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Solicited Speaker

GROUNDWATER MONITORING IN FORESTS OF
THE GREAT HUNGARIAN PLAIN
ANDRÁS SZABÓ1, JÁN SZOLGAY3, BENCE BOLLA1, PÉTER
KALICZ2, ZOLTÁN GRIBOVSZKI2

1 Forest Research Institute, University of Sopron, Várkerület 30/A., 9600 Sárvár, Hungary.
2 Institute of Geomatics and Civil Engineering, Faculty of Forestry, University of Sopron,
Bajcsy-Zsilinszky u. 4., 9400 Sopron, Hungary.
3 Department of Land and Water Resources Management Faculty of Civil Engineering,
Slovak University of Technology, Radlinského 11, SK 81005 Bratislava, Slovakia.
szabo.andras@uni-sopron.hu

In arid lowland areas, forests have a diverse ecological role, requiring
significant water resources while also serving as important contributors
to environmental cooling, soil moisture preservation, erosion control, and
carbon storage. Consequently, significant efforts have been made over the
past few decades to understand the complex interaction between forest vege-
tation and groundwater on the Great Hungarian Plain. With climate change
altering meteorological conditions, the importance of drawing conclusions
from measured data has increased.

The hydro-meteorological monitoring system operated by the Forest
Research Institute, University of Sopron has provided a basis for new
findings in recent years, particularly regarding subsurface salt accumula-
tion, groundwater uptake, diurnal fluctuations, recharge, and soil moisture.
Looking ahead, this monitoring system also presents an opportunity for
collaboration among experts from various fields. This article was made
in frame of the project TKP2021-NKTA-43 which has been implemented
with the support provided by the Ministry of Innovation and Technology of
Hungary (successor: Ministry of Culture and Innovation of Hungary) from
the National Research, Development and Innovation Fund, financed under
the TKP2021-NKTA funding scheme.
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CHANGES AND TRENDS IN THE CLIMATIC
WATER BALANCE OF THE DANUBE RIVER
BASIN BASED ON METEOROLOGICAL,
HYDROLOGICAL, AND GRAVIMETRIC DATA
FOR THE PERIOD 1961-2020
LÁSZLÓ BÁDER1, JÓZSEF SZILÁGYI1 , KLAUDIA NÉGYESI1,
ESZTER NAGY1, LÓRÁNT FÖLDVÁRY2

1 Department of Hydraulic and Water Resources Engineering, Faculty of Civil Engineering,
Budapest University of Technology and Economics, H-1111 Műegyetem rkp. 1. Budapest,
Hungary
2 Department of Geodesy and Surveying, Faculty of Civil Engineering, Budapest University
of Technology and Economics, H-1111 Műegyetem rkp. 1. Budapest, Hungary
laszlo.bader@edu.bme.hu

ERA5-Land gridded meteorological data for the Danube watershed
show a significant increasing trend with p = 0.05 for the annual mean
net radiation and temperature and a significantly decreasing trend for the
relative humidity. These forcing parameters have also led to an increase in
evaporation with a significant trend of 1.7 mm yr−1. The spatial distribution
of the evaporation trends shows that lower-lying areas of central and eastern
Europe are unable to meet the growing demand for evaporative water.
Precipitation is decreasing in these areas.

The water loss in the Danube River basin, which is estimated as the
annual decrease of the difference between the precipitation and evaporation
trends, is about 1km3 yr−1. The magnitude is confirmed by the Terrestrial
Water Storage Anomalies (TWSA) detected with gravimetry, which show a
decreasing trend of 7 mm yr−1 in the equivalent water height.

In Hungary, both the evaporation trend estimated by the complementary
relationship method and the Penman reference evaporation trend show
a significantly increasing trend. The demand (reference evaporation) is
increasing by 2.23 ± 0.3 mm yr−1, while the supply (land evaporation) is
increasing by 1.64 ± 0.2 mm yr−1. The gap between them is widening,
indicating increasing vulnerability to droughts.

Keywords: drought, evaporation trends, loss of water, climatic energy
balance, gravimetry, mass anomaly
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CAN WE CALIBRATE A RECURSIVE BASEFLOW
SEPARATION FILTER RELYING ON CATCHMENT
RESPONSE TIME PARAMETERS?
ESZTER D. NAGY1

1 Department of Hydraulic and Water Resources Engineering, Faculty of Civil Engineering,
Budapest University of Technology and Economics, H-1111 Műegyetem rkp. 1. Budapest,
Hungary
nagy.eszter@emk.bme.hu

The physically meaningful separation of a baseflow from an observed
streamflow time series is still an unresolved problem in hydrology. This
study provides a novel method that builds upon catchment response time to
formulate an optimization criterion for calibrating the Lyne-Hollick filter.
The catchment’s response time parameters, including the time of concen-
tration (Tc) and time to equilibrium (Te), can be derived from the observed
precipitation and discharge time series. A range for the ratio of these two
has already been derived on a physical basis. In the approach presented,
the parameter of the Lyne-Hollick filter was calibrated so that the ratio of
Tc and Te falls within a physically plausible range. The proposed method
was tested in 25 Hungarian catchments, and the results were compared
to those derived in a previous study. The Pearson correlation coefficient
improved from 0.654 to 0.862 between Tc and the lag time when applying
the proposed calibration procedure.
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EXPLORING DROUGHT-RICH AND FLOOD-RICH
PERIODS IN BRAZIL
VINÍCIUS B. P. CHAGAS1,2 , PEDRO L. B. CHAFFE1 , GÜNTER
BLÖSCHL2

1 Department of Sanitary and Environmental Engineering, Federal University of Santa
Catarina, Florianopolis, Brazil.
2 Institute of Hydraulic Engineering and Water Resources Management, Vienna University of
Technology, Vienna, Austria.
chagas@hydro.tuwien.ac.at

Streamflow exhibits persistent decadal variability; however, it is unclear
if the magnitude and spatial extent of these variabilities are symmetrical
for droughts and floods. Here, we examine drought-rich and flood-rich
periods in 319 streamflow gauges in Brazil from 1940 to 2020. We con-
trast streamflow temporal clustering with rainfall, water abstraction, the
Atlantic Multidecadal Oscillation (AMO), and the Pacific Decadal Oscil-
lation (PDO). We found drought-rich periods in 61% of the basins, which
were 11.5 times the false positive rate and 2.2 times the flood-rich periods
(28%). The higher number of basins with drought-rich periods is linked
with increased water abstractions since the 1990s, an interannual persistence
of rainfall deficits, and a higher prevalence of rainfall-poor periods (44%
of the gauges) compared to rainfall-rich periods (29% of the gauges). The
drought-rich periods are aligned with the rainfall-poor periods, AMO, PDO,
and increased water abstractions. These findings highlight the nonlinearity
and asymmetry in changes in droughts and floods on decadal scales.
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COUPLED SNOW-HYDROLOGICAL MODELLING
FOR TWO HIGH ALPINE AUSTRIAN
CATCHMENTS
CAROLINE EHRENDORFER1 , FRANZISKA KOCH1, SOPHIE
LÜCKING1, THOMAS PULKA1 , HUBERT HOLZMANN1, PHILIPP
MAIER2 , FABIAN LEHNER2, HERBERT FORMAYER2, MATHEW
HERRNEGGER1

1 Institute of Hydrology and Water Management, Department of Water, Atmosphere and
Environment, University of Natural Resources and Life Sciences, Vienna, Austria
2 Institute of Meteorology and Climatology, Department of Water, Atmosphere and
Environment, University of Natural Resources and Life Sciences, Vienna, Austria
caroline.ehrendorfer@boku.ac.at

The timing and quantity of snow and ice melt in high-alpine regions
is of great importance, especially for time-sensitive processes such as hy-
dropower production. In most conceptual hydrological models, the simula-
tions of these components are frequently only based on simple temperature
index methods. Additionally, the estimation of precipitation inputs for areas
with complex terrain is characterised by a high degree of uncertainty.

This contribution aims to improve the simulation of relevant components
of the water balance by coupling the conceptual rainfall-runoff model
COSERO with the physically-based snowpack model Alpine3D. Two high-
alpine catchments with intense hydropower activity are used as a case
study, with hourly data for the period 2003-2020. Snow and ice processes
are modelled by Alpine3D, while runoff routing and subsurface flow are
computed in COSERO. Additional information from local weather stations
and topography is integrated into the gridded meteorological input data.
An iterative process is used to find local optimized precipitation correction
factors. The proposed detailed and coupled simulation of glaciers, snowpack
and runoff together with complex interpolations of meteorological inputs
shows an improved simulation of reservoir inflow and discharge, especially
during the snowmelt period.

Acknowledgements: We thank the VERBUND Energy4Business GmbH
for fruitful discussions and providing us with data. This work was carried
out as part of the HyMELT-CC project.
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FORECASTING KARST SPRING DISCHARGES
USING AN INTERPRETABLE MACHINE
LEARNING APPROACH
ANNA PÖLZ1,4 , ALFRED PAUL BLASCHKE1,4 , KATALIN DEMETER2,4 ,
ANDREAS H. FARNLEITNER2,3,4, JULIA DERX1,4

1 Institute of Hydraulic Engineering and Water Resources Management, TU Wien, Vienna,
Austria
2 Institute of Chemical, Environmental and Bioscience Engineering, Research Group
Microbiology and Molecular Diagnostics, TU Wien, Vienna, Austria
3 Division Water Quality and Health, Karl Landsteiner University for Health Sciences, Krems,
Austria
4 Interuniversity Cooperation Centre Water and Health, Austria
poelz@hydro.tuwien.ac.at

Karst springs supply approximately 10% of the global population with
drinking water; understanding them therefore plays a vital role in water
resource management. This study is aimed at forecasting karst spring
discharges using machine learning models. A secondary aim was to in-
crease the transparency of the forecast by providing attributions of the input
variables.

We have compared the performance of four machine learning models
of varying complexities, a multivariate adaptive regression spline (MARS),
a feed-forward neural network (ANN), a Long Short-Term Memory model
(LSTM), and a Transformer (TF) to a Naïve baseline model for a highly
dynamic Austrian alpine karst spring. Moreover, we have employed the
DeepSHAP model explainability method to investigate the contributions of
the input variables to each forecast and analyze the seasonal differences.

Our findings demonstrate that the complex models, i.e., the Transformer
and LSTM, exhibit the best performances in forecasting the discharge,
as quantified by the four evaluation metrics. The contributions of the
input variables differ for each season. The input variables, discharge, UV-
absorption, water temperature, air temperature and conductivity contributed
most to the forecasts.

The spring discharge forecasts, together with the model explanations,
enhance understanding of the karst systems and aid in short-term water
supply management and decision-making in karst regions.
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INVESTIGATING THE IMPACT OF
POST-PROCESSING ENSEMBLE PRECIPITATION
FORECASTS TO SIMULATE RESERVOIR INFLOW
MITRA TANHAPOUR1,4 , JABER SOLTANI1, BAHRAM
MALEKMOHAMMADI2, HADI SHAKIBIAN3 , KAMILA HLAVČOVÁ4 ,
SILVIA KOHNOVÁ4

1 Water Engineering Department, Faculty of Agricultural Technology, University College of
Agriculture & Natural Resources, University of Tehran, Tehran, Iran
2 Department of Environmental Planning and Management, Graduate Faculty of Environment,
University of Tehran, Tehran, Iran.
3 Department of Computer Engineering, Faculty of Engineering, Alzahra University, Tehran,
Iran.
4 Department of Land and Water Resources Management, Faculty of Civil Engineering,
Slovak University of Technology, Bratislava, Slovakia.
jsoltani@ut.ac.ir

Flood forecasting mainly relies on the quality of precipitation forecasts.
Numerical Weather Prediction (NWP) models play a crucial role in im-
proving the reliability of precipitation forecasts. The direct application
of ensemble precipitation forecasts derived from NWP models produces
significant biases in hydrological modelling. Therefore, it is necessary to
post-process ensemble precipitation forecasts. The aim of this research
was post-processing the raw precipitation forecasts of three NWP models,
i.e., UKMO, NCEP, and KMA, for six storm events that resulted in heavy
floods in the Dez River basin, Iran, during 2013-2019. Post-processing of
the ensemble precipitation forecasts was done in two steps. First, the regres-
sion models were used to correct the raw output of every individual NWP
model. The second step developed a multi-model ensemble system using
the Weighted Average–Weighted Least Square Regression (WA-WLSR)
model and the Group Method of Data Handling (GMDH) model. Then, the
HBV hydrological model was fed with the post-processed ensemble precip-
itation forecasts to simulate the reservoir inflow floods. Besides, in order to
investigate the effects of post-processing the ensemble precipitation fore-
casts, the ensemble inflow forecasts were compared with the deterministic
inflow forecasts. The results demonstrated that the forecasting skill of the
NWP models was improved using both the GMDH and WA-WLSR models,
but the WA-WLSR model provided better results. The results of the HBV
model in producing ensemble inflow forecasts showed that the normalized
root mean square error (NRMSE) index decreased by an average of 21.3%,
compared to the deterministic inflow forecasts in the validation stage. This
research methodology is practical in adopting more efficient strategies for
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the flood control management of reservoirs due to applying the uncertainty
of inflow forecasts.

Keywords: Numerical weather prediction models; Multi-model ensem-
ble system; Ensemble inflow forecasts; Deterministic inflow forecasts

Acknowledgments: This study was supported by the VEGA Grant
Agency under Project No. 1/0782/21. The authors are very grateful for
their research support.
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THE IMPACT OF CLIMATE CHANGE ON THE
AQUATIC HABITAT OF THE HYBICA RIVER
ZUZANA ŠTEFUNKOVÁ1

1 Department of Land and Water Resources Management, Faculty of Civil Engineering
Slovak University of Technology in Bratislava, Radlinského 11, 813 68 Bratislava, Slovakia
zuzana.stefunkova@stuba.sk

The effects of climate change could affect the whole spectrum of the
ecosystem. It disrupts the system of bonds, changes energy-material cy-
cles, and thus disrupts the standard operation of a landscape, especially
its components. Heavy rain and other frequent weather events are often
repeated. They could lead to floods and reduced water quality, but also to a
deterioration in the availability of water resources in some areas. One of
the most determinative changes in weather extremes that we can expect is a
protraction of drought seasons and the more frequent occurrence of mini-
mum flows. This change in runoff conditions could have a direct impact on
the ecosystem of a stream. Therefore, this study is aimed at determining
the impact of climate change on an aquatic habitat in future decades. This
problematic will be documented on the specific reach of the Hybica River.

The modelling of the quality of the aquatic habitat based on bio-
indications was executed using IFIM methodology. Modelling based on
bio-indications is a demanding procedure that is unavailable in design prac-
tice, so the results from dozens of streams were generalized. The analysis
shows that generalized results can be used for mountain and piedmont
streams.

The results of the modelling of the aquatic quality show that climate
change may cause significant modifications in the ecosystem of water-
courses. Based on these results, it is possible to design and evaluate restora-
tive measures that could mitigate the impact of climate change on the
in-stream areas of watercourses.

This study has been jointly supported by the Scientific Grant Agency
under Contracts no. VEGA 1/0067/23.
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STUDY OF THE FUNCTIONING OF THE FISH
PASSAGE ON THE HRON RIVER IN SLOVAKIA.
ANDREJ ŠKRINÁR1

1 Department of Land and Water Resources Management, Faculty of Civil Engineering,
Slovak University of Technology
andrej.skrinar@stuba.sk

River ecosystems can be considered the most diversified and productive
ecosystems on the planet. Since the last century, the free flow of water,
which ensures the basic functioning of lotic ecosystems and the constant
dynamics of an environment, has been systematically disrupted by the
construction of dams worldwide, thereby causing the massive loss of fish
abundance and even biodiversity. Almost one in three freshwater species
are globally threatened with extinction, with all taxonomic groups showing
a higher risk of extinction in freshwater, compared to the terrestrial system.

On the way to their natural spawning habitats in the upper Hron River
in southern Slovakia, from hundreds to thousands of fish, mostly barbels
(Barbus barbus), have died in the turbines of the small hydro power plant
of the Želiezovce reservoir, even though the weir has a implemented bio-
corridor. Using 3-year ichthyological and hydraulic monitoring and robust
2D mathematical flow modelling, this study seeks to find the cause of this
ecological disaster in order to prevent the recurrence of such events in the
future.
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MODELLING AND EVALUATION OF THE SNOW
AND ICE MELT IN THE GROSSGLOCKNER
REGION
SOPHIE LÜCKING1, FRANZISKA KOCH1, HERBERT FORMAYER1

1 Institute of Hydrology and Water Management, BOKU Vienna, Austria
sophie.luecking@boku.ac.at

The cryosphere in high alpine regions is dramatically affected by climate
change. All over the world people are dependent on the melt water of the
cryosphere as they use it for drinking water, hydropower and agriculture. It
is an important task to simulate the processes in high alpine regions. This
study features an adapted version of the GR4J model, which is a simple
conceptual rainfall-runoff model, to simulate snow and ice. The aim of this
thesis is to test this new adaptation in a glaciated catchment in Austria for
the time period 1986–2022.

The results calibrated with the discharge show the best Nash-Sutcliffe
Efficiency value (0.86), when dividing the catchment into elevation bands.
The validation of the simulated snow extent with the snow detected and the
georeferenced webcam pictures reveal an R2 of 0.92. The results indicate
that the yearly discharge consists on average of 37% ice melt and 33%
snow melt. A focus on glacier melt reveals an increase in ice melt at higher
elevations as well a reduction of ice melt in lower elevations due to glacier
losses.
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QUANTIFYING PROJECTED EFFECTS OF
CLIMATE CHANGE ON LOW-FLOWS IN THE
SALZACH RIVER, AUSTRIA: AN APPROACH
FOR ADAPTING STOCHASTIC WEATHER
GENERATOR OUTPUTS
PETER VALENT1 , MARCIN LAS1

1 Institute of Hydraulic and Water Resources Engineering, Vienna University of Technology,
Karlsplatz 13/222, A-1040 Wien, Vienna, Austria
valent@hydro.tuwien.ac.at

In the context of ongoing climate change, the use of climate model
predictions plays a crucial role in preparing adaptation strategies that could
reflect the expected changes in low-flow conditions within water systems.
These predictions are often non-stationary and thus not very suitable for
a comprehensive statistical analysis of extremes, mainly due to very short
periods of quasi-stationary conditions. In this study, we address these
problems by adapting a 10,000-year long dataset of synthetic meteorological
outputs, representing the current climate conditions and produced by a
large multi-site stochastic weather generator, to account for both spatial
and temporal variability of the changing climate through a delta-change
approach. We adapted this dataset to depict the mean climate conditions
of the final three decades of the 21st century, as defined by four different
scenarios (2xGCM, 2xRCP) incorporated into the high-resolution Austrian
National Climate dataset (ÖKS15). We employed an HBV-distributed
hydrological model to simulate synthetic river discharges for both the
current and four future climate conditions in the Salzach River, Austria. Our
subsequent analysis of the low-flows reveals that the more extreme climate
conditions, as characterized by increased temperatures and rainfall amounts,
also transfer into larger low-flows and shorter dry periods compared to the
current climate. The results can be attributed to two factors: (1) the low-flow
season in the Salzach River predominantly occurs during the winter, leading
to reduced snow accumulation in the catchment due to rising temperatures,
and (2) the adopted delta change approach reflects the changes in rainfall
amounts but does not address the changes in rainfall frequencies. Future
research should, therefore, prioritize the development of methods that can
accommodate qualitative changes in rainfall distribution.



Article ID: P3 19

PREDICTING WATER LEVEL CHANGES IN LAKE
VELENCE – AN INVITATION TO PARTICIPATE IN
A SCIENTIFIC CHALLENGE
MÁTÉ CHAPPON1, KATALIN BENE1

1 National Laboratory for Water Science and Water Security, Széchenyi István University,
Department of Transport Infrastructure and Water Resources Engineering Egyetem tér 1.
H-9026 Győr, Hungary
chappon.mate@sze.hu

The prediction of lake water levels is becoming a crucial task of water
resources management as changes in the climate and land use, coupled
with increased water use, cause the water level of lakes and reservoirs to
decrease progressively in many locations around the globe. Recently, an
extreme drought caused record low water levels in Lake Velence, Hungary,
that undermined recreational tourism around the lake, thereby triggering
conflicts between water users within the catchment. Water managers’ efforts
to find solutions require reliable lake water level predictions.

This poster invites researchers, engineers, and enthusiasts to participate
in a scientific challenge of predicting the water levels of Lake Velence at
the beginning of each month during 2024. To participate in the challenge,
one must estimate the daily water levels for the upcoming month.

Past data for the 2002-2022 period will be provided, including catch-
ment characteristics and the operational rules of the hydraulic structures,
stage and flow measurement in the catchment area, and the lake’s current
official water budget calculation method. Considering the known uncer-
tainties of the current calculation method, participants are encouraged to
develop their own unique method to determine lake water levels. Initial
water levels and meteorological forecasts for the basin area will be given at
the beginning of each month.

The monthly winner is the one whose prediction results in the lowest
root mean squared error. The overall champion of the challenge is the one
with the most monthly wins throughout the year.
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LAND USE LAND CHANGE DUE TO WILDFIRES:
IMPACTS ON SURFACE RUNOFF AND EROSION.
THE CASE STUDY OF MT. PELION, THESSALY,
GREECE
ARIS PSILOVIKOS1, THEODOROS PAPATHANASIOU1 , GEORGIOS
MPOURAS1 , DIMITRIOS MALAMATARIS1 , THOMAS PSILOVIKOS3 ,
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Wildfires can trigger dramatic increases in surface runoff and erosion,
because of the burned vegetation and the appearance of a condition of
soil-water repellence. Fire-enhanced surface runoff generation and soil
erosion, constitute adverse effects of high concern for a long-term future
period after a fire event occurrence.

The current study, investigates the increase on peak surface runoff and
sediment loss as a result of a fire event that occurred in Mountain Pelion
area in Greece on June 27th, 2007. Mountain Pelion is located in Magnesia
Prefecture (Thessaly Region, Central Greece), between the Aegean Sea to
the northeast and the Pagasitikos Gulf to the southwest and its capital is the
city of Volos. The boundaries of the burned area were determined using
both a satellite image, as well as, a relative map produced by the Regional
Forest Protection Service and the total burned area was found to be almost
60 km2.

The land cover of the area prior to fire event, mainly included forest,
seminatural and agricultural areas as determined by the raster datasets
produced by the Copernicus Land Cover program. The change of peak
surface runoff discharge pre- and post- fire event, was estimated using the
Natural Resources Conservation Service – CN (NRCS-CN) method, while
the sediment loss was also estimated, using the Stiny – Herheulidze Method.
The fire event was found to significantly increased peak surface runoff,
which may cause the occurrence of flood events in the downstream area.

The results of the current study demonstrated that fire-induced alter-
ations to the soil structure as reflected by the increase of the Curve Number
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parameter, cause an increase in runoff volume and sediment yield. Post-fire
runoff and soil losses calculation, constitutes a crucial procedure for the
better adaptation of burned areas to post – fire flood events.

Keywords: Wildfires; Land Use – Land Cover Change; Surface Runoff;
NRCS-CN Method; Erosion, Stiny – Herheulidze Method, Sediment Yield.
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In Austria there are 78 large reservoirs, and in most cases, they are lo-
cated in nested catchments. The presence of a reservoir generally produces
an attenuation effect on flood peaks downstream; however, the combined
effect of multiple reservoirs in a catchment remains unclear.

The aim of this work is to analyze the combined effect of multiple dams
on flood peaks along the river network on a regional scale. Its evolution
can be studied in space, considering how the effect changes along the river
segments and as a function of the return period of the flood event.

The method used consists of two steps: (i) the design hydrographs
are evaluated at several locations along the river network for 30, 100 and
300 year return periods, based on interpolated flood quantiles in ungauged
catchments; (ii) the peak reduction is estimated based on the information
on dams in the catchment (i.e., the number, position, storage capacity,
and drainage area) and, using the concept of an equivalent reservoir, the
protection ratio and the filling discharge.

The effect of the reservoirs is evaluated here as a percentage of the
reduction of the flood wave peak. Preliminary results have been obtained
for the Salzach and the Austrian parts of the Drau catchments that show
that the relative peak reduction is highest near the reservoirs and rapidly
diminishes downstream for each return period and different combinations
of the dams.
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Conceptual hydrological models are widely used for the prediction of
high-alpine runoff, which is essential for efficient reservoir management
in hydropower production. The performance of these models is, however,
strongly linked to the quality of the meteorological forcing data. The in-
herent uncertainties of distributed meteorological datasets in high-alpine
areas are especially pronounced for precipitation. We evaluated different
precipitation corrections to downscaled INCA data serving as inputs for
hydrological modelling. The physically-based Alpine3D snowpack model,
in combination with satellite-based snow depth maps, was used to derive
quantitatively and spatially distributed precipitation scaling for the winter
period; and a stepwise linear correction model was applied for the correc-
tion of the summer precipitation. Using the corrected precipitation, the
Kölnbrein reservoir inflow (Malta Valley, Austria) was simulated with the
COSERO precipitation-runoff model on an hourly timescale for the period
2015 – 2023. Different combinations of the winter and summer corrections
were evaluated according to their potential to improve hydrological mod-
elling. The preliminary results show that the combined correction of the
winter and summer precipitation leads to the greatest improvements overall
and during the snowmelt season.

Acknowledgements: We thank the VERBUND Energy4Business GmbH
for fruitful discussions and providing us with data.
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Artificial neural networks (ANNs) have become one of the most promis-
ing tools to simulate complex phenomena in various fields. In hydrology,
the first ANN-based rainfall-runoff models appeared in the 1990s. Since
then, the ANN-based models have shown results comparable to conceptual
models. According to the most recent publications, the Adaptive Neuro-
Fuzzy Inference System (ANFIS) is one of the best-performing hydrological
data-driven models. It can model nonlinear functions and identify nonlinear
components while combining the flexibility of fuzzy modeling with the
learning capability of neural networks. The present study is the first step
of our detailed research. It reviews the international literature to identify
the possibilities of rainfall-runoff modeling using ANFIS. Furthermore, an
analysis of its applicability through model simulations was performed in
MATLAB for the Hungarian catchments. The available datasets and the
best input data combinations were examined. The results provide an insight
into the limitations and potential of applying ANFIS-based rainfall-runoff
models in Hungary.
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Remote sensing has great potential for setting hydrological models
and hence predicting runoff hydrographs in regions with sparse ground
observations. The aim of this study was to analyze the annual and seasonal
patterns of agreement between the model simulations and observations and
to propose and evaluate strategies using only irregular runoff observations to
constrain a conceptual hydrological model. In the first step, the model was
calibrated to satellite images of the snow cover and soil moisture (without
using runoff data). In the second step, the seasonal and annual agreement
between the runoff model simulations and observations is analyzed in a large
number of Austrian catchments. Identification of the spatial and temporal
patterns of the agreement serves for the development of different scenarios
of adding sparse (irregular) runoff observations into the multiple-objective
calibration. The preliminary result of this study derives the patterns in the
agreement and disagreement of the observed and simulated runoff, i.e.,
when and where the satellite data allows setting the hydrological model
and where and when some additional runoff data are needed along with a
comparison of different strategies to constrain the conceptual hydrological
model.
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Evapotranspiration plays an essential role in the hydrological cycle;
however, this water cycle component is difficult to quantify. Changes in
evapotranspiration are a consequence of climate change, and their magni-
tude is affected by changes in the available water and energy. Describing
changes in evapotranspiration provides an important tool for decision-
making processes in water resource management. This paper seeks to inves-
tigate how the water balance evapotranspiration trends have changed over
time. We calculated evapotranspiration from the SPARTACUS database of
daily runoff and precipitation totals for 140 watersheds in Austria. Trend
analyses were realized with the Mann-Kendall test of trends and modifica-
tions of the Man-Kendall test of trends and Sen’s slope in two periods, i.e.,
1981–2020 and 2001-2020. The results show changes in the water balance
evapotranspiration trends between the two examined periods. In the last
years (2001–2020), the occurrence of increasing trend in water balance
evapotranspiration of many watersheds decreased, there were also detected
increasing occurrence of watersheds with decreasing trend in this period.
Significant trends were mostly detected in watersheds with mean altitude
lower than 500 m a.s.l. for both periods.
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This study is aimed at creating a new pooling scheme for the long-
term average monthly runoff regime on the territory of Slovakia. For the
analysis, the data of the long-term average monthly discharges from 57
gauging stations of the whole territory of Slovakia, which was provided by
the Slovak Hydrometeorological Institute, were used. The selected basin
areas range from 7.25 km2 (5130 – the Spariská gauging station on the
Vydrica stream) to 11474.30 km2 (9670 – the Streda nad Bodrogom gauging
station on the Bodrog stream). The monthly discharge data available were
from gauging stations for the new reference period from 1991 to 2020
according to the World Meteorological Organization (WMO). The input
data were processed as normalised long-term average monthly discharge
data. The appropriate number of clusters was determined according to
the statistical analysis using the average Silhouette Width and the Elbow
method. Subsequently, the PCA method and K-means clustering were
performed to pool the catchments into groups.

The results present the outputs of the particular runoff regime in the
selected gauging stations divided into five clusters. Cluster 1 is characterised
by south-central Slovakia and central Slovakia; Cluster 2 by the northwest
and northeast of the country; Cluster 3 for the centre of northern Slovakia;
Cluster 4 for central Slovakia, and Cluster 5 for the east, south and west of
Slovakia.

These results were compared with previous studies of monthly runoff
regionalisation in Slovakia for the previous reference period of 1961-2000.
Using the R Studio program, the most important characteristic features
of the individual clusters of gauging stations created were also analysed,
which could help incorporate other catchments into appropriate regional
types in the future. The methodological procedure developed could also be
used in further studies to predict future flow regime changes on the territory
of Slovakia.

Key words: pooling types, K-means clustering, PCA, R Studio
Acknowledgements This study was supported by the Slovak Research

and Development Agency under Contract No. APVV-20-0374 and VEGA
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Exploring the isotopic composition of precipitation and streamflow in
small catchments and the event and pre-event components of precipitation
events using two-component and ensemble isotopic hydrograph separation
may better explain overall catchment behaviour, more specifically, the ori-
gin of water. The aim of this study was to investigate the variability in
the isotopic composition of precipitation and runoff in the 66 ha agricul-
tural catchment in Austria known as the Hydrological Open Air Laboratory
(HOAL) in order to compare two isotope hydrograph separation methods.
Two-component (IHS) and ensemble (EIHS) isotopic hydrograph separa-
tions (for both 18O and 2H) were conducted for the catchment outlet for
multiple events during the warm periods of 2013–2018. The results showed
that the isotopic composition of the discharge in the HOAL remained nearly
constant between the events which can be explained by the large diffuse
groundwater discharge into the stream in the catchment. It was found that
EIHS provided average new water fractions that were close to the averages
obtained by IHS. Even though EIHS could not provide the ranges of the
new water fractions during peak flows, this study proved that the results
obtained by EIHS were close to the ones by IHS.
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On September 4, 2023, Thessaly, Greece, witnessed a catastrophic flood
due to Medicane Daniel. Extreme rainfall, ranging from 305 mm to 1096
mm between 4 and 12 September, caused extensive damage to the infrastruc-
ture, agriculture and houses. Seventeen casualties were recorded. This study
is aimed at utilizing radar data from earth observation satellites to detect
the inundated areas and evaluate the flood impacts. Sentinel images were
acquired from https://scihub.copernicus.eu/ for 7, 10, 13, and 19 September,
2023, along with a CORINE Land use/Land cover map. Processing the
satellite images involved several steps, including their calibration, noise
removal, filtering, and polarization adjustment. Flooded areas were quan-
tified for the specified dates, thereby revealing substantial coverage. The
damage assessment focused on irrigated and non-irrigated land as well as
pasture areas, highlighting the severity of the impact on them. The second
phase incorporated the Flood Water Depth Estimation Tool (FwDET) to
estimate the floodwater depths and revealed maximum depths near river-
banks. In conclusion, this study employed advanced remote sensing and
GIS techniques to rapidly estimate flood characteristics and assess Medi-
cane Daniel’s damage to the Thessaly prefecture from September 4 to 12,
2023.
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The research presents the results of the peak runoff coefficient estimated
for the small Horné Orešany – Parná basin in Slovakia. The study aims to
estimate the design peak runoff coefficient, which was determined by direct
and indirect methods.

The first part of the study was devoted to calculating the design peak
runoff coefficient according to the indirect method, which is based on
the basic parameters for calculating runoff based on a rational formula.
Three different critical durations of rain were used according to the calcu-
lation methods given by Nash (1960), Kirpich (1940) and Hrádek (1989).
The critical rainfall was estimated for the nearest rain gauge station, i.e.,
Smolenice.

The second part of the study was devoted to the direct estimation of the
design peak runoff coefficient. The analysis is based on the hourly flow
measurements in the Horné Orešany – Parná basin for the 1989 – 2021 case
study. For the analysis, we divided the annual maximal flows in the winter
and summer. We separated and estimated the runoff volume and the time of
rising and falling limbs from the selected peak flood waves. This was used to
calculate the direct peak runoff coefficient and was subsequently subjected
to statistical analysis according to the Johnson probability distribution. The
results of the model are estimated peak runoff coefficient for a recurrence
period of a hundred years.

The study results show that the direct method leads to lower estimates
of the peak runoff coefficient in a small watershed (0.20 for the summer
and 0.21 for the winter). On the other hand, the values determined by the
indirect method are 0.18 – 0.39 in the winter months, but in the summer
months, the estimated values are close to double, and in some cases, up to
three times (0.42 – 0.90) those values, pointing to significant differences
in the estimation of the peak runoff coefficient, which should be taken into
account in future calculations.
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To assess secure hydraulic structures we need to correctly estimate de-
sign values. In Slovakia in the framework of the safety assessment of dams
during a flood load, each dam is required to be assessed for the critical load
represented by a control flood wave. The control flood wave can sufficiently
describe the impacts of flood events in many cases. In this study is proposed
a methodology based on using empirical and statistical approaches for
constructing synthetic design flood hydrographs. The method consists of a
seasonal analysis of floods; the sampling of seasonal flood hydrographs; the
dependence modelling of peaks, volumes, and durations using vine copulas;
and determining the joint conditional return period of the flood wave.

The resulting set of hydrographs can further serve as the basis for
simulations of the transmission of a control wave through a reservoir for
different load conditions, the long-term loading of water structures by high-
volume waves, or surge loads induced by flood waves with large peak
discharges. This method allows the designer to select a hydrograph of
different shapes, volumes, and durations for a selected design discharge
with a known joint conditional probability of exceeding the volumes and
durations for the flood risk analysis. The case study was carried out on the
Parná river catchment in Slovakia.



Article ID: P15 34

3D MODELLING OF THE HYDROLOGICAL
OBSERVATION SITE IN THE HIDEGVÍZ-VALLEY
FROM TERRESTRIAL LASER SCANS
GÁBOR BROLLY1, NOÉMI FERENCZI2 , MÁTYÁS MENTES2

1 University of Sopron, Faculty of Forestry, Inst. Geomatics and Civil Engineering
2 BSc student with the University of Sopron, Faculty of Forestry
gabor.brolly@uni-sopron.hu

This study outlines the data acquisition and modelling of a hydro-
meteorological observation site in the Hidegvíz Valley experimental catch-
ment in West Hungary. The main goal is to record the spatial arrangement
of the trees, site utilities, and the measuring equipment. A terrestrial laser
scanner was applied to record high density point clouds from four station
positions. Following the georeferencing of the individual scans and cre-
ation of a digital terrain model, the point measurements were classified
into thematic categories by visual interpretation. The classified point cloud
segments were used to create 3D surface and solid object models of the
observation equipment as well as trees up to 2 meters in height. The result-
ing 3D models are appropriate for spatial documentation, and visualization,
and they have potential to support the engineering design on the upgrade of
the measuring equipment.

This presentation was made within the frame of the project TKP2021-
NKTA-43 supported by the Ministry of Innovation and Technology of
Hungary; National Research, Development and Innovation Fund.
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The monitoring of hydrometeorological processes has been for centuries
crucial for analysing the water balance of long-lived plant communities such
as forests. In contrast, long-term measurements are crucial for evaluations of
the impact of climate change. Meteorological records (which were the first
regular examinations in Hungary) began in 1711 in Sopron. The Botanical
Garden’s meteorological station at the University of Sopron operated from
1925.06.01. to 1974.04.24. and was the official station in Sopron at that
time. The official station was moved to the Observatory of Kuruc Hill in
1974. The instruments that remained in the Botanical Garden continued
to operate. The presentation reviews the integration of the station’s data,
the error analysis, and the simple data processing for hydrometeorological
purposes.

The following joint projects (143972SNN project and the TKP2021-
NKTA-43 project) supported the preparation of this paper. TKP2021-
NKTA-43 has been implemented with the support provided by the Ministry
of Innovation and Technology of Hungary (successor: Ministry of Culture
and Innovation of Hungary) from the National Research, Development and
Innovation Fund, financed under the TKP2021-NKTA funding scheme.

Supported by the ÚNKP-23-2-III-SOE-176 New National Excellence
Program of the Ministry for Culture and Innovation from the source of the
National Research, Development and Innovation Fund.
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Paired plot-based hydrological measurements present good opportu-
nities for water balance comparisons of different surface covers. Hydro-
meteorological measurements have been carried out in the Botanical Garden
of the University of Sopron since 1925. Conducting long-term measure-
ments presents an excellent opportunity to establish studies on forest water
balance. The proximity of educational facilities provides ample opportu-
nities for frequent measurements, routine equipment checks, and student
involvement. A paired-plot (clearing, black pine forest") hydrological
experiment was set up within the framework of an international Slovenian-
Hungarian project. The first set of experiments are suitable for analysing
rainfall distribution in a forest (crown and litter interception), but they are
also suitable for comparing the soil moisture and groundwater dynamics
of grass and forest plots. The process of installing automated equipment
in the experimental area is currently in progress. Beyond its primary re-
search character, the experiment also serves educational and demonstration
purposes.

The following joint projects (143972SNN, N2-0313 projects and the
TKP2021-NKTA-43 project) supported the preparation of this paper. TKP2021-
NKTA-43 has been implemented with the support provided by the Ministry
of Innovation and Technology of Hungary (successor: Ministry of Culture
and Innovation of Hungary) from the National Research, Development
and Innovation Fund, financed under the TKP2021-NKTA funding scheme.
This contribution is also part of ongoing research entitled “Microscale in-
fluence on runoff” supported by the Slovenian Research and Innovation
Agency (N2-0313).
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The role of tree canopies is crucial in forest hydrology, as they intercept
significant amounts of precipitation, which is evaporated back into the
atmosphere during and after rainfall events. This process determines the
net intake of forest soil and is an important factor in a site potential. The
average amount of interception loss heavily depend on the storage capacity
of tree canopies and the rainfall distribution.

In this study a site-based interception estimation based on the Meriam
model was developed for two characteristic years at a beech forest plot in
the Sopron Hills area (near the Hidegvíz Valley experimental catchment
of Hungary). Ground-based observations and MODIS LAI datasets were
applied to model the seasonal variations in the canopy storage.

There was 1.5 times difference between the two years in the context
of the precipitation sums. The main finding was that the average yearly
interception ratios were significantly less (29%) in one year, when a lower
number of precipitation events occurred compared to the year with a higher
number of events (39%). On the other hand, the absolute values of the
interception (mm) were nearly the same.

The 143972SNN, N2-0313 and the TKP2021-NKTA-43 joint projects
supported the preparation of this paper. TKP2021-NKTA-43 was imple-
mented with support provided by the Ministry of Innovation and Technology
of Hungary (successor: Ministry of Culture and Innovation of Hungary)
from the National Research, Development and Innovation Fund, which is
financed under the TKP2021-NKTA funding scheme. This contribution
is also part of ongoing research entitled “Microscale influence on runoff”
supported by the Slovenian Research and Innovation Agency (N2-0313).

Keywords: interception, precipitation distribution, beech, water balance
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The present study aims to analyze the diurnal streamflow patterns of a
small catchment nourished by an urban mixed forest in the city of Ljubljana,
Slovenia, with an outlet joining the city’s drainage system. The diurnal pat-
terns of streamflow remain pertinent in understanding the eco-hydrological
processes occurring in an urban forest and its intricate response to environ-
mental drivers, which is essential in harnessing their role as an element of
nature-based solutions in urban water management strategies. The water
level data in the creek, including the stream water temperature, were mea-
sured at 10-min intervals (HOBO Fresh Water Level Data Logger), which
were converted to discharge data via a rating curve. The stage–discharge re-
lationship was established by performing sporadic discharge measurements
during low- and high-flow events. A visual analysis of the 2-year time
series data demonstrated a clear diurnal rhythm in streamflows from May
to September, particularly during periods of low flows and no precipitation.
This pattern is characterized by a gradual rise and sharp decline, often with
noticeable amplitudes. From late spring to summer, streamflow maxima
generally occurred in the early morning, and the minima were observed in
the afternoon, whereas during the winter, this timing is either reversed or
the diurnal pattern is less pronounced. Notably, an inverse synchronization
between the streamflow and diurnal temperature (air and stream water)
cycles, including solar radiation, was apparent from May to September. The
temperature (air/stream) maxima correspond to the streamflow minima, and
vice versa, with some lag time. Additionally, the streamflow fluctuations
were paralleled by fluctuations of the temperature-dependent streamwater’s
viscosity, potentially inducing diurnal variations in the hydraulic conduc-
tivity. Thus, we hypothesized that the viscosity effect is a relevant process
contributing to the diurnal streamflow pattern in this catchment, even when
it is overlain by the stronger influence of evapotranspiration. The inter-
play of the diurnal fluctuations of the different elements could potentially
account for the diurnal patterns in the streamflow.
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Riparian forests are valuable from a nature conservation viewpoint,
but a drying climate can threaten them. The groundwater dynamics of
these areas provide essential information for a more accurate quantification
of the elements of the water balance, as this surplus form of water is
usually a prerequisite for the survival of the communities there. This study
investigates the surface water-groundwater interaction in a forested riparian
zone.

Our study area is a streamside alder forest ecosystem in an experimental
catchment of the Hidegvíz Valley in Hungary. Spatial groundwater level
dynamics were assessed using data from seven manually (and, in the case
of one well, automatically as well) detected groundwater wells during
the period 2017-2022. The associated meteorological parameters were
collected on an open-air site nearby.

The estimated groundwater transpiration of the alder forest ecosystem
was significant during hot periods without any precipitation. Due to the
spatial analyses of the streamside zone’s groundwater level, we found that
in dry summer periods, the water table can significantly fall below the
streambed.

The 143972SNN and the TKP2021-NKTA-43 joint projects supported
the preparation of this paper. TKP2021-NKTA-43 has been implemented
with the support provided by the Ministry of Innovation and Technology of
Hungary (successor: Ministry of Culture and Innovation of Hungary) from
the National Research, Development and Innovation Fund, financed under
the TKP2021-NKTA funding scheme.
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As groundwater levels continue to sink, it is vital to understand what
is happening in the groundwater beneath a forest, how much it is taking
up, and how much it is taking away from its environment. The oak forest
of Ohat is a relict area along the Tisza, so it is also important from a
conservation point of view to explore what is happening there.

In 2021, two groundwater wells were installed in the area, and automatic
measuring devices were installed in them to record the daily fluctuations of
groundwater. We will use the White method to calculate the groundwater
recharge during periods of no precipitation, which will allow us to estimate
the groundwater abstraction from the forest. We will also examine how the
conditions in the area have changed in the light of long-term meteorological
data series for the region.

The multi-year data series will allow us to compare the soil water
recharge in different years.

The following joint projects (143972SNN project and the TKP2021-
NKTA-43 project) supported the preparation of this paper. TKP2021-
NKTA-43 has been implemented with the support provided by the Ministry
of Innovation and Technology of Hungary (successor: Ministry of Culture
and Innovation of Hungary) from the National Research, Development and
Innovation Fund, financed under the TKP2021- NKTA funding scheme.
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The changing climate is bringing more extreme weather and the uneven
distribution of rainfall events. These effects are already being observed,
and although the average of the many annual precipitation totals has not
been changing significantly, the length and frequency of periods of no
precipitation and drought have significantly increased. These changes are
also being felt by forest stands, and their sensitivity to drought is a crucial
factor in their management. During our study, we looked for stands with
more extreme site conditions and which are more exposed to the effects
of drought. Therefore, we wanted to address the water-holding capacity
of lowland soils under forests with more extreme weather conditions and
investigate the drought sensitivity of these soils.

We have recently investigated the water-holding capacity of the soils of
two stands of the "Tilos" forest in Kunpeszér and two stands of a forest near
the Peitsik watercourse in Szentkirály, Hungary. The soils were sampled to
a depth of 110 cm using a motorized soil sampler.

In the two areas selected, we recorded albic arenosol (calcaric) and
petrocalcic chernozem genetic soil types under the pedunculated oak stands;
the climatic characteristics indicated a forest-steppe climate. The texture of
the soils was sand and loamy sand. The pH, lime content, organic matter
content, texture, and bulk density of the soil fractures were measured at a 10
cm resolution under laboratory conditions, from which the potential avail-
able water for plants (PAW) was calculated using pedotransfer functions.
In addition, using the climatic data of the area and the results obtained, its
sensitivity to drought was investigated using the Thornthwaite-type model.
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With changing weather conditions, understanding the infiltration pro-
cess is increasingly important. The Faculty of Water Sciences of the Uni-
versity of Public Service in Hungary created an experimental catchment
area in the East Mecsek Hill along the Völgységi stream to measure the
elements of the rainfall-runoff process. An infiltration experiment was
recently carried out in the irrigation parcel to determine the infiltration
curve and better understand the infiltration process. During the infiltration
experiment, measurements were combined with multi-level soil moisture
probes to determine the water content in different soil layers. Throughout
the infiltration measurements, two multi-level soil moisture meters were
placed within the experimental plot to collect soil moisture data at 10, 20,
30, 40, 60, and 100 cm depths. The results show that the top soil layer
has the highest moisture content. There is a clay layer at a depth of about
30–40 cm a with better water-holding capacity and lower water conductivity.
Between 60 and 100 cm, the sandy soil-forming rock still receives a small
water recharge when intense rainfall occurs, but this layer is slow to respond
to surface inputs. In situ and laboratory samples were taken to determine
the soil hydraulic parameters.

The research presented in the article was carried out within the frame-
work of the Széchenyi Plan Plus program with the support of the RRF 2.3.1
21 2022 00008 project.
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Rainfall interception by vegetation is an essential part of the hydro-
logical water cycle. Part of the intercepted rainfall evaporates into the
atmosphere, and throughfall and stemflow contribute to surface runoff, af-
fect soil erosion and infiltration processes, and control soil moisture and
runoff connectivity patterns. The impact of changing climate and land
cover on the rainfall interception, structure, velocity and erosive power is,
however, still not well understood.

This contribution presents the objectives of a bilateral research project
between TU Wien and the University of Ljubljana that aims to understand
the effect of meteorological and vegetation characteristics on changes in
a raindrop microstructure and, therefore, on the erosive power of rainfall.
The main research focus is to investigate and compare the mechanisms of
the rainfall interception process in different climate conditions in terms
of the throughfall microstructure below different vegetation types, i.e.,
trees and crops on the experimental urban plots in Slovenia and a small
agricultural basin in Austria and to evaluate the impact of the changed
raindrop microstructure on the erosive power of the rainfall as well as to
sediment transport in the streams.

Acknowledgment: This contribution is part of the ongoing research
project entitled “Evaluation of the impact of rainfall interception on soil
erosion” supported by the Slovenian Research and Innovation Agency (J2-
4489) and it was funded in part by the Austrian Science Fund (FWF) I
6254-N.
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Pluvial floods can lead to soil erosion, soil loss and increased sediment
loads in streams and can result in increased risks and economic losses.
In many regions, the likelihood of such events is growing due to climate
change.

The Hydrological Open Air Laboratory (HOAL) in Petzenkirchen in
Lower Austria is an experimental catchment that has offered long-term
observations of hydro-meteorological variables since 1945 that enable the
investigation of the drivers and factors which control erosion processes.
Additionally, its geographical and agricultural characteristics are represen-
tative of regions all over the world. The HOAL 2.0 project aims to answer
the following questions: (1) To what extent can optimal and integrative
agricultural land management contribute to the effective water retention of
landscapes and therefore reduce the risk of pluvial extreme discharges in
agricultural catchments? (2) To which way can an integrative and participa-
tory implementation of optimized land-management practices be realized
for achieving maximal protection as well as maximal acceptance by farmers,
mayors, residents and other stakeholders?

In a first step, the potential of different on and off-site land-management
practices are evaluated. The hydro-meteorological monitoring network in
HOAL captures all the components of the water cycle in a high spatio-
temporal resolution, which enables answering the research issues of the
project. The measurements can then provide a solid basis for developing
models for the generalization of the results. Finally, a comprehensive com-
munication and outreach campaign can allow for a public exchange about
the findings and encourage further discussion with farmers, stakeholders
and residents. This will ensure that the best practices for land management
are realistic and economically feasible.
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The primary focus of the experiment is to investigate the substrate ma-
terial by examining its composition and properties. Its main objective is to
investigate and compare how different intensities of short-term extreme rain-
fall events affect the ability of the substrate to retain water under different
conditions.

Specifically, the efficiency of a pure substrate is compared with sub-
strates enriched with 5% and 10% of the biochar components. The results
achieved from this experiment reveal differences in the adsorption capacity
of the three different samples. The addition of biochar shows an especially
significant effect on the delay of runoff from the substrate, which was
mainly observed during a 15-minute of low-intensity rainfall. The most
significant differences in water retention were observed during a 15-minute
rainfall with an intensity of 3 mm/min. In contrast, the differences in reten-
tion appear less significant at more moderate rainfall intensities (4 mm/min)
and even at extreme rainfall intensities (5 mm/min).

Based on the observations from the experimental measurements, the
use of biochar as an alternative method to improve the retention capacity of
a substrate proves to be a reasonable option for reducing rainfall runoff.

Keywords: roof substrate, biochar, runoff, water retention, rainfall
intensity

Acknowledgements: The study was supported by the VEGA grant
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The overheating of cities is mainly caused by sealing formerly per-
meable surfaces and eliminating vegetation. Even though greenery is a
valuable asset for mitigating extreme heat conditions and has proved to be
the most efficient, it is vital to comprehend the urban conditions to create
effective strategies with positive microclimatic and economic merit. The
inappropriate use of trees can result in unnecessary expenses, but more
importantly, it can worsen urban climate conditions by obstructing the
airflow and subsequent entrapment of the overheated air. Therefore, it is
essential to examine the local conditions and determine the most irradiated
and overheated parts of streets suitable for tree planting. Subsequently,
combining these measures with the existing building geometry and using
building shading could be a suitable tool for overheating mitigation. When
applied correctly, this combination has proved to be the most effective by
creating shade and enabling airflow. In our pilot case study, we measured
the surface temperature of the five most typical materials in Old Town
district of Bratislava, Slovakia, in relation to their cardinal directions. We
chose the representative streets in each direction and divided them into two
groups i.e., narrow and wide. Consequently, we compared the temperature
progression of each material in relation to their orientation, geometry, and
the time of day. The results could serve as a basis for our further stud-
ies of urban conditions and provide a general key to effective blue-green
infrastructure strategies.

This study has been supported by the Scientific Grant Agency under
Contracts no. VEGA 1/0067/23.
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The adverse effects of climate change impact our daily lives and chal-
lenge decision-makers to address it. The primary focus of recent decades
was mitigation, but recently, researchers and stakeholders have prioritized
adaptation measures instead of mitigation efforts. To achieve effective adap-
tation measures, it is important to economically evaluate natural resources
and possible scenarios with or without interventions. A comparison of
potential damage and lost profits with achievable benefits is necessary for
effective decision-making. Governments and municipalities have started to
recognize the importance of adaptation actions, which have boosted various
“green city, green settlement” type funded programs.

Hundreds of blue-green infrastructure developments have been com-
pleted in Hungary’s most extensive regional development program, known
as “green city development”. This study focuses on the potential rainwater
retention and the economically achievable benefits of these infrastructures.
A part of the Central Transdanubian region was selected from these de-
velopments for evaluation. The maximum retainable rainwater and the
theoretically attainable economic benefits were determined. The best meth-
ods were collected based on these criteria, and applicable nature-based
solutions were proposed for using the stored (retained) water.

keywords: blue-green infrastructure, nature-based solutions, water re-
tention, climate adaptation, water value, economic benefits
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To validate catchment-scale emission models, a targeted measurement
program was implemented in the Koppány catchment (660 km2). Sam-
ples were collected from stream water (the Koppány and its tributaries and
shallow groundwater along the riverbed. Monthly bulk precipitation was
collected. In addition to the water chemistry, stable and radioactive isotopes
were measured as natural tracers to investigate hydrological pathways and
residence times. Seasonal variations of water stable isotopes in the precip-
itation and stream water were observed to estimate the stream residence
time. Tritium measurements were performed in the shallow groundwater
zone to estimate the age of the groundwater. Preliminary results suggest
that although the dominant land use in the watershed is arable land, during
dry periods, the effect of the wastewater load determines the water quality
of the Koppány-creek. Agricultural nitrate pollution is conveyed by the
tributaries, and the nitrogen load contribution of the groundwater is negligi-
ble. The primary source of the particle-bound pollutants is the soil washed
away during high-flow events. With the study, excess information can be
obtained for a better understanding of pollutant transport via surface runoff
and subsurface pathways.

The research is supported by the National Research Development and
Innovation Office (NKFIH) through the OTKA Grant SNN 143868.
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The phenomenon of river bed subsidence on our channelized rivers has
been a well-known fact for a long time. In the upper reaches of the River
Danube in Hungary this process seems to have accelerated in recent decades
due to the construction of hydroelectric power plants on the German, Aus-
trian, and Slovakian sections of the river and other anthropogenic effects.
As a result, similar processes have also occurred on the lower reaches of
the Moson-Danube and Raab rivers, which are significantly hydromorpho-
logically influenced by the Danube. In our research, we measured the
magnitude and temporal changes of this phenomenon by examining the
hydrological time series for the Danube between the gauging stations of
Dévény and Komárom and that of the Raab between Sárvár and Győr.

We pointed out that the phenomenon of bed erosion is still measurable
in the upper reaches of the Danube in Hungary. In 2022, the Moson-
Danube dam was inaugurated to restore low and medium water levels
in the Moson-Danube and Rába estuaries, rehabilitate wetlands, ensure
navigation, and enhance flood protection. After the first year of the dam’s
operation, there was a visible increase in the water level at the confluence
of the Moson-Danube and Raab rivers, which solved the primary problem
but generated additional known problems, such as handling the settling
surplus of suspended sediment from the River Raab and difficulties with
sewage disposal in the city of Győr. The dam is evidently unable to deal
with issues in the ongoing process of the Danube riverbed incision. The
settling of suspended sediment could reduce the magnitude of the erosion
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on the lower part of the Raab and Moson-Danube rivers but may have
harmful side effects for river navigation over the long term. Furthermore,
the floodgate function of the estuary structure in the event of a major Danube
flood eliminates any backwater effect on the Moson-Danube, which could
have a negative impact on the culminating discharges of the Danube on
the Gönyű-Komárom stretch. The previous effect of the reservoir on the
lower reaches of the Moson-Danube and the Raab will be eliminated by the
operation of the Moson-Danube estuary dam; thus higher peak discharges
will occur on the Danube below the mouth of the Moson-Danube. This
higher discharge could establish higher water velocities and water levels,
which may speed up the erosion of the riverbed. This phenomenon should
be evaluated during the next flood event as it occurs.

Keywords: hydrology, hydromorphology, trend analysis, flood protec-
tion, navigation, river basin, Danube, Raab, riverbed incision
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