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ABSTRACT

There are no high mountains in the Czech Republic and only few of them are higher than 1500 m a.s.l. Nevertheless, skiing is one of the 
most popular winter sports in this country and has a long history and tradition. During the last two decades, climate change, big differences 
in snow cover from year to year and unusual warm winter periods causing the snow to melt resulted in visitors to Czech ski resorts going 
to the Alps. Managers of ski resorts facing this challenge recognised that artificial snow enables skiing throughout the entire season and 
overcomes the risk posed by climate to the skiing business. However, many ski resorts are located in protected areas and it is difficult to 
negotiate changes in the rules for preparing and applying artificial snow with conservationists, who are fearful of the negative effects of 
snowmaking on rare and protected species and habitats. This paper presents results of a case study conducted in the SkiResort ČERNÁ 
HORA – PEC in the Krkonoše National Park throughout the 2019 season. The seasonal changes in the water quality in two reservoirs and six 
creeks, from which water is used for making artificial snow, were determined in order to assess the risk of this snow adding fertiliser to the 
meadows on ski slopes. We found that the nutrients recorded in two reservoirs and six creeks were very low. Water quality parameters did 
not exceed the limits of permissible pollution of surface and drinking water. Several episodic increases in the parameters measured were 
recorded and the causes discussed. We did not measure the direct effects of artificial snow on grassland communities. However, the use 
of water from these reservoirs and creeks for snowmaking does not pose a significant risk in terms of adding fertiliser to the meadows on 
ski slopes. To eliminate these risks and unusual events, several management measures for improving the water regime in the area studied 
are proposed. To better understand the effect of artificial snow on mountain meadows, permanent plots and long-term monitoring of 
vegetation, soil invertebrates and soil chemistry are recommended. 
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Introduction

Skiing is one of the most popular winter sports in the 
Czech Republic and has a long history and tradition; the 
first ski club was founded in 1887 by Josef Rössler-Or-
ovský. In 1893, the first ski races took place at Jilemnice 
(Krkokonoše – Giant Mountain) and in 1903 the Asso-
ciation of Skiers in the Czech Kingdom was founded, 
which was the first ski association in the world (www 
.ahscr.cz). In recent decades, there has been a significant 
development in skiing techniques as well as an increased 
demand for skiing-related services. In spite of the much 
lower altitudes than in the Alps, there is a large number 
of ski resorts all over the Czech Republic (about 200 ski 
areas with a total of almost 800 ski lifts), all of them lo-
cated between 900 and 1,450 m a.s.l. (only 3 ski areas are 
at over 1,300 m a.s.l.).

In the Czech Republic, as well as in many other East-
ern European countries, skiing is popular (Vanat 2019), 
however, the numbers skiing has not increased to the 
extent predicted in the first decade of this century. Even 
though Poland, Slovakia and the Czech Republic mod-
ernised their resorts, attendance remained stagnant. Of 
course, there can be various socio-economic reasons for 
this (incl. quality and price of the services offered in ski 
resorts) or climate change affecting the amount and qual-
ity of snow can play a role. Climate change, big differences 
in snow cover from year to year and previously  unusual 

warm winter periods causing snow to melt, results in 
skiers going to the Alps rather than Czech ski resorts. 
Obviously, the ski industry in the Czech Republic faces 
the same problems as most other ski resorts. Attendance 
at Czech ski resorts has been stagnant or even declining 
for several years (Vanat 2019). In winter 2018/19, when 
there was an abundance of natural snow, there was a 3% 
improvement in attendance, which reached the highest 
recorded over the last 10 years (AHS 2019). However, 
winter 2019/2020 was not good in terms of the amount 
of snow and attendance at Czech ski resorts was very low. 
There is high probability that winter tourism will have to 
deal with the adverse effects of global warming more of-
ten (e.g., Koenig and Abegg 1997; Breiling and Charamza 
1999; Elsasser and Bürki 2002).

Managers of ski resorts know that snowmaking 
 enables skiing throughout the entire season and mitigates 
the risks of global warming to the ski business. However, 
many ski resorts are located in protected areas and there 
are strict rules about the preparation and application of 
artificial snow devised by conservationists who fear it 
will have negative effects on rare and protected species 
and habitats. Scientific knowledge and recommendations 
are essential for the appropriate management of ski re-
sorts and mitigation of their negative effects on mountain 
ecosystems, especially in national parks and other pro-
tected areas. During the last two decades, many papers 
report the effects of skiing and artificial snow on vege-
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tation (e.g.  Jones and Devarennes 1995; Kammer 2002; 
Wipf 2005; Kocková 2011; Zeidler et al. 2016), soil in-
vertebrates or small mammals (Negro et al. 2009, 2010), 
birds (Zeitler and Glanzer 1998; Baines and Richardson 
2007; Thiel et al. 2008), soil quality (e.g. Freppaz et al. 
2013) and the water regime (e.g. Treml et al. 2012; Fuksa 
2016; Hruška 2017). 

There have been occasional studies on the ecological 
aspects of downhill skiing in the Krkonoše National Park 
since the 1970s. Štursa (2007) states that downhill skiing 
has resulted in a lot of ecological problems for the man-
agement of the Krkonoše National Park mainly in terms 
of: (1) permanent decrease in total forest area and seri-
ous negative effects on the ecological stability of forest 
habitats adjacent to downhill slopes, (2) soil erosion on 
deforested slopes, (3) permanent changes in the charac-
ter of the landscape and (4) the biotechnological man-
agement of downhill slopes. Ten years later, a new review 
of the effect of skiing on the nature in the Krkonoše/Gi-
ant Mts (Czech Republic) was published (Flousek 2016), 
which describes the particular effects of different activ-
ities associated with the construction and maintenance 
of new ski areas, operation and modernisation of ski 
areas and winter sports. He also considers the predicted 
effects of climate change on the future of the ski indus-
try in mountain areas and discusses the increasing use 
of artificial snow. Hruška (2017) monitored the quality 
of water in the Labská Dam (17 km NW from our study 
area) as a potential source for the production of artificial 
snow in ski resorts in the Špindlerův Mlýn region and 
reports very low concentrations of nutrients in the water. 
In addition, Hruška et al. (2017) report that using water 
from this dam for making artificial snow results in the 
critical load for nitrogen deposition being exceeded at all 
the localities monitored. However, currently it is lower 
than it was in the 1990s, because between 2000 and 2016 
atmospheric nitrogen deposition in the Krkonoše Moun-
tains decreased by 22%. This roughly corresponds to the 
increase that is likely to result from using water from the 
Labská Dam for artificial snow. Finally, possible effects of 
the high concentrations of Ca and Mg in artificial snow 
produced using water from this dam on acidified forest 
and grassland habitats are discussed by Hruška (2017).

Currently, there is an active research project of 
the Technology Agency of the Czech Republic No. 
TH02030080 entitled ‘Support of long-term planning in 
the area of water management in the Krkonoše National 
Park’. The first results of this project dealing with the effect 
of artificial snow on selected streams in terms of changes 
in flow rates and differences between natural snow and 
the snow lying on the slope in terms of snow density and 
associated runoff characteristics have been published by 
Treml (2019). He reports that water abstraction from me-
dium and large streams for snowmaking does not pose 
a serious problem during a normal winter. Small streams 
are more vulnerable due to their greater fluctuations in 
flow rate. In winter there are two critical periods – the 

beginning of winter and periods of severe frost. To over-
come this, he recommends the use of artificial reservoirs 
that are filled when flow rates are high.

Our study focused on the quality of the water in the 
artificial reservoirs used for snowmaking at the Ski Re-
sort ČERNÁ HORA – PEC in terms of the seasonal vari-
ability in the quality of the water. The results were used 
to suggest possible ways of avoiding adding fertiliser to 
the meadows on ski slopes when applying artificial snow. 

Methods

Study sites and sampling of water
The Krkonoše National Park (KRNAP, established 

in May 1962, area 363.27 km2), is the oldest Czech na-
tional park. KRNAP is located in the Giant Mountains 
(Krkonoše in Czech; the highest Czech geomorpholog-
ical complex with the highest summit – Sněžka peak: 
1,603 m a.s.l.). For decades, this area has been a  very 
popular destination for winter sports, especially downhill 
and cross-country skiing. There are about 170 kilometres 
of ski pistes (www.krkonose.eu), many of which use arti-
ficial snow. SkiResort ČERNÁ HORA – PEC is the largest 
resort in this region (Fig. 1). Annually, about 850,000 vis-
itors enjoy more than 50 km of slopes with 6 cableways 
and 21 lifts (www.skiresort.cz). Thanks to artificial snow, 
the season usually lasts from the beginning of December 
to the middle of April (or at least the end of March). This 
resort uses water from several creeks, two reservoirs and 
the Úpa River for preparing artificial snow. 

The monitoring of water quality in the two reservoirs, 
the water of which is used for the preparation of artificial 
snow for SkiResort ČERNÁ HORA – PEC, was carried 
out during 2019. In particular, the no-flow reservoir lo-
cated at the upper cableway station Černá hora (desig-
nated as site S1, Fig. 2) and a flow through reservoir near 
the lower cableway station at Janské Lázně (site S2, Fig. 3) 
were studied. These reservoirs were monitored over 
 15–30 day periods during the 2019 season. Monitoring 
started on April 3, 2019 and ended on January 7, 2020, 
i.e. at the time of the highest annual occupancy of accom-
modation facilities and when the water in the reservoirs 
had been used several times for snowmaking.

To compare the water quality in the reservoirs, several 
selected creeks occurring in study area and used for ar-
tificial snow production (S3–S8 sites) were sampled and 
chemical analyses conducted. Detailed descriptions of 
the sites monitored, S1–S8, together with the dates sam-
pled are given in Table 1.

Samples of surface water from reservoirs were collect-
ed using a sampler at a depth of about 0.5–1.0 m and from 
creeks samples were collected from a depth of up to 0.2 m 
below the surface. Simultaneously, the physicochemical 
parameters of the water (pH, conductivity, surface water 
temperature) were measured using pH and conductivity 
meters Hanna HI98129. The OPR meter Hanna HI98120 
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was used to measure the redox potential – Eh. Both in-
struments were calibrated according to the manufactur-
er’s instructions prior to measurement. After collection, 
the samples were stored in a  portable refrigerated box 
and submitted for laboratory processing within a maxi-
mum of 36 hours. 

Chemical and data analyses
Samples collected from the reservoirs and creeks were 

transferred to a  certified laboratory – LABTECH Brno 
Ldt. – Hygienic Laboratories Klatovy. The following ana-
lyses were carried out according to the standard operat-

ing procedures of the accredited laboratory (accredita-
tion of the Czech Accreditation Institute No. 1147) on 
all samples: pH, conductivity, DOC, Ptotal, PO4

3−, DON, 
Ntotal, NO3

−, NH4
+, Ca and Mg. Chlorophyll was deter-

mined only in samples from sites S1 and S2. All deter-
mined hydrochemical parameters are given in Table 2.

We used the analysis of variation in STATISTICA 12 
(Anonymous 2012) to compare the reservoirs and creeks. 
We also tested the effect of time and compared the qual-
ity of water in the reservoirs based on 13 samples using 
the Repeated Measurement in Split-plot ANOVA in the 
STATISTICA 12 program.

Fig. 1 Map of the study area.

Fig. 2 The upper reservoir at study site S1. Fig. 3 The lower reservoir at study site S2.
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name GPS coordinates Y|X site description sampling*

S1
Upper reservoir – 

Černá hora
50°38΄51.753“N 15°45΄4.057“E

An impermeable artificial reservoir (capacity 10,790 m3) 
close to the upper station of cableway Janské Lázně – Černá 

hora, 1250 m a.s.l. Built in 2011. No fish. This reservoir is 
filled from Černohorský Creek, which comes from the 

Černohorské Peat Bogs and from the Janský Creek  
(approximately in the ratio 2:1).

K01, K02, K03, K04, 
K05, K06, K07, K08, 
K09, K10, K11, K12, 

K14

S2
Lower reservoir – 

Janské Lázně
50°37΄48.548“N 15°46΄8.349“E

An artificial reservoir (capacity 2,060 m3) close to the lower 
station of cableway Janské Lázně – Černá hora, 670 m a.s.l. 

Built in 2006. Population of brook trout lives in this reservoir. 
This flow through reservoir gets water from Janský Creek.

K01, K02, K03, K04, 
K05, K06, K07, K08, 
K09, K10, K11, K12, 

K14

S3
Černohorský 

Creek –  
Janské Lázně

50°38΄17.183“N 15°46΄49.227“E
Springs from the Černohorské Peat Bogs. Samples were 
collected along 2.7 km of this creek, on the outskirts of 

Janské Lázně. 

K01, K02, K03, K04, 
K09, K13, K14

S4
Janský Creek – 
Janské Lázně

50°37΄49.381“N 15°46΄5.529“E
On the southern hillside of Černá hora.

Samples were collected along 3.95 km of this creek,  
near the lower reservoir (S2).

K01, K02, K03, K04, 
K09, K13, K14

S5
Zelený Creek – 
Pec p. Sněžkou 50°41΄27.513“N 15°43΄41.863“E

On the eastern hillside of Zadní Planina Mt.
Samples were collected along 1.1 km of this creek.

K01, K02, K03, K04, 
K09, K13, K14

S6
Vlčí Creek 1 –  

Pec p. Sněžkou
50°41΄14.519“N

15°43΄37.296“E On the south-eastern hillside of Liščí Mt.
Samples were collected along 0.65 km of this creek.

K01, K02, K03, K04, 
K09, K13, K14

S7
Vlčí Creek 2 –  

Pec p. Sněžkou
50°41΄4.266“N 15°43΄24.849“E

On the south-eastern hillside of Liščí Mt.
Samples were collected along 1.1 km of this creek.

K01, K02, K03, K04, 
K09, K13, K14

S8
Čistá Creek – 

Černý Důl
50°38΄20.078“N 15°42΄41.740“E

On the east-south hillside of Liščí Mt.
Samples were collected along 15.9 km of this creek,  

in the outskirts of Černý Důl village.

K01, K02, K03, K04, 
K09, K13, K14

*codes and dates when sampled:
K01 – 3/4/2019; K02 – 4/5/2019; K03 – 17/5/2019; K04 – 3/6/2019; K05 – 19/6/2019; K06 – 2/7/2019; K07 – 16/7/2019; 
K08 – 7/8/2019; K09 – 22/8/2019; K10 – 3/9/2019; K11 – 29/9/2019; K12 – 30/10/2019; K13 – 4/12/2019; K14 – 6/1/2020
Samples K13 were not collected from sites S1 and S2 because of lack of water due to artificial snow preparation at the beginning of the season. 

Table 1 Sites monitored and date sampled. 
Sample sites S3-S8 were located where water is collected for making artificial snow: S3 – the upper reservoir; S4 – the lower reservoir (and 
partly also from the upper reservoir); S5 – ski slope Javor in Pec pod Sněžkou; S6 – ski slope Hnědý vrch; S7 – an alternative site for ski slope 
Hnědý vrch, a new reservoir is under consideration for this site; S8 – ski resort Černý Důl. 

Table 2 Water quality parameters recorded for samples collected from the upper (S1) and lower (S2) artificial reservoirs during 2019. Listed 
are basic statistical characteristics and limits of permissible pollution of surface and drinking water.

parameters average median min max

permissible  
pollution 
of surface 

water a)

permissible pol-
lution of surface 
water used for 

supplying waterb)

permissible 
pollution 

of drinking 
waterc)

site: S1 S2 S1 S2 S1 S2 S1 S2

pH 7.35 7.36 7.49 7.18 6.37 6.72 8.56 8.97 5–9 6.5–9.5

conductivity [mS/m] 5.02 7.93 4.89 7.91 4.23 5.52 6.51 10.80 125

NH4
+ [mg/l] 0.03 0.11 0.02 0.05 <0.02 <0.02 0.13 0.32 0.23 0.5

NO3
− [mg/l] 0.68 2.03 0.25 2.20 <0.50 <0.50 1.55 4.20 5.4 50

N total [mg/l] 0.59 1.20 0.40 1.01 0.10 <0.50 2.14 4.74 6

DON – N organic [mg/l] 0.36 0.65 0.19 0.37 0.01 0.11 2.12 4.49

PO4
3− [mg/l] 0.03 0.04 0.03 0.02 < 0.01 < 0.03 0.07 0.25

P total [mg/l] under LOF: 0.10 mg/l 0.15 0.05

DOC [mg/l] 4.17 2.47 3.95 1.94 3.38 1.61 5.83 4.87

Ca [mg/l] 7.83 10.00 8.16 10.5 4.25 6.23 11.20 13.8 120 30

Mg [mg/l] 0.99 1.74 1.04 1.74 0.47 1.08 1.3 2.38 190 10

chlorophyll A [mg/l] 4.57 67.90 3.60 5.90 <1 <1 10 680
a) Limits of permissible pollution of surface water under the Decree No. 401/2015 Coll. – annual averages
b) Limits of permissible pollution of surface water used for water supply under the Decree No. 401/2015 Coll. – annual averages
c) Limits of permissible pollution of drinking water under the Decree No. 252/2004 Coll., with updates No: 187/2005 Coll., 293/2006 Coll., 83/2014 
Coll., 70/2018 Coll. – the highest acceptable values
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of summer and during autumn. Similar trends were re-
corded in the upper (S1) and lower (S2) reservoirs. There 
were no significant differences between sites S1 and S2 
(F(12, 216) = 1.4256, p = 0.156; Fig. 4). 

During 2019, the pH values of the water in the  upper 
(S1) reservoir, which is mainly filled from Černohorský 
Creek, were slightly lower (Table 2, Fig. 5). In this 
 reservoir, the highest pH value of 8.56 was recorded on 
July 2, 2019, but it decreased to 7.77 only 14 days later 
and subsequently fluctuated around 7.5 until the end of 
2019. A significant decrease was recorded in sample K14, 
sampled on January 7, 2020. In the lower reservoir (S2), 
pH values increased slightly during the summer and the 
highest value of 8.97 was recorded on September 3, 2019. 

The conductivity increased in both reservoirs during 
the season (Fig. 6). Slightly higher, but not statistically 
significant values were recorded in the lower S2 reservoir. 
The highest values were recorded in the lower S1 reser-
voir at the end of September and in October 2019.

The nutrients, i.e. nitrogen and phosphate ions, as 
well as their organic forms and total amounts of these 
elements, were very low in both reservoirs during 2019 
(Table 2). They were under the legal limits determined 
by the Czech standards on the quality of surface water 
(CZ Decree No. 401/2015 Coll.) and drinking water (CZ 
Decree No. 70/2018 Coll.). Concentrations of total phos-
phorus were below the level of detectability. Also, the 
concentrations of phosphate ions were very low during 
the study period (Fig. 7), only higher values were record-
ed on July 16, 2019. Nearly a  ten times higher value of 
PO4

3− ions than usual were recorded in the lower (S2) 
reservoir on that date. 

Samples from the lower (S2) reservoir had higher 
nitrate and total nitrogen concentrations throughout 
the observation period (Fig. 8), however, a  statistically 

6.
37

6.
79

7.
14

6.
937.
02

7.
02

6.
91 7.
00

7.
51

7.
18

8.
56

7.
517.

77

7.
24

7.
63

7.
55

7.
49

8.
08

7.
50

8.
97

7.
47

7.
15

7.
6

7.
6

6.
54 6.

72

S 1 S 2

pH

Site

K01 K02 K03 K04 K05 K06 K07 K08 K09 K10 K11 K12 K14

Fig. 4 The quality of the water slightly fluctuated during the season 
(dates sampled: K01-K14). However, both artificial reservoirs (S1 
and S2 sites) showed similar trends. Vertical bars denote 0.95 
confidence intervals.

Fig. 5 Seasonal changes in pH recorded in the upper (S1) and lower (S2) reservoirs. The numbers above the coloured columns are the pH 
values of samples K01–K14 (for dates sampled see Table 1).

Logarithmic transformation log(x + 1) was used to 
standardize some data. Data preparation and visualiza-
tions of our results were done in Microsoft Excel.

Results

Water quality in artificial reservoirs
The quality of the water in the reservoirs fluctuated 

during the season. Using Repeated Measurement in Split-
plot ANOVA, statistically significant differences between 
sample dates (ANOVA, p < 0.001) were found. The first 
samples K1 and last samples K14 had similar parameters. 
They were collected immediately after filling the reser-
voirs on April 3, 2019 and January 6, 2020, respectively. 
Values of many of the parameters increased at the end 
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significant difference between the upper (S1) and lower 
(S2) reservoirs was confirmed only for nitrates (ANOVA, 
p  <  0.001). The sample K11 taken from the lower res-
ervoir (S2; sampled on September 29, 2019) contained 
much higher concentrations of organic and total nitro-
gen. Also, the concentration of chlorophyll A  was very 
high at that time (Table 3, Fig. 9), which was associated 
with a high abundance of algae. At the same time, there 
were also increases in organic and total nitrogen con-
centrations, but at much lower values, in the upper (S1) 

reservoir (Fig. 8). Concentrations of nitrates in the low-
er reservoir decreased during the season and reached its 
lowest values by the end of September 2019.

The water in the upper (S1) reservoir contained statis-
tically less magnesium and calcium than that in the lower 
(S2) reservoir (ANOVA, p < 0.001; Fig. 10).

Comparison of water quality in reservoirs and small creeks
Quality of the water in the reservoirs (S1, S2) and 

particular small creeks (S3–S8) was compared and sta-
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tistically significant differences in pH values (Fig. 11) 
and conductivity (Fig. 12) were recorded (ANOVA, 
p < 0.001). The lowest pH values were repeatedly record-
ed in samples from the Černohorský Creek (S3, Fig. 11).

Phosphate values, as in reservoirs, were very low in 
the creeks. In addition to the significantly higher value 
recorded in sample K07 from the lower reservoir (site 
S2, collected on 16 July 2019), a higher concentration of 
phosphate ions was also recorded in sample K09 from 
Janský Creek (site S4, collected on 22 August, 2019). 
Also, other K09 samples, collected from other creeks (S3 
and S5–S8) on 22 August, 2019, had slightly higher con-
centrations of phosphate ions compared to the rest of the 
season. Total phosphorus values in the reservoirs were 
lower than the limit of detection.

Statistically significant differences (ANOVA, p < 0.001) 
were recorded for nitrate concentrations (Fig. 13). Sam-
ples from the upper (S1) reservoir and Černohorský Creek 
(S3) had much lower concentrations of nitrates than oth-
er sites. Concentrations of ammonium ions, organic and 
total nitrogen were very low in the samples from creeks 
(S3-S8) and reservoirs (S1, S2) throughout the season and 
none differed significantly. Only samples K11 collected 
from reservoirs (S1 and S2) on 29 September, 2019, had 
higher concentrations of total and organic nitrogen, as 
mentioned above.

Statistically significant differences (ANOVA, p < 0.001) 
were recorded between reservoirs and creeks in the con-
centrations of magnesium (Fig. 14) and calcium (Fig. 15). 
The highest concentrations of both elements were record-
ed in samples from Čistá Creek (S8) and the lowest in 
samples from the Černohorský Creek (S3). The samples 
from Zelený Creek (S5) also had lower concentrations of 
magnesium and calcium than the others. 

Discussion

Throughout 2019, water nutrition parameters in the 
two reservoirs and six creeks were very low and similar to 
that reported by Hruška (2017) for Labská Dam and sever-
al creeks in the Špindlerův Mlýn region. Similar to his re-
sults, the concentrations of nutrients we recorded did not 
exceed the limits of permissible pollution of surface and 
drinking water defined by Czech legislation (CZ Decree 
No. 401/2015 Coll., CZ Decree No. 70/2018 Coll.). The 
upper (S1) reservoir was two thirds full of very clear and 
nutritionally poor water from the Černohorský Peat Bogs 
and Janský Creek, respectively, and one third from the 
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lower reservoir in spring. It then remained the same until 
November 2019 when production of artificial snow start-
ed. The pH and conductivity of the peaty water in S1 were 
lower than recorded in the lower reservoir (S2), which is 
permanently connected with Janský Creek. Samples from 

S2 had a slightly higher nutrient contents but there were 
no significant differences between the two reservoirs. Re-
peated measures analyses showed significant differences 
between sample dates. Partly water sharing between the 
lower and upper reservoir (i.e. about one third of the wa-

Fig. 10 Concentrations of magnesium (Mg) and calcium (Ca) 
recorded in samples from the upper (S1) and the lower (S2) 
reservoirs. 

Fig. 11 pH values recorded in samples from two reservoirs (S1, S2) 
and six creeks (S3–S8). 

Fig. 12 Conductivity recorded in samples from two reservoirs (S1, 
S2) and six creeks (S3–S8). 

Fig. 13 Concentrations of nitrate ions (NO3
-) recorded in samples 

from two reservoirs (S1, S2) and six creeks (S3–S8).

Fig. 14 Concentrations of magnesium (Mg) recorded in samples 
from two reservoirs (S1, S2) and six creeks (S3–S8).

Fig. 15 Concentrations of calcium (Ca) recorded in samples from 
two reservoirs (S1, S2) and six creeks (S3–S8).
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ter in the upper reservoir came from the lower one) could 
explain similar trends in both reservoirs. Some nutrients 
from the lower reservoir were transferred to the upper 
reservoir. Concentrations of nutrients increased slightly 
during summer and the highest values were recorded at 
the end September. It is likely that natural seasonal dy-
namics in hydrochemical parameters together with those 
of water microorganisms (e.g.  Kopáček et al. 2011; Fott 
2013) account for these seasonal increases in nutrients. 

The concentrations of nitrates and phosphate ions, or-
ganic forms and total volumes of phosphorus and nitro-
gen were very low in both reservoirs throughout season. 
Although low nutrient concentrations were recorded, 
some fluctuations in nutrient and chlorophyll A concen-
trations were recorded during summer. Higher concen-
trations and greater fluctuations were recorded in the 
lower reservoir (S2). The quality of water in this reservoir 
may be affected by the flushing of nutrients from around 
the reservoir or inflow of polluted water from Janský 
Creek, because samples from this creek (S4) repeatedly 
had higher concentrations of some nutrients. It is likely 
that these increases are associated with increases in the 
occupation of hotels and apartment houses in the small 
catchment area of Janský Creek above the reservoir.

High values of phosphates were recorded in sample K7 
from the lower reservoir (S2; collected on July 16, 2019), 
when it was nearly ten times higher than the average val-
ue. At that time, the catchment of a small un-named creek 
entering the lower reservoir was landscaped and large 
amounts of soil moved, which resulted in large amounts 
of soil and other organic material contaminating the wa-
ter. Also, high summer temperatures could have resulted 
in a mixing of the water in this reservoir, which was es-
tablished in 2006, resulting in some of the phosphate in 
bottom sediments being circulated. In addition, the large 
population of brook trout may have eaten most of the in-
vertebrates resulting in a massive increase in phytoplank-
ton. The various factors and their combinations can differ 
from year to year. These risks can be eliminated or at least 
significantly reduced by proper water management in 
the area. A slight increase in phosphates was recorded in 
summer in the upper reservoir (S1), but this reservoir was 
recently cleaned so it contains very little sediment. Sig-
nificantly lower concentrations of magnesium and calci-
um were recorded in the upper reservoir (S1), which was 
two-thirds filled with peaty bog water from Černohorský 
Creek whose source is the Černohorský Peat Bogs. Like 
bog water this water contains low concentrations of mag-
nesium and calcium (Bourbonniere 2009; Špaček 2017). 

Comparing data from reservoirs and several local 
creeks we found that water from Černohorský Creek 
(S3) had the lowest pH. This corresponds with results of 
Špaček (2017), who recognized Černohorský Creek as 
the most acidic creek in the Úpa River catchment, with 
a pHmin = 4.3 and pHavg = 5.7. Samples from Černohorský 
Creek (S3) and the upper reservoir (S1), which is filled 
from this creek, also had significantly lower concentra-

tion of nitrates, magnesium and calcium, than samples 
from other sites. Samples from all creeks and both res-
ervoirs had very low concentrations of ammonium ions, 
organic and total nitrogen throughout the season and 
did not differ significantly. Samples collected from Čistá 
Creek (S8) had the highest concentrations of magnesium 
and calcium, which reflects the occurrence erlan, a high-
ly metamorphic limestone, in the area around the source 
of this creek (https://mapy.geology.cz).

Conclusions and Recommendations

We can conclude that the contents of nutrients re-
corded in two reservoirs and six creeks were very low 
throughout 2019. They did not exceed the limits legally 
permissible in surface and drinking water. Using water 
from these reservoirs and creeks for making snow does 
not result in a significant risk of adding fertiliser to the 
meadows on ski slopes. This study did not measure the 
direct effects of artificial snow on grassland, but using 
water with low concentrations of nutrients is unlikely to 
increase the fertility or change the species composition 
of mountain meadows. However, the results of our study 
cannot exclude that some other aspects of snowmaking 
can affect mountain meadows.

To eliminate the risks, we recommend: (i) fill reser-
voirs with water in spring when the runoff water is usu-
ally high and of very good quality; (ii) do not add water 
and avoid disturbing the sediment in the reservoirs in 
summer; (iii) avoid adding fish, sewage water or other 
sources of contamination to reservoirs. 

To better understand the effect of artificial snow on the 
ecology of mountain meadows a set of permanent plots 
should be established and long-term monitoring of veg-
etation, soil invertebrates and soil chemistry undertaken. 
Long-term monitoring is essential, because experiences 
from different locations (e.g. Wipf 2002) show that sig-
nificant changes occur over long periods, especially in ski 
resorts above the tree line, where natural alpine meadows 
occur. Monitored plots should be on ski slopes with and 
without artificial snow. 
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