it is a suburb of
Olomouc. The point in ZaroSice cadastre represents
agricultural type of landscape. Next point Staré
Mésto pod Sn&znikem is a representative of
mountain region. The last point Valtice represents
fluvial landscape and the area of interest is called
Lednice-Valtice.

According to Agroclimatic regionalization
(Kurpelovd et al., 1975) ZaroSice belongs to
warm macroregion, sufficiently warm region,
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1: Map with marked chosen localities (source: CHMU)

predominantly xeric subregion and district of
relatively mild winter. Tt is situated in elevation
193 m above see level.

Staré Mésto pod Snéznikem belongs to cold
macroregion, slightly cold region, wet subregion
and district of cold winter. Elevation of the point is
650m above see level.

Lednice-Valtice belongs to warm macroregion,
predominantly warm region, predominantly xeric
subregion and district of relatively mild winter. The
elevation of the pointis 197ma.s. l.

Velky Tynec belongs to warm macroregion,
predominantly warm region, slightly xeric
subregion and district of relatively mild winter. The
pointis located in elevation 258 ma. s. 1.

Applied emission scenarios

CHMI scenarios outputs (by Stépanek et al., 2008)
were evaluated for future trend analyzes. The data
were created by regional climatic model ALADIN-
Climate/CZ integration in frame of CECILIA (7th
FP) international project. The project was aimed to
central Europe climatic conditions simulation by
ALADIN-Climate/CZ regional climatic model with
10km spatial resolution. Two thirty years’ period
(2021-2050 and 2071-2100) were simulated under
emission scenarios A1B (according to TPPC). The
regional model was driven by a global circulation
model GCM ARPEGE-Climate.

Used data

The Czech Republic area contains 789 grid points.
Model data correction based on validation, it means
technical data series of 10km grid and model results
comparison, was realized before analysis itself. The
validation period was 1961-1990. Scenarios data
for the periods 2021-2050 and 2071-2100 were
corrected by Déqué method. The method is based
on meteorological element correction by individual

percentiles of two databases comparison. The model
results are fully compatible with observed (directly
measured) data after this correction. The grid data
creation and all data processing including further
climate analyses were worked up by ProClimDB
software (St&€panek, 2007).

Analysed characteristics

Climate-diagrams  provide  very  object
conception of monthly average air temperature and
precipitation of a locality. They picture a course
of these climatic characteristics for future normal
periods 2021-2050 and 2071-2100 in comparison
with the normal 1961-1990. They can refer to danger
of drought in a locality. Tf the curve of temperature
falls below the curve of precipitation, it poses a risk
of drought.

Number of tropical days, summer days,
ice days, frost days and arctic days are also
important climatic indicators. Tropical day is
a day when maximum air temperature is 30 °C or
higher. Summer day is a day when maximum air
temperature is 25 °C or higher. Ice day is a day when
maximal air temperature is lower than 0 °C. Frost
day is a day when minimal air temperature is lower
than 0 °C. Arctic day is a day, when maximal air
temperature is -10 °C or lower.

Very actual mainly for urban and suburban areas
is the heat waves occurrence. Heat wave is defined
as a different long episode of extremely hot weather.
Meteorological dictionary (Sobisek et al, 1992)
defines the heat wave as more days lasting period of
summer heat during which the daily maximum air
temperatures reaching 30 °C or more.

In Central Europe an existence of a heat wave
is conditioned by advection of tropical air above
the land or intensive radiological heating of polar
air continuing above overheating land in the
anticyclone area.
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RESULTS AND DISCUSSION
Characteristic days

Arctic days

In the first evaluated period 1961-1990 the
annual average number of arctic days varies from
0.5 in Lednice-Valtice to 0.9 in Staré Mésto pod
Sné&znikem. In the second period average number
of arctic days varies from 0.2 (Lednice-Valtice) to 0.4
(Staré Mé&sto pod Snéznikem). Further decline up to
value 0 days occurred in the third evaluated normal
2071-2100. Arctic days were registered at no locality

except Staré Mésto pod Sné&znikem (0.1 days) - see
Fig. 2.
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2: Number of arctic days on all localities in chosen periods

Icedays

Annual average number of ice days forall localities
was 33.8 days in the first evaluated normal. On
single localities it varies from 26.2 days in Lednice-
Valtice to 48.6 days in Staré Mé&sto pod Snéznikem.
In the second period 2021-2050 the average values
decrease up to 17.2 days (difference 9 days compared
to the previous period) in Lednice-Valtice or 34 days
in Staré Mé&sto pod Sn&znikem (difference 14.6
days). Average decrease 8 days more was registred in
the third normal (6.5 days fewer in Lednice-Valtice
and 12.1 days fewer in Staré Mé&sto pod Snéznikem
compared with the previous period) - see Fig. 3.
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3: Number of ice days an all localities in chosen periods

Frost days

Annual average number of frost days in the
first period on all chosen localities varied from
98.9 days in Lednice-Valtice to 136.4 days in Staré
Mésto pod Snéznikem. There is a decrease to 74.5
days in Lednice-Valtice and 1113 days in Staré
Mésto pod Snéznikem in the second period (2021-
2050). Average number of these days is 87.1 days
for all localities (decrease 25 days compared with
the previous period). Further decrease occurs in
the third period (2071-2100); average value for
all localities is 66.9 days (20.2 days fewer than in
previous period). In Staré Mésto pod Snéznikem the
average value is 18.8 days lower and in Velky Tynec
22.1 days lower compared with the second period -

see Fig. 4.
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4: Number of frost days on all localities in chosen periods

Summer days

Annual average number of summer days in the
first period (1961-1990) varies from 18.5 days in
Staré Mé&sto pod Snéznikem to 57 in Lednice-Valtice.
Average value for all localities is 42.4 summer days
per year in that period. The number of these days
increases in the second evaluated period (2021-
2050); in Lednice-Valtice 73.3 days and in Staré
Mésto pod Snéznikem 36.4 summer days occur. In
this period the average number of summer days is
60.3 for all chosen localities. Average value further
increases and in the third period (2071-2100) the
average number is 86.7 days (26.4 days more than
in the previous period). The smallest increase is
in locality Staré Mé&sto pod Snéznikem, compared
with the second period there is increase 22.8 days
(average value 59.2 days per year). Highest values are
registred in Zarogice (98.4 days, 28.4 more than in
the second period) and especially in Lednice-Valtice
(101 days, almost 30 days more compared with the
previous period) - see Fig. 5.

Tropical days
Annual average number of tropical days varies
from 0.8 day in Staré Mé&sto pod Snéznikem to 11
days in Lednice-Valtice in the first evaluated period.
Average number of these days for all localities is 6.7
days in the period 1961-1990. In the second normal
period (2021-2050) the average value increases, the
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5: Number of summer days on all localities in chosen periods

least in Staré Mé&sto pod Sné&znikem (2 days more)
and the most in Lednice-Valtice (7.9 days more),
where the average number of these days is 18.9.
The increase was determined in the third period
(2071-2100) as well, even more marked. On locality
Zarosice the increase is the most obvious - 25.1 days
more compared to previous period. The average
value of these days in the third period is 11.7 days
more in Staré Mésto pod Snéznikem and in Lednice-
Valtice 24.5 days more than in previous modelled
period - see Fig. 6.
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6: Number of tropical days on all localities in chosen periods

Heat wave duration

In the first period the number of days of an average
heat wave is 5.5 days for all localities (it varies from 3
days in Staré Mé&sto to 7.7 days in Lednice-Valtice).
The average value increases in the second period
(2021-2050) and it amounts to values from 5 days in
Staré Mésto pod Snéznikem to 21.4 days in Lednice-
Valtice (13.7 days more than in previous period). The
average duration of heat wave days in this period
is 10 days longer than in the first one. In the third
period (2071-2100) the increase of average value
continues and it varies from 12 days in Staré Mé&sto
pod Snéznikem to 37.3 days in Lednice-Valtice that
means 7 and almost 16 days more than in previous
period. The most intensive increase was determined
on locality Velky Tynec - 16.4 days. Compared
with the period 1961-1990 the increase on chosen
localities is quadruple or even almost sextuple - see
Fig. 7.
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7: Number of days in heat wave on all localities in chosen periods

Climate-diagrams

Diagrams present climatic conditions on chosen
localities. They picture course of average monthly
air temperature and precipitation for future normal
periods 2021-2050 and 2071-2100 in comparison
with the normal 1961-1990.

Locality Lednice-Valtice is relatively endangered
by drought already in the present, but the number
of months, when the curve of temperature falls
below the other curve, increases (especially in the
future period 2071-2100) or the danger appears also
in spring not only in summer. There is also obvious
increase of average monthly temperatures and
precipitation sums in some months in the future.

Locality Zarogice is situated almost in the same
clevation as the locality Lednice-Valtice but it is
not so endangered by drought in the present (see
Fig. 11). In the future tendency to drought appears
in spring (April) and the difference between the
curve of temperature and precipitation increases.
The most months liable to drought are pictured in
the third period and the temperature curve does not
fall below zero value in any month in that period.

Velky Tynec does not seem to be endangered by
drought in any part of the year in the present it.
Modelled future periods show another situation.
First in August the temperature curve falls below
precipitation curve (period 2021-2050, sce Fig. 15)
and then in the third period drought endangers
this region three months in vegetation period (see
Fig. 16).

Staré Mésto pod Snéznikem represents
mountain region where drought is rare because of
sufficiency of rainfall and lower temperatures. The
amount of precipitation and slightly also average
temperatures increases in the future period and
the two curves become closer than in the present
time. Shape of the precipitation curve changes and
the maximum value is reached in May in the third
period in contrast to other previous periods (see
Fig. 17-19). This tendency appears on all localities.

Trends toward fewer days with low extremes have
been observed in many countries and confirmed
by several studies (Karl et al, 1996; Jones et al,
1999; Heino et al., 1999; Zhai et al., 1999; Plummer
et al, 1999). Overall, the findings have suggested
a significant decrease in the number of days with
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extreme cold temperatures, an increase in the
number of days with extreme warm temperatures.
Decrease in the number of frost days was registered
over Australia, China, northern and central Europe,
New Zealand, and the United States (Easterling et
al., 2000). Vincent and Mekis (2006) confirmed the
occurrence of fewer cold nights, cold days and frost
days, and conversely more warm nights, warm days
and summer days across Canada for 1950-2003. The
trends in Canada indicated 8.0 fewer frost days and
6.0 more summer days during the past 54 years.

CONCLUSIONS

Climate-diagrams picture a course of average
monthly air temperature and precipitation for
future normal periods 2021-2050 and 2071-2100
in comparison with the normal 1961-1990. They
can refer to danger of drought in a locality. Locality
Lednice-Valtice is relatively endangered by drought
already in the present, but the number of months,
when the curve of temperature falls below the other
curve, increases (especially in the future period
2071-2100) or the danger appears also in spring
not only in summer. There is also obvious increase
of average monthly temperatures and precipitation
sums in some months in the future.

Locality Zarogice is situated almost in the
same elevation as Lednice-Valtice but it is not so
endangered by drought in the present. In the future
tendency to drought appears in spring (April) and
the difference between the curve of temperature
and precipitation increases. The most months liable
to drought are pictured in the third period and the
temperature curve does not fall below zero value in
any month in that period.

Velky Tynec is located in the central Moravia in
elevation 258 m above see level. In the present it does
not seem to be endandered by drought in any part
of the year. Modelled future periods show another
situation. First in August (period 2021-2050) the
temperature curve falls below precipitation curve
and then in the third period drought endangeres
this region three months in vegetation period.

Staré Mésto pod Sn&znikem represents mountain
region where drought is rare because of sufficiency
of rainfall and lower temperatures. The amount of
precipitation and slightly also average temperatures
increases in the future period and the two curves
become closer than in the present time. Shape of
the precipitation curve changes and the maximum
value is reached in May in the third period in
contrast to other previous periods. This tendency
appears on all localities.

The analysis of typical days occurrence showed
decrease of number of arctic days (by up to 0.8), ice
days (by up to 27) and frost days (by up to 45) in the
second and third evaluated period for all localities.
Number of summer and tropical days and days in
heat wave has increasing tendency by up to 43, 33
and 30 days.

This study confirmed decrease of “colder days”
and increase of “warmer days” toward future.
Climate-diagrams show increasing drought hazard
in the Czech Republic in the perspective, mainly in
the lowland regions.

The modelling of trends toward future decades
enables to think about possible preventive
measurement in economy sectors to make the
human society less vulnerable and to face the
extremes more prepared.

SUMMARY

The main objective of our research was to detect possible changes of the extreme events (tropical,
summer, arctic, frostandice daysand heatwaves) frequency toward future. Climate-diagramswere used
for drought hazard assessment. Data from four localities in the Czech Republic (Moravia) were chosen
for the evaluation. Each locality represents different climatic, landscape and settlement conditions.
Localities are represented by the closest grid points. Future trend was modelled for scenario data
(scenario A1B) by regional model ALADIN-Climate/CZ in the Czech Hydrometeorological Institute.
Locality Lednice-Valtice is relatively endangered by drought in the present and the danger might
increase in the future and not only in summer. There is an increase of average monthly temperatures
and precipitation sums in some months in the future. Locality Zarogice is situated almost in the same
elevation as Lednice-Valtice but it is not so threatened by drought. In the modelled future tendency
to drought appears in spring and in summer. Velky Tynec is located in elevation 258 m. In the present
it does not seem to be endangered by drought in any part of the year. In the period 2071-2100
drought might endanger this region three months in vegetation period. Staré Mésto pod Snéznikem
represents mountain region where drought is rare. The amount of precipitation and slightly also
average temperatures increases in the future period and the two curves become closer than in the
present time. Shape of the precipitation curve changes and the maximum value is reached in May
in the third period in contrast to other previous periods. This tendency appears on all localities.
According to modelled data the average number of arctic days might decrease toward future. For the
third evaluated normal 2071-2100 arctic days were registered only on mountain locality. Average
number of ice days should also decrease but not so dramatically. There is also a decrease of frost days
frequency toward future. Number of summer days should increase. Average number of tropical days
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should increase very significantly. Compared with the period 1961-1990 the length of an average heat
wave on chosen localities in period 2071-2100 is quadruple or even almost sextuple.

This study confirmed decrease of “colder days” and increase of “warmer days” toward future. Climate-
diagrams show increasing drought hazard in the Czech Republic in the perspective, mainly in the
lowland regions.

The average number of arctic days varies from 0.5 to 0.9 days in the first period and from 0.2 to 0.4
in the second period. Average number of ice days on single localities varies from 26.2 to 48.6. In the
second period the average values decrease up to 17.2 and 34 days respectively. Average decrease 8 days
more was registered in the third period.

Average annual number of frost days in the first period on all chosen localities varied from 98.9 to
136.4 days and decreases to 74.5 and 111.3 days respectively in the second period. Further decrease
occurs in the third period; average value for all localities is 66.9 days (20.2 days fewer than in previous
period). Number of summer days in the first period varies from 18.5 to 57 days. The number of these
days increases in the second period; varies from 73.3 to 36.4 summer days. Average value further
increases and in the third period the average number is 86.7 days (26.4 days more than in the previous
period). Highest values were registered in Zarogice (98.4 days, 28.4 more than in the second period)
and especially in Lednice-Valtice (101 days, almost 30 days more compared with the previous period).
Average number of tropical days varies from 0.8 to 11 days in the first evaluated period and increases
in the second period and the average number of these days is 18.9. The increase was determined in the
third period as well, even more marked. Heat wave duration varies from 3 to 7.7 days in the first period.
It increases in the second period and it amounts to values from 5 to 21.4 days. In the third period the
increase of average value continues and it varies from 12 days to 37.3.

Acknowledgement

This article was supported by the project: Ministry of Education, Youth and Sports No. 2B06101 “The
optimization of both agricultural and river landscape in the Czech Republic with an emphasis on the

biodiversity process”.

REFERENCES

EASTERLING, D. R. et al.,, 1997: Maximum and
minimum temperature trends for the globe.
Science, 277,364-367.

FRICH, P, ALEXANDER, L. V,, DELLA-MARTA, P,
GLEASON, B., HAYLOCK, M., KLEIN TANK, A.
M. G., PETERSON, T., 2002: Observed coherent
changes in climatic extremes during 2nd half of
the 20th century, Clim. Res., 19, 193-212.

HEINO, R., BRAZDIL, R. FQRLAND, E.,
TUOMENVIRTA, H., ALEXANDERSSON, H.,,
BENISTON, M., PFISTER, C., REBETEZ, M.,
ROSENHAGEN, G., ROSNER, S., WIBIG, ],
1999: Progress in the study of climatic extremes in
northern and central Europe. Climatic Change, 42,
151-181.

IPCC 4th Assessment Report, 2007, accessible from:
http://www.ipcc.ch.

JONES, P. D.,, HORTON, E. B., FOLLAND, C. K.,
HULME, M., PARKER, D. E.,, BASNETT, T. A,
1999: The use of indices to identify changes in
climatic extremes. Climatic Change, 42, 131-149.

KARL, T. R., EASTERLING, D. R., QUAYLE, R. G,,
1996: Indices of climate change for the United
States. Bull. Amer. Meteor. Soc., 77, 279-292.

KEJNA, M., ARAZNY, A., MASZEWSKI, R.,
PRZYBYLAK, R., USCKA-KOWALOWSKA, ],
VIZI, Z., 2009: Daily minimum and maximum air
temperature in Poland in the years 1951-2005.
Bulletin of Geography — physical geography, series No.
2/2009:35-56.

KLEIN TANK, A. M. G. et al., 2006: Changes in daily
temperature and precipitation extremes in central
and south Asia. Journal of Geophysical Research, 111,
D16105, doi: 10.1029/2005JD006316.

KURPELOVA, M., COUFAL, L., CULIK, J,, 1975:
Agroklimatické podmienky CSSR. Priroda, HMU,
Bratislava, 270 p.

KYSELY, J., 2003: Casova proménlivost horkych vin
v Ceské republice a extrémni hork4 vlna z roku
1994. Meteorologické zprdvy, 56, 13-18.

PLUMMER, N. et al, 1999: Changes in climate
extremes over the Australian region and New
Zealand during the twentieth century. Climatic
Change, 42, 183-202.

POKLADNIKOVA, H., ROZNOVSKY, J., STREDA,
T., 2008: Evaluation of the monthly air temperature
extremity for the 1961-2007 period. Contributions
to Geophysics and Geodesy, 38, 4,391-403.

STREDOVA, H., FUKALOVA, P, ROZNOVSKY,
J., 2010: Specifics of temperature extremes in the
conditions of the urban climate. Contributions to
Geophysics and Geodesy, 40, 3, 249-261.

PONGRACZ, R., BARTHOLY, J., 2006: Tendency
Analysis of Extreme Climate Indices with Spe-
cial Emphasis on Agricultural Impacts. In:
Bioklimatologia a voda v krajine. Medzindrodnd vedeckd
konferencia, Stre¢no, 11.-14. 9. 2006. CD-ROM.

SOBISEK, B. et al.,, 1993: Meteorologicky slovnik,
vykladovy a terminologicky. Praha: Academia, 594
p- ISBN 80-85368-45-5.

STEPANEK, P, 2007: ProClimDB - software
for processing climatological datasets. CHMI,



178 B. Mugikovd, V. Vléek, T. Stieda

Regional Office Brno. Accessible from: http:// VINCENT, L. A. et al., 2005: Observed trends in

www.climahom.eu/ProcData.html. indices of daily temperature extremes in South
STEPANEK, P, SKALAK, P, FARDA, A.,2008: RCM  America 1960-2000, Journal of Climatology, 18,

ALADIN-Climate/CZ simulation of 2020-2050 5011-5023.

climate over the Czech Republic. In: Roznovsky, WALTER, H., LIETH, H. 1960: Klimadiagram

J., Litschmann, T. (eds): Bioklimatologické aspekty Weltatlas. G. Fischer, Jena, Germany, chiefly illus.,

hodnocent procesii v krajiné (Mikulov 9.-11. 9. 2008). col. maps.

CD-ROM. ZHAILP,SUN,A., REN,F,LIU, X.,GAO, B.,ZHANG,
VINCENT, L. A., MEKIS, E., 2006: “Changes in daily Q., 1999: Changes of climate extremes in China.
extreme temperature and precipitation indices Climatic Change, 42, 203-218.
for Canada over the 20th century”. Atm. Ocean, 44,
177-193.
Address

Ing. Bronislava Mu#ikova, Ustav aplikované a krajinné ekologie, Ing. Vitézslav Vlgek, Ph.D., Ustav
agrochemie, ptidoznalstvi, mikrobiologie a vyZzivy rostlin, Mendelova univerzita v Brn¢, Zemédélska 1,
613 00 Brno, Ceska republika, Ing. Tomas Streda, Ph.D., Cesky hydrometeorologicky tstav — pobocka Brno,
Kroftova 43, 61667 Brno, Ceskd republika, e-mail: bronislava.muzikova@mendelu.cz, vitezslav.vlcek@

mendelu.cz, tomas.streda@chmi.cz



