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Impact of Teplice restoration on river
basin runoff — preliminary results
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ABSTRACT

As part of the project for the Ministry of the Environment of the Czech
Republic dealing with the monitoring of the impact of semi-natural meas-
ures on improving the hydrological regime of small river basins, the Teplice
river basin in the White Carpathians has been monitored. The monitoring has
been taking place since 2018, the measures were implemented in 2020. Data
are available for the time period before the measures were implemented and
for the year 2021, on which it is possible to see the impact of the implemented
restoration. The data show the fluctuation of the daily runoff from the river
basin and its overall reduction, which is probably caused by increased evap-
oration from the newly formed water bodies and increased water infiltration
into the underground zone, which, however, is not supported by monitoring.
Based on the evaluation of the obtained data, a visible reduction of the sur-
face runoff from the basin was found, which may nevertheless also be caused
by the low rainfall totals in 2021.

INTRODUCTION

Unsparing interventions in water regime significantly affect runoff from a basin.
This mainly concerns the method of agricultural management and land drain-
age, canalization of watercourses, inappropriately designed anti-flood measures
and, last but not least, the method of land use (impervious surfaces, buildings with
roof drainage, etc)). In addition to anthropogenic influences, nature currently has
to come to terms with the impact of climate change, which manifests itself mainly
in the rise in air temperature with the consequence of increased evapotranspira-
tion of water, and subsequently the limitation of runoff and recharge to soil and
groundwater. These manifestations increase the risk of longer dry periods [1, 2.

To avoid the negative consequences of anthropogenic influences and
the impact of climate change on the overall water status, it is necessary
to strengthen water retention in the landscape; therefore various forms
of increasing water retention in the landscape are an integral part of adap-
tation measures designed to limit the negative impact of climate change.
Comprehensive implementation should also include such measures regarding
the use of land that would directly prevent the accelerated runoff of water from
the landscape. One of the means to retain water in the landscape are semi-nat-
ural measures, which can, by increasing the infiltration of water in the flood-
plain on a local scale, slow down the runoff from the catchment and thus
strengthen the groundwater resources. Another benefit can be an increase
in air humidity in the immediate vicinity of newly constructed water bodies,
which has a positive effect on the neighbouring ecosystem.

The article summarizes the results of hydrological monitoring in the Teplice
river basin in the White Carpathians. The monitoring has been ongoing since
2018, semi-natural measures were implemented in 2020. Changes in the behaviour
of the hydrological regime before and after the implementation of the restoration
are documented on the data obtained by measuring the runoff from the basin.

METHODS AND DATA

Project "Drought — monitoring of semi-natural measures”

As part of the project "Drought — monitoring of semi-natural measures” for
the Ministry of the Environment, a comprehensive monitoring of watercourses
and land in their catchment areas was carried out in the Czech Republic in order
to evaluate the impact of the implementation of restoration measures to pro-
tect against the impact of drought. For the purposes of evaluating their influ-
ence, it is necessary that the subject areas and sites be comprehensively moni-
tored even before the implementation of the individual measures begins due
to the impact on the initial state of the natural system, while monitoring should
continue for several years after the implementation of the proposed measures.
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Fig. 1. Teplice catchment
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Monitoring of watercourses and catchment areas took place in sites where
semi-natural measures were planned to be implemented within a time horizon
of one to three years, i.e. in 2017-2019. These were monitoring techniques guaran-
teeing the determination of hydrological and hydroecological properties of water-
courses, including water quality and soil properties of the affected sites [3].

Teplice catchment

The area of interest of the Teplice catchment (Fig. 1) is located in the White
Carpathians PLA in the South Moravian region, in the eastern part
of the Hodonin district. The closing profile with the water gauging station
is located in Slovakia, 100 m from the state border with the Czech Republic.
The altitude of the basin ranges from 340 to 631 m above sea level. Teplice
springs south of the village of Kuzelov near the Czech-Slovak state border.
The two more significant left-hand tributaries in the basin are Javornicky potok
and Rybnicky potok. Teplice, as Teplica, flows further through the territory
of Slovakia and flows into the Myjava river near the village of Senica. It then

flows into the Morava River south of Bfeclav at the triple border of the Czech
Republic, Slovakia and Austria.

The area of the Teplice basin to the closing profile of the water gauging sta-
tion is 1757 km? There are forests (6.05 km?), agricultural land (9.39 km?) and pas-
tures (213 km?) in the catchment area.

In the monitored period 2018-2021, the average runoff from the basin was 16 1/s..

Teplice restoration

The implementation of the restoration took place in 2019-2020. The project
was co-financed by the European Union - the European Fund for Regional
Development within the Operational Programme Environment, and the man-
aging body of the Ministry of the Environment.

The part of the Teplice watercourse south of the village of Kuzelov was
modified and straightened in the past to prevent agricultural land from
becoming wet. The runoff from the basin was thus accelerated. The restora-
tion of the channel aimed to carry out eco-stabilization interventions that will

Fig 2. In the leftis the area of interest before the implementatin of the measure (2018), in the right after the completed revitalization (www.mapy.cz)

16



contribute to the retention of water in the landscape and to the improvement
of the overall hydrological situation of the area. The project was supposed
to lead to the restoration of natural processes and to the strengthening of bio-
diversity in the White Carpathians PLA.

Fig. 2 shows a comparison of the morphology of the watercourse on ortho-
photo maps from 2018 with the Teplice channel still straight, and from 2021,
where the completed reopening of the Teplice channel in the landscape is sup-
plemented by newly established water bodies. The photo in Fig. 3 comes from
the time of implementation, while Fig. 4 documents the state after the comple-
tion of the restoration works..

Hydrological monitoring and data

The restoration of Teplice in the area of interest near Kuzelov took place in 2020.
The hydrological monitoring of TGM WRI took place before the implementa-
tion of the measures in 2018 and 2019, then during the implementation in 2020,
and continues after its completion. The year 2021 was the first year suitable for
evaluating the effect of the measures on the hydrological regime.

The runoff from the basin is continuously monitored by a water gauging
station, equipped with a sensor with a pressure sensor and a built-in micropro-
cessor compensating for the temperature dependence of the sensor and its
possible non-linearity, which records the height of the water level in the meas-
uring profile. The conversion of water level to flow rate takes place on the basis
of the specific flow rate curve determined by hydro metering. The data on pre-
cipitation and air temperatures used to monitor hydrometeorological con-
ditions in the basin are taken from the Czech Hydrometeorological Institute
database, namely from the adjacent climatic stations Velkd nad Velickou
(BIVELVO1_SRA; 289 m above sea level; 6.5 km from the closing profile) and
Straznice (BISTRZO1_T; 176 m above sea level; 15 km from the closing profile).

Estimation of evaporation from the water surface

The estimation of evaporation from the water surface of new water bod-
ies created during the restoration was based on the simplest empirical rela-
tionship, requiring only measured values of air temperature [4]. This relation-
ship, expressed by the formula below, was derived based on the dependence
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of observed evaporation and air temperature at the Hlasivo station in 1957-2018.
Formulas using global solar radiation, water temperature, or a combination
thereof, give more accurate results, however, we did not have these measured
quantities available and the purpose was to provide an approximate estimate
for which the given relationship suits us.

VVH = 00824 X T, /2

where VVH is evaporation from the water surface
T mean air temperature [°C]
Furthermore, a Slovak formula (frequently used in the past) was used to cal-
culate the evaporation from the water surface, in which the evaporation is also
dependent on the air temperature [5]:

VVH = 100.0452*Tvzd - 0.204)

The formulas calculate the daily value of evaporation in millimetres;
in the case of calculation using the average monthly temperature, the result
must be multiplied by the number of days in the given month.

RESULTS AND DISCUSSION

Fig. 5 shows a graph with the daily course of flows and precipitation totals
from 1st January 2018 to 31* December 2021. Hydrological characteristics for
the monitored period are shown in Tab. 1. The long-term mean precipitation
total in 1961-1990 was 750 mm [6]. In 2018 and 2019, there was below-average
precipitation of 612.8 mm and 661.9, respectively. 2020 was above average with
838.8 mm, while in 2021 the precipitation total was only 5472 mm. The mean
air temperature for the reference period 1961-1990 was 7.5 °C. In the monitored
period, it was 11.24 °C (2018), 10.98 °C (2019), 10.52 °C (2020), and 9.68 °C (2021),
with an average flow in the closing profile of 16, 4 1/s, and then 134 I/s in 2018,
1154 1/5in 2019, and 19.3 in 2020. After the restoration, in 2021, the average annual
flow in the closing profile reached a value of only 13.9 I/s.

A detailed look at the daily course of the water flow through the closing pro-
file (Fig. 6 and 7) shows a significant fluctuation during the day, which began
to appear after the completion of the restoration. The highest flows occur

Fig. 3. Implementation of measures, 2020

Fig. 4. Completed revitalization, 2021
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in the afternoon between 12:00 and 18:00 and the lowest in the morning between
2:00 and 8:00. These intraday differences amount to a maximum of 30 to 40 I/s.
The reopening of the watercourse took place on a 1.5 km long section of the pre-
viously straight channel, the length of which was extended to 26 km. The result
of the restoration was pools with a surface area of approximately 25000 m?
At an average air temperature of 21 °C in the summer months, about 140 m? of water
evaporates from this area per day, which when converted corresponds to a flow
rate of 16 I/s. However, this water loss is twice as high due to plant transpiration.
It can therefore be said that the loss of water through evaporation from water bodies
amounts to approximately 3 I/s on warm days. Due to the increase in the groundwa-
ter level in the restored section, it can be assumed that the entire area of the restored
section (i.e, not only the water surface), and the extended channel of the water-
course can be included in the evaporation area. Based on the monitoring, an increase

in evaporation from the water surface in the restored section can be clearly con-
firmed. The impact on the groundwater recharge was not monitored, so it cannot be
substantiated.

CONCLUSION

Hydrological monitoring of the Teplice basin showed differences between
the runoff characteristics from the basin before and after the implementation
of semi-natural measures. The measurement of the water flow in the water
gauging station in the first year after the restoration showed in particu-
lar the daily fluctuation of the runoff from the basin due to the increased
evaporation from the created water bodies and the reopened channel.
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Fig. 5. Runoff and precipitation from 1 January 2018 to 31 December 2021
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Fig. 6. Flow fluctuations after imlementation of revitalization (sample data August 2021)
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Tab. 1. Hydrological characteristics in daily steps (sum of precipitation, mean air temperature, mean runoff)

Precipi- Tempe- Flow Runoff Precipi- Tempe- Flow Runoff
tation rature coefficient tation rature coefficient

Year Month [mm] [°C] [m3/s] [mm] [°C] [m3/s]
2018 1 324 2.84 0.0220 0.10 2020 18.1 0.22 0.0199 017

2 179 -1.86 0.0178 0.14 45.8 5.86 0.0314 0.10

3 20.6 2.61 0.0168 0.12 28.2 549 0.0180 0.10

4 16.8 14.76 0.0148 0.13 15.9 10.02 0.0153 0.14

5 110 1744 0.0128 0.02 89 12.74 0.0146 0.03

6 112.9 19.27 0.0116 0.02 151.8 18.02 0.0192 0.02

7 604 21.04 0.0109 0.03 104.4 19.17 0.0176 0.03

8 59.8 2245 0.0102 0.03 54.3 2017 0.0160 0.05

9 994 16.17 0.0109 0.02 59.2 15.32 0.0163 0.04

10 29.6 12.30 0.0106 0.05 2009 10.52 0.0258 0.02

1 9.5 6.13 0.0107 0.17 21.1 5.14 0.0191 0.13

12 43.5 1.75 0.0119 0.04 50.1 3.55 0.0187 0.06

Z::?L/ge 612.8 11.24 0.0134 0.039 :3::!3/ge 838.8 10.52 0.0193 0.041
2019 1 61.6 -1.02 0.0140 0.03 2021 33 0.91 0.0207 0.10

2 316 190 00213 0.10 237 -0.34 00209 013

3 287 6.55 0.0174 0.09 14 363 00175 0.9

4 31.2 10.78 0.0148 0.07 443 8.13 0.0166 0.06

5 134.1 12.10 0.0128 0.01 82.2 13.10 0.0185 0.03

6 39 2214 0.0116 0.04 34.2 20.32 0.0189 0.08

7 73.5 20.10 0.0109 0.02 33.8 21.67 0.0170 0.08

8 51.6 21.20 0.0102 0.03 147.5 18.34 0.0133 0.01

9 60.1 15.05 0.0137 0.03 30.3 14.85 0.0099 0.05

10 459 11.39 0.0188 0.06 43 9.72 0.0053 0.19

11 504 8.38 0.0220 0.06 594 4.78 0.0057 0.01

12 54.2 3.20 0.0173 0.05 40.5 0.99 0.0029 0.01

Total/ — g61.9 10.98 00154  0.042 Total/ 5472 9.68 0.0139  0.046

average average
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Confirmation of the effect of evapotranspiration on the fluctuation of water run-
off from the basin in the day/night regime can also be confirmed by the research
of Kovar et al. [7], who studied the evapotranspiration of riparian vegetation
in the dry season on Starosuchdolsky potok in Prague. This phenomenon was
also described in [8]. The increased infiltration of water into the underground
zone probably has an effect on slowing down the runoff from the basin, how-
ever, groundwater level monitoring was not part of the project, so this assump-
tion cannot be confirmed. It is also necessary to mention that in 2021 the pre-
Cipitation total in the basin was below average at 5472 mm.

The article analysed data for a relatively short period of time, so these
are preliminary results. The monitoring of the site will therefore continue
in the future, so that the research results so far can be confirmed on the basis
of data obtained through long-term monitoring.
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