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ABSTRACT

The IPCC IS92a scenario predicts climate changes including within-year fluctuations in precipitation and a temperature increase of 1.7 °C 
by the year 2050 and a  further 2.7 °C by the year 2100. We attempted to detect these changes in the Šumava Mts. and compare them 
with climate changes in the surrounding foothills. We used meteorological data records for the years 1961-2017, provided by the Czech 
Hydrometeorological Institute (CHMI). We recorded a decrease in precipitation, including snow cover, in the mountains and in the foothills 
during the last 15-20 years. Air temperature has also increased significantly in spring and summer over the last two decades. We assume that 
the increase in spring temperature negatively affects snow cover and causes it to melt earlier. We found that all these changes affect both 
the Šumava National Park and the surrounding foothills at the same rate; as a result, natural disturbances such as windstorm and bark beetle 
infestations occur more often and are more severe in both areas. Thus, changes in temperature and precipitation must be also considered 
in future management planning.
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Introduction

Temperature is predicted by the IPCC IS92a scenario 
to increase by 1.7 °C by the year 2050 and a further 2.7 °C 
by the year 2100 (Mitchell 1995). Air warming is accom-
panied by a hydrological cycle with increases in precip-
itation and evaporation rates, which are slightly delayed 
after air temperature increases. Moreover, changes in 
precipitation are predicted with shifts in inter-annual 
variability, e.g. summer floods or less snow cover (Bar-
ry 1992). Inter-annual variability changes can also cause 
a decrease of soil moisture. However, this effect is region-
ally dependent on differences in soil structure (Boer et 
al. 2000).

Rainfall and runoff were intensively discussed in the 
Czech Republic, approximately from the beginning of the 
21st century, when this country experienced devastating 
floods. Besides climate warming, anthropogenic pressure 
also results in changes in landscape and weather and neg-
ative effects are monitored not only in lowlands but also 
in foothill areas and mountains (Kliment and Matouš-
ková 2009). Many studies mention changes in land-cover 
as one of the consequences of human activity and changes 
in runoff and temperature, particularly on deforestation 
and afforestation (Hais and Pokorný 2004; Šantrůčková et 
al. 2010; Pokorný and Hesslerová 2011; Kindlmann et al. 
2012; Bernsteinová et al. 2013; Bílá 2016).

In forested landscapes, an increase in temperature 
together with a decrease in precipitation can affect tree 
vitality or enhance insect population growth (Seidl et al. 
2011) and thus cause trees to die (Hais and Kučera 2008; 
Bentz 2010; Bečka and Beudert 2016). There are insects 
spreading northwards, which may have a  major effect 

on mature Norway spruce (Picea abies (L.) Karst.) forest 
in the Šumava Mts. Water fluxes (evapotranspiration or 
runoff) probably decrease as a result of a large forest dy-
ing (Beudert et al. 2007; Adams et al. 2012). This raises 
a question: are bark beetles (Ips typographus L.) responsi-
ble for changes in weather and water regimes?

Non-intervention areas in the Šumava National Park 
and subsequent proliferation of bark beetle there, espe-
cially during the period 2007–2012 (following the hur-
ricane Kyrill), are often considered as causing a decrease 
in precipitation, increase in temperature and decrease of 
snow cover because of the intensive spruce tree dieback 
due to bark beetle. To test this, we determined whether 
there is a difference in the trends in precipitation, tem-
perature and snow cover between the Šumava Mts. and 
adjacent foothills over the period 1961–2017. 

Methods

Study area
The area studied is located on the Czech/German 

border. The Šumava National Park is situated on the 
Czech side and Bavarian forest National Park on the 
German side. The Czech Hydrometeorological Institute 
(CHMI) is responsible for maintaining meteorological 
stations and keeping records of meteorological data in 
the Czech Republic. We selected 9 meteorological sta-
tions in the Šumava NP: Horní Planá, Lenora, Borová 
Lada, Kvilda, Filipova Huť, Prášily, Churáňov, Železná 
Ruda and Špičák, and 7 in the adjacent foothills: Ktiš, 
České Budějovice, Husinec, Vlkonice, Temelín, Strakon-
ice and Klatovy (Fig. 1). We have chosen the latter set 
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of meteorological stations in such a way that they uni-
formly covered a vast area adjacent to the Šumava NP, 
to exclude the possibility of neighbourhood effect on 
the analyses. We used meteorological data from all these 
stations for the years 1961–2017 with minor gaps, with 
particular emphasis on precipitation, snow cover and 
air temperature in order to identify yearly and seasonal 
changes and compare the climate in the mountains with 
that in the adjacent foothills.

Data analyses
Precipitation analyses are based on monthly mean val-

ues. We focused on the seasonal changes during the years 
1961–2017. We also compared maximum snow cover 
and temperature fluctuations over the same period. All 
the data gaps were filled using the normal ratio method 
and data from nearby stations. Analyses were performed 
in MS Excel including XLSTAT (XLSTAT 2017). Fluctu-
ations in the data were fitted by a polynomial function 
(precipitation and snow cover) or linear function (tem-
perature) and the Mann-Kendall test and the Sen’s slope 
estimates (Kendall 1975; Yue and Wang 2004) was used 
to determine the strength of the detected trends.

Results

The trends recorded in precipitation and tempera-
ture are shown in Figs. 2 and 4, based on the monthly 
mean values per season: winter (December, January, 
February), spring (March, April, May), summer (June, 
July, August) and autumn (September, October, No-
vember). A  polynomial function was used to fit the 
fluctuations in precipitation and a  linear trend line to 
fit the temperatures recorded from 1961–2017. Fig.  2 
shows historical precipitation change in year 2000 thus 
we further focused on decrease in precipitation in 
years 2000–2017 and determined the strength of these 
trends using a  Mann-Kendall test and the Sen’s  slope 
estimates (Fig. 3, Table 1). Fig. 4 shows a  linear trend 
in temperature increase during the whole studied pe-
riod 1961–2017 and the strength of these trends was 
also determined using a  Mann-Kendall test and the 
Sen’s slope estimates (Fig. 5, Table 2). Similarly, we test-
ed the changes in maximum yearly snow cover from 
1961–2017 (Fig. 6) and the trend strength from the 
evident historical change in year 2000, i.e. from years 
2000–2017 (Fig. 7, Table 3).

Fig. 1 Locations of the meteorological stations in the Šumava Mts. (blue): Horní Planá, Lenora, Borová Lada, Kvilda, Filipova Huť, Prášily, Churáňov, 
Železná Ruda and Špičák, and in the adjacent foothills (red): Ktiš, České Budějovice, Husinec, Vlkonice, Temelín, Strakonice and Klatovy. Empty circles 
are other CHMI meteorological stations.
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Fig. 2 Seasonal changes in precipitation recorded in the Šumava Mts. and surrounding foothills during the years 1961–2017 fitted by a polynomial 
function.
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Fig. 3 Trends in precipitation recorded in the Šumava Mts. and surrounding foothills during the years 2000–2017 fitted by a linear function.
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Table 1 Trends in precipitation recorded in the Šumava Mts. and surrounding foothills during the years 2000–2017 tested using a Mann-Kendall 
two-tailed test.

Season winter spring summer autumn

Locality Šumava Foothills Šumava Foothills Šumava Foothills Šumava Foothills

Kendall’s tau −0.265 −0.191 −0.088 −0.118 −0.118 −0.118 0 0.103

S −36.0 −26.0 −12.0 −16.0 −16.0 −16.0 0.0 14.0

Var(S) 589.3 589.3 589.3 589.3 589.3 589.3 589.3 589.3

p-value 0.149 0.303 0.650 0.537 0.537 0.537 1.000 0.592

alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

There was a decline in precipitation starting in 2000, 
particularly during winter. However, no result was sig-
nificant, including the winter decline recorded in the 
Šumava Mts.: p-value = 0.149 on the foothills: p-value = 
0.303. On the other hand, from 2000 onwards, tempera-
ture in winter (Šumava: p-value = 0.025, foothills: p-val-
ue = 0.059), spring and summer increased significantly 
(p-values < 0.0001). There were also significant negative 
trends in snow cover from 2000 onwards (Šumava: p-val-
ue = 0.029, foothills: p-value = 0.035).

Discussion

The trends of precipitation, including snow cover, 
show a  decrease during the last 15–20 years. However, 
we also detected an increase in precipitation in spring 
and summer around the year 2000. These fluctuations 
and their inter-annual variability are clearly documented 
by the summer floods that affected the Czech Republic in 
1997 and 2002. The changes in precipitation follow sig-
nificant rises in temperature in spring and summer re-
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Fig. 4 Seasonal changes in temperature recorded in the Šumava Mts. and surrounding foothills during the years 1961–2017 fitted by a linear function.
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Fig. 5 Trends in temperature recorded in the Šumava Mts. and surrounding foothills during the years 1961–2017 fitted by a linear function.

Table 2 Trends in temperature recorded in the Šumava Mts. and adjacent foothills during the years 1961–2017 tested using a Mann-Kendall two-
tailed test.

Season winter spring summer autumn

Locality Šumava Foothills Šumava Foothills Šumava Foothills Šumava Foothills

Kendall’s tau 0.207 0.173 0.351 0.342 0.438 0.412 −0.025 0.084

S 318.0 267.0 540.0 526.0 675.0 634.0 −39.0 130.0

Var(S) 20018.0 20017.0 20020.0 20020.0 20019.0 20014.0 20019.0 20020.0

p-value 0.025 0.059 0.000 0.000 <0.0001 <0.0001 0.783 0.358

alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

corded over the last decades. This warming is also caus-
ing changes in snow cover and result in it melting earlier 
in the season. It is likely that total precipitation and snow 
cover were lower over approximately the last 20 years in 
the mountains and adjacent foothills.

However, our data do not support the hypothesis that 
there is a significant difference in the trends in precipita-
tion, temperature or snow cover between the Šumava NP 
and adjacent foothills, neither over the period 1961–2017, 
nor over the period 2000–2017, as is clearly seen from the 
figures and Sen’s slope values. Thus, the claims that the 

non-intervention areas in the Šumava National Park and 
subsequent proliferation of bark beetle there, especially 
during the period 2007–2012, following the hurricane 
Kyrill, are causing a decrease in precipitation, increase in 
temperature and decrease of snow cover because of the 
intensive spruce tree dieback due to bark beetle, are not 
supported by available meteorological data.

The changes in climate also altered hydrological pro-
cesses in this area and affected forest stands on the sum-
mits of the mountains (Kliment and Matoušková 2009; 
Bernsteinová et al. 2015; Langhamer et al. 2015). These 

-8 

-6 

-4 

-2 

0 

2 

4 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - winter 

Sen's slope 

5 

6 

7 

8 

9 

10 

11 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - spring 

Sen's slope 

15 

16 

17 

18 

19 

20 

21 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 
Šumava - summer 

Sen's slope 

6 

6,5 

7 

7,5 

8 

8,5 

9 

9,5 

10 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - autumn 

Sen's slope 

-9 

-8 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

0 10 20 30 40 50 60 

-T
em

pe
ra

tu
e 

(°
C

) 
Foothills - winter 

Sen's slope 

1 

2 

3 

4 

5 

6 

7 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - spring 

Sen's slope 

11 

12 

13 

14 

15 

16 

17 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - summer 

Sen's slope 

3 

3,5 

4 

4,5 

5 

5,5 

6 

6,5 

7 

7,5 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - autumn 

Sen's slope 

-8 

-6 

-4 

-2 

0 

2 

4 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - winter 

Sen's slope 

5 

6 

7 

8 

9 

10 

11 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - spring 

Sen's slope 

15 

16 

17 

18 

19 

20 

21 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - summer 

Sen's slope 

6 

6,5 

7 

7,5 

8 

8,5 

9 

9,5 

10 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Šumava - autumn 

Sen's slope 

-9 

-8 

-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

0 10 20 30 40 50 60 

-T
em

pe
ra

tu
e 

(°
C

) 
Foothills - winter 

Sen's slope 

1 

2 

3 

4 

5 

6 

7 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - spring 

Sen's slope 

11 

12 

13 

14 

15 

16 

17 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - summer 

Sen's slope 

3 

3,5 

4 

4,5 

5 

5,5 

6 

6,5 

7 

7,5 

0 10 20 30 40 50 60 

Te
m

pe
ra

tu
e 

(°
C

) 

Foothills - autumn 

Sen's slope 



European Journal of Environmental Sciences, Vol. 8, No. 2

Precipitation and temperature in the Šumava National Park and in the surrounding foothills 137

Table 3 Trends in yearly snow cover recorded in the Šumava Mts. and 
surrounding foothills during the years 2000–2017 tested using a Mann-
Kendall two-tailed test.

Locality Šumava Foothills

Kendall’s tau −0.39115 −0.376

S −53.0 −51.0

Var(S) 588.3 588.3

p-value 0.029 0.035

alpha 0.05 0.05
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Fig. 6 Changes in snow cover (maximum snow cover/year) recorded 
in the Šumava Mts. and adjacent foothills during the years 1961–2017 
fitted by a polynomial function.

Fig. 7 Changes in snow cover (maximum snow cover/year) recorded in 
the Šumava Mts. and surrounding foothills during the years 2000–2017 
fitted by a linear function.

summits are covered with Norway spruce, which is very 
vulnerable to even slight droughts and devastating wind-
storms, which occurred in 1976, 1979, 1984, 1985, 1990, 
2003, 2006, 2007 and 2008, followed by bark beetle at-
tacks in the years 1945–1952, 1983–1988, 1992–1996, 
2003–2010 and 2015– to now, which were closely moni-
tored (Hošek 1981; Skuhravý 2002; Simanov 2014).

There have been long debates among scientists and 
politicians on how to protect natural forests and con-
serve valuable mountainous habitats and their biodiver-
sity (Hais and Pokorný 2004; Jonášová and Prach 2004; 
Hojdová et al. 2005; Schwarz 2013; Bílá 2016). There are 
two main opinions: clear fell infected trees and remove 
them from the site or leave the dead forest on the site 
and leave it to spontaneously regrow. Making the right 
decision is not easy when large areas of forest are killed as 
the change quickly becomes obvious, within a few years. 
However, the type of forest needs to be distinguished be-
fore applying a specific type of forest management; either 
it is a forest planted for economic purposes or it is a nat-
ural forest within the national park, which is protected 
for its natural processes including regeneration after 
disturbance (Kindlmann and Křenová 2016). Although 
the change in climate is obvious and similar in both the 
Šumava NP and the surrounding foothills, spontaneous 
forest succession has already commenced in the vast area 
attacked by bark beetles (Bentz et al. 2010; Šantrůčková 
et al. 2010; Kindlmann et al. 2012; Økland 2015).

 Climate changes are a  common phenomenon in 
the Earth’s  history and people must learn how to react 
to them. During the past decades, weather monitoring 
techniques have improved greatly and we are able to 
predict future scenarios more precisely. The forecast is 
of increasing temperature and decreasing precipitation, 
which will significantly influence water supplies. It is ad-
vantageous to forecast these changes in time and carry 
out corresponding steps to adapt to such environmental 
changes. 
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