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Abstract: Flow characteristics of intermittent
rivers in Slovakia. Intermittent rivers are rivers
that cease to flow, i.e. temporary, ephemeral,
seasonal, and episodic rivers. Analysis of hydro-
logical regime of such rivers is pivotal in assess-
ment of water resources because changes in flow
characteristics of such rivers may affect neigh-
boring catchments or the entire region through
changes in water supply reservoirs such as lakes,
wetlands and mosses. Recently, an increasing
number of intermittent rivers and ephemeral
streams (IRES) and an elongation of the zero-
-flow events has been observed in Europe due
to climatic changes and anthropogenic influence.
Intermittent rives in Slovakia were studied in the
paper using statistical methods. The characteris-
tics of the zero-flow period, of duration of the
longest annual zero-flow event and of timing of
such events were derived. The circular statistics
were helpful in recognition of the dates of occur-
rence of such events. The comparative analysis
between catchments was performed. The vari-
ability in precipitation and evapotranspiration
and the increasing temperature were identified
as the possible drivers of the flow intermittence
in these catchments. The research was performed
within the COST Action SMIRES (Science and
Management of Intermittent Rivers & Ephem-
eral Streams).

Key words: periodic river, IRES, zero-flow event,
characteristics of intermittence, angular dates

INTRODUCTION

Intermittent rivers are all rivers that that
periodically cease to flow. The term is
used for all temporary, ephemeral, sea-
sonal, and episodic streams and rivers
in defined channels. It is estimated that
these types of rivers make up over 30%
of the total length and discharge of the
global river network (Datry et al. 2014).
These estimates do not include low-or-
der streams as such streams usually do
not have monitoring gauging stations
and little data is available for them. As
such, the proportion of intermittent riv-
ers in the global river network is likely
to be greater than 50%. More and more
rivers and streams around the world, in-
cluding some of the world’s largest riv-
ers, are becoming intermittent rivers as
humans extract their water for drinking
and irrigation and as a result of land-use
alterations and climate change (Datry et
al. 2016).

Intermittent streams, particularly the
first and second order channels, make
up most of the channel network at the
catchment scale, however, their preva-
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lence depends on climatic zones. As
tributaries to larger rivers, intermittent
rivers play a significant role in the dy-
namics of materials. The interrelation-
ships between rainfall, catchment to-
pography, human activity and climate
change also mean that intermittent
streams occur in a variety of landscape
(Bond and Cottingham 2008). Some re-
cent research demonstrates the decreas-
ing trends in mean annual flow are pre-
vailing in observation records in Poland
(Piniewski et al. 2018). This has also
been indicated in a long term study of
a small lowland catchment area in the
center of Poland (Banasik and Hejduk
2012, Banasik at al. 2013). No flow in
Carpathian creeks is also occasionally
documented (Wigzik 2015). The impor-
tance of this type of river has also been
extensively researched by the U.S. En-
vironmental Protection Agency which
has sought to protect the bodies of water
that flow intermittently (Acuna 2014).
Intermittent rivers dry up during the dry
season, particularly in semi-arid regions.
However, zero flow may also occur dur-
ing drought in temperate regions, espe-
cially in quickly responding catchments
(Gustard and Demuth 2008). Climate
change and various anthropogenic ac-
tivities such as land-use alterations and
water abstractions increase the occur-
rence, duration, and frequency of river
drying (Larned etal. 2010, Do6ll and
Schmied 2012). Intermittent rivers and
ephemeral streams (IRES) have a high-
ly variable flow regime implications of
which can be negative for ecological
processes in their catchments (Leigh et
al. 2016, Stubbington et al. 2017). This
is because the equilibrium of the catch-
ment ecosystem can be perturbed dur-

ing the zero-flow event due to sediment
and microorganisms transport issues.

The methods for describing or char-
acterizing low flow hydrology are well
developed for perennial streams as they
usually have adequate gauging data. The
purpose of this investigation has been to
analyze the timing and frequency of dry
periods of seven Slovakian intermittent
rivers.

MATERIAL AND METHODS

Slovakia is characterized by large climate
and topographical variability between the
lowland areas of the Pannonia Plain and
the highest elevations in the Carpathian
Mountains. The selected study area is
situated in a temperate climate zone at
the border of the Atlantic and the conti-
nental part of Europe. The mean annual
temperature varies from about 10°C in
the lowlands to less than —3°C in the Tatra
Mountains. The mean annual precipita-
tion also exhibits strong spatial variability.
A general decrease of precipitation along
the West to the East gradient is imposed
by orographic enhancement. The lowest
precipitation occurs in the lowlands (less
than 400 mm/year), while the highest pre-
cipitation totals occur on the windward
slopes of the Tatra Mountains (more than
1,500 mm/year).

In the territory of Slovakia, together
seven basins with intermittent rivers
(IRES) were selected. The criterion for
selection of IRES was set by the COST
SMIRES Working Group 1 in 2017.
The intermittent rivers and ephemeral
streams must fulfill following criteria:
at least one event with discharge lower
or equal to one liter per second for daily
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data; for weekly data seven consecutive
days (i.e. one record) with this discharge
value; for monthly — one month. Addi-
tionally, the minimum time series length
is 10 years, with less than 5% of missing
days. The rivers must be natural without
anthropogenic influence. It was not easy
to find rivers fulfilling these criteria in
Slovakia. Finally the dataset consist of
seven catchments with IRES and their
location is presented in Figure 1. The
rivers are located in various parts of Slo-
vakia, representing lowlands, namely the
East Slovakian Lowland (Chlmec) and
the Danubian Lowland (Cierna Voda),
karstic area (Bodva, Turiec) as also hilly
regions (Myjava, Slavkovsky potok, Bu-
dinsky potok).

The dataset for Slovakia was com-
plemented with discharge data from the
Slovak Hydrometeorological Institute
in Bratislava (Table 1). For the statisti-
cal analysis we have collected the mean
daily discharge from the whole observa-
tion period, which varied between years
1960-2016. The drainage area varies
from 19.04 km? for the smallest catch-
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ment Budinsky potok to 193.6 km? for
the larges Bodva river basin. The latitude
of the river outlets is between 100450 m
a.s.l. The proportion of zero-flow in
a year which is the number of all records
with flow lower or equal to 1 I/s divided
by record length, was very low which
shows that intermittence events are rare.
The lowest value of this proportion was
in the Myjava and the highest was in the
Cierna Voda. Catchment characteristics
are presented in Table 1. The table con-
tains abbreviations of the rivers’ names
used in the paper.

For every river, the characteristics of
intermittence were derived, namely char-
acteristics (i) of the zero-flow periods, (ii)
of duration of the longest annual zero-
-flow event, and (iii) of timing. The em-
pirical distribution functions of zero-flow
periods and of duration were also found.

Among the characteristics of zero-
-flow periods, ng is the total number of
days with zero-flow, f is the fraction of
zero-flow years which is the number of
years with zero-flow divided by the total
number of years, m, is the mean annual

FIGURE 1. Location map of selected IRES catchments in Slovakia
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TABLE 1. List of selected IRES catchments with their basic catchment characteristics

River / Gauging Area Period Altitude D?uly mean Proportion
. Abbrev. b of of the outlet | discharge
station (km?) . 3 of zero-flow
observation (ma.s.l.) (m’/s)

Clerna Voda / CIE | 72.18 | 1960-2015 | 125.27 0.33 0.0199
Bernolakovo
Myjava / Myjava MY]J 33.09 | 1973—2012 324.34 0.28 0.0027
Budinsky potok / BUD | 19.04 | 1968-2016 | 261.41 0.11 0.0076
Divin
Turiec /- TUR | 131.61 | 1992-2016 | 191.02 0.66 0.0125
Gemerska Ves
Bodva /
Moldava nad BOD 193.6 | 1964-2015 203.54 1.22 0.0067
Bodvou
Slavkovskypotok /| gy o | 935 | 19722016 | 452.18 0.45 0.0034
Brezovica
Chlmec /

, y CHL | 145.24 | 1973-2015 102.36 0.33 0.0178
Zemplinsky Bran¢

*In the period of observation.

number of zero-flow days which is the
total number of zero-flow days divided
by the number of years, and ¢, is the
standard deviation of the annual number
of zero-flow days. These characteristics
reflect the frequency of zero-flows in the
study period.

Among the characteristics of dura-
tion, m, is the mean duration of the long-
est annual zero-flow event, and o is the
standard deviation of the longest annual
zero-flow event.

To derive the characteristics of timing,
the dates of the zero-flows days were se-
lected to the samples in every catchment.
The angular characteristics were derived
according to Mardia and Jupp (2000) as
follows. Every date was converted to Ju-
lian date D;, i = 1, ..., n, i.e. D; =1 for
Ist January and D; =365 for 31st Decem-
ber when it is not a leap year and when n
is the sample length. Subsequently, every
Julian date D; was converted to angular

value using the formula ®,= (D, - 2x) /
/365 (rad). In leap years, the denomina-
tor was increased by one. The value ©;
is a measure of the counterclockwise-di-
rected angle between the vectors [1, 0]
and [x;, ;] assigned to a point (0, 0) with
endpoints on the unit circle where (x;,y;) =
= (cos O, sin ;). Therefore, the dates
O; can be associated with points located
on the unit circle. Such a one exemplary
date is depicted in Figure 2.

Assuming that (X, 7) = GZLCOS 28

1N .
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FIGURE 2. The date of occurrence depicted on
an explanatory plot. The entire circle is one year,

while the 1st January is at the angle 0, the first
quarter of the year is at the angle %etcA The big,
red point illustrates the date under consideration.
It is associated with the angle ©; which is the an-

gular date of the occurrence. The coordinates of
the red point are (x;, y;) = (cos ©;, sin ©;)

It can be observed that O < [0, 2n).

Using the formula D = %, the mean

T
angular date can be converted to the
mean Julian date. The dispersion of dates
can be measured using the mean resultant

length 7 =+/X >+3°. It is worth noting

that 0 <7 <1 and that 7 near to 1 implies
little dispersion and high concentration
while 7 near to 0 implies large dispersion
and low concentration. The standard de-
viation equal to o=,/-2In7 is also of-
ten used. The following characteristics
of timing of intermittence were derived:
Oy, 7 51 015 — the mean circular date, the
mean resultant length and the standard
deviation of the first annual zero-flow

day, respectively. Similarly, @, 7 ., oau
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are the mean circular date, the mean re-
sultant length and the standard deviation
of all zero-flow days in a year.

All calculations were carried out in
R (R CORE TEAM 2017). The package
‘smires’ was used (Gauster 2017).

In studies on seasonality of vari-
ous meteorological and hydrological
events, the Markham method is often
used (Markham 1970, Dingman 2002).
This method is becoming increasingly
applicable (Livada and Asimakopou-
los 2005, Petersen et al. 2012, Baran-
-Gurgul and Raczynski 2016, Jokiel and
Stanistawczyk 2016, Moniewski 2016).
To explain the similarity between the cir-
cular statistics and the Markham indices,
let assume that 360° of the polar coor-
dinate system are apportioned to twelve
angles representing twelve months of
the calendar year. Every data from the
sample of monthly values (e.g. monthly
rainfall totals) is depicted as a vector
of direction linked with its month and
of magnitude linked with its value. The
Markham seasonality index is the length
of the resultant vector divided by the
sum of the lengths of components. The
Markham concentration index is the an-
ticlockwise directed angle between the
resultant vector and the OX axis. It rep-
resents the peak month of rainfall occur-
rence. It can be observed that there is a
similarity between Markham indices and
circular statistics because the date of oc-
currence is associated with an angle in
both methods. However, the dissimilari-
ty is in the magnitude of the vector equal
to the data value (monthly rainfall totals)
in the Markham method and equal to one
in circular statistics because seasonal
data (month and magnitude) are depicted
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in the Markham method and the dates of
occurrence of random data are depicted
in circular statistics. Summarizing, both
methods are usually applicable for vari-
ous data types. If the daily data instead
of the monthly ones are used and if only
dates instead of dates and magnitudes
are studied, then the Markham method is
equivalent to the circular statistics-based
method. Then, the concentration index
equals to the circular mean angular date
given by Equation (1). In this study, the
mean angular date of the first annual
zero-flow day is just the Markham con-
centration index in the daily-based ap-
proach.

RESULTS AND DISCUSSION

The main characteristics of the intermit-
tence were shown in Table 2. The zero-
-flow events were rare in the MYJ, BUD
and SLA rivers in the study period which
is reflected in a very low fraction of zero-
flow years in these catchments. This is
also visible in the low m, and m; values.
The number of annual zero-flow days
varies little in the MYJ and SLA catch-
ments because of low ¢, values. The
deviation of the duration of zero-flow
events is also low there because of the
low o, value, especially in the SLA river.
Among all IRES rivers, the CIE river
shows the largest mean annual number
of zero-flow days and the second longest
mean duration of such events. Similarly,
the CHL river shows the largest mean
duration and the second largest mean
annual number of zero-flow event. The
variability of these two variables is the
highest in these two catchments because
of the largest o, and o,; values. The con-

clusion that can be drawn from the above
is that the CIE and the CHL rivers were
the most susceptible to intermittence and
the most responsive to drought (Fen-
dekova et al. 2017).

The time series plots of the annual to-
tal zero-flow days and of the duration of
the longest event enabled the long-term
pattern of the events to be recognized in
Figure 3. It can be concluded from these
figures that the catchments differ by the
frequency of zero-flow events. In most
catchments, apart from the CIE river, the
zero-flow events were observed not ear-
lier than in 1980s. It is worth noting that
in several years with zero flow, the total
annual duration of zero-flow events was
nearly equal to the duration of the long-
est event because the height of the bars
is similar in years 1978, 1991 and 1993
in the CIE river, in 1990 in the MY]J
river, in 2012 in the TUR river, and in
2015 in the CHL river. Therefore, only
one event per year was noticed in these
years. In the rest of years with zero-flow,
the number of events was also not high.
The low frequency of years with zero-
-flow is apparent in the MYJ, BUD and
SLA rivers (Figs. 3b, 3c, 3f), namely be-
tween two and four events in the entire
period of observation. Another group,
with higher frequency, is composed of
catchments TUR and BOD (Figs. 3d and
3e) where the number of zero-flow years
was five. Moreover, these two rivers had
similar zero-flow years at the beginning
of 1990s and in 2012. The next group
consists of the CIE and CHL rivers
(Figs. 3a, 3g) with the highest frequen-
cy and the largest number of years with
zero-flow, exceeding five. A very long,
86-day lasting zero-flow event was re-
corded in 2015 in the CHL river due to a
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TABLE 2. Characteristics of intermittence
River | f | Ma | Oa | ™Ma | Od O (rad)/ | Fiy | o1y | Ouu(rad)/ | Foy | oy
(day) | (day) | (day) | (day) | / Dy (day) | (-) | (rad) | /Dy (day) | (-) | (rad)
CIE 023 72 | 174 | 45 | 11.7 | 3.89/226.1 | 0.95| 0.32 | 4.43/2574 | 0.89 | 0.49
MYJ [0.05| 1.0 | 62 | 1.0 | 6.2 | 5.06/294.0|0.41 | 1.34 | 426/2474 | 0.95 | 0.33
BUD |0.08| 2.7 | 12.8 | 1.3 | 55 |3.27/190.2|0.90 | 0.45 | 3.79/220.3 | 0.88 | 0.51
TUR (020 44 | 142 | 3.6 | 11.6 | 3.71/2154 | 092 | 0.40 | 4.02/233.5 | 0.93 | 0.38
BOD |0.12| 24 | 98 | 1.2 | 45 |3.73/2165|091 | 0.43 | 428/248.7 | 0.94 | 0.36
SLA [0.04]| 12 | 6.0 | 0.8 | 3.7 |5.64/327.5|0.12| 2.08 | 504/293.0 | 026 | 1.65
CHL |0.14| 59 | 19.1 | 48 | 16.2 | 3.51/203.9 | 0.95| 0.33 | 4.04/234.9 | 0.92 | 0.40

Characteristics of the number of zero-flow days: m, — mean annual number of zero-flow days, o, — stan-

dard deviation of the number of zero-flow days.

Characteristics of the longest annual zero-flow event: m,; — mean duration of the longest annual zero-

-flow event, o,; — coefficient of variation.

Characteristics of timing of the first annual zero-flow day: @, — mean circular date, D;,, — mean date,
714 — mean resultant length, oy, — standard deviation of the first annual zero-flow day.

Characteristics of timing of all zero-flow days in a year: ©,; —mean circular date, D,; —mean date, 7y,

— mean resultant length, ¢, — standard deviation.

severe drought (Fendekova et al. 2017).
Other rivers did not show intermittence
in this year, apart from the MYJ river
where the period of observation did not
cover the year 2015. The intermittence
was also noticed during the drought in
2012 (Fendekova et al. 2017) in rivers
BUD, TUR, BOD, SLA with the long-
est events lasting 35 and 26 days in the
BUD and TUR rivers, respectively. The
TUR and BOD catchments are placed in
the Slovak Karst with a high stream gra-
dient and with numerous rapid cascades
and waterfalls. This region is extremely
exposed to negative consequences of ex-
treme hydrological events because both
floods and droughts may cause ecologi-
cal injuries (Voloscuk et al. 2016).

The three groups of catchments dif-
fer by topographic conditions. The first
group (MYJ, BUD, SLA) consists of
catchments located on hilly areas with
the largest mean elevation (Table 1).
The catchments from the second group
(TUR, BOD) are moderately elevated.
The catchments from the third group
(CIE, CHL), in turn, located in lowland
areas, have the lowest elevation.

The causes of zero-flow events are
complex and can result from various
factors as geology, morphology, cli-
mate etc. The spatial distribution of an-
nual precipitation in Slovakia shows that
the northern part of Slovakia has about
1,000-1,500 mm of annual precipitation,
but in southern parts of the country only
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FIGURE 3. The time series plots of the annual total number of zero-flow days and of the duration of

the longest annual no-flow event

about 400 mm in a year (Zeleiiakova et
al. 2017). This explains the prevailing
location of the intermittent rivers in the
south of the country. For the analysed
catchments the mean annual precipita-
tion is lower than 700 mm annually.

A slight decrease in precipitation
and a significant increase in the mean
air temperature are shown by many au-
thors to have an impact in various parts
of Slovakia (Melo et al. 2007, Lapin et
al. 2009, Pecho et al. 2009). Therefore,
decrease in runoff during last decades up
to 30% can possibly be explained by the
impact of climate change (Lapin et al.
2009, Labudova et al. 2015).

The MY, TUR, SLA rivers belong to
the middle warm mountainous climate,
while the rest of the analysed rivers be-
long to the warm lowland climate. The
MY]J, TUR, SLA and BOD rivers have
rainfall-snowmelt runoff regime, with
the highest mean monthly discharges
in February and March and the low-

est during the autumn months Septem-
ber—October and winter months Decem-
ber—January. The BUD, CIE and CHL
rivers show dominant rainfall regimes
with highest runoff during May—June
and lowest during autumn August—Octo-
ber. The concentration of the zero-flow
events mostly after the year 1980 is in
agreement with longer droughts in this
period due to increasing mean annual air
temperature up to +2°C and increasing
potential evapotranspiration (Labudova
etal. 2015).

Long drought periods in the early
1960s, early 1970s, and early and mid-
-1990s, as also during the years 2002—
—2003 and 2011-2012 were mentioned
for the Danubian Lowland by Labudova
etal. (2017) who studied the standardized
precipitation index (SPI) and the stand-
ardized precipitation evapotranspiration
index (SPEI) in the period 1961-2013 on
a monthly base. This can explain higher
frequency of zero-flow events in the CIE
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river, namely in years 1962 and 1964
when the total number of zero-flow days
was 53 and 25, and in 1994 (15 days).
The longest event of 62 days was noticed
in 1978 in the CIE river which coinci-
dences with a low three-monthly SPI in
late 1970s in this region (Labudova et
al. 2017). Another authors, e.g. Lapin et
al. (2009), indicate an increase of tem-
perature, followed by increase of actual
evapotranspiration and decrease of air
humidity in recent several dozen years in
various parts of Slovakia with consider-
able changes in the southern part of the
country. The authors stress a higher per-
centage of evaporated rainfall and a lower
percentage of runoff in the south-west
Slovakia where the CIE catchment is
located. The period 1988-2007 was also
indicated as an extraordinary warm by
Fasko et al. (2008). An increase in eva-
potranspiration as a result of increas-
ing temperature in the last eighty years
was also shown e.g. by Labudova et al.
(2015). The magnitude of the upward
trend in average annual air temperature
is similar in the whole territory of Slo-
vakia despite the very complex climatic
conditions of the country.

Due to lower evaporation in winter,
the winter precipitation is crucial for
groundwater recharge. A decrease in
winter precipitation totals can result in
shrinking of groundwater resources that
are not able to yield sufficient water sup-
ply in season with high evaporation i.e.
in summer. All the rivers have natural
regimes, therefore a consequence of in-
termittency is a very low abstraction of
water for agriculture or water supply.

Therefore, we can conclude that the
most important factors differentiating
zero-flow characteristics are spatial lo-
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cation, groundwater storage properties
and catchment elevation.

Regarding the timing of the onset,
the mean dates @;,, of the annual onset
ranged between the 9th July (BUD) and
the 23rd November (SLA). The dates of
the onset are highly concentrated in most
rivers, apart from the MYJ and SLA, be-
cause the mean resultant length 7|, is at
least equal to 0.9. This shows a very low
dispersion of the dates. It is worth noting
that @, is similar within the second and
the third group. The zero-flow events
from the TUR and BOD rivers (second
group) have a mean angular date of on-
set around 5th August while the CIE and
CHL rivers (third group) have an on-
set date of 23rd July and 15th August,
respectively. Very similar (identical)
715 values feature in the second (third)
group, too. Furthermore, the mean angu-
lar values and the mean resultant lengths
of all events are similar within the sec-
ond and the third group. The mean dates
and the concentration of dates are more
dispersed in the first group (MYJ, BUD,
SLA rivers). The main cause behind this
is the short sample length because the
zero-flows occurred only twice in the
MY and SLA rivers. Therefore, the an-
gular characteristics are less helpful for
these rivers.

The angular dates and the main char-
acteristics of the onsets in the BUD river
are depicted in Figure 4. The mean date
O, 1s around 9th July. The high concen-
tration of dates is evident because the
four dates are located near each other re-
sulting in 75, = 0.9.

A deeper insight into the dates of
zero-flows in the CHL river allows rec-
ognition of most dates in August and
September, respectively. This result
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&

FIGURE 4. The angular dates of the first annual
zero-flow days and the mean angular value of
these dates in the BUD river. The length of the left
arm of the angle is the mean resultant length

corresponds with those of Labudova et
al. (2015) who identified August as the
driest month in the East Slovakian Low-
land using both the SPI and SPEI. In the
CIE Danubian Lowland, the months
with the lowest SPI are in winter season
while the month with the highest eva-
potranspiration is August (Labudova et
al. 2015) which explains the zero-flows
in August, September and October in the
CIE river. On the other hand, significant
increasing weak trend in July precipita-
tion total was detected by Zelenakova et
al. (2017) in the south-west part of Slo-
vakia where the CIE catchment is locat-
ed. However, this trend is often accom-
panied by prolonged drought episodes
and very intense precipitation. The very
intense precipitation is ineffective in
water yield to ecosystem, especially af-
ter long drought, because infiltration is
impeded by a very solid topsoil layer.
After Labudova et al. (2015), the in-
crease in monthly temperatures differs

wherein January, June, July and August
are the most considerable.

In light of this we can conclude that
zero-flows are caused by enhanced eva-
potranspiration and prolonged periods
without precipitation while the effects
can be extended to several weeks.

CONCLUSIONS

Intermittent rives are rare in Slovakia.
However, more zero-flow events were
recorded after the year 1980 than be-
fore. The catchments of intermittent riv-
ers differ by elevation and by location
because the five southern rivers have
higher frequency of intermittence than
the two northern rivers. The zero-flow
events had the largest intensity in two
rivers from the Danubian Lowland and
from the East Slovakian Lowland.

The possible causes behind the zero-
-flow events in various parts of Slovakia
are the increasing temperature resulting
in increasing evapotranspiration and de-
creasing air humidity. Another cause is
the high variability in precipitation that
results in prolonged drought periods.

Results of this study can be help-
ful in river management activities and
can reduce the impact of river intermit-
tence.
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Streszczenie: Charakterystyki przeptywu spora-
dycznie wysychajqcych rzek w Stowacji. Rzeki
sporadycznie wysychajace sa to takie, ktore moga
wysycha¢ w okresie suszy. Moga one by¢ rzekami
okresowymi, efemerycznymi, sezonowymi lub
epizodycznymi. Analiza rezimu hydrologiczne-
go tych rzek jest wazna z punktu widzenia oceny
zasoboéw wodnych, gdyz zmiany charakterystyk
przeptywu takich rzek moga wplywac¢ na zmiany
w zasilaniu zbiornikow wodnych, takich jak jezio-
ra, mokradta i torfowiska, a przez to oddziatywacé
na zlewnie sasiednie i caly region. W ostatnim
czasie odnotowano rosnaca liczbe rzek spora-
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dycznie wysychajacych, w tym efemerycznych
(skrot z ang. IRES), oraz wydtuzenie okresu,
w ktorym przeptyw w rzece jest zerowy. Zmiany
te sa skutkiem zmian klimatycznych oraz dzia-
tan antropogenicznych. Przedmiotem badan byly
rzeki w Stowacji, ktore sporadycznie wysychaja.
W badaniach zastosowano metody statystyczne.
Obliczono charakterystyki okresu z zerowym
przeptywem, czasu trwania najdtuzszego okresu
z zerowym przeptywem oraz pory jego wyste-
powania. W ocenie czasu wystgpowania takiego
przeptywu wykorzystano statystyki kotowe. Do-
konano analizy porownawczej migdzy zlewniami.
Wskazano zmiennos$¢ opadu oraz wzrost tempe-
ratury jako mozliwe czynniki powodujace wysy-
chanie rzek w badanych zlewniach.
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