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THE DYNAMICS OF ANNUAL AND SEASONAL PRECIPITATION TOTALS
IN THE CZECH REPUBLIC DURING 1961-2019

Jaroslav Roznovsky*, Jaroslav Strestik, Petr Stépének, Pavel Zahradnicek

The long-term change in precipitation has been estimated for 300 stations in the Czech Republic using values of monthly
precipitation totals. Annual totals for the whole country show a very slight decrease, in units of mm, there can be
significant fluctuation on a year-to-year basis. Long-term changes of annual totals vary at different stations and in different
regions. In southern and western Bohemia, precipitation totals increased more, in Elbe lowlands and in large parts of
Moravia, a rather small decrease in rainfall has been observed. Long-term changes depend only slightly on the absolute
value of annual rainfall at the respective station or region. Summer precipitation totals increased more than annual
averages, while spring precipitation totals decreased. During the remaining seasons, the change is negligible. In
the meantime, the annual variation in precipitation has changed slightly: maximum values have shifted from June to July.
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Introduction

With regard to their significance, precipitation is studied
from many points of view. Basically no large rivers flows
into the Czech Republic. This means that all water
sources are represented by atmospheric precipitation and
springs. Their occurrence is affected by circulation
(Labudova et al., 2013).

The amount of water in springs, however, also depends
on atmospheric precipitation. It is therefore obvious that
the precipitation amount, annual precipitation totals and
their long-term changes are of major importance (Tolasz
et al., 2007). In recent years, it has been very important
to analyze climate changes, which manifest themselves
especially by global warming (Zahradnicek et al., 2020;
Stiestik et al., 2014a). It is assumed that the global
average air temperature will continue to rise and that
the rate of this increase will be higher in the future.
However, this means an increase in evaporation (Novak,
1995), and more frequent droughts (Roznovsky et al.,
2012). Extremes of precipitation totals play an important
role (Bhatia et al., 2019). Climate change analysis also
includes precipitation. In contrast to air temperature,
some authors believe that the precipitation amount will
decrease (Réisdnen et al., 2004; Stiestik, 2013), meaning
drought periods will be more common. Information on
the occurrence of precipitation is important, but also their
estimates of its occurrence in the future (Jiang et al.,
2017). Kozuchowski and Marciniak (1990) presented
astudy, which shows that precipitation amount in
western and northern Europe is increasing and will

continue to increase in the future, unlike in southern and
eastern Europe where they believe precipitation amount
has been decreasing and will continue to decrease.
The Czech Republic lies in the region of expected preci-
pitation decrease. This trend has also been proven by
more recent studies (Stfestik, 2014b). Information on
precipitation totals of both historical and current data can
be found on the portal of the Czech Hydrometeorological
Institute (http://portal.chmi.cz/). Precipitation affects
processes in the soil, while soil moisture is crucial for
plants (Guderle and Hildebrandt, 2015). Precipitation and
their use represent a very wide range, from measurement
methods, through quantification of water circulation
phases, etc., to methods of maintaining water in the land-
scape. (Roznovsky, 2020).

Materials and methods

Assessment of precipitation dynamics is based on
monthly values of the so-called technical series from 267
stations in the Czech Republic (gtépémek, et al., 2011;
2013). This data was statistically processed and average
annual and seasonal amount calculated for each station as
well as average annual value for each year for the entire
country as a whole, including trends etc.

Results and discussion
Average annual rainfall for the entire Czech Republic for

the period 1961-2019 is 691.7 mm. However, the indi-
vidual annual values are often quite variable. In the driest
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year 2003 only 513 mm was measured, in 2015 547 mm
and 1982 it was 551 mm. The wettest year observed was
2010894 mm, 1966 with 860 mm, followed by 2002 (854
mm) and 1981 (852 mm). The difference between the
driest and wettest year is 381 mm, it is 43% of the wettest
year, about 55% of the annual total.

Here are large differences in the precipitation amounts at
different stations (Fig. 1). Highest precipitation amounts
are observed at mountain stations, especially in
the northern parts close to the borders. Stations with
highest annual precipitation amount during the entire
period were Labska bouda in Giant Mountains
(1444 mm) and Lysa hora in Beskids (1422 mm).
The absolute highest observed annual precipitation (in
one year) was at the station Lysa hora in 2010
(2127 mm).

Lowest precipitation amounts are observed in lowlands,
at stations TuSimice in Sub-Ore Mountains Lowland
(444 mm) and in Prague-Karlov (445 mm). Absolute
lowest observed annual precipitation amount in the entire
period was 238 mm in 2008 in Ceské Budgjovice
(Budweis). The wettest region is eastern Bohemia
(average of 892 mm) and northern Moravia (average of
827 mm). Driest region is central Bohemia (average of
556 mm) and southern Moravia (average of 593 mm).

In general the precipitation amounts show a significant
positive correlation with elevation (coefficient of 0.72),
to a certain extent also with latitude (coefficient of 0.29),
however, this is due to the fact that higher mountains are
located mostly in the northern part of the country.

The trend during the 1961-2019 period shows a negli-
gible increase in precipitation amount, supplemented by
large fluctuations from year to year (Fig. 2). These do not
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display any regularity or periodicity (e. g. wet years are
not usually followed by dry years). The same is valid also
for decades and for the 20- or 30-year averages. Their
values are given in Table 1.

The course of precipitation amounts for the individual
stations or regions is in some extent similar to the course
in the entire country. Individual maximums and mini-
mums show a similar pattern. A dry year is a dry year in
all regions and at all stations and similarly a wet year is
a wet year everywhere. This is because the total area of
the Czech Republic is not very large.

But the change in precipitation amount in the individual
regions is different. Big differences appear among
different regions though the total area of the country is
relatively small. An example of different long-term
change of precipitation amounts is given in Fig. 3.
A strong increase is observed at the station Jirkov-Otvice
in Sub-Ore-Mountains Lowland and a strong decrease
appears at the station Nedvézi in Bohemian-Moravian
Highlands. As a measure of the decrease or increase
the slope of the respective regression line can be used.
These slopes have been calculated for all stations and are
presented in Fig. 4. The highest rate of increase is
observed in Sub-Ore-Mountains Lowland and in
southern and western Bohemia. In contrast, a decrease
was observed in southern and in northern Moravia.
The most significant increase was observed at the station
Jirkov-Otvice, Sub-Ore-Mountains Lowland (slope
3.47), the largest decrease at the station Nedvézi in
Bohemian-Moravian Highlands (slope -3.18). However,
at most stations the respective increase or decrease is
much weaker and remains far under the limit of
the statistical significance.
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Fig. 1

Distribution of average annual precipitation in the Czech Republic (1961-2019).
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Fig. 2. Course of annual precipitation amounts in the Czech Republic (1961-2019).
Dashed lines represent average + standard deviation.

Table 1. Average precipitation amount [mm] in the individual decades and 20 and 30-
year periods in the Czech Republic (1961-2019)
1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2019
702 673 673 693 736 647
1961-1980 1971-1990 1981-2000 1991-2010 2001-2019
687 673 683 715 695
1961-1990 1971-2000 1981-2010 1991-2019
683 680 701 694
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Fig. 3.  Course of annual precipitation amounts in two selected stations in the Czech

Republic (1961-2019), with regression lines and equations of these lines.
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Fig. 4.  Distribution of increase and decrease in annual precipitation amount in the

Czech Republic (1961-2019). The stations used in Fig. 2 are marked by a bigger point

with a boundary of another color.

Despite of these high slopes of the regression lines
the real decrease or increase must not be necessarily
significant. It is due to high fluctuation from year to year.
The significance can be simply guessed when the whole
period is divided into two parts (1961-1990 and 1991-
1019) and the difference between average values of
precipitation amounts in these parts (with respect
standard deviations) is tested using the Student’s t-test.
For the stations given in Fig. 7 are the t-values 3.72
(Nedvézi) and 4.45 (Jirkov-Otvice). Hence, the change in
these stations is statistically significant (the limit value
for the 95% significance with 30 points in each part is
t=2.04). Roughly said, the increase in precipitation totals
at stations marked in Fig. 3 by a dark-blue point and
the decrease at stations marked by a red point can be
considered as statistically significant.

Despite the relatively small total area of the Czech
Republic one can also see some pattern with regards to
geographical longitude. Western half of the country
shows mostly increase (with the exception of Elbe
Lowland and its vicinity), whereas eastern half of
the country shows either only very minor increase or,
more frequently, a decrease in precipitation amount, with
the exception of high-elevation regions of Jeseniky
Mountains and Beskids. This means there is a significant
negative correlation between precipitation amount and
longitude (coefficient of -0.43). There is no significant
correlation  between  absolute average annual
precipitation amount and the trend (increase or decrease)

(coefficient of just 0.06).

With regard to the need for water in the landscape,
the occurrence of precipitation during the year is
important. Their distribution into individual seasons for
individual climatic areas is shown in Table 2. However,
the differences among the regions are small, at most 1-2
percent more or less than the average for the entire Czech
Republic.

Changes in seasonal precipitation amounts during 1961—
2019 differ significantly from the course of annual
precipitation amounts (Fig. 5). The individual maxima
and minima do not correspond to each other and this can
easily be explained. For example, an exceptionally dry or
wet year might not be very dry or wet in each of its
seasons. A dry spring can be (but not necessarily) com-
pensated by a subsequent very wet summer or autumn. In
fact even many weather sayings suggest that an
exceptionally dry or wet season usually does not continue
in the subsequent months. Different is also the long-term
precipitation trend in the individual seasons (Fig. 5).

In the spring, precipitation totals fall slightly, which can
be unpleasant for agricultural crops with a larger decline.
The same applies to differences between regions in the
case of seasonal precipitation as for year-round
precipitation: greater growth is observed in the west, less
growth or decline in the east, this also applies to
individual stations. In the spring, when a nationwide
decline is observed, precipitation totals increase only at
a few stations in the border mountains.
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Table 2. Proportion of seasonal precipitation amount from the annual total grouped
by different regions [%0]
Region Spring Summer Autumn Winter
Czech Republic 23.2 36.4 22.0 18.4
Sub-Ore Mountains Lowland 22.2 33.2 23.1 215
Western and Southern Bohemia 23.9 38.5 21.0 16.6
Central Bohemia 23.9 39.1 21.0 16.0
Eastern Bohemia 22.2 334 22.5 21.9
Bohemian-Moravian Highland 23.4 36.2 21.4 19.0
South Moravia 23.6 374 22.6 16.4
North Moravia 23.8 36.9 22.2 171
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Fig.5.  Course of seasonal precipitation amounts in the Czech Republic (1961-2019).

Figure shows approximate regression line in the same color.

The season with highest precipitation amount is summer
(Jun-Aug), on average 36.4% of annual total. This value
differs only very slightly in the individual regions.
Relatively wettest summers are in central Bohemia
(39.1%), relatively driest in Sub-Ore-Mountains
Lowland (33.2%). The differences for the individual
stations, however, are much more profound. Highest ratio
of precipitation in summer is observed in Cesky Krumlov
(44.6%), absolute highest was the summer of 1997 in
Vitkov in Odra Hills (63.3%). In contrast, the long-term
lowest ratio of summer precipitation is at the station
Vrchlabi (25.5%), record low was the summer of 1983 at
the station Rychorskd bouda (8.6%), both in Giant
Mountains. Percentage of summer precipitation amount
also fluctuates from year to year (Fig. 6). Overall, driest
summer was the one in 1962, when only 23.9% of
the annual total precipitation amount was observed. On
average, the highest summer precipitation ratio was in

1966 and 2011 (47.3%). Long-term change is negligible,
based on the regression line the ratio of summer
precipitation increased from 36.1% to 37.5%. There is
also no periodicity.

The amount of precipitation in the summer does not
change much, the curve shows a very small, statistically
insignificant decrease. It should, however, be empha-
sized that there is a high variability in the summer
precipitation. This is due to the occurrence of intense
thunderstorms. Because they are limited to a certain
place, they will not show as much in the overall average
as might be expected. In the summer, when growth is
higher nationwide, there are more stations in Western
Bohemia with more significant growth, while there are
fewer stations with a decline and they are concentrated
mainly in the Moravian lowlands (Fig. 6). This Figure is
prepared by the same way as Fig.4 and the same
statistical significance is valid too. In comparison with

201



Acta Hydrologica Slovaca, Volume 21, No. 2, 2020, 197 — 204

51.5

slope of regression line
e>1 e0-1

1-0  e<1|

geographic latitude

S
o
»n

49.0

12 13 14 15 16 17 18 19
geographiclongitude
Fig. 6.  Distribution of growth and decrease of summer precipitation totals on

the territory of the Czech Republic in the period 1961-2019. The stations used in Fig. 2
are marked by a bigger point with a boundary of another color.
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Fig. 7. Average monthly precipitation in the Czech Republic for four 30-year periods.
In the recent period it is only 29 years (1991-2019).
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annual data, the number of stations with big increase or
decrease of summer precipitation totals (blue or red
circles) is much lesser.

Just as the course of precipitation differs in individual
seasons, the course also differs in individual months,
even within the same season, but with the proviso that
the three-month average must give the course shown in
Fig. 4. The course of precipitation totals during the year
for the observed 59 years is shown in Fig. 7 for four 30-
year overlapping periods (in the last period, however, it
is only 29 years).

It is surprising how the course of monthly precipitation
totals during the year in the following 30-years periods
differ from the first one (1961-1990). It is worth noting
the gradual shift of the main summer maximum, when in
the first period it was in June, over time it moved to July.
This shift certainly has an impact on the emergence of
drought in early summer. There are also some small
changes in the spring and autumn: a small increase in
March followed by a small decrease in April, and a small
increase in October followed by a small decrease in
November and perhaps in December. Due to the fact that
precipitation amount in spring and autumn are much
lower than those in summer, the meaning of the above
mentioned changes is very small.

Conclusion

Annual precipitation amounts in the Czech Republic
during the period from 1961 to 2019 show a negligible
long-term change, i.e., no significant decrease or increase
can be taken into account. Moreover, there are large
differences of annual and seasonal totals among
the individual years. In general, the highest total
precipitation is in summer, the lowest in winter.

In the individual seasons the long-term change of
precipitation totals are a little different. In the spring,
there is a small decreasing trend in precipitation amount.
This means that there can be water insufficiency at
the beginning of the growing season, particularly in
regions where the precipitation amounts are relatively
low. Though in the summer a small increase appears (but
less than the spring decrease), farmers and gardeners feel
the continuing water deficit. Precipitation in the autumn
and winter have lesser importance from the perspective
of growing season, but are of major importance from
the hydrological perspective as they saturate the soil
profiles and subsequently ground waters. There are also
differences in the regional precipitation amounts —
arather increase in the western regions and a rather
decrease in the eastern regions, particularly in lowlands.
Due to the short period of observation used in this study
and considerable fluctuations from year to year it is not
possible to declare any prediction for the next decades.
Nevertheless, the decrease of precipitation amounts in
some regions, though with a low statistical significance,
should not be neglected. Of course, there are many
factors causing the drought in the last years, and
precipitation totals are only one of them. But if
the decrease of precipitation amounts would continue,
and it is not excluded, this factor would be more and more

important. And because the precipitations are the only
source of water for our territory, it is necessary to pay
great attention to their measurement and evaluation, and
also to modeling their occurrence in the coming years.
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