
The first hydrographic descriptions of the Tatra 
Mountains come from the 17th century. The early de-
scriptions focused more on lakes than on rivers (Pacl 
1973, Szaflarski 1972). The earliest limnological measu- 
rements were carried out by Jakub Buchholtz (1696–
1758) who measured the water level in the Nižné Tem-
nosmrečinské lake intending to disprove the theory 
about connection of the lake with the sea. The big flood 
of 1813, described by Swedish botanist G. Wahlen- 
berg who was then in the Tatra Mountains, resulted 
in deeper interest in rivers. Hydrographic service on 
the territory of present-day Slovakia was established 
in the second half of the 19th century. The first gauge 
in the area of the Tatra Mountains (Studený Creek/
Oravský Biely Creek) was installed in 1920. The gauge 
in the Poprad River at Matejovce was installed in 1921. 
The gauges on the Biely Váh River at Východná and the 
Belá River at Podbanské have been in place since 1922 
and 1924, respectively. Other 10 gauges were installed 
before 1938. The network expanded in 1940–1944 by  
8 gauges and in 1946–1960 by other 7 gauges (all above 
information by Pacl, 1973). Pekárová et al. (2005) and 

Pekárová and Pekár (2007) extended the annual runoff 
data series for the Belá River at Podbanské by regre- 
ssion analysis back to the year of 1895. 

Regular meteorological data that allow quantitative 
assessment of the water balance in the Tatra Moun-
tains are measured for about a century. An overview 
of the history of meteorological measurements in the 
Tatra Mountains region was presented e.g. by Šamaj 
(1973). He reported that the first meteorological mea- 
surements (air temperature) in the High Tatra Moun-
tains and their vicinity were made in the 1720s. The 
oldest preserved observations were from years 1789–
–1800. Systematic measurements have been archived 
since 1873. Meteorological measurements in Starý 
Smokovec started in 1875 and similar meteorological 
station was established in 1881 in Liptovský Hrádok. 
Stations in Tatranská Lomnica, Poprad, and Štrbské 
Pleso (all in Slovakia) were established at the turn of 
the 20th century. The network substantially expanded 
in the 1920s when 15 new stations started to operate. 
Important high mountain stations were established 
between 1936 and 1940 at Kasprowy Wierch (Poland, 
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Western Tatra Mountains) and at Skalnaté Pleso and 
Lomnický štít mountain (Slovakia, High Tatra Moun-
tains, Fig. 2.5).

The Tatra Mountains – a “water tower”  
of Central Europe

From the Himalayas in Asia to the Alps in Europe, and 
the Rockies in North America, high mountains are 
all important sources of water to people living down-
stream. The Tatra Mountains are the highest mountain 
range of the Carpathian Mountains. They form part 
of the European water divide between the Black Sea 
and the Baltic Sea. The Tatra Mountains can be called  
a natural “water tower” of Central Europe. They are 
vital headwaters of the significant tributaries of major 
rivers in this region: Danube and Vistula. They give 
birth to Vah – the left tributary of Danube and Duna-
jec – the right tributary of Vistula. Freshwater from 
rain and melting snow feeds streams, lakes and even-
tually ends in the Black Sea or Baltic Sea (Fig. 3.1). 

Freshwater of high mountains also replenishes  
aquifers. The Tatra Mountains are the recharge area 
for the Podhale basin – a hydrogeological structure 
built of two units: Mesozoic (Triassic-Cretaceous) and 
Tertiary (Palaeogene) formations (Fig. 3.2). Mesozoic  
formations are underlain by Palaeozoic formations 
(crystalline rocks). The crystalline and sedimentary 
Tatra Mountains massif adhers to the Podhale basin. 
Precipitation water infiltrates to the sedimentary rocks 
in the Tatra Mountains and percolates deep within the 
Mesozoic unit. Triassic carbonates and Jurassic sand-
stone and carbonates are the main water aquifers. All 
of them are confined aquifers. The Podhale geother-
mal aquifers are isolated from the atmospheric impact 

by semi-permeable Jurrasic and Cretaceous mudstone, 
siltstones, shales. 

The most valuable groundwater resources exploited 
from the second half of the 20th century occur within 
the Middle Eocene Nummulitic limestone and car-
bonate conglomerates. These formations occur over 
the entire Podhale basin and spread out to Slovakia 
(Chowaniec 2009, Małecka 2003). The depth of aqui-
fer with water of temperature 80–95 °C is 1–3.5 km.  
The Podhale basin has been recognized as a hydro-
geothermal province of high importance. Regio- 
nal geothermal project started there in the end of the 
1980s and successively a great regional heating system 
was developed in Zakopane. Contemporary, the geo-
thermal energy provides a supply of clean, environ-
ment-friendly domestic heating in the Podhale region 
and serves for balneological and spa purposes both in 
Poland and Slovakia. 

Water balance

Annual precipitation in the Tatra Mountains area var-
ies from 600–800 mm in the foothills to more than 
2000 mm in the mountains. Maximum seasonal pre-
cipitation occurs in summer, minimum in winter. 
Second, smaller precipitation maximum is sometimes 
observed in autumn. Snow cover is typically present 
in the mountains between November and May. About 
60–80% of annual precipitation runs off. The long-
term mean annual specific runoff is 40 to 50 l·s–1·km–2 
(Pociask-Karteczka et al. 2010). Annual runoff maxi-
mum occurs in spring months. It is related to snowmelt 
accompanied by rainfall in late April and May (when 
most of the snow cover is already melted). Annual 
runoff minimum occurs in winter (January, February).  

Fig. 3.1. The Tatra Mountains as the “water tower” of Central Europe. 
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An example of seasonality in catchment precipitation 
and runoff from the catchment on the southern slopes 
of the Western Tatra Mountains is shown in Fig. 3.3.

Owing to their geographical position in Central  
Europe, the Tatra Mountains act as a barrier to the 
precipitation – bringing air masses coming from the 
north-west and west. As a result, the pronounced wind-
ward and leeward effects are observed on the north-
ern and southern slopes of the mountains (Fig. 3.4).  
Northern slope has more precipitation and steeper al-
titude gradients of annual precipitation. Catchments 
located on the northern side of the mountains have 
higher runoff (Fig. 3.5). Fig. 3.5 provides also the infor-
mation on annual precipitation (point values), catch-
ment runoff and typical size of mountain catchments 
of the Tatra Mountains.

Hydrological processes  
– the Jalovecký Creek catchment

Klemeš (1990) noted that “in spite of their hydro-
logical importance, mountainous areas represent...
some of the blackest black boxes in the hydrological 
cycle” owing to “harsh environment, inaccessible ter-
rain, the high variability of topography, soils, vegeta-
tion, temperature distribution, radiation and albedo, 
deposition and melting of snow and ice, turbulent 
character of mountain streams, rapidity of changes in 
atmospheric conditions, etc.” Systematic research of 

hydrological cycle based on good data can contribute 
to the improvement of the knowledge of hydrological 
cycle in these areas which “control much of the distri-
bution of atmospheric moisture over the continents”  
(Klemeš 1990). Such a systematic research is carried 
out in the Tatra Mountains since the end of the 1980s 
in the mountain part of the Jalovecký Creek catchment. 
This chapter presents a brief summary of the obtained 
knowledge on the hydrological cycle from precipita-
tion to catchment runoff. 

The Jalovecký Creek catchment is a small mountain 
catchment located in the Western Tatra Moutains and 
in the adjacent Liptovská kotlina Valley. Jalovecký 
Creek is the right-hand tributary of the longest Slovak 
river Váh. Area of the entire Jalovecký Creek catch-
ment is ap. 46 km2, and its elevation ranges from 560 to  
2178 m a.s.l. The catchment is composed of two dis-
tinctly different parts. The mountain part of the 
catchment (area 22.2 km2, mean elevation 1500 m 
a.s.l., elevation range 820 – 2178 m a.s.l., mean slope 
3.00°) is located in the Western Tatra Mountains. It 
is dominantly built by crystalline rocks (schist, par-
agneiss, migmatite) and granodiorites that account 
for 48% and 21% of the area, respectively. About 7% 
of the mountain part is composed of nappes formed 
by Mesozoic rocks (mainly limestone and dolomite). 
Quarternary sediments (slope sediments and mo-
raines) cover about 24% of the mountain part of the 
catchment. Land use is represented by forests (main-

Fig. 3.2. A cross section of the Podhle basin; blue arrows indicate precipitation, red arrows indicate groundwater circulation 
(Chowaniec 2009, simplifed).
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Fig. 3.3. Monthly precipitation and runoff in the Jalovecký Creek catchment (the Western Tatra Mountains) during a hydro-
logical year (November – October); data from hydrological years 1988–2017; the boxplots represent maximum, third, second 
and first quartiles and minimum (Holko, Danko 2018; modified).

Fig. 3.4. Mean annual precipitation on the wind- and lee-
ward slopes of the High Tatra Mountains (Molnár, Pacl 1988; 
modified).

ly spruce), dwarf pine and alpine meadows and rocks 
that cover 44%, 31% and 25% of the area, respec-
tively. The mean annual precipitation and runoff are  
1501 mm and 1024 mm, mean annual air temperature 
at 1500 m a s.l. is 3.0 °C. Most hydrological research 
is focused on this part of the catchment. The foothill 
part of the catchment (about 24 km2, mean elevation  
806 m a.s.l., elevation range 560 – 1606 m a.s.l.) is lo-

cated in the Liptovská kotlina valley. It is built mainly 
by sedimentary rocks of Paleogene covered by the 
alluvium of the Jalovecký Creek. The land use in this 
part of the catchment is dominated by agricultural 
land (fields, grasslands) and several small urbanized 
areas. Mean annual precipitation in the foothill part is  
806 mm, mean annual air temperature at 750 m a.s.l. 
(close to the outlet of the mountain part of the catch-
ment) is 6.2 °C. Two stations providing meteorological 
data (at 750 and 570 m a.s.l.) are located in this part  
of the catchment. Detailed information about the 
measurement network is given i.a. in Holko and Dan- 
ko (2018).

Spatial distribution of precipitation shows clear 
difference between the mountains and foothills; pre-
cipitation amounts in the mountains depend more on 
the position of the gauge than on its altitute (Fig. 3.6). 
The number of precipitation days in the mountains 
is not much greater than outside them (mostly by up 
to 5 days). However, when it rains, daily precipitation 
totals in mountains are greater than in the foothills 
(Fig. 3.7). Daily precipitation totals in the foothils are 
most frequently below 10 mm (about 80% of days with 
precipitation). In mountains about 20% of days with 
precipitation has daily precipitation amount between 
20 and 30 mm (Table 3.1). Hourly data indicated that 
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Fig. 3.5. Elevation gradients in the long-term mean annual precipitation (left) and catchment runoff (right; most catchments 
are located in the High Tatra Mountains) on the wind- and leeward slopes of the Tatra Mountains; data from 1961 (1963) – 
2010; numbers near catchments’ names show catchments areas; the cross symbol in the left panel indicates the Jalovecký creek 
catchment (data from 1988–2017) which has both wind- and leeward slopes (Górnik et al. 2017, modified).

Fig. 3.6. Summer precipitation (June to September 2013–2017) in the foothill (up to 820 m a.s.l.) and mountain parts of the 
Jalovecký Creek catchment (Holko, Danko 2018; modified).

when it rains, the rain usually hits entire catchment 
(22 km2). In other words, at the typical scale of a small 
mountain catchment of the Tatra Mountains, the run-
off events which are caused by precipitation occuring 
only in part of the catchment are rare (Holko et al. 
2015 a).

Spruce dominated forest covered about 44% of 
catchment area before the onset of changes that star- 
ted approximately in 2012 as a result of windfalls and 
consequent bark beetle outbreaks. Spruce interception 
represents about 30% of precipitation on the longer-
term scales (season, year). High interception variabi- 
lity was observed during rainfall events. The intercep-
tion ranged between 46% and 72% depending on event 
duration and intensity (Holko 2010). The relationship 
between the open area precipitation and throughfall 

became more regular for larger rainfall events only 
(Fig. 3.8). 

Another important component of water balance 
in forested catchments is transpiration. Our sap flow 
measurements showed that daily transpiration cor-
related best with global radiation and air humidity  
(Holko et al. 2015 b, Photo. 3.1). Transpiration of the 
same trees was significantly smaller during a dry 
summer compared to the wet one (Fig. 3.9). Spruce 
forest transpiration during a dry summer can be 
similar to total precipitation during the same period.  
Analogical behaviour was indicated by measure-
ments at different altitudes. While daily transpiration 
at higher altitude (more precipitation) reached up to 
6 mm, it was only up to 2.5 mm near catchment outlet 
(less precipitation).
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Fig. 3.7. Characteristics of daily precipitation at different altitudes; data from June – September 2013–2017; Pmax is  
the arithmetic mean of 10 highest daily precipitation totals in each year (Holko, Danko 2018).

Photo. 3.1. Sap flow measurement sites in the Jalovecký Creek catchment (Photo. L. Holko).
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Table 3.1. Frequency of daily precipitation totals at different altitudes; altitudes up to 820 m a.s.l. represent the foothill part 
of the catchment (data June – September 2013–2017). 

Daily  
precipitation

Altitude
[m a.s.l.]

570 820 1100 1400 1500 
leeward

1500  
windward 1600 1775 

windward
1775 

leeward
1875 

summit

< 10 mm 83.0 84.1 64.5 66.0 75.3 60.7 61.1 59.8 70.9 65.1

10–20 mm 12.3 9.4 19.9 21.1 15.7 21.5 22.7 22.8 16.9 19.3

20–30 mm 2.2 4.0 8.7 5.3 4.3 9.7 8.4 8.0 7.3 8.0

30–40 mm 2.2 1.8 2.4 4.3 1.6 3.7 2.8 4.2 2.6 3.4

40–50 mm 0.0 0.4 2.8 1.3 1.9 2.3 3.1 2.9 1.3 2.8

> 50 mm 0.4 0.4 1.7 2.0 1.1 2.0 1.9 2.3 1.0 1.5

Fig. 3.8. Relationship between the open area rainfall and throughfall for 59 rainfall events measured between 13 May and  
13 October 2009; left – total rainfall in the open area from 0 to 5 mm; right – total rainfall in the open area higher than 5 mm; 
the diagonals represent the 1:1 lines; the grey line in the right panel represents the regression line (R2 = 0.778, Holko 2010).

Fig. 3.9. Sap flow measurement plot near the forest line at 1450 m a.s.l. and measured sap flow in the same tree (two sensors  
in each tree) in the wet summer 2014 (the black line and dashed line) and in the dry summer 2015 (the grey line and dashed line).
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Fig. 3.10. Soil moisture variability in period May – Sep-
tember at different soil depths (1500 m a.s.l.; Hlaváčiková  
et al. 2018, modified).

Soils form an important hydrological interface be-
tween precipitation and runoff. Mountain soils (cam-
bisol, podzol, lithosol, rendzina) contain a lot of ske- 
leton. Maximum stoniness measured in the Jalovecký 
Creek catchment was 0.6–0.7 cm∙cm–3 (Hlaváčiková  
et al. 2015). The stoniness decreases retention of wa-
ter in the soil layer and increases the percolation. The 
higher the initial soil moisture, the faster is the outflow 
from the soil at its lower boundary. High stoniness of 
mountain soils can be one of the reasons of fast runoff  
response to precipitation. Soil moisture at greater 
depth (20 cm) had smaller range and absolute values 
than near the soil surface (depths 5 cm and 10 cm, 
Fig. 3.10). Although the seasonal variability of the soil 
moisture is high, its spatial variability is even higher  
and reaches several tens of % even at a small area  
(Fig. 3.11). Nevertheless, Fig. 3.11 shows that despite the 
variability, the spatial patterns tend to be similar. 

Regular decrease of the soil moisture was observed 
in the foothills in June – July. The duration of the de-
creased soil moisture period varied in different years. 
Such a behaviour was not observed at higher altitudes 
that receive more precipitation (Fig. 3.12). Fig 3.12 
documents fast response of catchment runoff to rain-
fall. The peakflow typically occurs within 1 – 3 hours 
after maximum precipitation and flow characteristics 
(peakflow, total discharge during an event) correlate 
best with precipitation amount and soil moisture defi-
cit. However, when the rain intensity exceeded cer-
tain threshold (0.4 mm∙10 min-1) time lag of peakflow  
after the rainfall became insensitive to the soil mois-
ture deficit (Kostka 2009).

Measurement of soil moisture at several depths 
allowed estimation of preferential (macropore) 
flow that occured approximately during one half of 
rainfall events and always occured at higher rain-

fall intensities (more than 4 mm∙10 min –1). Most of 
the water moved through the soil in macropores 
(Hlaváčiková et al. 2018).

Hydrograph separations using stable isotopes of 
oxygen and hydrogen indicated that catchment run-
off was often dominated by the water stored in the 
catchment before the rainfall or snowmelt, i.e. by the 
pre-event water (e.g. Holko et al. 2018). The event wa-
ter contributions to total catchment runoff during the 
rainfall-induced runoff events were mostly less than 
20–30% (the remaining water coming from the catch-
ment storage). Rainfall simulator experiments (Holko 
et al. 2018) showed that typically only up to 10% of the 
rain ran off as the overland flow after the intensive rains 
of short durations (up to about one hour during the 
repeated rainfall experiments). Maximum snowmelt 
water contribution to total catchment runoff after the 
snow-rich winter 2012 reached about 60%. However,  
the first snowmelt runoff events were almost solely 
contributed by the pre-event water (Holko et al. 2013). 

Catchment runoff in the small catchments of the 
Tatra Mountains during the rainless snowmelt periods  
exhibits regular diurnal variability (similar to that 
known from the glaciated catchments). The beginning 
and end of such periods and the timing of peakflows 
in particular years depend on the amount of snow and 
weather conditions during the snowmelt. Although 
the snow cover represents a lot of water which is  
released into the streams in a relatively short period 
(approximately one month), the snowmelt usually 
does not result in big floods.

Longer-term variability of climatic  
and hydrological characteristics  

and hydrological response to disturbances

A number of studies analysed the long-term climatic 
(air temperature, precipitation) and hydrological data 
(runoff, snow depth) measured in the Tatra Mountains 
and their vicinity. It is good to keep in mind that – simi- 
larly to other mountains – most of meteorological sta-
tions are located at lower altitudes outside the moun-
tains and that unlike climatic data which are the point 
values, catchment runoff represents an integrated areal 
characteristic of the studied area. Calculation of catch-
ment precipitation and air temperature is affected by 
uncertainties related to the density of point observa-
tions (which is never high enough in mountains) and 
interpolation methods (which are more suitable for 
calculation of the longer-term climatic characteristics, 
e.g. annual or seasonal rather than daily or sub-daily). 
For these reasons there are almost no studies analys-
ing climatic and hydrological conditions of the Tatra 
Mountains on the catchment scale. 
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Fig. 3.11. Precipitation and spatial variability of soil moisture at two research plots (at 1450 m a.s.l. and 1040 m a.s.l.) in the 
spruce forest in vegetation season 2013, the size of the plots is given by numbers at the bottom of the figure (Hlaváčiková et al. 
2016, modified). 
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An overview of selected studies analyzing the long-
term climatic and hydrological characteristics in the 
Tatra Mountains is provided e.g. by Bičárová and 
Holko (2013), Pociask-Karteczka et al. (2010) and 
Gornik et al. (2017). Numerous studies reported the 
increase in air temperature in the Tatra Mountains in 
the second half of the 20th century, e.g. Bokwa et al.  
(2013), Pribullová et al. (2013), Łupikasza et al. (2016). 
Mello et al. (2013) reported slight decrease in an-
nual precipitation in period 1881–2009 and the up-
ward shift of climatic belts in the period 1980–2009. 
However, Halmová and Pekárová (2011) concluded 

that daily discharges (1928–2008) of the Belá did 
not show important changes in the number of ex-
treme floods and the temporal extent of droughts. 
On the other hand, recent research of flood trends 
in two headwater catchments in the Polish part of 
the Tatra Mountains revealed positive trends of the 
annual maximum discharge in the last four decades 
(Ruiz-Villanueva et al. 2016). Bičárová and Holko 
(2013) found a significant increase in the number 
of days with daily precipitation 40–60 mm and in-
creased precipitation at higher elevations in the Slo-
vak High Tatra Mountains in period 1961–2010 and 

Fig. 3.12. Hourly precipitation (at 1600 m a.s.l.), catchment runoff (represented by the water stage at the outlet of moutains; 
820 m a.s.l.), soil moisture in the mountains and foothills and response of stream water conductivity and oxygen isotope (δ18O) 
in wet summer 2014.
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related it to the more frequent occurrence of the long 
term wet periods in decades 1991–2010. The same 
result was obtained in the analysis covering the en-
tire High Tatra Mountains territory (i.e. Slovak and  
Polish parts) by Górnik et al. (2017). 

As it was already mentioned, there are just a few 
meteorological stations in the Tatra Mountains with 
long records that are located at higher altitudes 
(Fig. 3.4). They include Štrbské Pleso (1354 m a.s.l.) 
and Skalnaté Pleso (1778 m a.s.l.) on the southern 
(leeward side of the Tatra Mountains) and Kasprowy 
Wierch (1991 m a.s.l.) on the main ridge of the West-
ern Tatra Mountains. Meteorological station Lom-
nický štit (2635 m a.s.l., the first measurements since 
1940) is built on the summit of the second highest 
peak of the Carpathian Mountains. It provides valu- 
able data from the free atmosphere boundary, but 
precipitation data are affected by its summit position. 

The analysis of meteorological data measured at  
Skalnaté Pleso since the 1940s indicates a signifi- 
cant increase of the annual air temperature and 
a slight increase of annual precipitation approximate-
ly since the year of 2000 (Bičárová 2019). The snow 
cover depth data show two main periods – higher 
snow depth approximately until the mid-1960s and 
lower snow depth since the beginning of the 1970s  
(Fig. 3.13).

Fourier analysis of the snow depth data of the 
second period (1971–2012) revealed the cycle with 
period of approximately 8 years (Holko 2012). Wave-
let analysis of precipitation, air temperature and 
runoff in the Jalovecký Creek catchment for period 
1988–2017 indicated cycles with periods 3–4 years, 
6–8 years and 3–4 years, respectively (Sleziak, un-
published data). Similar periodicity (3.6 years) was 
found by spectral analysis of the annual runoff data 
of the Belá river (1895–2002) by Pekárová and Pekár 
(2007). Except the main cycle of 3.6 years Pekárová 
and Pekár (2007) also identified cycles 29 years,  
36 years, 13 years, 4.2 years and 2.4 years long.

Hydrological cycle in the Tatra Mountains is not 
affected only by the climatic variability, but also by  
other disturbances, among them windthrows and re-
lated bark beetle outbreaks. Strong falling winds fre-
quently damage the forest on the southern (leeward) 
side of the Tatra mountains, but the windthrows occur 
also on the northern (windward side). The most severe 
wind disturbance hit the Tatra Mountains (mainly the 
High Tatra Mountains) in November 2004. The wind 
gust exceeded 230 km∙h-1 and laid down some 30% 
of the forest on the southern side of the mountains.  
The forest was destroyed (mostly broken) in a belt 
which was about 2–5 km wide and 40–50 km long 
(area about 120 km2). High summer temperatures in 

the following years caused forest fires and unprece-
dented European spruce bark beetle (Ips typogra-
phus) outbreaks (Flesicher et al. 2017). Fleischer 
et al. (2017) concluded that even 10 years after the 
disturbance, all ecosystem services, i.e. the provi-
sioning, regulating and cultural services were still 
below the pre-disturbance state. Interestingly, analy- 
ses of hydrological characteristics from the small 
catchments of the High Tatra Mountains (catch-
ment areas 17–315 km2) conducted several years 
after the disturbance could not prove any serious 
changes that would have been clearly attributed to the 
windthrow (Holko et al. 2009). Water balance, mini- 
mum and maximum runoff, quantiles, number of 
runoff events, selected characteristics of events, 
runoff coefficients, and flashiness indices were ana- 
lysed first, followed by the analysis of baseflow, 
comparison of runoff response to significant rainfall 
events and finally the flow duration curves (Holko, 
Škoda 2016). 

Some characteristics that might indicate the influ-
ence of the windrow are shown in Figs 3.14 and 3.15. 
However the analyses showed that “we do not have 
suitable indicators of catchment runoff changes for 
the mountain catchments with area of several tens 
of square kilometers in which the forest reduction 
reached 20–32%” (Holko, Škoda 2016).

Unclear evidence on the impacts of the extraordi-
nary deforestation in the High Tatra Mountains on 
the hydrological cycle at the catchment scale was 
probably caused by several factors (Holko et al. 2009):

 – most of the deforestation, while quite extensive, 
occurred in the middle sections of the catchments; 
the headwaters, where most of the runoff forms 
and where little forest exists anyway, were not im-
pacted; 

 – deforestation occurred in areas formed by mo-
raines that are assumed to have a high infiltration 
capacity; 

 – deforestation affected relatively small percentages 
of catchment areas since it went across the catch-
ments in the east-west direction while the catch-
ments are generally north-south oriented; thus, 
not all the forests were destroyed.
Fast regrowth of plants and other vegetation prob-

ably also contributed to the fact that the serious 
floods were not recorded after the disturbance.

Almost 15 years after the windthrow it has to be 
stressed that the land cover of the southern part of 
the Tatra Mountains has been changing rapidly in the 
last years. Forest dieback continues and a number of 
newly deforested areas appear. While the dieback is 
related to natural processes, this development should 
be observed with caution.



38

Fig. 3.13. Annual air temperature (A), precipitation (B) and daily snow depth (C) at Skalnaté Pleso since the 1940s until 2018; 
the small dots in A and B show annual values, the lines are the Holt-Winters smoothed values and the big circles represent  
the decadal averages (Bičárová 2019, modified).



39

Fig. 3.15. Frequencies of the occurrence of quantiles Q90%, Q80% and Q10% of daily flows calculated from the median 
flow duration curve for period 1965–2004; the vertical line shows the last year before the windthrow (Holko, Škoda 
2016; modified).

Fig. 3.14. Frequency of flow reversals (changes from the increasing to decreasing flow and vice versa) in hydrolo- 
gical years 1965–2014 in three catchments in the High Tatra area; the Mlynica catchment was almost unaffected by  
the deforestation (5% decrease of forestation), forest cover in the Velický Creek and Slavkovský Creek catchments 
decreased by 20% and 32%, respectively (Holko, Škoda 2016; modified).



Conclusions

The Tatra Mountains have an important influence on 
the downstream areas. Precipiation water captured 
at high altitudes flows via the stream network or 
groundwater aquifers to other regions (the lowlands 
and uplands) where the demand from population 
centres, agriculture and industry is high. Hence, the 
Tatra Mountains are the “water tower” for Central 
Europe, a place of a storage and distribution of water 
to regions both in the Baltic Sea and the Black Sea 
basins (Photo. 3.2). 

Molnár and Pacl (1988) calculated that although the 
Slovak Tatra Mountains cover only 3% of the area of 
Slovakia, their contribution to runoff from Slovakia  
is 9%. Infiltration of precipitation at high elevations  
of the Tatra Mountains and its deep percolation 
through joints and faults give birth to thermal water 
and important drinking water resources. 

Utilization of the surface water resources in the Ta-
tra Mountains is limited by minimum discharges of 

the streams that occur in winter months. Much of 
the potential of surface water resources is already ex-
hausted and greater natwural resources can be obta- 
ined only in certain sections of the Poprad river 
which is the main river draining the southern part 
of the High Tatra Mountains (Malík et al. 2005), and 
the Dunajec and Białka draining the northern part  
of the Polish Tatra Mountains (Kot 2019). Drinking  
water supply is provided mainly from springs rechar- 
ged by Mesozoic rocks, Quarternary fluvial, glacial 
and glaciofluvial aquifers. The groundwater poten- 
tial is still high since only about 9% of groundwater 

resources were utilized at the beginning of this mille- 
nium (Malík et al. 2005).

Hydrological knowledge obtained from regular 
and research networks in the Tatra Mountains that 
was partially presented above, can be used not only  
in better understanding and management of water  
resources and hazards, but also in protection of nature 
in this beautiful region. 

Photo. 3.2.  High mountain part of the Slovak Tatra Mountains (Skalnaté Pleso station, Photo. L. Holko).
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