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SUMMARY

The Moravian Karst is the largest and most karstic area in the Czech Republic, 
and, as such, it is a protected landscape area (PLA). The karst area occupies a strip 
of Devonian limestone north of Brno. The north part of Moravian Karst is drained 
by the river Punkva and its headwaters. One of the biggest cave systems in cen-
tral Europe is located there, Amaterska cave, which is more than 40 km long.

Despite the strict protection measures that are in place in the PLA, the pres-
ence of pollutants and potentially hazardous substances has recently been 
detected in the Punkva river and its catchment. The sources of this pollution are 
found both within the territory of Moravian Karst PLA and in the river´s catch-
ment, and they are related to anthropogenic activities and land use. This article 
focuses on the occurrence of pesticides, especially triazine and azole pesticides 
and their polar metabolites. In 2020, a  new signifi cant contaminant, 1,2,4-tri-
azole, a common relevant metabolite of azole pesticides, was found at the site 
concerned. These substances can have fatal eff ects not only on the endemic 
organisms living in the Moravian Karst, but they can also endanger human 
health because the local groundwater is used as a  source of drinking water. 
Thanks to the studies carried out, the protection zones around the cave system 
have been extended, reducing the negative eff ects of agricultural activities in 
the area of interest.

INTRODUCTION

With an area of over 92 km2, the Moravian Karst (MK) is the largest and most 
important karst territory in the Czech Republic. Each karst represents an 
extremely fragile ecosystem, which is highly sensitive to and easily infl uenced 
by human activities, since the transport of nutrients and contaminants from 
soil to groundwater is accelerated due to specifi c pedological and geological 
conditions [1]. One of the possible sources of karst groundwater pollution is 
agricultural activity [2]. Agrochemicals such as pesticides can be transported 
from their direct application sites into local streams, rivers and, subsequently, 
into groundwater in caves. These substances can be fatal not only to the micro-
fl ora and microfauna, but they also have a negative impact on higher animals´ 
activity and health [3]. Some pesticides are carcinogenic to humans, while oth-
ers can cause serious health complications, including metabolic disorders, neu-
rological disorders, and allergic reactions [4].

The Punkva is a  subterranean river in the Moravian Karst and the longest 
underground watercourse in the Czech Republic. It fl ows through the bottom 
of Macocha Abyss and the system of Punkva Caves, which it co-created. The 
Punkva is formed by the confl uence of many subterranean headwaters that 
fl ow through the limestone area from north and east to the south. These are 
predominantly the combined waters of the Holštejn White Water (Bílá voda) 
and the Sloupský Stream, which meet in the labyrinth of Amaterska cave (Fig. 1).

As PLAs are generally considered to be free of any extraneous substances, 
pesticide monitoring in the Moravian Karst has not been paid attention to in 
the past. However, Kotyzová and Halešová [5] confi rmed the contamination 
of waters in the area with these compounds, as well as other xenobiotics. 
Although the pesticide residue concentrations found were not high enough to 
pose an acute danger to aquatic animals due to their toxicity, their long-term 
accumulation, the growing amount of substances used, and the formation of 
known and unknown metabolites of parent compounds could result in nega-
tive impacts on non-target organisms and the entire karst ecosystem.

Fig. 1. Map of the Moravian Karst and monitored places (source Cave administration CR)
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This study aims at assessing the extent of contamination of the Punkva River 
with triazine and azole pesticides within the Moravian Karst.

MATERIAL AND METHODOLOGY

For the purpose of this study, water and soil samples were collected at a regu-
lar monthly interval, every second week of the month, during the period from 
April to December in 2018–2020. Surface water and soil samples were always 
collected on Thursday and subterranean samples (i.e., samples of groundwater 
in the caves) were collected on the following day, i.e., Friday. The water samples 
were taken as point samples. Soil samples were prepared as a composite sam-
ple from each site, collected using a soil probe from a depth of about 30 cm. All 
sampling was accredited according to EN ISO/IEC 17025 [6].

The Punkva as well as the White Water (Bílá voda) and the Sloupský Stream, 
whose confluence gives rise to the Punkva, are partly subterranean water-
courses. Therefore, water samples were collected from the three streams, both 
from the surface section (Fig. 1 – sampling points A1, A2, and A3) and from the 
subterranean section (Fig. 1 – sampling points in the Amaterska cave C1, C2, and 
C3) of each stream. Soil samples were collected on the surface above the sub-
terranean stream of the emerging Punkva River (Fig. 1 – sampling sites B1 and 
B2). The B1 sampling site was located where the application of selected plant 
protection products (PPPs) was permitted in 2018 and 2019, and the B2 sampling 
site was a site that has been permanently grassed since 1998. All sampling sites 
are summarized in Tab. 1.

Almost 400 pesticide substances were examined in the water samples and 
approximately 200 pesticide substances were analysed in the soil samples. 
The pesticide substances were analysed on the basis of accredited methods 
using sensitive and selective LC-MS technique in the laboratory of ALS Czech 
Republic in Prague. The applied analytical methods are accredited according 
to Czech Standard (ČSN) EN ISO/IEC 17025 [6]. Triazine and azole pesticides and 
their polar metabolites showed a consistent trend and were therefore subse-
quently the main focus of attention (Tab. 2). Other pesticide substances were 
more likely to be present in the tested samples due to seasonal application of 
PPPs and were not present in the next sampling.

Tab. 2. Parent active substances of azole and triazine pesticide groups and their metab-
olites monitored in the study 

Pesticide 
class

Parent 
substance

Metabolite

Azole

Epoxiconazole

1,2,4-triazole
Cyproconazole

Tebuconazole

Propiconazole

Triazine

Atrazine

Atrazine-2-hydroxy

Atrazine-desethyl

Atrazine-desisopropyl

Atrazine-desethyl-desisopropyl

Hexazinone

Metamitron

Terbuthylazine

Terbuthylazine-desethyl

Terbuthylazine-desethyl-2-hydroxy

Terbuthylazine-hydroxy

Terbutryn

Simazine Simazine-2-hydroxy

RESULTS AND DISCUSSION

Triazine herbicides and azole fungicides and their polar metabolites were 
detected in most of the water samples tested. Of the triazine pesticides, metab-
olites of terbuthylazine and atrazine were the most frequently represented 
(Fig. 2). It is worth noting that neither the parent active substance atrazine nor 
terbuthylazine were detected in any of the soil samples tested. Atrazine metab-
olites, especially atrazine-2-hydroxy, were significantly represented only in the 
B1 sample of agricultural soil. The banned atrazine was present in the surface 
water and mainly groundwater samples. The use of atrazine has been banned 
since 2005 [7]. The presence of this persistent active substance, as well as the 
active substance simazine and subsequently their degradation products (Fig. 2), 
is explained as a consequence of the application of PPPs with the active sub-
stance terbuthylazine, since both atrazine and simazine are impurities that are 
formed during its production. Another cause could hypothetically be the appli-
cation of illegal protection products [8]. The maximum sum of triazine pesticide 
substances in surface water samples of the Sloupský Stream and White Water 
(Bílá voda) for 2018–2020 did not exceed the concentration of 0.1 mg/l; their sum 
for the whole period was about 0.05 mg/l on average. The main contaminants 
of surface water of both Punkva tributaries were metabolites of terbuthylazine 
(terbuthylazine-desethyl) and atrazine (atrazine-desethyl and atrazine-desethyl 
desisopropyl). Residues of the parent active substances terbutryn, terbuthyla-
zine, and atrazine were also repeatedly detected in the Sloupský Stream in 2018; 
there were also occasional occurrences of terbuthylazine and atrazine in the 
White Water (Bílá voda). Contaminants from both surface streams are reflected 
in the occurrence of the pesticide triazine substances in the Punkva, where the 
sum was also a maximum of 0.1 mg/l and the average sum of pesticides over 

Tab. 1. Identification and description of sampling points 

Sample 
type

Sampling point

Description Identification

Surface 
watercourses

Sloupský Stream inflow point A1

White Water (Bílá voda) inflow 
point

A2

Punkva outflow point A3

Soil

Above the emerging subterranean 
Punkva river – arable land

B1

Above the emerging subterranean 
Punkva river – permanent grass 
cover

B2

Subterranean 
watercourses

Subterranean part of the Sloupský 
Stream

C1

Subterranean part of the White 
Water (Bílá voda) Stream

C2

Subterranean part of the Punkva C3



31

VTEI/ 2022/ 2

0.06

0.05

0.04

0.03

0.02

0.01

0.00
4 5 6 7 8

2018

Soil [mg/kg]

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00
4 5 6 7 8

2018

Groundwater [μg/l]

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00
4 5 6 7 8

2018

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00

0.06

0.05

0.04

0.03

0.02

0.01

0.00
4 5 6 7 8

2018

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00
4 5 6 7 8

2018

Surface water [μg/l]

Sl
ou

ps
ký

 S
tr

ea
m

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00
4 5 6 7 8

2018

W
hi

te
 W

at
er

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112

0.20

0.15

0.10

0.05

0.00
4 5 6 7 8

2018

P
un

kv
a

9 101112 4 5 6 7 8

2019

9 101112 4 5 6 7 8

2020

9 101112
Tebuconazole Propiconazole

Epoxiconazole Cyproconazole 1, 2, 4-triazole

Fig. 2. An overview of triazine pesticides detected in the soil and water samples in the Moravian Karst area
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Fig. 3. An overview of azole pesticides detected in the soil and water samples in the Moravian Karst area
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the whole period was about 0.05 mg/l. However, the difference is that, after the 
two tributaries enter the underground space, the decomposition of the metab-
olites which were previously formed on the surface and now have flowed into 
the underground continues under local conditions (year-round low temper-
ature, darkness, and dissimilar organisms). Nevertheless, if parent active sub-
stances, such as atrazine, enter the karst bedrock, their subsequent decompo-
sition underground is very slow and it leads to their accumulation and gradual 
transport into the Punkva river, where concentrations are higher, and the load 
is long-lasting.

Although the problem with triazine pesticides appears to have been elimi-
nated, a new potential risk was discovered within the study, which the authors 
sought to address. In addition to triazine pesticides, azole fungicides are also 
widely used to treat plants. Azole pesticides (tebuconazole, propiconazole, 
cyproconazole, and others) are biodegradable by plants and soil microorgan-
isms, and it is these organisms in the soil matrix that degrade the parent active 
ingredients to their common metabolite 1,2,4-triazole (124-TRZ), which is highly 
polar, mobile in soil and, therefore, a potential water contaminant. 124-TRZ is 
a  toxicologically relevant metabolite of azole pesticides, which means that, 
according to legislation, its presence should be monitored and the concen-
tration in drinking water should not exceed the limit for each individual pes-
ticide/relevant metabolite of 0.1 µg/l. Unlike the parent substances, 124-TRZ is 
relatively stable in the environment, especially if it reaches groundwater where 
the rate of degradation is slowed down by the conditions. Its DT50 is more than 
300 days, especially in groundwater [9]. Although 124-TRZ is classified as a rele-
vant metabolite, it is quite surprising that it is still not routinely monitored and 
there is a lack of data and information on this compound, but this is due to the 
difficulty of its determination [9, 10]. Fisher et al [11] confirmed its widespread 
occurrence in groundwater in association with intensive agricultural land use.

The results of the azole pesticide analyses are summarised in Fig. 3. It is evi-
dent that the B1 agricultural soil sample collected in the Moravian Karst was 
positive for the applied active substances tebuconazole, propiconazole, and 
epoxiconazole, while surface and groundwater samples were, with some 
exceptions, negative for these compounds. These results confirm that the par-
ent azole active substances are degraded relatively early by soil microorgan-
isms and are thus not transported into the aquatic and environmental system 
[12]. The fact that parent active substances of azole pesticides are applied to soil 
in abundance, yet their residues in water are not detected, contributed to the 
need for validation of the analysis and subsequent monitoring of the metab-
olite 124- triazole in water in 2020. The aim is to focus on the analysis of the 
metabolite in time to avoid future problems with exceeding its drinking water 
limit, as is the case with metabolites of triazine or chloroacetanilide herbicides 
in some areas of the Czech Republic (e. g., acetochlor, alachlor, atrazine, terbu-
thylazine) (e. g. [13]).

The results obtained within this study confirmed our assumptions that the 
water samples do not contain the parent azole pesticides, whereas their com-
mon relevant metabolite 124-TRZ is already present in any water type (Fig. 3), 
and at relatively high concentrations. Although the concentration of 124-
TRZ did not exceed the recommended drinking water limit (0.1 µg/l), even in 
groundwater, it is alarming that all samples tested in this study since 2020 have 
been positive for presence this relevant metabolite. Continuous and systematic 
monitoring of this compound should be organised globally to avoid unwanted 
accumulation in the environment and subsequent elimination problems.

CONCLUSION

According to the above results, it can be concluded that triazine and azole pes-
ticides, and their polar metabolites in particular, are common and abundant 
contaminants of the aquatic system in the Moravian Karst. Both groups have 
specific characteristics. Although the application of triazine pesticides is for-
tunately decreasing, their metabolites are still present to some extent in water 
samples. Continuous decontamination and complete removal of their residues 
from the environment should remain a priority. On the other hand, other unex-
plored and unknown compounds and metabolites are still emerging. In our 
case, 124-TRZ is a new interesting relevant metabolite that was detected in 2020 
in all surface and groundwater samples tested, although the parent azole pes-
ticides were absent. Not much is known about this compound, so global and 
national monitoring should be encouraged.

Evaluation of the results of the monitoring studies performed in 2019 and 
2020 led to the modification of zones in the Moravian Karst PLA and changes 
in agricultural activities near the sinkholes and areas above the caves [14]. 
Targeted grassing was completed, which has significantly improved the qual-
ity of water infiltrating into the caves and will certainly have further positive 
impacts on the site in the long term.
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Monitoring changes in the landscape 
development on the northeastern edge
of the Hřebeny Mountains with a focus
on wetlands
PAVEL RICHTER, RENÁTA SZTYMONOVÁ
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SUMMARY

This article deals with changes in wetlands on the north-eastern edge of 
Hřebeny Mountains in the last 180 years. It assesses the dynamics of these land-
scape elements in space and time. The cadastral areas of Čisovice, Řitka, Kytín, 
and Nová Ves pod Pleší were selected, with a total area of 3,785.57 ha. Analysis 
was carried out on the basis of the Imperial obligatory prints of the maps of the 
stable cadastre from 1840, an orthophotomap, and fi eld research from 2020; 
it distinguished wetlands in the monitored area into continuous, extinct and 
new. The background data were processed in ArcGIS software, version 10.7.1. 
The area of wetlands decreased from 289.34 ha in 1840 (7.6% of the monitored 
area) to 39.26 ha in 2020 (1.04% of the monitored area). Based on the study of 
available data, three types of wetland habitats were classifi ed: wet meadows, 
wet meadows with woody plants, and ponds.

INTRODUCTION: LANDSCAPE CHANGES 
IN THE CONTEXT OF WATER MANAGEMENT
The landscape is constantly changing, most often as a result of human activity. 
The European landscape underwent major changes during the early 19th and 
during the 20th century – from the intensifi cation of agricultural production, to 
the construction of urban and suburban zones, to reforestation [1]. The land-
scape in the Czech Republic is no exception. Over the past 200 years, there has 
been a  permanent loss of meadows and pastures from the landscape, most 
often in order to create new arable land. In the 19th century, even meadows in 
fl oodplain areas were ploughed in this way [2]. Between 1845 and 1948, mead-
ows and pastures were the most common original land used for the creation of 
new arable land. This trend of steady decline changed in the 1990s, when mead-
ows and pastures were extended, fi rst in mountainous areas and then in the 
lowlands [3]. During the 19th century, further interventions in the landscape took 
place on surface waters. For the fi rst time in history, large-scale land reclama-
tion, straightening and regulation of watercourses, infi lling of ponds, and con-
struction of the fi rst dams took place [2]. Ponds are man-made wetlands. They 
were established in Bohemia from the 12th century, but their decline began after 
the Thirty Years’ War, and new pastures and fi elds were created on dried up 
areas [4]. In the Czech Republic, the term pond is defi ned by Act 99/2004 Coll., 

as “a body of water, which is a reservoir intended primarily for fi sh farming, in which 
the water level can be regulated, including the possibility of its discharge and fi sh har-
vesting; a pond consists of a dyke, a reservoir, and other technical equipment”[5]. One 
of the most important functions of wetlands in general is the ability to retain 
surface water, which is then released into groundwater, enriching its supplies. 
This connectivity between wetlands and groundwater is infl uenced by the 
geological subsoil, relief, and soil properties [6]. Replenished groundwater sup-
plies are slowly released into the surrounding watercourses, reservoirs, and the 
landscape in general, thus providing the environment with a water supply in 
times of drought [7]. The main goal of the research presented in this article was 
to assess the spatiotemporal dynamics of wetland habitats.

Monitored area 

Brdská vrchovina (The Brdy Highlands) is divided into Hřebeny, central Brdy, and 
southern Brdy [8, 9]. Brdská vrchovina also include the sub-units Příbramská 
pahorkatina and Brdy itself, consisting of three districts (Třemošenská vrcho-
vina, Třemšínská vrchovina, and Strašická vrchovina) [9]. Hřebeny, sometimes 
called Brdské Hřebeny or Hřebeny Brdy, represent a forested belt stretching in 
the NE-SW direction between Prague and Pilsen, more specifi cally between the 
Vltava valley, near Zbraslav, and the Litavka valley. In 2009, Hřebeny Nature Park 
was designated in the majority of Brdy Hřebeny, covering 184 km2 [10].

An up-to-date geomorphological division:
— GMF subsystem: Brdy subsystem
— GMF unit: Brdská vrchovina
— GMF subunit: Brdy, Hřebeny, Příbramská pahorkatina

Hřebeny subunit is located in the north-eastern part of Brdská vrchovina. It 
is a rugged highland with an area of 125.08 km2, a mean height of 440 m, and 
a mean slope of 7°. It is composed of formations of Cambrian and Ordovician 
shales, sandstones, greywacke, conglomerates and quartzites, Proterozoic 
dacites, andesites and tuff s; these form a  single wide structural ridge of the 
SW-NE direction with signifi cant steep marginal slopes (covered with boul-
der and block rubble on the NW), transversely disturbed by the Vltava valley 
and Všenorský potok. The highest point is Studený vrch, at 660.30 m above sea 
level, in Studenská vrchovina [9].
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The monitored area was delimited by the boundaries of the current cadas-
tral areas (hereinafter c. a.) (Fig. 1). It was chosen to represent predictors of the 
development of watercourses and wetlands in the landscape area “Dobříšsko-
Mníšsko”, located on the north-eastern edge of Hřebeny [11]. The main criterion 
for the selection of the monitored area was its location in the hitherto little-an-
alysed area of Central Bohemia, in the geomorphological subunit Hřebeny. 
Another criterion was the location of the study area in a moderately cold land-
scape of hills and highlands [12]. The local landscape is a mosaic of forests, large 
agricultural fi elds, and smaller settlements. It also serves as an important leisure 
facility for the capital city of Prague [13].

Four c. a. were selected, with a total area of 3,785.57 ha [14]. The natural top-
ographical and economic centre of the area, Mníšek pod Brdy c. a., was inten-
tionally omitted from the selection. Mníšek pod Brdy has had the status of 
a town since the 14th century [15]. Its character does not correspond to the rural 
type of settlement, and its territory is therefore not suitable for comparison 
with the surrounding rural regions.

The imaginary axis of the monitored area is the D4 motorway leading from 
Prague in a south-westerly direction; its route approximately follows the route 
of the historic Golden Trail. The Golden Trail from Prague to Passau had a major 

impact on the cultural development of the local landscape. Historically, the 
area belonged to the prince and later royal states. Continuous forest stands 
predominated here, in which the royal hunting lodges were located (the cur-
rent chateau in Mníšek pod Brdy, Vargač in Dobříš, Tři Trubky near Strašice, etc.). 
A number of plots of land in the vicinity of Mníšek pod Brdy came into the own-
ership of the church as a prince or royal gift. Monasteries colonized the area 
and established villages. The monitored area thus belonged to the later colo-
nized areas of the middle Povltaví [16].

Over the past twenty years, new construction has multiplied due to good 
connections, clean air, and proximity to Brdy Hřebeny. The population almost 
doubled from the beginning of 2001 to the end of 2020 (Čisovice: 703 inhab-
itants => 1,104 inhabitants; Řitka: 604 inhabitants => 1,228 inhabitants; Kytín: 
331 => 543 inhabitants; Nová Ves pod Pleší: 731 => 1,286 inhabitants) [17].

The original agricultural character of the c. a. in the monitored area was replaced 
by a residential and recreational function. The historically predominant arable land 
gave way to new urban and suburban development. At present, a minimum of the 
population is tied to agriculture, most of them commute to work, and a signifi cant 
part of the development is used for recreational purposes [11].

Description of the monitored area in terms 
of geomorphology, climate, vegetation, and water
in the landscape
— Geomorphology: weaker layers of loess clays deposited on the gen-

tle slopes of predominantly south-eastern orientation, transferring 
into slopes. These soils are more fertile, which is why they have been 
mostly ploughed. The incision of the Vltava tributaries (Bojovský potok, 
Novoveský potok, Voznický potok) and Berounka tributaries (Všenorský 
potok) are more pronounced in places [11].

— Climate: the climate is moderately warm and moderately dry. The western 
half of Central Bohemia lies in the rain shadow of the Brdy Mountains, or the 
Ore Mountains, and the study areas of interest also lie in the rain shadow of 
Hřebeny. The climate of the region is also infl uenced by relatively warm drying 
winds (slight resemblance to Föhn winds). The average annual air temperature 
is 7–9 °C, with average annual rainfall of 500–600 mm [18].

— Vegetation: the phytogeographical perimeter of the area is the Bohemian-
Moravian Mesophyticum, phytogeographical district 35c Příbramské 
Podbrdsko – it forms a transition between thermophilous and psychrophilic 
fl ora; it includes the supracolinic (hilly) and submontane (foothill, highland) 
layer [19]. Spruce is the dominant tree species in commercial forests. On the 
southern slopes of Hřebeny, it suff ers from drought in places, which means 
that it is more exposed to bark beetle attack. Spruce monocultures are supple-
mented by pine, fi r, and larch. Oak, beech, aspen, birch, and maple are repre-
sented, individually or in groups, sometimes also in continuous stands [11].

— Water in the landscape: aquatic ecosystems are not an important feature of 
the landscape. They consist of small and large streams, small to medium-sized 
ponds, and springs. Streams fl owing through the fi eld landscape are often 
regulated, channelled, and usually with a minimum of riparian vegetation. 
The streams fl owing through the forest landscape were also subjected to 
channelling and incision, but they mostly retained their near-nature character. 
Numerous springs in the fi elds were drained and disappeared. There are few 
springs in the forests; they are mostly located at the foot of Hřebeny in water-
logged localities. Here, too, many have been drained [11].

Fig. 1. Monitored area (current borders of cadastral area) on the basis of the current 
orthophotomap [21] and 2nd military mapping (mapped 1836–1852, 1 : 28,800) [22]
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METHODOLOGY

The basis for data processing were archival map data, map data from 2020, and 
field research carried out during 2020. The actual processing of the obtained 
data took place in 2021.

Documentation for data processing

The basic documents for the creation of a vector layer for the analysis of the 
development of the monitored area were map sheets of the Imperial Mandatory 
Imprints of the Stable Cadastre (showing the state of the area in 1840 at a scale 
of 1 : 2,880) [20] and a coordinated orthophotomap from 2020, ZABAGED® and 
Basic Map of the Czech Republic 1 : 10,000 (BM 10), all available on the ČÚZK 
Geoportal [21] as a WMS service.

Programs used and data processing

Georeferencing of archival map sheets of the Imperial Mandatory Imprints of 
the Stable Cadastre in the S-JTSK East North coordinate system, connection of 
current documents using the WMS service, and subsequent creation of a pol-
ygon layer of the .shp format took place in the ArcGIS environment, in the 
ArcMAP 10.7.1 program. Each polygon was defined by its identification number, 
the type of wetland, and the year in which it occurred in the area. The initial 
data processing took place in a GIS environment. It was a calculation of the area 
of polygons and line lengths. The resulting values were exported and inter-
preted in the form of tables in Microsoft Excel 2016. As part of the processing 
of these map and tabular outputs, the article presents results concerning the 
change in area and location of individual types of wetlands. According to stabil-
ity, wetlands were differentiated as continuous, defunct, and new (Tab. 1). Based 
on available data, three types of wetland habitats were classified: wet mead-
ows, wet meadows with woody plants, and ponds (Tab. 3); it was thus possible 
to identify them in both monitored periods.

Determining the hypothesis of landscape changes in the 
monitored area and the expected driving forces

A hypothesis of a significant decrease in wetlands was established in connec-
tion with the change of land use from purely agricultural to predominantly 
urban, and to the intensification of agriculture in the remaining cultivated 
areas. The set of impulses that leads to such changes in the landscape is called 
the driving forces. The concept of land use driving forces is the basic term used 
to explain the reasons for landscape changes [24]. A  characteristic feature of 
driving forces is their interconnectedness, diversity, and difficulty in defining 
them [25]. However, despite this diversity, driving forces tend to be divided into 
different categories. The basic division of driving forces is into two categories, 
depending on the relationship of their origin to human society, namely social 
driving forces and natural conditions [26]. Subsequently, social driving forces 
can be divided into four basic categories: economic, technological, political, 

Tab. 1. Wetland classification according to stability occurrence in individual periods

Wetland type 1840 2020 Code

Defunct 1 0 d

Continuous 1 1 c

New 0 1 n

Tab.  2. Total proportion of wetlands in individual periods in absolute [ha] and rela-
tive [%] values

Cadastral 
areas /wetlands

1840 [ha] 1840 [%] 2020 [ha] 2020 [%]

Čisovice (1,200 ha) 116.29 9.69 19.73 1.64

Řitka (393 ha) 13.08 3.33 3.98 1.01

Kytín (1,089 ha) 88.55 8.13 6.92 0.64

Nová Ves p. P. 
(1,102 ha)

71.43 6.48 8.63 0.78

Area in question  
(3,784 ha) 289.34 7.65 39.26 1.04

Fig. 2. Location of wetland habitats in the Čisovice cadastral area in 1840. Background 
data OpenStreetMap [23]

Fig. 3. Location of wetland habitats in the Čisovice cadastral area in 2020. Background 
data OpenStreetMap [23]
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and cultural [27]. The assumption was that the intensification of agriculture and 
urbanization in this area was the result of the first three above-mentioned driv-
ing forces; urbanization, due to the recreational use of the area, was also influ-
enced by cultural driving forces.

RESULTS

A common feature of all studied c. a. is a significant decrease in the total area of 
wetlands – it decreased from 289.34 ha in 1840 (7.6% of the monitored area) to 
39.26 ha in 2020 (1.04% of the monitored area) (Tab. 2, Fig. 2–9). The most domi-
nant wetland type (out of all types according to stability, i. e. including defunct 
wetlands) in the monitored area are wet meadows – they cover 283.87 ha, i. e. 
they make up 89.35% of wetland types. Wet meadows with woody plants and 
ponds are located only on 27.92 ha, or 5.91 ha, i. e. it makes up 8.79%, or 1.86% of 
wetland types.

Wet meadows according to stability significantly predominate – the defunct 
ones have an area of 271.57 ha (95.67%), while continuous and new meadows 
occupy 9.49 ha (3.34%), or 2.81 ha (0.99%).

On the other hand, minor wetland types (i. e. wet meadows with woody 
plants and ponds) record an increase in their total area over time; however, due 
to their small proportion in the monitored area, they cannot reverse the overall 
trend for wetlands given by predominant wet meadows.

According to stability, new wet meadows with woody plants predomi-
nate – on an area of 22.39 ha (80.19%); in contrast, defunct ones occupy 5.53 ha 
(19.81%). As a continuous type of wetland according to stability, wet meadows 
with woody plants do not occur. According to stability, ponds are mostly rep-
resented by new ones – on an area of 3.16 ha (53.47%), continuous and defunct 
ones occupy 1.41 ha (23.86%), or 1.34 ha (22.67%).

In all four c. a., the results and trends are similar to those in the entire monitored 
area, i. e. the largest area of defunct wetlands and the smallest area of continuous 
wetlands. However, there are minor differences; for example, in Řitka and Kytín c. a., 
wet meadows with woody plants occur only as new wetlands. As a continuous type, 

Fig. 5. Location of wetland habitats in the Kytín cadastral area in 2020. Background data 
OpenStreetMap [23]

Fig. 6. Location of wetland habitats in the Řitka cadastral area in 1840. Background data 
OpenStreetMap [23]

Fig. 4. Location of wetland habitats in the Kytín cadastral area in 1840. Background data 
OpenStreetMap [23]

Fig. 7. Location of wetland habitats in the Řitka cadastral area in 2020. Background data 
OpenStreetMap [23]
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wet meadows are almost non-existent in Řitka c. a. and have a smaller area than 
new wet meadows. The same applies to ponds in Nová ves pod Pleší c. a. In Řitka 
c. a., the total area of wetlands according to stability is considerably smaller than in 
other c. a. (4.7 times smaller than in Nová Ves pod Pleší c. a., 5.6 times smaller than 
in Kytín c. a. and 7.9 times smaller than in Čisovice c. a.). The entire area of Řitka c. a. 
is about 3 times smaller in relation to all other individual c. a. (Tab. 3, Fig. 2–9).

On defunct areas of wet meadows, i. e. the predominant wetland habitat, in 
Kytín c. a., permanent grasslands (42%), forest and shrubs (18 and 17%, respectively) 
currently occur most frequently; in Nová Ves pod Pleší c. a., the same applies for per-
manent grasslands (38%), arable land and forest (30 and 27%, respectively), and in 
Čisovice c. a., the same applies for permanent grasslands and arable land (40 and 
28%, respectively); however, forest and development, including gardens on the site 
of defunct wetlands, also account for a signifi cant share (14 and 13%, respectively). In 
Řitka c. a., on the site of wet meadows there are permanent grasslands (35%), forest 
and development, including gardens (both 27%), arable land (12%) and also a rela-
tively signifi cant area of defunct wet meadows with woody plants. On their site, ara-
ble land and development, including gardens, are equally represented.

Fig. 8. Location of wetland habitats in the Nová Ves pod Pleší cadastral area in 1840. 
Background data OpenStreetMap [23]

Fig. 9. Location of wetland habitats in the Nová Ves pod Pleší cadastral area in 2020. 
Background data OpenStreetMap [23]

Tab. 3.  Proportion of individual classifi cation types of wetland habitats according to 
stability in the monitored area and in individual c. a. [ha]

Čisovice (1,200 ha) d [ha] c [ha] n [ha] total [ha]

Wet meadows 105.35 4.86 1.33 111.54

Wet meadows with 
woody Plants

5.27 0 12.1 17.37

Ponds 0.21 0.59 0.85 1.65

Total wetlands 110.83 5.45 14.28 130.56

Řitka (393 ha) d [ha] c [ha] n [ha] total [ha]

Wet meadows 12.53 0.04 1.45 14.02

Wet meadows with 
woody Plants

0 0 1.48 1.48

Ponds 0.08 0.43 0.58 1.09

Total wetlands 12.61 0.47 3.51 16.59

Kytín (1,089 ha) d [ha] c [ha] n [ha] total [ha]

Wet meadows 85.64 2.57 0.03 88.24

Wet meadows with 
woody Plants

0 0 3.68 3.68

Ponds 0.08 0.26 0.38 0.72

Total wetlands 85.72 2.83 4.09 92.64

Nová Ves p. Pleší
(1,102 ha)

d [ha] c [ha] n [ha] total [ha]

Wet meadows 68.05 2.02 0 70.07

Wet meadows with 
woody Plants

0.26 0 5.13 5.39

Ponds 0.97 0.13 1.35 2.45

Total wetlands 69.28 2.15 6.48 77.91

Area in question
(3,784 ha)

d [ha] c [ha] n [ha] total [ha]

Wet meadows 271.57 9.49 2.81 283.87

Wet meadows with 
woody Plants

5.53 0 22.39 27.92

Ponds 1.34 1.41 3.16 5.91

Total wetlands 278.44 10.9 28.36 317.7
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Fig. 10–13 present examples of wetland habitat types from fi eld research in 
the monitored area.

DISCUSSION

Selected sites in the monitored area are characterized by a  specifi c attrib-
ute – their area is almost 50% forested and, due to its location at the foot of 
Hřebeny, it serves as springs for part of the Lower Vltava and Berounka river 
basins. Thus far, Brdy forests have been systematically examined only irreg-
ularly (with the exception of Brdy Protected Landscape Area). Therefore, this 
paper could not completely objectively assess the historical locations of for-
est wetlands. However, it did monitor the declining trend in the occurrence of 
wetlands in the current forest and non-forest area of the monitored area. The 
chosen method of wetland detection in the landscape is of limited use due to 
a certain inaccuracy of the maps of the stable cadastre (mainly due to insuffi  -
cient historical interception of waterlogged forests) [28]. However, with regard 
to the availability of historical data on the topic, it is a good means of obtaining 
the basis for subsequent analysis. Due to the temporal and spatial extent of this 
research, the used method is relatively quick. The verifi cation results revealed 
shortcomings in the location of historic wetlands; however, the combination of 
fi eld research together with the ZABAGED® layer, BM 10 and the current ortho-
photomap is suffi  ciently objective to identify the current wetlands.

In terms of temporal stability of wet meadows, analysis of their trajectories 
in the monitored area showed that, historically, they were in the most wide-
spread wetland category (281.06 ha in 1840). Simultaneously, their representa-
tion in the current landscape of the monitored area decreased signifi cantly (to 
12.3 ha). In the category of defunct wetlands, they are the most common type 
(Tab. 3). This fact also corresponds to the fi ndings of similar studies in the Czech 
Republic and abroad [29–32].

Ponds show the highest stability and continuity over time. Based on the 
analysis of their dynamics, it is clear that we can also attribute the highest 
increase in area due to their historical size (from 2.75 ha in 1840 to 4.57 in 2020), 
despite the fact that they represent only 0.95% of the total wetland area in the 
maps of the stable cadastre. With regard to the decrease in the area of other 
types of wetland habitats, the share of ponds in the total area of wetlands has 
risen to 11.64%.

Fig. 10. Wet meadow in the locality Andělské schody in the Nová Ves pod Pleší cadastral aea

Fig. 11. The wide fl oodplain of the Bojovský creek in the Čisovice cadastral area classifi ed 
as a wet meadow

Fig. 12. The fl oodplain of the Chouzavá creek in the Kytín cadastral area classifi ed as 
a wet meadow with woody plants

Fig. 13. The littoral zone of the Mlýnec pond in the Řitka cadastral area
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Ponds as a type of wetland did not need to be considered. From the point 
of view of landscape ecology and water management, the ponds are classified 
as water areas. However, they also meet the definition of wetlands [5]. On the 
maps of the stable cadastre, all water surfaces in the monitored area are gen-
erally classified as ponds. At present, according to map data and field research, 
the situation in the monitored area is similar (Fig. 13).

An interesting phenomenon was found when comparing the decrease in 
wet meadows with the increase in wet meadows with woody plants; this wet-
land type shows the highest detected dynamics of trajectories. Wet meadows 
with woody plants, which in the maps of the stable cadastre cover only 5.53 ha, 
and only on the territory of Čisovice and Nová Ves pod Pleší c. a., have increased 
their area to 22.42 ha by 2020 and are now found in all four c. a. This means 
an increase from 1.91% to 57.03% of the area of all wetlands in the monitored 
area (Tab. 3). A possible explanation lies in the historical abandonment of wet 
meadow mowing and their subsequent overgrowth with successional trees, 
but also in the afforestation of less fertile localities [33, 34].

Permanent grasslands predominate in the areas of defunct wetlands, and 
forest also occupies a significant share. Arable land also forms a significant area 
of the original and now defunct wetlands, with the exception of Kytín c. a., 
where, in contrast to the rest of the monitored area, shrubs occur to a  large 
extent. Development, including gardens, occupies a  significant share only in 
Řitka and Čisovice c. a. Thus, the driving forces in the whole territory were the 
abandonment of economically used areas and their overgrowth with forest, or 
drainage of waterlogged localities within the intensification of agriculture, i. e. 
transformation of “wet” meadows into “dry” meadows. In Kytín c. a., there was 
a different composition of land use on the areas of historic wetlands, as there 
is almost no development or arable land. This is due to the recreational use of 
this area; there is no pressure to convert the site for economic use. On the other 
hand, development, including gardens, occurs on the site of historic defunct 
wetlands basically only in Řitka and Čisovice c. a.; currently, there is pressure on 
their important residential function for development– proximity to the coun-
tryside and easy transport accessibility to Prague.

In possible follow-up studies, it would be interesting to perform more 
detailed hydrological measurements to determine the direct impact of 
deforestation on the state of springs, and thus the entire area at the foot of 
Hřebeny. The results could be compared with other foothill areas in the Czech 
Republic and abroad.

CONCLUSION

In the monitored area, there was a significant decrease in the total area of wet-
lands from 289.34 ha in 1840 to 39.26 ha in 2020, which means 7.6%, or 1.04% of 
the monitored area. The most dominant wetland type in the area according 
to stability, including defunct wetlands, are wet meadows, covering 283.87 ha, 
i. e. making up 89.35% of wetland types. Wet meadows with woody plants and 
ponds occupy an area of only 27.92 ha, or 5.91 ha, i. e. they make up 8.79%, or 
1.86% of wetland types.

Wet meadows in the monitored area are classified mainly as defunct on an 
area of 271.57 ha (95.67% of wet meadows according to stability); continuous 
and new wet meadows are on an area of 9.49 ha (3.34%), or 2.81 ha (0.99%).

On the other hand, other wetland types – wet meadows with woody plants 
and ponds – show a slight increase in their total area in 2020 compared to 1840; 
however, due to their negligible area compared to wet meadows in the moni-
tored area, they cannot reverse the global trend of strong decline in total wet-
land area as such.

The results presented in this article should create a practical basis for subse-
quent monitoring of water features in the region in order to return water to the 
landscape. They can be helpful for the restoration of defunct wetlands and, at 
the same time, for the care of current wetlands; it is these landscape elements 
that are the solution to adapting to the challenges posed by current climate 
change. A  vibrant and diverse landscape makes a  significant contribution to 
water retention and maintaining a stable climate.
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Comparison of hydrological characteristics 
of M-day discharges of the reference 
period 1981–2010 and the considered 
reference period 1991–2020
PAVEL KUKLA

Keywords: hydrology – basic hydrological data – long-term mean discharge – M-day discharges – reference period

INTRODUCTION

According to the Czech technical standard ČSN 75 1400 Hydrological data of sur-
face waters, M-day discharges are a part of the Basic hydrological data [1]. The 
values of M-day discharges in water gauging stations are derived from time 
series of observed mean daily discharges over a defined reference period. The 
reference period 1981–2010 is currently used for design purposes [2]. With the 
end of the second decade of the 21st century, a change in the reference period 
for 1991–2020 is being considered. In the past, the Czech Hydrometeorological 
Institute (CHMI) provided hydrological data for the reference periods 1931–1940, 
1931–1960, and 1931–1980.

Reference period 1981–2010

The hydrological characteristics of M-day discharges for the period 1981–2010 
were calculated in CHMI for gauging profiles after 2010; in the following years, 
the characteristics of M-day discharges for unmonitored profiles were derived 
using new mathematical and statistical tools. The data processing used a sig-
nificantly wider database with evaluated mean daily discharges from the net-
work of water gauging stations than in the previous reference period 1931–1980. 
The calculations made it possible to include available data on the influence of 
the natural flow regime on water abstraction, on wastewater discharges, and 
on activities at hydraulic structures in the entire reference period. During the 
derivation, a new layer of watersheds of basic hydrological basins was used, at 
a scale of 1 : 10,000, as well as other current GIS data layers [3].

Comparison of selected hydrological characteristics 
of the period 1981–2010 with the considered reference 
period 1991–2020
The basic hydrological data characterizing the runoff conditions of a  water-
course are the long-term mean discharge Qa and the quantiles of M-day dis-
charges QMd. 304 CHMI water gauging stations, which were continuously 
monitored between 1 November 1980 and 31 October 2020, passed the sta-
tistical analysis of changes in hydrological characteristics. Tab. 1 shows the 

percentage change in the long-term mean discharge and selected quantiles of 
M-day discharges derived for the period 1991–2020 and for the period 1981–2010 
for 35 selected water gauging stations. To highlight the magnitude of the 
change in individual characteristics, the cells were colour-coded in shades of 
red (decrease in characteristics in 1991–2020 compared to 1981–2010) and blue 
(increase in characteristics in 1991–2020 compared to 1981–2010). At first glance, 
it is clear that red shades predominate in the table for all hydrological charac-
teristics. With a few exceptions at several anthropogenically affected gauging 
stations, the runoff characteristics decreased mainly in the period 1991–2020.

To compare the development of water bearing during the period 1981–2020, 
the percentages of each mean annual discharge in the long-term mean dis-
charge for the period 1981–2010 were calculated for 304 water gauging sta-
tions. These percentages were then averaged for each hydrological year and 
this value serves as a  characteristic expressing the percentage of the runoff 
of that year in the long-term mean discharge (see graph in Fig. 1). The graph 
shows that when comparing the decades 1981–1990 and 2011–2020, which dif-
fer between the current and newly considered reference periods, most of the 
years 2011–2020 were part of a multi-year dry period that began in 2014 and in 
some regions lasted until 2019. In the 1980s, only 1984 and 1990 were signifi-
cantly below mean (< 0.8), the other years were close to the long-term mean 
1981–2010 or even above mean. This fact explains the negative changes in the 
long-term mean discharge at most water gauging stations.

The magnitude of the change in the long-term mean discharge calcu-
lated for the period 1991–2020 compared to the period 1981–2010 in the set 
of 304 water gauging stations ranges from −27% in the Želízy profile on the 
Liběchovka river to +31% in the significantly anthropogenically influenced pro-
file of the Žermanice profile on the Lučina river. The map in Fig. 2 shows the 
magnitude of the percentage change in the long-term mean discharge Qa 
in selected water gauging stations in the period 1991–2020 compared to the 
period 1981–2010. The average value of the change in the long-term mean dis-
charge calculated in the set of 304 water gauging stations is equal to −7.3%. 
From a regional point of view, there are the smallest changes in the size of the 
long-term mean discharge in the Malše and Odra river basins; on the contrary, 
the largest decreases were recorded at water gauging stations in the upper 
part of the Berounka, Ploučnice, Svratka, Jihlava and Dyje river basins. From the 
overall view of the map, it is clear that the reduction in long-term mean dis-
charge is almost across the board.
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Profile Watercourse Catchment area [km2]
Change of [%] Qa and QMd [1991–2020/1981–2010]

Qa Q30d Q180d Q355d

Jaroměř Labe 1,224.10 −11.2 −13.1 −10.0 −22.1 

Týniště nad Orlicí Orlice 1,554.17 −11.2 −7.7 −12.5 −21.1 

Přelouč Labe 6,437.52 −9.7 −11.5 −9.6 −20.0 

Železný Brod Jizera 791.26 −8.4 −10.9 −5.6 −15.5 

Roudné Malše 962.21 −1.6 −0.7 −3.9 −2.1 

Bechyně Lužnice 4,057.02 −4.8 −5.9 −4.0 −11.7 

Písek Otava 2,913.70 −5.5 −4.5 −8.7 −9.9 

Zruč nad Sázavou Sázava 1,420.68 −5.4 −5.3 −0.3 −12.8 

Kácov Sázava 2,814.42 −10.5 −14.1 −4.5 −13.1 

Lhota Radbuza 1,181.82 −11.1 −13.6 −8.8 −27.9 

Štěnovice Úhlava 892.84 −7.8 −10.3 −4.0 −15.2 

Plzeň-Bílá Hora Berounka 4,017.46 −12.3 −14.9 −9.2 −14.3 

Beroun Berounka 8,286.23 −9.1 −11.2 −6.3 −16.0 

Karlovy Vary-Drahovice Ohře 2,857.03 −12.1 −10.3 −13.1 −17.7 

Louny Ohře 4,979.76 −9.7 −9.1 −13.9 −19.0 

Trmice Bílina 923.17 −13.5 −8.1 −16.6 −24.6 

Benešov nad Ploučnicí Ploučnice 1,156.73 −12.6 −11.3 −12.6 −15.5 

Děčín Labe 51,120.34 −8.7 −10.5 −7.8 −10.4 

Svinov Odra 1,613.70 −0.8 −1.6 1.1 −20.3 

Děhylov Opava 2,037.55 −0.8 −4.8 0.3 10.6 

Ostrava Ostravice 820.02 −1.0 −0.7 0.3 −14.0 

Bohumín Odra 4,663.74 −1.4 −2.9 −0.7 −3.0 

Věřnovice Olše 1,075.59 −2.6 −2.6 −0.9 −10.2 

Moravičany Morava 1,561.19 −8.4 −9.3 −8.3 −14.0 

Olomouc-Nové Sady Morava 3,323.59 −7.4 −5.7 −9.0 −18.6 

Dluhonice Bečva 1,592.84 −3.5 −5.1 −1.5 −14.4 

Kroměříž Morava 7,013.27 −7.0 −6.9 −6.5 −8.0 

Strážnice Morava 9,144.83 −7.7 −8.1 −7.3 −12.1 

Podhradí nad Dyjí Dyje 1,755.48 −10.8 −8.4 −11.2 −19.2 

Trávní Dvůr Dyje 3,535.06 −10.9 −20.4 −8.5 −12.1 

Veverská Bítýška Svratka 1,479.76 −10.5 −11.7 −5.2 −11.7 

Bílovice nad Svitavou Svitava 1,119.98 −10.3 −12.2 −8.7 −3.9 

Židlochovice Svratka 3,938.12 −7.2 −9.1 −3.8 −2.9 

Třebíč-Ptáčov Jihlava 962.71 −7.8 −7.6 −5.5 −11.2 

Ivančice Jihlava 2,679.98 −11.9 −19.1 −12.9 −4.0 

Tab. 1. Percentage change of selected quantiles of M-day discharges derived for the period 1991–2020 compared to the period 1981–2010 in selected water gauging stations
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A largely similar spatial distribution also appears in the results of the calcu-
lation of the percentage change in the 30-day discharge Q30d when comparing 
this characteristic for the period 1991–2020 with the period 1981–2010 (see Fig. 3). 
As the highest water bearing years from the second half of the 1990s to 2010 are 
common to both reference periods, the comparison of the decade of the 1980s 
and the last decade 2011–2020 is again decisive in the case of the magnitude of 
the change in the 30-day discharge Q30d. In general, the period 1981–1990 was 
more aqueous than the period 2011–2020, so the average value of the change 
in the 30-day discharge Q30d in the set of 304 water gauging stations is based 
on −7.2%.

The map in Fig. 4 shows the magnitude of the percentage change of the 
355-day discharge Q355d in selected gauging stations in the period 1991–2020 
compared to the period 1981–2010. Due to the long-lasting hydrological drought 
in the period 2014–2019, which continued in certain parts of the country until 
2020, the values of the minimum discharge quantiles decreased at most gaug-
ing stations. Long-term periods of minimum discharges have been observed 
during long-lasting precipitation-free periods during the dry years. This caused 
the average magnitude of the change in 355-day discharge Q355d in the set of 
304 gauging stations to be −13.4%.

The above-described changes in the size of selected M-day discharge 
quantiles affected the shape of the flow duration curves of mean daily dis-
charges at gauging stations. The graphs in Fig.  5–7 show the flow duration 
curves of mean daily dischargesin the period 1981–2010 and in the period 
1991–2020 for selected final gauging stations. In the graph in Fig.  5, which 
shows the flow duration curves of mean daily dischargesfor the Děčín profile 
on the Elbe river, it is evident that the water bearing decreased throughout 
the flow duration curve of mean daily discharges. The flow duration curve of 
mean daily discharges for the period 1991–2020 copies the curve for the period 
1981–2010. The shape of the flow duration curve of mean daily discharges for 
the Děčín profile is influenced by activities on hydraulic structures; the Vltava 
Cascades reservoirs have the greatest influence on the shape of the flow dura-
tion curve of mean daily discharges.

The graph in Fig. 6 shows the flow duration curves of mean daily discharg-
esfor the profile of the Bohumín water gauging station on the Odra river. The 
graph shows that the flow duration curve of mean daily discharges for the period 
1991–2020 has almost the same shape as the curve for the period 1981–2010. 
The reason is the fact that the Odra river basin was the least affected by 
drought during the 2014–2020 dry season and, simultaneously, there are large 
reservoirs on the Odra tributaries, operations on which can improve the flows 
in the watercourses below the hydraulic structures.
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Fig. 1. Mean annual shares of Qr in the long-term mean discharge Qa for the period 
1981–2010 in 304 gauging stations (Qa 1981–2010 = 1)
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Fig. 2. Percentage differences between long-term mean discharges Qa at selected gaug-
ing stations for the periods 1991–2020 and 1981–2010
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Fig. 3. Percentage differences between Q30d discharges at selected gauging stations 
for the periods 1991–2020 and 1981–2010
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Fig. 4. Percentage differences between Q355d discharges at selected gauging stations for 
the periods 1991–2020 and 1981–2010
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The graph in Fig. 7 shows the fl ow duration curves of mean daily discharg-
esfor the Strážnice water gauging station on the Morava river. The Morava river 
basin and its tributaries was severely aff ected by the drought. The value of the 
30-day discharge Q30d decreased in Strážnice in the period 1991–2020 by 8.1% 
and the 355-day fl ow decreased by 12.1%.

CONCLUSION

The results of the comparison of M-day discharges for the reference period 
1981–2010 and the considered reference period 1991–2020 show that the quan-
tiles of M-day discharges decreased at most gauging stations. In the set of 
304  water gauging stations, the average change in the long-term mean dis-
charge Qa reaches −7.3% and the average change in the 355-day discharge Q355d
is −13.4%. The change in the reference period of the hydrological characteristics 
is made in order to ensure that the hydrological data derived for the reference 
period best refl ect the current hydrological regime.
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Interview with Ing. Bc. Anna Hubáčková,
Minister of the Environment
Minister, I  have a  question for you to start with. What was Anna 
Hubáčková like as a little girl? Good grades, a diligent student, or bruised 
knees and occasional disobedience?

What a  question! So  – good grades, a  diligent student, and occasional 
naughtiness and a bruised knee.

After secondary school, you joined the Faculty of Civil Engineering of the 
Brno University of Technology, where you chose the fi eld of water man-
agement. Why civil engineering and water?

That was a big coincidence. I originally applied to the Czech Technical University 
in Prague  – construction economics (I  don’t remember the name exactly). 
Although I was accepted, at the same time I was off ered a transfer to another sub-
ject so that a more infl uential student could be accepted on that course. I was told 
when I was already on the so-called student summer activity. There I met a great 
group of students – all from the fi eld of hydraulic engineering. Well, it was decided. 
If I were to choose another fi eld, then water and Brno University of Technology.

Your fi rst job, if I’m not mistaken, was a position at Vodovody a kanali-
zace Hodonín, where you were in charge of water source protection. Do 
you remember your fi rst project from that time?

My fi rst project was also my diploma thesis. It was supply of drinking water 
to the south-eastern area of Hodonín district. Ing. Stanislav Košacký, the then 
Deputy of Vodovody a kanalizace, was my consultant. After I joined VaK Hodonín, 
it was a wonderful discovery for me that my project was not put on a shelf, but it 
was used: the entire water supply system was built according to it and still works.

My fi rst project as a water manager of VaK Hodonín was the design of water 
source protection zones. At this point, I don’t remember exactly which one it 
was, but I gradually did them all and I really enjoyed it.

After that, you started to pursue your career as an offi  cial. First in the 
position of head of the environmental offi  ce at the District Offi  ce in 
Hodonín and then for a long time as head of the environmental depart-
ment of the Regional Offi  ce of the South Moravian Region. What led you 
to leave the “technology” and move to the “offi  ce” career?

The protection of water sources was the biggest motive. I had ready propos-
als for buff er zones, and the announcement seemed like an unnecessarily long 
process. I  kept urging the then head of the department until he off ered me 
a job. So, I started to announce them myself! And it was another beautiful job 
with people, and also the fi rst great experience with persuading people about 
the necessity to treat water better, protect its quality, etc.

Then you transferred to the Regional Offi  ce of the South Moravian Region, 
where you spent many years. From my personal experience, no one called 
you other than “our Anička”. I took it as eloquent proof of your popularity, 
which is unprecedented for an offi  cial. However, you left offi  ce unexpect-
edly quickly. Is there anything that can be said about this now?

I liked working with my colleagues in the South Moravian Region. We man-
aged a  lot, except for the fi nal months, which I  chose to forget. Some other 

regional politicians came up with diff erent ideas about environmental protec-
tion, in which my style of communication and work did not fi t. I  left straight-
away, but whenever I  return to the South Moravian Region, even after many 
years, I am welcome. Unlike them.

The positive perception of your personality by the public was also 
refl ected in your clear victory in the Senate elections in 2016. What were 
your feelings then?

These were unimaginably strong positive emotions, great joy, and perhaps 
a little sense of satisfaction.

But then also great responsibility.
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During your professional career, you have dealt with many interesting and 
unusual cases. Which one do you remember the most – for better or worse?

In the fi eld of the environment, you will experience many unique cases 
and events. It is not the beautiful and successful ones, but mostly the crisis 
ones that will be etched in your memory the most. Floods, accidents, drought 
eff ects, bark beetle outbreaks, mosquito outbreaks, cyanobacteria outbreaks, 
and others. But even in disasters, you will experience beautiful moments. We 
went to Podhradí, where people experienced two fl oods in one year, to explain 
why it happened. It was, of course, very sensitive, because people were fl ooded 
twice in quick succession. Most of the citizens naturally spoke to us very sharply, 
but there was also a couple whose marriage and family was actually saved by 
the fl ood and the trauma they experienced. 

You are now the Minister of the Environment. If someone had told you 
fi fteen years ago that one day you would run an entire environmental 
department, what would you say?

I would have laughed a lot. I would never have admitted that I could become 
a mayor or a senator, let alone a minister. These are big coincidences, opportu-
nities, and challenges and I just take them.

As Minister of the Environment for the Czech Republic, you are negotiat-
ing with the Polish side over a long-running dispute between the Czech 
Republic and Poland over the eff ects of mining at Turów lignite mine. This 
is a diffi  cult task at the outset in the position of Minister. Can this case be 
compared to something you have experienced and dealt with in the past?

This is a  case with an international impact, which I  have not experienced 
often. The South Moravian Region is bordered by two states, Slovakia and 
Austria, so in joint negotiations about some issues, most often on operations 
on the Morava and Dyje rivers during fl oods, I was present, of course; it was 
this experience that helped me during negotiations in Poland about the activ-
ities at Turów mine. It is always about balancing our legitimate interests, our 
law and, at the same time, respecting international law and the law of another 
country. It’s  not easy even when you do nice projects together, for example 
to protect the landscape, let alone when damage or harm is being addressed.

The topic of sustainable development has been present in our country 
for thirty years, since the time of the Federal Minister of the Environment 
Josef Vavroušek. However, many ordinary citizens may feel that not 
enough has been done in this fi eld.

There are a lot of people around us like Josef Vavroušek, and I feel that there 
are more and more. I really appreciate all of them, especially the young ones. 
Yes, we still have many challenges ahead of us, but climate change is also help-
ing to change our thinking, and I fi rmly believe that change in our landscape 
and our environment will be faster.

Some time ago, in our magazine, we interviewed Mr. Pavel Fošumpauer 
(Deputy Head of the Department of Hydraulic Engineering, Faculty of 
Civil Engineering, CTU – Editor’s note), on the topic of “development of 
education in the fi eld of water management”. I’ll ask you the same – how 
do you see the current state of education and would you, as Minister of 
the Environment, like to ensure that practical ecology becomes part of 
the curriculum in primary and secondary schools?

Defi nitely. In cooperation with the Ministry of Education, I  will try to get 
ecology into the framework school programmes of primary schools. As we say 

in Czech, what you learn in your youth, you will fi nd useful in old age – it will 
always be true. We will pay more attention to ecological awareness raising and 
education at our Ministry.

One of your announced priorities is the protection of drinking water. 
What exactly does that mean for you? What would you adjust/change in 
the position of Minister of the Environment in this regard?

For me as a  Minister, this means presenting legislation that will protect 
water more  – I  am already working on presenting a  draft amendment to 
the Constitution. And then also the preparation of subsidy titles which will 
strengthen returning water to the landscape, protecting its quality, retaining 
water in the landscape, supporting the construction of new water sources, 
wastewater treatment, etc. Naturally, I  need to do a  lot of awareness raising 
myself, together with the whole Ministry.

In conclusion, I  would like to ask a  “light-hearted” question. You have 
a beautiful Czech fi rst name Anna, associated with many Czech sayings 
and weather lore. Do you believe – as a graduate of two universities – in 
these traditions and wisdom of our ancestors?

Our ancestors treated nature much better than we did, they knew it better 
and I trust and honour their heritage in the form of weather lore and traditions.

Vršovická Street, where the Ministry of the Environment is located, is 
lined with Japanese cherry trees, which bloom beautifully in spring. 
I hope that you enjoy the view of that street in bloom as often as possi-
ble. Thank you for the interview.

Ing. Josef Nistler

Ing. Bc. Anna Hubáčková
Minister of the Environment

Ing. Bc. Anna Hubáčková was born in Hodonín. She 
is a  graduate of water management at the Brno 
University of Technology and Public Administration at the Faculty of 
Law of Masaryk University. She worked at the company Vodovody 
a kanalizace Hodonín, where she was in charge of water resource pro-
tection; later she worked as the head of the environmental offi  ce at the 
District Offi  ce in Hodonín and the head of the environmental depart-
ment of the Regional Offi  ce of the South Moravian Region. In 2005, she 
received the Minister of the Environment Award for her work and coop-
eration with non-governmental organizations. In her position, she was 
also a member of the crisis staff  involved in resolving crisis situations, 
as well as the chairwoman of the fl ood commissions. In 2014–2018, she 
held the position of mayor of Ratíškovice and since 2016 she has been 
a senator for the Hodonín Region. In 2020, she was elected a represent-
ative of the South Moravian Region and served as chairwoman of the 
Commission for the Environment and Agriculture. She is married and 
has two adult sons and three grandchildren.
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Balance evaluation of selected water quality 
indicators on the tributaries of Vranov reservoir
Most of the reservoirs in the Czech Republic have been built as multifunc-
tional reservoirs, with the basic functions being storage and protection. The 
way the catchment area upstream of a reservoir is used has a significant impact 
on water quality. Pollution sources can be divided into point, area, and diffuse 
sources. Being continuous or recurrent, point pollution is not significantly influ-
enced by meteorological factors and it is linked to narrowly delimited areas 
such as settlements, wastewater treatment plants (WWTPs), industrial plants, 
agricultural facilities, etc. Area pollution is difficult to observe as it is irregular 
and depends on meteorological, soil, morphological, and vegetation charac-
teristics [4]. The category of diffuse sources usually includes small diffuse point 
sources of pollution, namely municipal, agricultural, industrial, as well as traffic 
pollution, leachates from landfills, etc.

A number of reservoirs are currently facing the problem of eutrophication. 
This is considered a process of complex changes in natural waters caused by 
nutrient enrichment. It leads to the development of toxin-producing cyano-
bacterial bloom. In eutrophicated waters, the accumulated biomass collapses 
and, at the same time, the oxygen concentration in the water decreases, which 
in turn leads to fish deaths. Phosphorus and nitrogen are nutrients of concern 
in terms of eutrophication, with phosphorus being the predominant nutrient 
in most surface waters in the Czech Republic. At present, about 70% of active 
phosphorus comes from point sources (mainly municipal), while in the case of 
nitrogen this figure is only 20% [2]. Nowadays, the consumption of mineral fer-
tilisers and the application of manure fertilisers have a lesser impact on phos-
phorus pollution. The amount of phosphorus input to agricultural land has 
decreased over the last 25 years, but wastewater from WWTPs remains a risk [2].

Specific pollutants such as pesticides, pharmaceuticals, microplastics, and 
personal care products are also a current problem in relation to surface water 
pollution. They often do not degrade in water, but they have do a negative 
impact on aquatic organisms. Drinking waters are also burdened with spe-
cific pollutants [1].

VRANOV WATERWORKS

Vranov hydraulic structure on the river Dyje was put into operation in 1934. The 
hydrological catchment area of the reservoir is 2,211.8 km2, almost half of which 
is in Austria. In the Czech Republic, the catchment area is 1,159 km2 in four dis-
tricts and three regions. In terms of land use, it is comprised of agricultural land 
(60.2% of the catchment´s total area), forest land (31%), water areas including the 
actual floodplain (2.5%), urban areas (0.9%), and other land (5.4%) [6].

This major waterworks is multi-purpose and that is why there are often con-
flicts of interest. Its main functions include flood protection, power generation, 
recreation, sport fishing, navigation, as well as drinking water supply, which was 
not its primary function at the beginning because the water intake was not 
built here until 1982. The collection structure is located on a floating pontoon 
3.9 km from the dam. The joint-based connection between the pontoon and 
the bank allows the movement of the reservoir surface to be followed, thus 
allowing the optimum depth for raw water intake to be used (Fig. 6). The drawn 
raw water is then treated at Štítary treatment plant, with a capacity of 200 l/s. 
The group water supply system leading from the Štítary plant currently sup-
plies drinking water to more than 80,000 inhabitants in the adjacent regions of 
South Moravia and the Highlands. The water reservoir is administered by the 
Morava River Basin Authority (Povodí Moravy). The raw water collection device 

is the property of the Water Supply and Sewerage Association of Municipalities, 
based in Třebíč, and the operator of the group water supply system, including 
the water intake and water treatment plant, is VAS, Co. [7].

The balance evaluation of selected water quality indicators was carried out 
for the Dyje and its largest tributary the Želetavka (in the profiles Dyje Podhradí 
and Želetavka) for the period 2014–2018. The following parameters were evalu-
ated: ammonia nitrogen, nitrate nitrogen, orthophosphates, total phosphorus, 
and selected pesticides and their metabolites: terbuthylazine, metolachlor ESA, 
metazachlor ESA, metazachlor OA. Data on the concentrations of the selected 
water quality parameters were provided by the Morava River Basin Authority 
(Povodí Moravy), and the flow rate values for the period concerned were pro-
vided by the Czech Hydrometeorological Institute. Annual average concentra-
tions were calculated for the monitored indicators and compared with the limits 
according to Government Decree 401/2015 Sb., as amended. The average annual 
flow rates on the Dyje and the Želetavka were calculated from the daily flows. 
Balances were then expressed on the basis of the average annual flow rates and 
concentrations for the monitored water quality indicators for 2014–2018.

RESULTS 

The limit for the average annual concentration of ammonia nitrogen is 
0.23  mg/l, according to Government Decree 401/2015 Sb. This limit has been 
neither reached nor exceeded in any year on the Dyje or the Želetavka. The 
highest detected concentrations were up to 0.12 mg/l. A more significant dif-
ference in concentrations between the Dyje and the Želetavka was found only 
in 2016, when the annual average concentration was almost twice as high on 
the Želetavka. In the other years, there were no significant differences between 
the two watercourses. The ammonia nitrogen balance evaluation is shown in 
Fig. 1. The results show that significantly more ammonia nitrogen flows into the 
Vranov reservoir through the Dyje Podhradí profile than through Želetavka pro-
file, which is caused by much higher flows on the Dyje.

The average annual concentration of nitrate nitrogen was always higher on 
the Želetavka than on the Dyje. The limit value of 5.4 mg/l was exceeded only 
once in the period concerned, namely in 2016, when the average annual con-
centration on the Želetavka was almost 6 mg/l (Fig. 2).
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Fig. 1. Ammonia nitrogen balance evaluation 2014–2018
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Phosphorus appears to be a problematic water quality indicator. According 
to Government Decree 401/2015 Sb., the limit for average annual concentra-
tion of total phosphorus is 0.05 mg/l for bathing water and water to be used as 
tap water. The graph in Fig. 3 shows that this limit was significantly exceeded 
in both watercourses during the whole monitoring period; there were always 
higher concentrations in the Želetavka. The water in the Dyje is diluted by 
cleaner water from Austria. The monitored parameters also include orthophos-
phates. However, legislation does not specify limit values for this, although 
it is an important indicator in the context of eutrophication (a  useful source 
of phosphorus for algae and cyanobacteria). For both total phosphorus and 
orthophosphates, concentrations were always higher in the Želetavka, almost 
doubled in the dry years of 2017 and 2018. 

The following graph in Fig. 4 shows how many tonnes of total phospho-
rus flowed into the reservoir from the Dyje and the Želetavka rivers during the 
period concerned. Fig. 3 and Fig. 4 show the drought problem in 2017 and 2018. 
Despite the high average annual concentration in these years (Fig.  3), not as 
many tonnes of total phosphorus flowed into the reservoir as in previous years 
due to lower flow rates (Fig. 4). The impact of the drought was also obvious for 
ammonia nitrogen and nitrate nitrogen (Fig. 1 and Fig. 2).

Concentrations of selected pesticides and their metabolites were not mon-
itored regularly. The limits according to Government Decree 401/2015 Sb., the 

average annual concentrations of terbuthylazine, metolachlor ESA, metazach-
lor ESA and metazachlor OA on the Dyje Podhradí profile were not exceeded. 
On the Želetavka profile the limit value was only exceeded in 2018 for metaza-
chlor ESA. Regarding the balance of monitored pollutants, most data were 
available for terbuthylazine and metolachlor ESA. For the monitoring period 
2014–2018, 5–10 kg/year of terbuthylazine got into the reservoir from the Dyje 
and 1–4 kg/year from the Želetavka. Metolachlor ESA was also monitored on 
the Dyje throughout the monitoring period; here, the balance ranged from 5 to 
12 kg/year. On the Želetavka, metalachlor ESA was only monitored in 2016 and 
2018, with a balance of 3 kg/year and 1 kg/year, respectively.

In 2017, 24 kg of metazachlor ESA were brought into the reservoir by the Dyje; 
in 2018 it was 32 kg by the Dyje and 6 kg by the Želetavka. In 2017 it was 5 kg of 
metazachlor OA (Dyje); in 2018 it was 6 kg by the Dyje and 2 kg by the Želetavka.

The results show that the most problematic water quality indicators include 
the presence of pesticides and total phosphorus, which causes excessive 
eutrophication of the reservoir (Fig. 5). The main source of pesticides is agricul-
tural activity in the catchment upstream of the reservoir. 

According to the above results, the balance values of Ptotal for 2014–2018 
range from 12 to 20 t/year on the Dyje, with an average annual concentration of 
0.110 mg/l, and from 2 to 4 t/year on the Želetavka, with an average annual con-
centration of 0.1514 mg/l. Hanák [3] focuses on the years 2009–2013 and reports 
that the Dyje brings to the reservoir on average 30.6 t of Ptotal per year, with an 
average annual concentration of 0.110  mg/l; the Želetavka brings 5.3 t of Ptotal, 
with an average annual concentration of 0.135 mg/l. In 2014–2018, the phospho-
rus contribution is lower, which may be mainly due to the fact that the flow rates 
were lower than those in previous years. Hanák also states that area sources of 
pollution (agricultural land) are not a  significant source of phosphorus in the 
Vranov hydraulic structure catchment. The main polluters are point sources 
(79%), compared to area sources (21%). There are no intensive breeding ponds in 
the catchment and industry does not have a significant impact on water quality 
either. The main source of phosphorus is wastewater. There are 27 WWTPs in the 
Vranov catchment, but most of them lack phosphorus precipitation [3]. 

There are almost 5,000 buildings used for recreation in the wider area of the 
reservoir, and almost 1,000 in the immediate vicinity of the reservoir; however, 
sanitary sewerage systems are only located at the Vranov and Bítov reservoirs. 
Some buildings that lack connection to the sewerage system are not accessible 
for a gully emptier. As a result of wastewater disposal, detailed procedures and 
the principle of precautionary protection of the water resource are part of the 
management regime in water resource protection zones if an owner of a build-
ing is interested in its repair, reconstruction, extension, etc.
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Fig. 2. Nitrate nitrogen balance evaluation 2014–2018
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In the context of recreation, another risk to water quality is the handling 
of petroleum products, not only by vehicles on access roads and farm tracks, 
but also directly on the surface of the reservoir by public and private shipping. 
There are also a lot of chainsaws, lawnmowers, power generators, etc., that cre-
ate this risk, which would be marginal in many other cases, but signifi cant in 
view of the developed recreational sector and the number of buildings in use.

CONCLUSION

The measures to reduce phosphorus concentrations must be based on build-
ing sewerage in communities where it is lacking, reconstruction of exist-
ing leaking sewerage systems and cesspools, and design of new WWTPs or 
upgrading of existing ones (with phosphorus precipitation included). However, 
it should be stressed that all existing WWTPs meet the limits set for the Ptotal in 
the discharge of wastewater to surface waters. This is due to the weak legisla-
tion which does not set Ptotal limits for all sizes of municipal WWTPs, but only for 
those with a population equivalent of more than 2,000. 

The issue of pesticides and their metabolites is not only a  problem in 
the Vranov reservoir; their fi ndings can also be documented, for example, in 
groundwater sources or water supply reservoirs [5]. 

Water intake (Fig. 6) from the Vranov multipurpose reservoir is promising and 
irreplaceable; however, the reservoir is the only case of such an enormous mul-
tipurpose character in the Czech Republic. That is why it is necessary to adapt 
the protection of the yield, quality, and safety – of this source to its uniqueness.
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The AdaptaN II Project – from words to action
Over the last few years we have seen – let‘s not be afraid to say it – a fl urry of 
diff erent adaptation strategies, action plans, and other documents describing 
what to do to prepare for various problems, especially the impacts of climate 
change. It is therefore time to start fulfi lling the ideas of the above-mentioned 
documents and putting them into practice.

The project “Integrated Approaches of the Moravian-Silesian Region Landscape 
to Climate Change Adaptation” (abbreviated as AdaptaN II), which was launched 
in July 2021 and will last until 30 June 2024, also aims to contribute to the imple-
mentation of one of the above documents, namely the Adaptation Strategy of 
the Moravian-Silesian Region to the Impacts of Climate Change. This international 
Project is funded by the Norway Grants, „Bergen“ call for proposals, i.e. support 
for the implementation of selected nature-related adaptation and mitigation 
measures (the programme is administered by the State Environmental Fund of 
the Czech Republic).

The main research institution is the Faculty of Civil Engineering at Brno 
University of Technology. The Project also involves T. G. Masaryk Water 
Research Institute, ARVEN  – Rural Development Academy, and two foreign 
partners: Norwegian Institute of Bioeconomic Research and Slovak University 
of Agriculture in Nitra.

In accordance with the National Action Plan on Adaptation to Climate Change 
in the Czech Republic (NAP CR), the Project responds to the requirements of the 
territory´s adaptation to the negative impacts of all climate change manifestations 
in the temperate zone, i.e. extreme meteorological phenomena (heavy rainfall, 
extreme wind, extreme temperatures), long-term drought, and fl oods (including 
fl ash fl oods). The Project aims to support implementation of selected nature-re-
lated adaptation and mitigation measures in the Moravian-Silesian Region. 

The Project´s solutions and outcomes are directed to the open landscape 
and suburban zones, i.e. it mainly focuses on integrated adaptation approaches 
in non-development areas as well as in interaction with built-up areas (the cit-
ies of Ostrava and Opava). A special part of the Project deals with the urbanised 
landscape of Pohornice (between the cities of Havířov, Karviná, and Orlová). 
The last active mines are now awaiting closure in this area, which was heavily 
aff ected by coal mining in the past.

The Project will describe and model the implementation process of adap-
tation for the open landscape in the Moravian-Silesian Region. State and local 
government authorities in the region, watercourse administration bodies, for-
estry and agricultural enterprises, the non-profi t sector, and the interested 
public will receive a  detailed description of the implementation process, an 
overview of possible adaptation measures, monitoring patterns and eff ect cal-
culations, as well as precise identifi cation of their territory´s vulnerability in the 
form of territorial studies in order to target the follow-up adaptation measures. 
Examples of good practice and demonstration of sample measures to reduce 
the negative impacts of climate change will also be implemented. In the pilot 
area of Lichnov municipality, a system of retention swales will be constructed, 
including stabilisation of the concentrated runoff  pathway, and the addition of 
linear accompanying greenery; these are the interaction elements which ful-
fi l protective functions with an alternative use for strengthening biodiversity 
functions linked to the territorial system of ecological stability. In addition, wet-
lands and pools will be created in the pilot areas of Lichnov and Větřkovice. 

The AdaptaN II Project is a  follow-up of the previous, successfully com-
pleted project „AdaptaN I  – the Complex Planning, Monitoring, Information and 
Educational Tools for Adaptation of Territory to the Climate Change Impacts, with 
the Main Emphasis on Agricultural and Forestry Management in the Landscape“ 
(No. EHP-CZ02-OV-1-039-2015), which was implemented in 2015–2016 and was 
supported by EEA and Norway Grants (more at https://www.adaptan.net/).
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Earth Day
On Friday 22nd April, the entire planet will commemorate Earth Day. The 
history of this international environmental event dates back to the United 
States in early 1969, when the California coast was ravaged by a huge oil spill. 
Senator Gaylord Nelson of Wisconsin was deeply concerned about the state 
of the US environment and, along with activist John McConnel, suggested 
at a UNESCO conference in San Francisco that a day be set for the Earth. This 
day was later confirmed in a statement written by McConnell and signed by 
UN Secretary-General U Thant.

A year later, on 22nd April 1970, a nationwide environmental education 
event took place in the United States. The young activist Denis Hayes was 
appointed national coordinator. Nelson and Hayes agreed that the event 
would be called Earth Day to raise public awareness of the deteriorating 
environment. This first Earth Day inspired 20 million Americans – 10 per 
cent of their population at the time – to take to the streets and demon-
strate about the effects of 150 years of industrial development. Thousands 

of colleges and universities organized protests against environmental deg-
radation, and massive rallies took place in towns and villages from coast to 
coast. The demonstrations were part of a campaign to enforce environmen-
tal laws. Nelson later received the Presidential Medal of Freedom from Bill 
Clinton for his work.

Other countries soon joined the Americans and, after 1990, virtually the 
whole of the rest of the world, including the Czech Republic, had joined in. 
The 22nd of April thus became an international event. Today, more than a bil-
lion people in 193 countries celebrate Earth Day; thus, it is the largest secular 
event in which people are involved together, regardless of origin, religion, 
or nationality.

Mgr. Zuzana Řehořová
VTEI Editor
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SANDSTONES ENCHANT
Suchá Bělá is a typical small watercourse in Labské pískovce (Labe sandstones). It flows when there is plenty of water,
it dries up in the summer. This is due to the sandstone subsoil, which can absorb a large amount of the water from Suchá Bělá. 
The river rises in the wetlands of Jelení louže near the border with Saxony. Close to the village of Hřensko, it flows into
the Kamenice and then with it immediately into the Elbe river. Text and photo provided by Václav Sojka, www.vaclavsojka.cz.
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