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INTRODUCTION

According to the Czech technical standard CSN 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 21 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,
19311960, 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 OMd. 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. T 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. 7). 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 Zelizy profile on the
Libéchovka river to +31% in the significantly anthropogenically influenced pro-
file of the Zermanice profile on the Lucina 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 Malse and Odra river basins; on the contrary,
the largest decreases were recorded at water gauging stations in the upper
part of the Berounka, Plou¢nice, 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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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
Change of [%] Qa and QMd [1991—2020,/1981—2010]

Profile Watercourse Catchment area [km?]
Q, Q,, Q504 Qs;;,
Jaromeér Labe 1,224.10
Tynisté nad Orlicf Orlice 1,554.17
Prelouc Labe 6,437.52
Zelezny Brod Jizera 791.26
Roudné Malse 962.21
Bechyné LuZnice 4,057.02
Pisek Otava 2,913.70
Zru¢ nad Sazavou Sazava 1,420.68
Kacov Sazava 2,814.42
Lhota Radbuza 1,181.82
Sténovice Uhlava 892.84
Plzen-Bilad Hora Berounka 4,017.46
Beroun Berounka 8,286.23
Karlovy Vary-Drahovice Ohfte 2,857.03
Louny Ohre 4979.76
Trmice Bilina 923.17
Benesov nad Ploucnici Plouc¢nice 1,156.73
Décin Labe 51,120.34
Svinov Odra 1,613.70
Déhylov Opava 2,037.55
Ostrava Ostravice 820.02
Bohumin Odra 4,663.74
Vérnovice Olse 1,075.59
Moravicany Morava 1,561.19
Olomouc-Nové Sady Morava 3,323.59
Dluhonice Becva 1,592.84
Kromériz Morava 7013.27
Straznice Morava 9,144.83
Podhradi nad Dyjf Dyje 1,755.48
Travni Dvar Dyje 3,535.06
Veverska Bityska Svratka 1,479.76
Bilovice nad Svitavou Svitava 1,119.98
Zidlochovice Svratka 3,938.12
Trebi¢-Ptacov Jihlava 962.71
lvancice Jihlava 2,679.98
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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 =1)
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Fig. 2. Percentage differences between long-term mean discharges Q, at selected gaug-
ing stations for the periods 1991-2020 and 1981-2010

A largely similar spatial distribution also appears in the results of the calcu-
lation of the percentage change in the 30-day discharge Q, d 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 Q, d. 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 Q, d 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 Q,.d 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 Q,,.d in the set of
304 gauging stations to be —13.4%.
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Fig. 3. Percentage differences between Q, , discharges at selected gauging stations
for the periods 1991-2020 and 1981-2010
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Fig. 4. Percentage differences between Q. , discharges at selected gauging stations for
the periods 1991-2020 and 1981-2010

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 Décin 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 Décin profile is influenced by activities on hydraulic structures; the Vitava
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 Bohumin 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. 5. Flow duration curves at the Dé¢in gauging station on the Labe River for the peri-
0ds 1981-2010 and 1991-2020
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Fig. 6. Flow duration curves at the Bohumin gauging station on the Odra River for the
periods 1981-2010 and 1991-2020

The graph in Fig. 7 shows the flow duration curves of mean daily discharg-
esfor the StrédZnice water gauging station on the Morava river. The Morava river
basin and its tributaries was severely affected by the drought. The value of the
30-day discharge Q, d decreased in Straznice in the period 1991-2020 by 81%
and the 355-day flow 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 Qareaches —/3% and the average change in the 355-day discharge Q,..d
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 reflect the current hydrological regime.
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Fig. 7. Flow duration curves at the Strdznice gauging station on the Morava River for the
periods 1981-2010 and 1991-2020
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