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We are facing the information about climate change and 
the longer and more extremes of the hydrological or 
meteorological events and their catastrophic consequences 
more and more frequently. Climate variability impacts on 
the hydrological system on the regional scale have received 
a great deal of attention over the past years. The river flow is 
one of the main driving factors of the hydrological system and 
can change temporally as a result of the climate variability 
like change in precipitation, temperature and evaporation 
or human activities like land use change and urbanisation. 
Therefore, the first aim of hydrologists should be to verify 
these hypotheses and identify sources of the mentioned 
changes. Analyses of trends in river flows or volume of flow 
waves can predict its development and minimise its negative 
impacts on society and the environment. It is important to 
note that the extreme flow is one of the characteristics that 
can define hydrological regime. To answer these questions, 
it is necessary to statistically analyse a long and high quality 
time series of hydrological observations from the river 
basins, which are little affected by anthropogenic activities. 
Effects on the environment, which we live in, have escalated 
because of the increasing population, industrialisation, 
chemical substances used in agriculture, nonpoint 
pollutions, changes dependent on time, global climate 
change (warming or cooling), greenhouse gases, depletion 
of the ozone layer, and various other reasons since the 
mid-twentieth century, according to the Intergovernmental 
Panel on Climate Change (IPCC Climate Change, 2007). 
According to IPCC, statistical cases (mean, median, variance, 
autocorrelation, skewness or almost any other aspect of 
data) of meteorological, hydrological and climatological 

data parameters show variability in time. This variability may 
be cyclical with the seasons, steady (a trend), include sudden 
jumps or some other established variations. From the year 
1970 onwards, considerable literature concerning the trend 
detection techniques is available in the environmental 
and the hydrological field. Some of those studies are: Sen’s 
nonparametric slope estimator (Sen, 1968), a least squares 
linear regression for the detection of trends in a time series of 
the hydrological variables (Haan, 1977), and work concerning 
the Spearman rank correlation test and the seasonal Mann-
Kendall test (Hirsch, Slack, Smith, 1982; Hirsch, Slack, 1984; 
Lettenmaier, Wood, Wallis, 1994; Yue, Pilon, Cavadias, 2002). 
A number of studies were attempted on the basin, regional 
and country level for the trend detection, such as Burn, Hag 
Elnur (2002); Xiong, Shenglian (2004); Zhang, Harvey, Hogg, 
Yuzyk (2001). The Bayesian, time series and nonparametric 
methods with resampling approaches were mostly used 
in the trend detection studies for different hydrologic and 
climatic variables. Specific examples of the trends analyses 
in rainfall-runoff time series can be found in several works of 
the authors as Pekárová (2003); Falarz (2004); Fu, Chen, Liu, 
Shepard (2004); Franke, Goldberg, Eichelmann, Freydank, 
Bernhofer (2004); Schoner, Auer, Bohm (2009); Onoz, Bayazit 
(2003); Helsel, Frans (2006); Sonali and Nagesh Kumar (2013); 
etc.).

The hydrological research in the Tatra Mountains 
has a  long history. In the ’70s, an extensive hydrological 
research  – organized by the Slovak Hydrometeorological 
Institute  – took place in the representative pristine 
mountainous Belá River basin up to the town Liptovský 
Hrádok (Hlubocký, Dulovič, Matuška, Turčan, 1980; Pacl, 
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1973). Climatic conditions in the Tatra Mountains were 
analysed in the monograph of Konček (1974). Many authors 
(Hladný, Pacl, 1974; Molnár, Pacl, 1999; Molnár, Miklánek, 
Trizna, 1991; Pacl, 1994; Parajka, 2000) have dealt with the 
Tatra Mountain hydrology. Niedźwiedź et al. (2014) studied 
the variability of high rainfalls and related synoptic situations 
causing heavy floods at the northern foothills of the Tatra 
Mountains. Pribullová, Chmelík, Pecho (2011) analysed 
monthly temperatures and annual air temperature (climate 
changes from normal and linear trends and periodicity) at 
eight climate stations in the Tatra Mountains for the period 
1961–2007. Hydrological balance of six catchments of the 
Western and High Tatra Mountains was elaborated by Holko, 
Parajka, Majerčaková, Faško (2001) and Holko, Kostka (2006) 
for the time period 1989–1998. Its results have shown that 
the use of all existing data and advanced computational 
methods does not give a satisfactory answer to the doubts 
which arise when determining the essential elements of the 
hydrological balance in different mountain watersheds. The 
hydrological balance of mountain river basins still remains 
an unexplained problem. 

The aim of the study is to detect, whether significant 
trends occurred in the time series of annual maximum flows 
in the Váh River at Liptovský Mikuláš during the period of 
1931–2015. With regard to more frequent information about 
increasing extremities or durations of the hydrological 
events due to the climate changes, we also deal with the 
trend analysis of total volumes and durations of the wave 
that belongs to the annual maximum flows. Consequently, 
the air temperature and precipitation depth trends have 
been detected at three selected meteorological stations 
(Podbanské, Liptovský Hrádok and Kasprowy Wierch) 
located into the upper Váh River basin.

Study field and data
The Váh River is the biggest left-side Danube River 
tributary and the longest river in Slovakia. It rises in the 
Tatra Mountains by the confluence of the White Váh and 

the Black Váh (Figure 1). The Váh River flows over northern 
and western Slovakia and finally flows into the Danube 
near town of Komárno. The Váh River basin accounts for 
about 37% of water bearing of Slovakia. The Váh has a large 
number of tributaries, many of which are mountain streams 
from the Tatra Mountains and the Carpathians (e.g. Belá, 
Orava, Kysuca, Rajčianka, Turiec, Malý Dunaj, etc.). The 
long-term daily flows of the Váh River during the period of 
1931–2015 reached value of about 20.4 m3.s-1 at Liptovský 
Mikuláš gauge (basin drainage depth is 582.4 mm) and the 
maximum flow reached value 540 m3.s-1 (29th June 1958). The 
gauging station Váh – Liptovský Mikuláš is the final profile 
above the water reservoir Liptovská Mara, one of the largest 
reservoirs in Slovakia and the basin area is 1,107.21 km2. For 
this reason, it is useful to know the hydrological changes in 
the flow profiles (Figure 1). Some extreme floods occurred 
in 1934, 1948, 1958 and 1997 and a relatively longer wet 
period occurred between the years 1973–1981 (Figure 1). 

Mann-Kendal nonparametric test 
The Mann-Kendall nonparametric test (M-K test) is one of 
the most widely used nonparametric tests for significant 
trends detection in a time series. Nonparametric tests are 
more suitable for detection of the trends in the hydrological 
time series, which are usually irregular with many extremes 
(Hamed, 2008; Yue, Pilon, Phinney, 2003; Gilbert, 1987). 
The study performs two types of statistical analyses: 1) the 
presence of a monotonic increasing or decreasing trend 
and 2) the slope of a linear trend is estimated with the 
nonparametric Sen’s method, which uses a linear model to 
estimate the slope of the trend, while the variance of the 
residuals should be constant in time. The Mann-Kendall 
trend test and its adaptation for auto-correlated data by 
Hamed, Rao (1998) were used to analyse the significance of 
the detected changes in flows by Jeneiová, Kohnová, Sabo 
(2014). By the M-K test, we want to test the null hypothesis H0 
of no trend, i.e. the observations xi are randomly ordered in 
time against the alternative hypothesis H1, where there is an 
increasing or decreasing monotonic trend. The data values 
are evaluated by an ordered time series. Each data value is 
compared with all subsequent data values. If a data value 
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Figure 1 Map of Slovakia and the location of the selected Váh River section
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from a later time period is higher than a data value from an 
earlier time period, the statistic S is incremented by 1. On the 
other hand, if the data value from a later time period is lower 
than a data value sampled earlier, S is decremented by 1. The 
net result of all such increments and decrements yields the 
final value of S (Shahid, 2011). 

For n (a number of tested values) ≥10, the statistic S is 
approximately normally distributed with the mean and 
variance as follows

 E(S) = 0 (1)

  (2)

where:
q – the number of tied groups
tp – the number of data values in the p group

The standard test statistic Z is computed as follows:

  (3)

The presence of a statistically significant trend is 
evaluated using the Z value. A positive (negative) value of 
Z indicates an upward (downward) trend. The statistic Z has 
a normal distribution. To test either an upward or downward 
monotone trend (a two-tailed test) at α level of significance, 
hypothesis H0 (no trend) is rejected, if the absolute value of 
|Z| is greater than Z1-α/2, where Z1-α/2 is obtained from the 
standard normal cumulative distribution tables. The M-K 
test detects trends at four levels of significance: α = 0.001, 
0.01, 0.05 and α = 0.1. Significance level of 0.001 means that 
there is a 0.1% probability that the value of xi is derived from 
a random distribution and it is likely to make a mistake, if 
we reject the hypothesis H0; Significance level of 0.1 means 
that there is a 10% probability that we make a mistake, if we 
reject the hypothesis H0. If the absolute value of Z is less than 
the level of significance, there is no trend. 

For the four tested significance levels, the following 
symbols are used in the template:
 *** if trend at α = 0.001 level of significance – H0 seems 

to be impossible;
 ** if trend at α = 0.01 level of significance;
 * if trend at α = 0.05 level of significance – 5% 

mistake, if we reject the H0;
 + if trend at α = 0.1 level of significance;  
 Blank: if the significance level is greater than 0.1, it cannot 

be excluded that the H0 is true
The most significant trend is marked with three stars 

(***), with a gradual decrease in importance, the number of 
stars also decreases.

Trend analysis of the annual maximum flows 
on the Váh River at Liptovský Mikuláš 

The analysed upper part of the Váh River catchment 
area concerning the profile Liptovský Mikuláš has a cold 
climate character. The maximum number of the events with 
maximum annual flows occurs in May, when snow melts 
in the higher parts of the basin and rainfall occur in the 
lower parts of the basin. The second peak of the number in 
occurrence of the annual maximum flows is in July, which 
can be caused by summer rainfall. The two extreme annual 
maximum flows occurred in June. The Figure 2 illustrates 
the annual maximum flows occurrence in individual months 
during the period of 1931–2015. 

 

Figure 2 Monthly distribution of the annual maximum flows, 
the Váh River: Liptovský Mikuláš (1931–2015)

The annual maximum flows of the Váh River at Liptovský 
Mikuláš showed a decreasing long-term linear trend during 
the selected period of 1931–2015. Some extreme floods in 
1934, 1948, 1958 and 1997 occurred. A relatively longer wet 
period occurred in the period of 1973–1981. Scenarios of the 
changes of the selected elements of the hydrosphere and 
biosphere in the Váh basin are reported in the monograph 
of Pekárová, Szolgay (2005) and in the work of Jeneiová, 
Kohnová, Sabo (2014).

The hydrological regime of the upper part of the 
Váh River basin is affected by the regime of its individual 
tributaries. The effect of the partly different flood regime is 
caused by the direction of the mountains and depressions 
of the catchment area and a different spatial distribution 

       


 
      

 


1

1
1 2 1 2 5

18

q

p p p
p

VAR S n n n t t t  

1
0( )

0 0
1 0
( )

S
if SVAR S

Z if S

S if S

VAR S



 

 







 

Results and discussion

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12

nu
m

be
r 

of
 e

ve
nt

s

annual maximum occurence (month)
 

0

100

200

300

400

500

600

0 1 2 3 4 5 6 7 8 9 10 11 12

Q
a 
(m

3 s
-1
)

annual maximum occurence  (month)
 



83

Acta Horticulturae et Regiotecturae – Special Issue/2021 Veronika Bačová Mitková, Dana Halmová

also found statistically significant increasing and decreasing 
trends in the annual maximum flow series in different 
regions of the Váh River catchments. The analysis detected 
a significant increasing trend in the upper part of the 
catchment, mainly in the east Tatra Mountain region and 
a decreasing trend in the lower part of the upper Váh River 
basin.

Trend analysis of durations and volumes of the wave 
belonging to the annual maximum flows on the Váh 

River at Liptovský Mikuláš
For determination of the total duration and total volume 
of the wave, it was necessary to identify the beginning and 
end of the wave. It is quite difficult to identify the beginning 
and end of the flow wave, in some cases. In our analysis, 
the beginning and end of the wave was determined 
approximately at the level of the long-term average daily 
flow Qd = 21 m3.s-1 (1931–2015). We also assumed that there 
were no other significant atmospheric events.

Figure 4 illustrates the total runoff duration and the 
month of the annual maximum flow occurrence. The total 
wave durations above 25 days occur most often in May. The 
longest duration (t = 43 days) with the Qd level criterion was 
identified for the wave which occurred in April – May 2013. 
The maximum flow of this wave was about 133.50  m3.s-1. 
In contrast, the wave that belongs to the highest annual 
maximum flows (years 1948 and 1958) lasted only 25 days. 
The total volume and duration of the waves show a slightly 
increasing trend during the selected period of 1931–2015. 
The total runoff volumes V and total runoff duration t of 
the waves show a slightly increasing linear trend for the I. 
period: December – May and period II. June – November. 

of the rainfall (Pekárová, Szolgay, 2005). Therefore, we 
divided the data period 1931–2015 into two time periods 
(seasons), based on the month of the maximum annual flow 
occurrence and tried to detect the trends: I. December – May 
and II. June – November. The annual maximum flows show 
a decreasing linear trend for the period II. June – November. 

The Mann-Kendall nonparametric test (M-K test) was 
used for detection of the significance in the long-term trends 
in the annual maximum flows for the period 1931–2015 and 
for the periods I. December – May and II. June – November. 
The M-K nonparametric test shows a decreasing long-term 
trend in the annual maximum flows for the Váh River at 
Liptovský Mikuláš and also in the annual maximum flows in 
the period II. June – November and thus, we can reject the 
hypothesis H0 at the significance level α = 0.1 (Table 1). The 
long-term trends of the M-K test for the annual maximum 
flows of the Váh River at Liptovský Mikuláš (1931–2015) 
and for the period II. June – November are illustrated in the 
Figure 3.

Jeneiová, Kohnová, Sabo (2014) dealt with the trend 
analysis of the annual maximum flow series at different 
lengths of 40, 50, 60 years and in the whole observation 
period in the east Tatra Mountain region. These authors 

Table 1 Conclusions of the Mann-Kendall trend test for the annual maximum flows (m3.s-1) for the period 1931–2015 and for 
the period II. June – November, the Váh River: Liptovský Mikuláš

Mann-Kendall trend Sen‘s slope estimate

Time series Q (m3.s-1) first year last year n test Z signific. A B

Qa 1931 2015 85 -1.82 + -0.530 151.37

Qa I. December – May 44 -0.48 -0.242 123.59

Qa II. June – November 41 -1.66 + -1.707 182.24

A, B are parameters of the linear trend line y = A * x + B, A is a slope of the trend line
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The Mann-Kendall nonparametric test (M-K test) was 
used for detection of the significance in the long-term 
trends of the total wave volumes and total wave durations 
that belong to the annual maximum flows of the Váh River 
at Liptovský Mikuláš for the period 1931–2015 and for the 
period I. December – May and II. June – November. The M-K 
trend test did not show any significant long-term trends in 
the total wave volumes and total wave durations belonging 
to the annual maximum flows of the Váh River at Liptovský 
Mikuláš for the period 1931–2015 and for the period of 
I. December – May and II. June – November. Table 2 lists 
conclusions of the M-K trend test for the total wave volumes 
and total wave durations belonging to the annual maximum 
flows for the period 1931–2015 and for two shorter time 
periods of the data set for the Váh River at Liptovský Mikuláš. 

Based on the results of the trend analysis of the annual 
maximum flows, we also analysed the trends and their 
significance in air temperatures and rainfall totals. Three 
meteorological stations located in the upper Váh River basin 
were selected for the trend analysis: Podbanské P (1951–
2014 and T (1931–2014), Liptovský Hrádok (1951–2014) 
and Kasprowy Wierch (1946–2014). We analysed monthly 
and annual total precipitation depth and mean annual and 
monthly air temperature using the nonparametric M-K test. 

Trend analysis of the precipitation depth 
at the selected stations located in the upper 

Váh River basin
The M-K nonparametric test shows an increasing long-

term trend in the annual precipitation depth at Liptovský 
Hrádok station and thus, we can reject the hypothesis H0 at 
the significance level α = 0.05 (Table 3 and Figure 5). Due 
to the fact that the maximum annual flows for the period 

Table 2 Conclusions of the Mann-Kendall trend test for the total wave volumes (mil.m3) and total wave durations (day) 
belonging to the annual maximum flows for the period 1931–2015 and for the periods I. December-May and 
II. June – November, the Váh River: Liptovský Mikuláš

Mann-Kendall trend Sen‘s slope estimate

Time series V (mil.m3) first year last year n test Z signific. A B

Vatot 1931 2015 85 0.66 3.193 1,157.36

Vatot I. December – May 44 0.48 6.53 1,080.91

Vatot II. June – November 41 0.51 8.60 1,837.30

Time series t (day) first year last year n test Z signific. A B

tatot 1931 2015 85 0.85 0.023 17

tatot I. December – May 44 0.59 0.043 17

tatot II. June – November 41 0.59 0.045 17.19

Table 3 Conclusions of the Mann-Kendall trend test of the total annual precipitation depth (mm) at Podbanské, Liptovský 
Hrádok and Kasprowy Wierch stations

Mann-Kendall trend Sen‘s slope estimate

Time series P (mm) first year last year n test Z signific. A B

P Podbanské 1961 2014 54 0.91 1.148 898.7

P Liptovský Hrádok 1951 2014 64 2.51 * 1.748 623.26

P Kasprowy Wierch 1946 2014 69 0.57 1.321 1,676.75
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Figure 5 The long-term trend – conclusions of the Mann-

Kendall trend test for the annual precipitation depth 
at Liptovský Hrádok station (1951–2014)

II. June – November showed a decreasing trend, we analysed 
changes in the monthly precipitation depth, especially in 
the months included in this period. At Podbanské station, 
no long-term significant trends in monthly precipitation in 
the individual months of June – November were detected. 
The M-K nonparametric test shows a decreasing long-
term trend of monthly precipitation for Liptovský Hrádok 
station in June and thus, we can reject the hypothesis H0 
at the significance level α = 0.1 (Table 4 and Figure 6). The 
M-K test shows an increasing trend in long-term monthly 
precipitation for Kasprowy Wierch station in September 
and thus, we can reject the hypothesis H0 at the significance 
level α = 0.05 (Table 4 and Figure 6).

Trend analysis of the air temperature at the selected 
stations located in the upper Váh River basin

The M-K nonparametric test shows an increasing trend 
in the long-term mean annual air temperature during the 



85

Acta Horticulturae et Regiotecturae – Special Issue/2021 Veronika Bačová Mitková, Dana Halmová

selected periods and thus, we can reject the hypothesis H0 
at the significance levels α = 0.001 (Podbanské) and α = 
0.01 (Liptovský Hrádok and Kasprovy Wierch) (Table 5). The 

mean annual air temperatures and their long-term trends – 
conclusions of the M-K test for the selected stations are 
illustrated in Figure 7.

Table 4 Conclusions of the Mann-Kendall trend test of the monthly precipitation depth (mm) at Liptovský Hrádok and 
Kasprowy Wierch stations

Mann-Kendall trend Sen‘s slope estimate

Time series P (mm) first year last year n test Z signific. A B

Liptovský Hrádok

P June 1951 2014 64 -1.66 + -0.371 105.98

P July 1951 2014 64 1.26 0.411 73.58

P August 1951 2014 64 0.49 0.110 69.89

P September 1951 2014 64 0.21 0.045 50.08

P October 1951 2014 64 1.14 0.267 35.88

P November 1951 2014 64 1.11 0.219 36.20

P sum 1951 2014 64 1.26 0.827 396.19

P average 1951 2014 64 1.26 0.138 66.03

Kasprowy Wierch

P June 1946 2014 69 -0.97   -0.550 237.65

P July 1946 2014 69 0.60   0.316 171.62

P August 1946 2014 69 0.31   0.158 175.06

P September 1946 2014 69 2.41 * 1.036 84.32

P October 1946 2014 69 1.21   0.423 92.15

P November 1946 2014 69 -0.05   -0.018 114.47

P sum 1946 2014 69 1.10   1.408 894.35

P average 1946 2014 69 1.10   0.235 149.06
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Figure 6 The long-term trend – conclusions of the Mann-Kendall trend test for the monthly precipitation depth at Liptovský 

Hrádok station (left) (1951–2014) and Kasprowy Wierch station (right) (1946–2014)
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Table 5 Conclusions of the Mann-Kendall trend test of the mean annual air temperature (°C) at Podbanské, Liptovský Hrádok 
and Kasprowy Wierch stations

Mann-Kendall trend Sen‘s slope estimate

Time series T (°C) first year last year n test Z signific. A B

T Podbanské 1931 2014 84 4.42 *** 0.016 4.25

T Liptovský Hrádok 1951 2014 64 3.10 ** 0.020 5.48

T Kasprowy Wierch 1946 2014 69 2.65 ** 0.013 -1.06
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The trend analysis of the mean monthly air temperature 
shows the most significant increasing long-term trends 
especially in months: April, May, June, July and August at 
Podbanské and Liptovský Hrádok stations and the M-K test 
shows that we can reject the hypothesis H0 at the significance 

levels α = 0.001 and α = 0.01, respectively (Table 6). Figure 
8 illustrates a significant long-term trend of the monthly air 
temperature at Podbanské and Liptovský Hrádok stations 
for the above mentioned spring and summer months.

Table 6 Conclusions of the Mann-Kendall trend test of the mean monthly air temperature (°C) at Podbanské, Liptovský 
Hrádok and Kasprowy Wierch stations (months with a significant long-term trend)

Mann-Kendall trend Sen‘s slope estimate

Time series T (°C) first year last year n test Z signific. A B

Podbanské

T April 1931 2014 84 4.11 *** 0.036 2.77

T May 1931 2014 84 3.68 *** 0.030 8.31

T June 1931 2014 84 3.50 *** 0.023 11.82

T July 1931 2014 84 2.75 ** 0.019 13.74

T August 1931 2014 84 3.03 ** 0.019 13.19

Liptovský Hrádok

T April 1951 2014 64 3.26 **  0.042 2.01

T May 1951 2014 64 4.22 *** 0.038 7.70

T June 1951 2014 64 3.51 *** 0.033 11.66

T July 1951 2014 64 3.79 *** 0.040 12.23

T August 1951 2014 64 4.21 *** 0.035 11.87

Kasprowy Wierch

T May 1946 2014 69 1.70 + 0.018 1.73

T July 1946 2014 69 2.30 * 0.025 6.84

T August 1946 2014 69 3.02 ** 0.026 6.78
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Figure 8 The long-term trend – conclusions of the Mann-Kendall trend test for the mean monthly air temperature (°C) 
at Podbanské (1931–2014, left) and at Liptovský Hrádok stations (1951–2014, right)
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Conclusions
The study presents a statistical analysis and a trend detection 
of the hydrological extremes in the upper part the Váh 
River. The upper part of the Váh River basin is particularly 
suitable for studying the effect of potential climate change 
or increased air temperature on drainage conditions in the 
basin (Majerčáková, Škoda, Danáčová, 2007; Demeterová, 
Škoda, 2009). Our analysis showed that in terms of the 
analysed period 1931–2015, the annual maximum flows 
have a decreasing trend. The hydrological regime of the 
upper part of the Váh River basin is affected by the regime 
of its individual tributaries, direction of the mountains and 
depressions of the catchment, different spatial distribution 
of the rainfall and temperature variability. Therefore, we 
analysed also the trends in two time periods (seasons): 
I. December – May (snowmelt or a combination of snowmelt 
and rainfall) and II. June – November (rainfall). Analysis of 
the divided period into two time periods according to the 
occurrence of the annual maximum flows and seasonality 
(I. December – May and II. June – November) showed 
a  significant decreasing trend in the annual maximum 
flows for the period II. The analysis of the total wave length 
and the total volumes of wave belonging to the annual 
maximum flow showed no significant trend in terms of all 
analysed cases. 

The trend analysis of the precipitation depth and air 
temperature at three selected meteorological stations 
(Podbanské, Liptovský Hrádok and Kasprowy Wierch) 
showed some significant trends at various significance levels 
of α. The analysis of the annual precipitation depth at the 
selected stations showed an increasing trend in general, but 
only at Liptovský Hrádok station, it is significant at α = 0.1. 
The analysis of the monthly precipitation depths of the 
period June – November showed a decreasing long-term 
trend in June (α = 0.1, Liptovský Hrádok) and an increasing 
trend in September (α = 0.05, Kasprowy Wierch).

The M-K test showed a significant increasing long-
term trend in the mean annual air temperature for all 
three stations. The trend analysis of the mean monthly 
air temperature showed a significant long-term trend 
especially in months from April to August. The M-K test 
confirms significantly an increasing long-term trend in the 
mean monthly air temperature at the significance levels 
α = 0.001 and α = 0.01 at the lower stations in Podbanské 
and Liptovský Hrádok. Results of the trend analysis of the 
hydrological and meteorological data from the upper part 
of the Váh River basin show that the potential and even 
the actual evapotranspiration reaches possible increase. In 
a complex view on the studied river basin, we can state that 
the hydrological elements are changing, but it is important 
to time their increase or decrease in space and time. Some 
studies reported not so univocal trends in the runoff and 
precipitation in the Tatra Mountains area, while the trends in 
air temperature are increasing in the last decades (Bičárová, 
Holko, 2013; Pribullová, Chmelík, Pecho, 2013; Łupikasza, 
Niedźwiedź, Pinskwar, Ruiz-Villanueva, Kundzewicz, 2016; 
Holko, Sleziak, Danko, Bičárová, Pociask-Karteczka, 2020). 
The frequency analysis in the work of Pekárová, Pekár, 
Miklánek (2019) showed changes in the distribution curves 
of air temperatures also at the station Hurbanovo in southern 
Slovakia, which is ranked among the best meteorological 

stations in Central Europe providing sufficiently long, high 
quality and homogenous observations. 

The results are useful in the water planning and flood 
protection and can help mapping the flood-risk areas and 
developing river basin management plans in the Váh River 
basin.
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