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Expected global climate change can cause changes in several hydrological cycle processes,
such as the intensity and frequency of precipitation, river flows, evapotranspiration rates,
soil moisture, and groundwater recharge. Precipitation conditions have been observed
at the mountain study site of Bílý Kříž (the Beskids Mts., Czech Republic) since 1989.
This paper presents the analysis of long-term (1997–2016) precipitation conditions at
this study site. Comparison of selected long-term mean precipitation characteristics with
mean precipitation characteristics for the 1997–2016 period reported differences in only
some parameters. The number of days without precipitation was slightly increasing. No
statistically significant trend was found for the number of days with heavy rain. The study
site was changed from being a per-humid to humid type as indicated by Lang’rain factor.
More dry periods were determined at the past decade according to the standardized
precipitation index.
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Introduction
Expected global climate change can cause
changes in several hydrological cycle processes,
such as the intensity and frequency of precipitation, river flows, evapotranspiration rates,
soil moisture and groundwater recharge (Michaelides et al. 2009, Vergni and Todisco 2011,
Fiener et al. 2013, Peng et al. 2013). The amount,
distribution, and intensity of the precipitation
and resulting water availability can significant
impacts on plant production, on the development and subsistence of all terrestrial ecosystems and human population (Poulter et al.
2013, Henttonen et al. 2014, Pessacg et al. 2015,
Gu et al. 2016, Wai et al. 2017).
Trends in precipitation differed with latitudes:
there was a 1% increase per decade during the

20th century over the high and middle latitudes
of the Northern hemisphere, a decrease over
the sub-tropical area (30o to 10o N), a slight increase over the tropics, and no change at all in
the southern hemisphere (Ventura et al. 2002).
Mean annual precipitation is increasing with
altitude (Jódar et al. 2016). The distribution of
precipitation can influence water availability at
some sites (Michaelides et al. 2009). The distribution and intensity of precipitation occur are
most likely to happened due to the expected
global climate change (Allen and Ingram 2002,
Wilson and Toumi 2005, Haerter et al. 2010),
Extreme precipitation has been studied very
often in recent years (Begueria and VincenteSerrano 2006, Szolgay et al. 2009) because
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extreme precipitation events can cause flash
floods (Rotunno and Houze 2007, Trapero et al.
2013) and soil erosion (D’Asaro et al. 2007,
Meusburger et al. 2012, Fiener et al. 2013). On
the other hand, climate change can increase
climate variability and bring higher frequency
of drought periods (Jongen et al. 2011, Ford and
Labosier 2017).
This paper presents an analysis of long-term
(1997–2016) precipitation conditions at the
mountain study site of Bílý Kříž (the Beskids
Mts., the Czech Republic).

Material and Methods
Precipitation characteristics have been observed at the mountain study site of Bílý Kříž
(the Beskids Mts., Czech Republic) since 1989.
Coordinates of the study site are 49°30’ N and
18°32’ E and altitude 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.
During 1989–1999, an observer recorded the
daily sum of precipitation at 07:00. A rain gauge
placed in an open place 1 m above the ground
was used for the measurements.
Precipitation measurements have been automatized since 2000. An automatic rain gauge
placed in an open place 1 m above the ground
has been used for the measurements since that
time. Precipitation sums are measured at 30 s intervals, and 10 min mean values of these records
are automatically stored in the data-logger.
More detailed analysis of precipitation conditions was done for the 20-years period 1997–
2016 and/or period 2000–2016 during which
the measurements have been automatized.
The mean annual sum of precipitation, mean
and maximum daily sum of precipitation, precipitation intensity and frequency, and potential evapotranspiration were evaluated for this
period.

Definition of the terms:
•• precipitation intensity
without rain: 0 mm h-1
light rain: 0.1–2.5 mm h-1
moderate rain: 2.6–10 mm h-1
heavy rain: 10.1–50 mm h-1
violent rain: > 50 mm h-1
•• Lang’s rain factor (humidity index)
is defined according to Sobíšek (1993) for the
warm period (April–September) as:

f = P/AT
where P – annual sum of precipitation (mm),
AT – mean annual air temperature (oC).
•• Standardized precipitation index
is defined according to Tolasz et al. (2007)

SPI = (P – PLT ) / SDLT
where P – monthly sum of precipitation
(mm), PLT – long-term mean monthly sum of
precipitation (mm), SD – standard deviation
of the long-term mean monthly sum of precipitation. Monthly sums of precipitations
from the period of 1989–2016 were used for
the calculation of the long-term values.
Obtained air temperature data were statistically evaluated (regression analysis, descriptive
statistics).

Results and Discussion
The mean annual sum of precipitation was
1294 ± 225 mm at the study site of Bílý Kříž in
the 1997–2016 (Fig. 1). The mean annual sum
of precipitation is 1100 ± 100 mm for the region where the study site is situated based on
the extrapolation of data from nearby meteorological stations for the period 1961–2000 as presented by Tolasz et al. (2007). The mean annual
sum of precipitation was higher in 1997–2016
about 190 mm compared to that reported by
Tolasz et al. (2007). The mean annual precipitation was 3.5 ± 0.6 mm and this value showed
a statistically significant decreasing trend during
1997–2016 (Fig. 2A, 2B).
The mean daily maximum sum of precipitation was 57.8 ± 23.6 mm at the study site in 1997–
2016 (Fig. 1). The highest daily maximum sum of
precipitation was observed in 2010 (105.8 mm).
Precipitation intensity was evaluated at the
study site in the 2000–2016 when the measurements of precipitation were made automatically
(Fig. 3). The frequency of events without rain
was increasing during this time and the trend
was determined to be statistically significant
(correlation coefficient 0.66). Conversely, the
frequency of light (0.1–2.5 mm h-1) and moderate (2.6–10.0 mm h-1) rain events was decreasing. Again, the trends were determined be
statistically significant (correlation coefficient
were -0.60 and -0.64, resp.). No statistically significant trend was found out for the frequency
of heavy (10.1–50 mm h-1) rain events. Heavy
rain was recorded mainly in the warm period
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Fig. 1: Annual sum of precipitation at the study site of Bílý Kříž (the Beskids Mts.)
during 1997–2016.
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Fig. 2: Annual mean daily sum of precipitation and the trend of the annual mean daily sum of precipitation (A) and annual
maximum daily sum of precipitation (B) at the study site of Bílý Kříž (the Beskids Mts.) during 1997–2016.
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Fig.3: Frequency of events without rain and frequence of light (0.1–2.5 mm h-1), moderate (2.6–10.0 mm h-1) and heavy
(2.6–10.0 mm h-1) events rain at the study site of Bílý Kříž (the Beskids Mts.) during 1997–2016 (lines show the trend
in the period of 2000–2016).
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Fig. 4: Number of days without precipitation at the study site of Bílý Kříž
(the Beskids Mts.) during 1997–2016.
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(significance level α = 0.05, correlation coefficient -0.47, -0.59 and -0.64, resp.). The number
of rainy days was so decreasing (Ventura et al.
2002), but no statistically significant trend was
determined for the number of days with daily
sum of precipitation ≥ 10 mm (Fig. 5D).
The humidity indexes could be used to describe water conditions at the site. Lang’s rain
factor and standardized precipitation index are
ones of these indexes.
Values of Lang’s rain factor (f) calculated for
the warm period (April–September) was decreasing at the study site during 1997–2016

NUMBER OF DAYS

NUMBER OF DAYS

of the years (April–September) (Romero et al.
1998, Szolgay et al. 2009). No violent rain events
(> 50 mm h-1) was determined at the study site
during 2000–2016.
The mean number of days without precipitation was 168 ± 16 during 1997–2016 (Fig. 4). No
statistically significant trend in the number of
days without precipitation was determined during the past 20 years (Quirmbach et al. 2012).
The number of days with daily sum of precipitation in the range 0.1–9.9 mm was decreasing during 1997–2016 (Fig. 5 A–C), but no
statistically significant trend was determined
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Fig. 5: Number of days with different daily sums of precipitation at the study site of Bílý Kříž (the Beskids Mts.) during
1997–2016 (lines show the trend during 1997–2016).
A – daily sums of precipitation ≥ 0.1 mm, B – daily sums of precipitation ≥ 1.0 mm, C – daily sums of precipitation ≥ 5.0 mm,
D – daily sums of precipitation ≥ 10.0 mm.
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(Fig. 6). Its trend was found to be statistically
significant (correlation coefficient -0.60). The
mean value of Lang’s rain factor was 78 ± 27
for the period 1997–2016. Sites are classified as
humid when f = 60–100 and as perhumid when
f > 100 (http://www.cbks.cz/sbornikRackova03/
sections/5/Dufkova-3.pdf). The study site has
changed from being a perhumid to humid area
during the studied 1997–2016 period.
A negative value of the standardized precipitation index (SPI) indicates drought at the site.
SPI is usually reported as the number of consecutive months when the SPI is < -1. SPI values
were between 0 – 5 at the study site during 1997–
2016 (Fig. 7). The mean SPI values was 2. A statistically significant increasing trend in SPI values
was determined for the past decade (correlation
coefficient 0.52) (Verdni and Todisco 2011).

Conclusions
It is evident that some parameters of precipitation conditions have differed in comparison
to long-term values at the mountain study site
of Bílý Kříž (the Beskids Mts., Czech Republic). Tables 1 and 2 present comparisons of selected long-term precipitation characteristics
with precipitation characteristics for the period
1997–2016. The results show a slightly increasing annual sum of precipitation and slightly increasing number of days without precipitation.
No statistically significant trend was found for
the number of days with heavy rain. The study
site changed from being a perhumid to humid
type of site in accordance with Lang’rain factor.
More dry periods were determined at the past
decade according to standardized precipitation
index.
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Fig. 6: L ang’s rain factor determined for the warm period (April–September) at
the study site of Bílý Kříž (the Beskids Mts.) during 1997–2016 (line
shows the trend during 1997–2016).
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Fig. 7: Standardized precipitation index at the study site of Bílý Kříž (the Beskids
Mts.) during 1997–2016 (line shows the trend during 1997–2016).

14

I. Marková, D. Janouš, F. Holata

Tab. 1: Comparison of mean annual sum of precipitation at the study site of Bílý Kříž (the Beskids Mts.)
with the long-term values determined for the region.
Mean annual
sum of precipitation (mm)
Long-term mean
at the study site of Bílý Kříž
during 1997–2016

1294 ± 225

Long-term mean in the region
during 1961–2000 *

1000 – 1200

Normal value in the region
during 1961–1990 **

1000 – 1200

Normal value in the region
during 1981–2010 ***

1000 – 1200

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

Tab. 2: Comparison of other chosen precipitation parameters at the study site of Bílý Kříž
(the Beskids Mts.) with the long-term values determined for the region.

Mean annual maximum of precipitation (mm)

58 ± 24

50 – 60

Lang’s rain factor for the warm period (April–September)

78 ± 24

> 100

2

2

Standardized precipitation index
Number of days with daily sum of precipitation ≥ 0.1 mm

208 ± 22

170 – 190

Number of days with daily sum of precipitation ≥ 1.0 mm

148 ± 16

140 – 150

Number of days with daily sum of precipitation ≥ 5.0 mm

80 ± 11

> 70

Number of days with daily sum of precipitation ≥ 10.0 mm

43 ± 9

> 32
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