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COUPLING OF A HIGH-RESOLUTION WEATHER
GENERATOR AND A RAINFALL-RUNOFF MODEL
IN THE DANUBE BASIN

PETER VALENT!, JURGEN KOMMA!, GONTER BLOSCHL!

! Institute of Hydraulic and Water Resources Engineering, Vienna University of Technology,
Karlsplatz 13/222, A-1040 Wien, Vienna, Austria

The major flood events of recent years require a further understanding of
their climatological and hydrological causes to carry out risk adjustments as
efficiently as possible. The WETRAX project (Weather Patterns, Cyclone-
Tracks and related precipitation Extremes), which was carried out from
2012-2015, investigated the changes in flood-relevant train paths and large-
scale weather situations due to climate change in southern Germany and
Austria. As a follow-up project, WETRAX+ was conceived with the aim of
translating these findings into hydrological statements that can be directly
used for flood risk management and climate change adaptation strategies. In
the project, a series of data sets (precipitation, temperature) in daily resolu-
tion (observed) and in hourly resolution (generated) were to be created and
made available. The study area covers the Bavarian/Austrian river basins
(primarily Danube and Drau). In addition, a distributed rainfall-runoff
model was built to simulate 10,000 years of hourly river discharges for
the current and future climate scenarios at a large number of river profiles
located all over the whole catchments. The generated river discharges were
analysed and the sources of the changes in runoff characteristics tracked to
the changes of the frequency of the projected weather patterns.
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COMPARATIVE ANALYSIS OF HISTORICAL
FLOOD EVENTS IN THE DANUBE AND MAIN
RIVER CATCHMENTS BETWEEN 1845 AND 1950

MIRIAM BERTOLA!, MARLENE HAAS!, JURGEN KoMMA',
GUNTER BLOSCHL!

! Institute of Hydraulic Engineering and Water Resources Management, Vienna University of
Technology, Karlsplatz 13, 1040 Vienna, Austria (bertola@hydro.tuwien.ac.at)

Historical flood events that occurred before the beginning of systematic flow
records represent valuable information that should be considered in flood
frequency analyses. However, in most cases historical data is still stored
in printed volumes and therefore not easily accessible and ready-to-use for
hydrological analyses. The aim of this study is to show the added value of
recovering and including historical data in flood hazard analyses. Here we
have collected, digitized, and compiled a dataset of the largest historical
flood data in the Danube and Main catchments between 1845 and 1950. The
newly-developed dataset contains discharge and water level measurements
observed at several locations for 13 and 9 flood events respectively in the
two catchments. Using the dataset developed, we performed a comparative
analysis of the historical flood events in terms of their spatial, temporal,
and causal characteristics. The findings show that these historical flood
discharges are among the largest ever measured in the two catchments and
are useful for improving our estimates of flood frequency distribution tails.
This work reviews the spatial, temporal and causal characteristics of these
very large historical events in comparison with recent events and discusses
the implications for flood hazard assessments.
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DEVELOPING A CLIMATE-SMART LAND USE
SYSTEM ON RECLAIMED WETLANDS IN THE
CARPATHIAN-BALKAN REGION

ZSOLT PINKE', TAMAS Acs?, PETER KALICZ?, ZOLTAN KERN?,
ZsoLt KozMAZ, LASZLO PASZTOR!

! E6tvos Lordnd University, Department of Physical Geography, Hungary

2 Budapest University of Technology and Economics, Department of Sanitary and
Environmental Engineering, Hungary

3 University of Sopron, Institute of Geomatics and Civil Engineering, Hungary

4 Research Centre For Astronomy and Earth Sciences, Hungary

Charting the long-term (1961-2017) relations of wheat and maize yields
to climatic drivers, the Carpathian-Balkan Region appears as one of the
most sensitive hotspots of the recent warming of the climate in Europe
(R>wheat = 0.38-0.63; R?maize = 0.23-0.67). Analysing these associations
by landscape types in the Middle Central Danube Basin, which is situated
within that region, the statistical and GIS-based methods used show that
the Hungarian Plain became most vulnerable to increasing temperatures
in from 1921-2010 (R?>wheat = 0.48; R>maize = 0.59). Focusing on the
Hungarian Plain, there is a sharp discrepancy between the environmen-
tal conditions, and the recent land use practice, and water management.
Endless monocultures of cropland farming dominate the weak soils of for-
mer wetlands, which covered approximately 25% of the landscape before
their massive reclamation in the late 19th century. Therefore, consider-
ing the soil conditions, environmental vulnerability, the various categories
of environmental vulnerability and nature nature protection in each grid
cells (100 m - 100 m) of the Hungarian Plain, we defined two target zones
of a massive wetland restoration covering an estimated 9400 km”. On a
micro-regional scale, we simulated different water retention scenarios on
the former wetlands and via changing groundwater levels on the yields of
the surrounding croplands and forests, quantified the impacts, as well as the
effects of vegetation changechanges in vegetation of the different land use
scenarios on the hydrological fluxes.
This research was supported by NKFIH (FK 134547).
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Pinke et al., 2022.
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Seasonal trends of available water content change in the 0-28 cm soil layer in European croplands
between 1981 and 2017 (ERAS Land 0.1° x 0.1°)
N: negative slope; P: positive slope; S: significant; NS: non-significant
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Article ID: 3 12

1o61-1000 WP 1903 2017

3

Maize
1961-1990 1993-2017

May-July
mean
temperature . |
May—-August -
mean
temperature .
January-March
mean
temperature
May—-August °
precipitation
sums
September—dul{/m
precipitation
sums

Negative direction Positive direction
e
L

R L Pinke et al., 2022. Scientific Reports
Negative direction Positive direction

Landscape-based selection Landform-based selection

\S'I’ E \B'I’ E 20°E 22: E
0.00-0.10
0.11-0.20
0.21-0.30
- 0.31-0.40

ot Mountains.

Transdanubia, W

Transdanubia, §

46° N4

-
. - . 050 100km

16°E 18E 20°E 2°E

Regional sensitivity map of maize yield to groundwater for
Hungary (1986-2010).
Legend: coefficients of determination between August—
October groundwater depth and annual maize yields.

Pinke et al., 2020. Science of Total Environment



Article ID: 3

Wheat
Western Northern Northern Southern Northern Northern
Mountains /Wungarian Plain___/ Pyngarian Plain___/ Mungarian Plain Hungarian Plain
R <] cl Rz R <] R? cr R cl R <]
1921-1950 | | | \
Prec [001 | 000-014 015 | 000041 003 000024 [ 009 000050 [018 | 000-049 | 000 | 000-000 018 0,00-045
Temp | 055*| 025-078| 053*| 012080 041* 000-0,79 | 021*| 000-062 | 009 | 000-048 | 060*| 006089 012 000-052
1951-1980 | | [ [ |
Prec ‘ 001 o,oufo,us‘ 0,15* | 0,01-034 0,00  000-000 [ 0,14 | 001046 | 0,03 | 0,00024 ‘ 004 | 000-017 001  000-0,11
Temp 017* | 000-045| 0,13 | 000-044 _042* 005073 | 011 | 000040 | 0,16* | 002064 | 039*| 002-067 0,16* 0,0-050
19812010 | I l I
pee  |027| oowoss| ot | oco0at 010 om0z 000026 | 0210 00205 | 008 | 000017 0190 oor-0s
Temp \032¢/ 005070 | 0,38%/ 006074 037 007-071 012-070 | 048* 014-0,79 \0,35** 004-073  049° 016-0,79
Gw 003/ 000-027 \o14y 000-045 023* 003-042 000-028 \011/ 000-034 \013/ 000-037 011 000-0,34
% aize %
Northern Northern Southern Northern
/Western Trandanubia _/\Trandanubia Mountains /Mungarian Plain___/ Mungarian Plain___/ Pungarian Plain Hungarian Plain
RY a R2 a RZ S R? S R? S R 5] R 5]
19211950 ] T

| | \
021%| 001-046 | 023* 001-053 042* 004-071 | 029*| 003-060 |020*| 000-049 [032*| 010-058 029* 002-0,57
001 | 000007 | 000 | 000001 001 000017 | 002 | 000015 | 000 | 000-000 | 001 | 000-011 000 000-004

0,09 ‘ 0,00—0,32‘ 0,07

000-039  022* 001-0,57 | 0,04 | 0,00-036 | 0,46* | 0,17-0,71 ‘ 0,11 ‘o,oa—o,m 028*  0,01-0,65
004 | 000-021 | 001
|

000-012 000 000-0,07 | 0,02 | 0,00-022 | 0,05 | 000-026 | 002 | 0,00-021 001  0,00-0,10
| I

0.63"\‘ 0,39-0,81 ‘\‘ 0.50"\‘ 0,17-0,73 0,39* 0,09-0,64 0,36*| 0,07-0,64 0,55*[ 0,23-0,75 ‘\‘ 0,30“\‘ 0,08-0,55 0,552* 0,22-0,75
0,44% 0,20-0,61 \ O,AE‘,’ 0,18-0,67 0,41* 0,12-0,65 0,41% 0,11-0,66 0,51* 0,15-0,75 \ O,!E",‘ 0,15-0,62 0,49* 0,17-0,73
0,25/ 0,02-0,52 \0,24/ 0,00-0,54 0,20* 0,000,449 0,24’ 0,02-0,54 0,41’ 0,11-0,65 \0,15# 0,00-0,43 0,34*  0,06-0,64
Results of linfear regressioh and bootstrap resamp\hﬁg tests. * =-ignificant as$ociation, Cl = confidence

interval, Gw = groundwater table, Prec = precipitation sums, Temp = mean temperature
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Pinke et al., 2022. under submission
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THE EFFECTS OF DRAINAGE ON THE
HYDROLOGY OF A HUNGARIAN LOWLAND
CATCHMENT

ZsoLT KozMA!, BENCE DECSI!, TAMAS Acs!, MATE KRISZTIAN
KARDOS!, PETER KALICZ?, ZSOLT PINKE?

! Budapest University of Technology and Economics, Department of Sanitary and
Environmental Engineering, Hungary (kozma.zsolt@emk.bme.hu)

2 University of Sopron, Faculty of Forestry, Institute of Geomatics and Civil Engineering,
Hungary

3 Eotvos Lorand University, Department of Physical Geography, Hungary

The severely modified lowland catchments of the Great Hungarian
Plain have a characteristic hydrological behavior within the Carpathian
basin. The restoration of former wetlands could increase the hydrological
buffering capacitiy of the landscape; thus, it could foster its adaptation to
contemporary climatic, ecological and agricultural challenges.

We analysed the hydrological consequences of a theoretical restoration
attempt by using physically-based simulations. The 200 km? study site
is located next to the River Tisza and encompasses a deep floodplain area.
Here, the local elevation range is only 6 metres, but the morphology of the
heterogeneous terrain offers a remarkable semi-natural storage capacity. An
integrated hydrological model was set up with the MIKE SHE software to
describe the spatio-temporal variations of the water resources under present
conditions (with an operational drainage system) and for an alternative
case (without a drainage system). Simulated variations of the surface and
subsurface waters were compared to satellite imagery and groundwater
monitoring data. The results suggest a significant capacity for a nature-
based hydrological adaptation.

This work is part of the “Developing a climate-smart land use system
on reclaimed wetlands of the Hungarian Plain” OTKA FK-134547 research
project.
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THE EFFECTS OF DRAINAGE ON THE
HYDROLOGY OF A HUNGARIAN LOWLAND
CATCHMENT

HydroCarpath Conference Zsolt Kozma, Bence Decsi, Tamas Acs
Vienna, Austria Maté Kardos, Péter Kalicz, Zsolt Pinke
24/11/2022

Main goal Of the research project Floodplain reclaimation with regular inundations

v,/f T~ N

GW recharge
Altered vadose zone conditions

Increased crop productivity and tree growth
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Water bodies and the stuy area
in the Middle-Tisza region

Remote sensing based
inland excess water frequency
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Satellite image of the ,Ohat’
oak forest remnant

The two red dots indicate
newly installed boreholes
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Canopy interception

Netpreciitation

Infiltration

Unsaturated flow

Movingwater table

Groundwater flow

Resources/MIKE SHE printed V10t

Results

Applied hydrological model

MIKE She

* Snow, interception
Evapotranspiration
Surface flow

Unsaturated zone seepage
Groundwater flow

MIKE Hydro River
* Channel flow routing
* Hydraulic structures
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Simulated
inland excess water (IEW)
duration

Effect of drainage:

Mean groundwater table
elevation difference between
drained and undrained
conditions

Difference [m]

! 1.0
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Remote sensing based
inland excess water (IEW)
frequency

IEW frequency
[observations]

! 8.0
1.0
Simulated mean groundwater

table elevation

GW elevation
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Comparison:

Remote sensing based
Vs. simulated

inland excess water (IEW)
frequency

Thank youl

The project FK20-134547 has been implemented with the support provided
from the National Research, Development and Innovation Fund of Hungary.



Article ID: 5 22

AN OVERVIEW OF THE POSSIBILITIES OF
ARTIFICIAL INTELLIGENCE-BASED
APPROACHES IN HUNGARIAN HYDROLOGICAL
PRACTICE

ZOLTAN LIPTAY!, JOHANNA FICSOR!, DANIEL KOCH!, GABOR
KEVE!

! University of Public Service, Faculty of Water Sciences, Department of Regional Water
Management; Baja, Hungary (liptay.zoltan.arpad @uni-nke.hu)

Artificial intelligence has a long history, and its hydrological applications
also date back decades. Artificial neural networks (ANN) are interpolators,
regression and classification tools applicable to a wide range of tasks.
Image processing is one of their main applications, which is also useful
in hydrology, e.g., satellite images of inundations and ice formations or
pictures of sediment movements and morphology, etc. The second type
of ANN is based on the correlation of time series that use artificial neural
networks as black box models. In cases where a physical description of
the problem is not available, it is able to provide satisfactory results if a
sufficient amount of learning data is at hand. Hydrological forecasting
could benefit from such tools. However, mixed results are presented in the
literature. Another type of application is the optimization of models by
identifying the correlation between calibration variables and errors, or even
solving problems by a physically-informed neural network. Three areas
were selected in our study: rainfall-runoff modelling of a small catchment,
water temperature simulations, and the optimization of a 1D hydrodynamic
model.
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AN OVERVIEW OF THE POSSIBILITIES
OF ARTIFICIAL INTELLIGENCE-BASED
APPROACHES IN HUNGARIAN
HYDROLOGICAL PRACTICE

ZOLTAN LIPTAY PhD, JOHANNA FICSOR, DANIEL KOCH, GABOR KEVE PhD

UNIVERSITY OF PUBLIC SERVICE, FACULTY OF WATER SCIENCES, DEPARTMENT OF
REGIONAL WATER MANAGEMENT; BAJA, HUNGARY

o ARTIFICIAL NEURAL NETWORKS (ANN)

® Since 1991 you can find mention in the hydrological literature

* Neurohydrology — Neural hydrology

® ANN is a "universal interpolator", its task is to search for

correlation between inputs and outputs

* A sufficiently large amount of data is required for learning

APPLICATION FIELDS
These are interpolators, regression and classification tools applicable to a
wide range of tasks.
* correlation of time series
* Image processing

® optimization of models




Article ID: 5

24

RAINFALL-RUNOFF MODELLING

® Catchment
* Galga — Galgamdcsa
® Area: 288 km?

* ANN inputs

* Air temperature
* ANN output

® discharge

W flr?]

WATER TEMPERATURE FORECA

Danube — Paks section
Methods:

*® Estimated energy balance

* Weighted mean temperatures
ANN inputs

® Recent detected water temperature

* Average daily temperature
* DOY

Water temperature [°C]

ANN output

* Water temperature

Results of rainfall-runoff modelling (RMSE, water balance)
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AUTO-CALIBRATION OF 1D HYDRODYNAMIC MODEL

* Non-timeline issue, Complex relationship between
roughness and errors, Find a set of parameters for ,,0
error,, , Parallel 1D modeling and ANN learning, ANN

roughness

Monitor and
test ANN

errors

roughness

FURTHER OPTIONS

Surspo v sues o
Chandra, Rohitash & Goyal, Shaurya & Gupta, Rishabh. (2021). Evaluation of Deep Learning Models for Multi-Step Ahead Time St
1.10.1109/ACCESS.2021.3085085.

® Using AE to fix faulty or incomplete time series

https:/ /curiousily.com/posts/t s-anomaly-detection-using-lstm-autoenc vith-pytorch-in-python
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® Solving systems of partial differential equations
® PINN — Physics Informed Neural Network

e
=3
i f phy

‘Venant equations with combined loss function

= gz 82 82

Mahesh, Ragini & Leandro, J. & Lin, Qing. (2022). Physics Informed Neural Network for Spafial-Temporal Flood Forecasting.
10.1007/978-981-16-5501-2.7.

® Processing satellite images and webcam images

THANK YOU FOR YOUR
ATTENTION

Ficsor.johanna(@uni-nke.hu

Liptay.zoltan.arpad i-nke.hu
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THE VALUE OF ASCAT DATA FOR THE
CALIBRATION OF A CONCEPTUAL
HYDROLOGICAL MODEL

MARTIN KUBAN', JURAJ PARAJKAZ, JAN SZOLGAY!, KAMILA
HLAVCOVA', SILVIA KOHNOVA!

! Department of Land and Water Resources Management, Faculty of Civil Engineering,
Slovak University of Technology, Bratislava, Slovakia

2 Centre for Water Resource Systems, TU Wien, Vienna 1040, Austria;
parajka@hydro.tuwien.ac.at (J.P.);

In the last decade, the quality of remote sensing data has rapidly improved.
With better quality data, the demand for its implementation in scientific
research rises. In our paper, we decided to implement the ASCAT SWI di-
rect product of the soil water index to the calibration and validation process
of the conceptual HB V-type model. We used the SWI data of the surface
and root zone layers for 209 Austrian catchments for the multi-objective
calibration and validation of the model. The three multi-calibration strate-
gies with different weights for the runoff and SWI were performed for
the period 2007-2014. From the calibration results, we detected how the
SWI data influenced the reaction of the soil component of the HBV-type
model. The validation results show that, with the use of the SWI data,
the multi-objective approach slightly improved the runoff simulation in
the catchments with a lower mean elevation and a higher percentage of
agricultural lands, mainly in the regions of Upper and Lower Austria and
the lowlands of the Carinthia region.
Keywords: SWI direct, efficiencies, Austria
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The value of ASCAT data for
the calibration of a conceptual
hydrological model

Martin Kuban

Department of Land and Water Resources Management
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Objectives

Sentinel-1 SAR Directional Upscaling
Direction of

- Testing of the ASCAT SWI product of two soil zones ¥
by the assimilation to process of calibration of the
r-r model

- Setup of the Objective function

- Detection value of the ASCAT SWI for runoff
simulation

- Selecting the catchments suitable for the
incorporation of the ASCAT SWI

- Effect of the ASCAT SWI product on the Hydrologic
balance

HSAF/CDOP3/ATBD/, 2020
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Interested area

- 209 catchments in Austria without = " - - -
significant anthropogenic influence on the
runoff (dams, hydropower plants ...)

- Catchments with variable geophysical
characteristics

i B R 2% |
- Alpine and lowland catchments M
- Input data distributed into elevation zones Ty

by 200
vertical meters in daily timestep

Sleziak et al. 2017

EEEE M = ® S

hospodarstva krajiny

ASCAT SWI product

- Data from the ASCAT sensor on the board of
the METOP-A, -B and —C measured from 2015
till now

- Dataset of the SWI was downscaled
backwards based on the Sentinel 1 (12.5km)
data, to the year 2007 with the nearest
neighbour’s method

- Product for two soil zones of the SWI - Soil
Water Index:
- root zone represents (28-100cm)
- surface zone represents (3-5cm)

- 500-500 m grid data

- Product is updated daily by the department
of geodesy and cartography at TUW HSAF/CDOP3/ATBD/, 2020

LSt = e i

hospodarstva krajiny
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TUW model dual Calibration

- Conceptual rainfall-runoff model

- TUW dual version is more suitable for the
incorporation of the SWI data than the
original TUW model

- The model contains two soil layers
reservoirs (root and surface)

|

Parajka et al. 2009 EUMETSAT
Fu E @ HSAF
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hospodarstva krajiny

Calibration

- For the years 2007-2014 - 4 calibration variants with different weights for Runoff and SWI
- Optimalization for Runoff based on the combination of the NSE and log NSE

(NSE+logNSE)/2
- Optimalization for SWI based on the correlation between simulated SWI and measured
SWI ASCAT
- Input data - Precipitation, Air temperature (Spartacus), EP Blaney-Criddle
weight | weight
weight
SINGLE | weight | weight MULTI OBJECTIVE Runoff | SW! swi
OBJECTIVE | Runoff | SWI surface || root
'S RUNOFF + SWI surface 1/2 1/2 0
RUNOFF 1 0 RUNOFF + SWI root 1/2 0 1/2
RUNOFF + SWI surface +SWI root 1/3 1/3 1/3

U E s
F @ HSAF
hospodarstva krajiny
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Calibration Results L

SGLLASR  — -Glwassst

Zlowiana

Comparison against the single-objective approach
Slightly decrease in the RME

VE without changes
Significant improvement in the correlation between
ASCAT SWI and simulated SWI

Relative Frequency Relative Frequency

Corelation M surface ()

Calibration o R R
variant (2007- RME VE) surface soil moisture | _root soil moisture
2014) Alpine | Lowland | Alpine | Lowland | Alpine | Lowland | Alpine | Lowland e ——a o e e e s
Cal.t0Q 083 075 005 002 002 037 023 049 Relatv Fresuency RelaieFrequency
Cal. to Q+5S 051 074 005 0.02 040 049 036 049
Cal. to QSR 051 074 005 0.02 018 038 043 054
Ca.t0QS5SR_| 081 073 -0.04 003 041 048 044 054

sy o> i

e oo
e o o0 S \' F Katedra vodného
hospodarstva krajiny

Validation Results

[ [E— M

For years 2015-2018

Detection of the catchments with the improvement

of the RME -
(improvement between 3 - 10 %, median 5 %) - mg

Difference in the improvement between Alpine and

Lowland catchments

rtace soil moisture Root soil maisture:
RME 20152016 s . st 5

‘Median of R of Surface Soil Moisture _Median of R of Root Soil Moisture

Calibration Variant R o
0 Runoff (Q) 0.01 033 036
Q+55 043 046 048 046
Q+SR 027 033 054 054
256+ SR 043 048 053 049

Sors 2018 20152018
a

e e o S T U E EUMETSAT
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Validation Results
- For the years 1991-2000

- Detection of the improvement in
RME in nearly 22% of the
catchments, with weight to runoff
(w=1/2, 1/3)

- Improvement mainly in Lowland
regions

- 4 validation variants

cecs gTU

eess SVF

Validation Results

- Characteristics only for the improved

catchments (RME)

- All 3 multi-objective variants with the
improvement in the catchments with

similar characteristics

Catchments characteristics:
- Lower Mean Elevation
- Lower Slope of the terrain
- Lower Forest percentage
- Higher Agricultural lands

ceee gTU

seoes SVF

Slevaton (m a.s1)

on0-1736
=726
2626 3488

-

EUMETSAT

@ HSAF

Katedra vodného
hospodarstva krajiny

Lopens = v = G ~ Gsin 055 — in QSR = G 0SGR.

edtans o
196 [ [y [0 | a [ wee | s Lo [ oo | wae [ o
Qisk | 22%| aa B 2232 7610 136 544 237 12162 017
aisk_|78% | 154 § 1702 11781 221 464 144 13074 022
Q4ST4SR [ 83% | 164 5 168.1 1178.1 22.7 464 134 13260 022

Medians of 1783 1035 19.48 467 16 12777 020
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Water Balance w2

 E—
w
- Hydrologic water balance for the . Jw% ‘
catchments with better RME o {i
i
&
15 . :
- Detection of the improvement in : e
multi vs single objectives for Con Db O e D D Ower Ot D D D e
Lo M Clm Ot Caw Oy Obm Oig D5 e Cn Ol g
specific months Dto Dot Ouw Qo D0t Cter G
Multi-objective approach Percentage of the improved catchments in long-term mean monthly
runoi
. ) T Feb Ma Aw May Jm dul Aw Sep Ou Nov D
- We compute the Differences in QST (44 catch.) 55 57 57 61 48 43 45 34 39 59 64 55
x Q+SR (44 catch.) 50 55 61 61 43 50 39 34 45 52 48 52
Iong term runOH mean monthly Q+ST+SR (34 catch.) 56 65 62 59 59 56 38 26 32 65 62 56
values Q+ST FC- (35 catch.) 60 57 66 63 43 43 43 37 40 60 66 60
Q+SR FC~(31 catch.) 61 58 58 58 39 48 42 39 52 61 52 55
Q+ST+SR FC-(34 catch.) 56 65 62 59 59 56 38 26 32 65 62 56
Q+ST FC+ (9 catch.) 33 56 22 56 67 44 56 22 33 56 56 33
Q+SR FC+(13 catch.) 23 46 62 62 54 54 31 23 31 31 38 46
Q+ST+SR FC+ (0 catch.) 0 0 0 1] 0 0o 0 0 0 0 0 o
e o o 0 EUMETSAT
....STU @ HSAF
Katedr dnéh
«ee SVF

Conclusion

- With the assimilation of the ASCAT SWI into the conceptual r-r model
We can expect a decrease in the RME in the Alpine catchments

Catchments where we can expect the improvement of the RME
- Lowland catchments (Mean elev. Median 800 m a.s.l.)
- Higher percentage of agricultural lands (>20%)

- Lower slopes of the terrain (<13%)

- The improvement can be expected in the

Spring, winter and autumn months
The decrease can be expected in summer months

QissHSR * oo atms

LSy o> @ iishr

e o o0 S \ F Katedra vodného
hospodarstva krajiny
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THE INFLUENCE OF ANTHROPOGENIC
ACTIVITIES ON THE QUALITY OF THE
LANDSCAPE AND URBAN LANDSCAPE

MARTINA MAJOROSOVA !

! Department of Land and Water Resources Management, Faculty of Civil Engineering,
Slovak University of Technology in Bratislava, Bratislava, Slovakia

Many negative changes in the landscape are caused by anthropogenic activ-
ities. Unfortunately, anthropogenic factors cause problems in the natural
ecosystems, and the natural processes work no longer as they did before;
often they do not work at all. Generally, it needs to be paid more attention
to this topic. Therefore, this research is focused on the issue from several
points of view, namely, improper regulation of water flows, the introduction
of invasive species into natural riparian vegetation, loss of biodiversity and
the absence of green spaces in the urban areas. The research results focus
on various topics related to anthropogenic impacts on the landscape. A
large part of the research offers results and methods that could be used
directly in practice. The main task of landscape planners is to restore nat-
ural processes to the landscape and urban landscape, thus eliminating the
negative anthropogenic impact.
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THE INFLUENCE OF ANTHROPOGENIC
ACTIVITIES ON THE QUALITY OF THE
LANDSCAPE AND URBAN LANDSCAPE

Ing. Martina Majorosova, PhD.

Contents

Introduction
Relationship between channel morphology and aquatic habitat quality
Reinforcement of the riverbed with gabions and their impact on the aquatic habitat
Quality of riverbank vegetation
« The problem of invasive species in riverbank vegetation
» The need for prevention, controlling and elimination of the species Fallopia japonica
+ Recommended methodology for projecting the revitalization of riverbank vegetation
after a dissruption by the Fallopia japonica species
Loss of biodiversity and ecosystem changes in the landscape and urban
landscape
Conclusion




Article ID: 7 37

Introduction

Many in the landscape are

They cause problems in the natural cycles

Antropogenic activities caused that the natural processes no longer funtion as
they used to, often not at all

It is necessary to solve the negative changes caused by human in the natural
ecosystems

Generally, there is no given enough attention to this issue therefore, this
research focuses on the issue

Relationship between channel morphology
and aquatic habitat quality

A serious type of problem caused by anthropogenic activities in the
landscape is the .

By in the stream, the
composition of

The of the aquatic habitat of the
stream is necessary
of the stream.

The research on the quality of aquatic habitat has been on
for many years at STU in a team, where | have been a part since |
started my doctoral studies.
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Relationship between channel morphology
and aquatic habitat quality

* Many caused significant changes in the riverbed,
changing its volumetric capacity so that it was sufficient for floods,

that were in the stream before the regulation.
it is possible
to which will support biodiversity and

that was caused by incorrect stream
regulations in the past.

Reinforcement of the riverbed with gabions
and their impact on the aquatic habitat

In the further step,

The stream'’s morphology is also

We and the ichthyomass of
reference reach of

The fish were caught by an electric aggregate. Subsequently, the
and they were returned to the stream.

The result of these measurements was that the of the O3cadnica River had a
but had On the other hand, there
were but the The
It can be concluded that the gabions used to
reinforced the riverbed are a suitable construction material for this purpose.
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Quality of riverbank vegetation

too.
* Riverbank vegetation is an in river ecosystems.
* The in
the shading of the stream, thus ensuring the survival of the biota in the stream
during the hot months.

can cause

Quality of riverbank vegetation

Functions of a healthy riverbank vegetation:

The problem of finctionality starts when the riverbank vegetation is
disharmed by an invasive species.
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The problem of invasive species in riverbank
vegetation

+ Aggressive anthropogenic activities include
the

of plants,
imported for decorative purposes,

[¢}
aggressive species into our natural habitats

« The invasive species has
been attacking Slovak riverbank vegetation
for several years.

The need for prevention, controlling and
elimination of the species Fallopia japonica

reduces the capacity of the riverbed,

disrupts the balance of riparian vegetation,

creates a monoculture riverbank vegetation,

disrupts building structures,

causes complications for the maintenance of parks and green spaces
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The mapping of Fallopia japonica by inovative
approaches

Reference reach on Schwechat River

» The longer Fallopia japonica lives on the
stand, the faster it expands.

The mapping of Fallopia japonica by inovative
approaches

* Then, GPS line was inserted into hypsometry from
a 3D scan

« Significant match was confirmed -
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The mapping of Fallopia japonica by inovative
approaches

The second reference reach Vydrica River (SK)

+ compared height from 3D scanning with orthophotography

« All the three methods have

zaobchadzania
s invaznym druhom
Fallopia japonica e
v brehovych porastoch :Ww
pre miestne tizemné § invazneho druhu

samospravy -~ Fallopia japonica
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'HEALING AND THERAPEUTIC LANDSCAS

PROPOALSCHEME LA

Hovs, e
Figure 3. Scheme of basic natural elements (Source: Authors). e - i p—

Concl

from several points of
view, namely,

+ a large part of the results fro

* The causes in which we live
and it is necessary to solve the causes.

» The main task of landscape planners is to landscape and
urban landscape and thus




Article ID: 7 44

Thank you for your attention!
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PRECIPITATION DATA PROCESSING FROM
VARIOUS TIPPING BUCKET RAIN GAUGES IN
THE HIDEGVIZ VALLEY EXPERIMENTAL
CATCHMENT

CSENGE NEVEZI', ZOLTAN GRIBOVSZKI', ANDRAS HERCEG!,
BLANKA HOLIK'!, KATALIN ZAGYVAI-KISS!, PETER KALICZ'

! University of Sopron, Faculty of Forestry, Institute of Geomatics and Civil Engineering,
Hungary

In the early 1990s, meteorological data collection started with data loggers
in the Hidegviz Valley experimental catchment, including the precipitation
measurements. These data-collecting instruments are mostly automated; the
only manual device is a traditional Hellmann-type ombrometer. Although
the measurements have mostly been continuous throughout the years, the
collected and stored datasets have not been processed or used, because of
technical difficulties or a lack of time. After we realised how crucial these
measurements are, even on a micro-scale, to creating future hydrological
models, we started focusing equally on the data collection and processing.
Regarding the precipitation measurements, we started preparing datasets
from three tipping bucket rain gauges and used the Hellmann ombrometer
for our calibrations and corrections. Each automated device has a unique
resolution: for the ‘Boreas’ type, 0.1 mm, for the ‘Dataqua’ type, 0.1, and
for the ‘HHM’ type, 0.5 mm per tip. These collectors have different types
of software for transfering the data, but are mostly outdated and are not
running on modern operating systems. Our solution for this problem was to
use the R program, which allowed each dataset to be able to be converted to
Excel files. The data are visualised, and the antecedent precipitation index
(API) was calculated.

Key words: data processing, tipping bucket rain gauge, API

Acknowledgements: 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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« Datasets from three various
tipping bucket rain gauges and
used the Hellmann
ombrometer for calibrations
and corrections

* Each automated device has a
unique resolution: for the
‘Boreas’ type, 0.1 mm, for the
‘Dataqua’ type, 0.1, and for
the ‘HHM’ type, 0.5 mm per tip

*The data are visualised, and

the antecedent precipitation
| ‘ ‘ ‘ index (API) and antecendent
IR ‘ L ‘ ‘\“ ly water balance index (AWBI)
e e e e were calculated.

Prectaion ()
[T ———

Figure 1: Corrected daily precipitation, APl and AWBI in 2021 in
the Hidegviz valley meteorological station.
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Figure 2: Surface soil moisture and API relation in
the meteorological station (open field). Dark blue
dots are marking the vegetation period.

Figure 3: Surface soil moisture and AWBI
relation in the meteorological station (open
field). Dark blue dots are marking the
vegetation period.

* APl and AWBI were compared to surface soil moisture data
e Early test to determine, which one is convenient or more
accurate for occurrent soil moisture estimation
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PRECIPITATION DATA PROCESSING FROM VARIOUS TIPPING BUCKET RAIN
GAUGES IN THE HIDEGVIiZ VALLEY EXPERIMENTAL CATCHMENT

s 000
In the early 1990s, meteorological data collection has started
with data loggers in the Hidegviz Valley experimental

w 000
the These

d are mostly the only
manual device is a yP
Although the measurements have mostly been continuous
throughout the years, the collected and stored datasets have
not been processed or used, because of technical difficulties
or a lack of time. After we realised how crucial these
measurements are, even on a micro-scale, to creating future
hydrological models, we started focusing equally on the data
and gt g the
measurements, we started preparing datasets from three
various tipping bucket rain gauges and used the Hellmann
for and The data are
and the index (API) and
the antecendent water balance index (AWBI) were calculated.
The aforementioned indexes were compared to surface soil
moisture data - alder forest (Fig. 2-3) and open field (Fig. 4-5),
to determine, which one is more accurate for occurrent soil
moisture estimation.
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Figure 1: Corrected daily precipitation, APl and AWBI in 2021 in the Hidegviz valley
meteorological station.

Ll ©
00w reous2

000 000 20 ©® w0 ww  0n 700 000 %000 0000
APt ()

00 o© ™0  %w @0 %o 0w 0w
APt o)
Figure 2: Surface soil moisture and API relation in the alder forest.

Figure 4: Surface soil moisture and API relation in the meteorological
Dark green dots are marking the vegetation period. 9 9

station (open field). Dark blue dots are marking the vegetation period.
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Figure 3: Surface soil moisture and AWBI relation in the alder forest. Dark Figure 5: Surface soil moisture and AWBI relation in the meteorological
green dots are marking the vegetation period. station (open field). Dark blue dots are marking the vegetation period.
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ANALYZING THE CONNECTION BETWEEN
RAINFALL INTENSITIES AND TIMES OF
CONCENTRATION USING RAINFALL-RUNOFF
MODELING

KLAUDIA NEGYESI!, ESZTER DORA NAGY'!

! Department of Hydraulic and Water Resources Engineering, Faculty of Civil Engineering,
Budapest University of Technology and Economics; Department of Hydraulic and Water
Resources Engineering, Faculty of Civil Engineering, Budapest University of Technology and
Economics (negyesiklaudia@edu.bme.hu)

The study aims to examine the relation between rainfall intensities and the
times of concentration based on rainfall-runoff modeling using recently
developed features of HEC-HMS. The time of concentration is generally
considered to be a constant characteristic of a catchment. However, various
publications have shown that the response time is a dynamic property (Szi-
lagyi, 2007). To gain more insight into the mentioned relationship, model
simulations were performed. The applicability of the dynamic time of con-
centration was examined with the help of a recent version of the HEC-HMS
software, which has the option of using dynamic values. The models were
built for both the characteristic and dynamic cases. As a result, a com-
parison was made between the effectiveness of the Wisnovszky empirical
equation (a characteristic case), which is commonly applied in the Hungar-
ian practice, and the applicability of the rainfall intensity, i.e., the time of
concentration function (a dynamic case). Applying the latter improves the
model “s performance, especially where the Wisnovszky equation yields an
inadequate estimation of the time of concentration. The relation between
the time of concentration and rainfall intensity was confirmed; moreover,
the applicability of the new HEC-HMS feature was reviewed.
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ANALYZING THE CONNECTION
ETWEEN RAINFALL INTENSITIES

ND TIMES OF CONCENTRATION
USING RAINFALL-RUNOFF
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INTRODUCTION

e Focus of the time of
concentration.

* 2 Hungarian catchments: Zala and
Kiskomarom.

e It is generally considered to be a
constant characteristic of a catchment.

[ dynamic property (Szilagyi, 2007)

* Model simulations using HEC-HMS.

* The models were built for both the
characteristic and dynamic cases.

study:

MODELING
HydroCarpath 2022
Klaudia Négyesi, PhD Student

Eszter Déra Nagy, Assistant Lecturer

24 November 2022
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© Outlet points
[ catchments
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MATERIALS AND METHODS

Transform]—)[Baseﬂow]—)[Routing]

Initial and Clark Unit Linear i
Loss/Gain

Constant / Hydrograph \ Reservoir -

Simple Standard Variable parameter
Canopy (characteristic) (dynamic)
The rainfall intensity and the
. 2 time of concentration function.
1[min] = =
Az

L [km] the longest flowpath,
A [km?] the area, | [-] slope of the longest flowpath.

HydroCarpath 2022 3

RESULTS AND CONCLUSIONS

Calibration, Nash-Sutcliffe efficiency coefficient valu‘es idation, Nash-Sutcliffe i ici valuss
cl | ‘ o Characteristic 078|075 044 04 078|081 |05 ‘ 0 a3 os [
Dynanmic o8 045 02 | oes 041 [0z 074 055 | 0n2 N Dynamic 043|055 045 038 077 |01 055 088 H 075 ocz| !
2 — . — 2
©,02 (L o oD oS o6 A WD (O (D oD oD O N AP AR N 0 3 W a0 (B N D
PP EPF LSS S ESE DB P
Calibration, differences of peak time Validation, differences of peak time
Charactenslic 14 10 Characteristic | 3 | 0 10

Dynamic 1 | Dynamic 3

PP PPERFL ELLELS PP ORL I EF IS
Event ID Event ID
The model performance can be improved using the dynamic approach
of the time of concentration. The variable parameter which is a new feature
of HEC-HMS proved to be applicable. In addition, the results confirm
the relation between the time of concentration and the rainfall

HydroCarpath 2022 4
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rainfall intensities and times of concentration
using rainfall-runoff modeling Klaudia Négyesi, Eszter D. Nagy?

1. Introduction

The time of concentration is generally considered to be a constant characteristic of a catchment. However, various publications have shown
that the response time is a dynamic property (Szildgyi, 2007). To gain more insight into the relationship, model simulations were performed.
The applicability of the dynamic time of concentration was examined with the help of a recent version of the HEC-HMS software that has the
option of using dynamic values. The models were built for both the characteristic and dynamic =
cases. As a result, a comparison was made between the effectiveness of the Wisnovszky empirical
equation (a characteristic case) which is commonly applied in Hungarian practice and the
applicability of the rainfall intensity and the time of concentration function (a dynamic case).

2. Study area

To increase representativeness, two different river catchments (Zala and Kiskomarom) were
examined. The catchment of Zala has an area of 188 km? while Kiskomarom has an area of 99 km?.
The climate of the two catchments is moderately cool and moderately humid. If we review the
land cover of these basins, the ratio of artificial surfaces is very similar between the two o
catchments, at Kiskomdrom it is 4%, while at Zala this value is 5%. Agricultural areas are more ='*“~""‘°‘4
significant at Kiskomarom (61%) where the ratio is double the rate at Zala (36%). Kiskomarom is |o 5“"{575 2
covered mostly with loam but a smaller area of sand and clay loam can also be seen. Zala is almost
completely covered with loam or clay loam.

3. Materials and methods

) Data (Nagy et al. 2020):
Transf }—)‘B fl }—)‘R t
ranstorm asetlow o '"g] Discharge data: from staff gauges (5+ min.)

Precipitation data: gauging stations (5+ min.) and ECMWF database (1 hr.)

@ Outeet points
[Jcatchments

Figure 1. Overview of the study area.

Igg':;;ﬁ H(i]l:rr(l)(gl;l:;th R:'sn:;;ir Loss/Gain | Model simulations performed in HEC-HMS:
* Seven rainfall events for calibration, six for validation for each basin.
Simple Standard Variable parameter * Model performance reviewed by the Nash-Sutcliffe efficiency coefficient
Canopy ( / istic) (dy \ (NSE) and by examining the differences in the peak times.
W The study included the analysis of

tmin] = 4= time of concentration function * the comparison of the characteristic and dynamic cases,

L [km] the longest flowpath, * the relationship between the time of concentration and rainfall intensity,

A [km?]the area, | [-] slope of the longest flowpath. N . N

Figure 2. Methodology applied using HEC-HMS. * the applicability of the new HEC-HMS variable parameter feature.

4. Results and conclusions
The results of the simulations can be seen in ion, Nash-Sutcliffe efficiency icient values Calibration, differences of peak time

Fig. 3. where the lighter the color signify better
model performance. On reviewing the results

&

Characteristic |07 044|078 008|023 | 042 |029 077 [021 | 06 |oes [EXM 012

of the calibration, the NSE values of the Dynarmic 05048050 o2 (04 [0a8 o7 fozsos2 o

dynamic case are significantly better at 2

Kiskomarom, but the difference is less 2202 PSP RO R P B A R S e N
5|gn|f|cant at Zala. REgardmg the differences of Validation, Nash-Sutcliffe efficiency coefficient valu1es Validation, differences of peak time

peak time, the simulations of the dynamic case

have more values below 3 hours at both Characteristic [078 075 044 | 0.4 | 0.78 081 |045

catchments. " 5
The results of validation show that in the case Dynamic SR 7| I

of Kiskomarom, the dynamic approach also AP AP 0 0 > o 0 0 N Y o 2 DA B g o 0O g W b o 0
yielded satisfactory results. However, at the Event ID EventID

Zala catchment, the results are not significantly

better than the results of the characteristic Figure 3. NSE values and differences of peak time for

case as it was during the calibration. the characteristic and dynamic approaches.

Overall, the model performance according to the NSE and the time of peak discharges can be improved using the dynamic approach of the
time of concentration. The calibration itself is more difficult to perform than in the characteristic case but if the proper curves are applied,
the simulations can give significantly better results. The variable parameter which is a recent feature of HEC-HMS proved to be applicable. In
addition, the results confirm the dynamic relation between the time of concentration and the rainfall intensity.
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THE RUNOFF COEFFICIENT FOR A T-YEAR
DESIGN FLOOD, USING DATA FROM AUSTRIAN
CATCHMENTS.

LORENZO CERETTI'2, GUNTER BLOSCHL?, ALBERTO VIGLIONE! ,
JURAJ PARAJKAZ, MIRIAM BERTOLA!2

! Department of Environment, Land and Infrastructure Engineering (DIATI), Polytechnic
University of Turin, Corso Duca degli Abruzzi 24, 10129 Turin, Italy

2 Institute of Hydraulic Engineering and Water Resources Management, Vienna University of
Technology, Karlsplatz 13, 1040 Vienna, Austria (lorenzo.ceretti @studenti.polito.it)

The runoff coefficient is the percentage of rainfall that can be detected as
runoff during a storm, and it has a relevant role in design in engineering
practice. The aim of this study is to analyse the correlation between the
event runoff coefficient and catchment characteristics, with respect to the
return period of the storm and the flood peaks. In this study we estimated
the runoff coefficient for flood events from hourly rainfall and runoff series
for several Austrian catchments. Each event has been separated with an
automatic procedure based on three main steps: (1) baseflow separation
from direct runoff; (2) identification of each single event, starting from the
largest peak flow of each runoff time series; (3) estimation of the event
runoff coefficient using a rainfall runoff model that minimize the root mean
square between the observed runoff and the modelled runoff. For each
event, we then estimated the return period associated with the respective
peak flow (TQ) and the maximum precipitation for different durations
(TP). Preliminary results indicate that the TQ can be much higher than the
corresponding TP and that their relationship is mainly related to the wetness
of the system, as represented by the event runoff coefficient. In the next
step of this research, we will analyse the presence of seasonal trends of the
runoff coefficient for multiple Austrian catchments and its correlation with
climatic and physiographic catchment characteristics.
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TU THE RUNOFF COEFFICIENT FOR A T-YEAR DESIGN FLOOD, USING DATA FROM

fea
WIEN

AUSTRIAN CATCHMENTS. &
Design storm general procedure Background Austrian knowledge
Duration: Typically 24 hrs; - Sirpplified world;
Rainfall depth: from IDF curve; - Rainfall data set;
Rainfall distribution; - Simulation of runoff;
Hyetograph and Hydrograph. - Hydrograph: obtained with a simulation
of runoff coefficient.
e Current study
- TR TG -
LT e 4
i Rainfall and runoff data set —

Event analysis

00 o2 o os 08 o

1{Ta/To=1) probabity distribution

Lorenzo Ceretti — 24-11-2022 HydroCarpath conference
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ISOTOPIC HYDROGRAPH SEPARATION AT THE
HYDROLOGICAL OPEN AIR LABORATORY

BORBALA SZELES', JURAJ PARAJKA', LADISLAV HOLKO?,
GERHARD RAB', STEFAN WYHLIDAL?, KATARINA SCHOTT?,
CHRISTINE STUMPP’, PATRICK HOGAN!, LOVRENC PAVLIN!,
PETER STRAUSS®, GUNTER BLOSCHL'

! Institute of Hydraulic Engineering and Water Resources Management, Faculty of Civil
Engineering, Vienna University of Technology, Vienna, Austria (szeles@hydro.tuwien.ac.at)
2 Institute of Hydrology, Slovak Academy of Sciences, Bratislava, Slovakia
(holko@uh.savba.sk)

3 NES, Nuclear Engineering Seibersdorf GmbH, Seibersdorf, Austria

(Stefan.Wyhlidal @nes.at)

4 BOKU University of Natural Resources and Life Sciences, Institute of Soil Science, Stable
Isotope Group, Tulln, Austria (katharina.schott@boku.ac.at)

> BOKU University of Natural Resources and Life Sciences, Institute for Soil Physics and
Rural Water Management, Vienna, Austria (christine.stumpp@boku.ac.at)
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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 sources
of the origin of the water. The aim of this study is to investigate the origin
of water for different streamflow gauges in a small agricultural catchment
that represent different runoff generation mechanisms. The analysis is per-
formed at the Hydrological Open Air Laboratory (HOAL) in Austria, which
is a 66 ha experimental catchment dominated by agricultural land use. One
of the main specialities of this research catchment is that several tributaries
of the catchment representing different runoff generation mechanisms are
gauged. Two-component and ensemble isotopic hydrograph separations
(for both 180 and ?H) are conducted for three streamflow gauges (the catch-
ment’s inlet and outlet and a tile drainage system) for multiple events in the
warm periods of 2013-2018. The results of the two methods are compared
and discussed for different runoff generation mechanisms.
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IMPACT OF HYDROLOGICAL AND HYDRAULIC
MODELLING APPROACHES TO A FLASH FLOOD
EVENT IN THE HIDEGVIZ WATERSHED IN
HUNGARY

GERGELY AMON!, KATALIN BENE!

! National Laboratory for Water Science and Water Security, Széchenyi Istvan University of
Gy®r, Department of Transport Infrastructure and Water Resources Engineering, Egyetem tér
1, Gy&r 9026, Hungary (amon.gergely @sze.hu, benekati @sze.hu)

There are numerous modelling techniques to simulate rainfall-based runoff
on watersheds. Each modelling approach contains different uncertainties
on the parameters that define the behaviour of a watershed. Two numerical
models, i.e., hydrological and hydrodynamical, were selected to compare
and evaluate the runoff characteristics of a flash flood event. Flash flood
events are an increasing risk because of growing rainfall intensities. The
watershed discussed is located in a western north area of Hungary called the
Hidegviz valley. It has daily and 10-minute meteorological and hydrologi-
cal data measurements. The study used simulated and measured 10-minute
increment rainfall to investigate high flow and flash flood event characteris-
tics. A lumped method was used for the hydrological simulation with an
area-averaged distribution of the soil parameters and a calculated time of
concentration. For the hydrodynamical simulation, distributed mesh was
used to apply 2D shallow water equations with an additional eddy viscosity
model on a mesh. The two models were used to compare a runoff time
series and infiltration losses during event-based simulations. Keywords:
Numerical modelling, watershed hydrology, hydrodynamics, parameter
sensitivity
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SZECH ENYI Impact of hydrological, hydraulic modelling
EGYETEM approach to a flash flood event in the
UNIVERSITY OF GYOR = Hidegviz watershed in Hungary

Gergely AMON, Katalin BENE

Hydrocarpath Conference

24th November 2022

Gergely Amon, National Laboratory for Water Science and Water Securty, Széchenyi Istvan University, Gydr

SZECHENYI

Introduction

* Hidegviz Valley, a study watershed of the University of
Sopron

* LiDAR data with 0.5*0.5 m resolution

* Hydrometeorological data measuring station owned by
the University of Sopron

* Measured data, gauged watershed: yes; dynamic
numerical overland models: no
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Hydrological data

* Rainfall event at 06/07/2012 14:30 - 16:50 Measured at the hydrometeorological station

* 06/07/2012 14:30 - 07/07/2012 14:30, measured at the downstream area of the watershed

i

1
B z \
= / E

=g R .
Model structures - hydrological

* Semi-distributed parameterization

* Three watersheds: Rak-stream, Farkas valley,
Vadkan Valley

* Area averaged unsaturated soil data

Tram
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Cumulated surface runoff volume

Results - volume
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Conclusions and future

* The hydrodynamical model can be applied to simulate surface
runoff

* Hydrological model has problems with the rising limb calculation
* Hydrodynamical model has with the recession limb calculation

* Hydrodynamical model is sensitive to inline structures

* Both models needs to be improved

* Further rainfall events will be simulated
* Sensitivity analyses for model parameters
* Fully distributed hydrological models

* Hydrodynamical model with more detailed land use and soil
distribution
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Thank You for Your attention!

The research presented i the article was carried out within the framework of the Széchenyi Plan Plus program with the support of the RRF 2.3.1 21

2022 00008 project.



Gergely Amon, National Laboratory for Water Science and Water Secuity, Szécheny Istvan University,

Gyér

Impact of hydrological, hydraulic modelling approach to a flash flood event in the SZECHENYI

Hidegviz watershed in Hungary

G.Amon', K. Bene?

EGYETEM

UNIVERSITY OF GYOR

Study area:
The watershed is in the north-westem side of Hungary, near Sopron. The Hideguiz Valley's been a long time
experimental watershed of the University of Sopron.
‘The watershed area contains 3 difierent sub-basins:
Rék-strearn - 441 km?
Farkas valley - 0.6 km?
Vadkan valley - 0.93 km?

‘The model geometry is based on a high detailed LIDAR survey.
The 3D Hydrosoil map was used for unsaturated soi parameters.
Land use: mainly 95% forested area

Measured data:
The data was provided by the researchers of the University of Sopron,
Measuring station at Hidegviz outflow:

Precipitation:

rainfall event between 06/07/2012 14:30 - 16:50

Runoff:

runoff time series between 06/07/2012 14:30 - 07/07/2012 14:30

Besse

bt

Cumulative rainfaltime series Outfow time series

Hydrological runoff model:
Semi-distributed model with three watersheds (HMS)
Conceptual modules for rainfall-runoff process

Runoff model comparation

Hydrodynamical runoff model:
2D FVM surface flow model, with solver based on SWE (shallow water equations) (HEC-RAS).
SWE-LIA (local inertia) method was used:

av + I

- - The modified governing equation's goal is to guarantee g OB+ [ XV = —gVz, + PP~
Simple Clark Unit Green & Ampt Basefow stabl and fastorcalcaion. ‘ o

canopy ‘ Hydrograph ‘ infirltraion - (recession) The time step for caloulating overiand flow is stil small, maximum 1 seconds.
Eddy viscosity model was added: 9= Durh » CAYIST
Calibrated parameters
Callrated arameters

— Manring's n forest 016)

o rad stoge (4] Suriac® |y famring's . steam 004

Gk Ut _|Tme of concentaton, . ] [Weting fron suciion, S [mm] 21905

Hydrgraph [Sborage coeffcient, I Hydraulic conductivity, K [mm/h] | 26.667|

Gronang Ao folclon. Sl Greenand  inifal content 0179

- Amptinfitration [Satrated content 0.353)

asatow |11 fon (oms] Part of the generated mesh [Resudialconent | Lﬁj

rcosion) [Rocesions Input data Pore size distibuton 0.39%|

Adaptive mesh based on LIDAR
Hydrological model geometry Mannings n parameter, forested area [0.12-0.16], channel [0.03-0.045]
Green and Ampt infiration
Results
runoff model on the ing station: NSME, KGE values and volume error: Hydrodynamical runoff model on the measuring station:
e i
.F\ o T T B Hydrological [ \
{

] | [r—

N ] |- gl ptutmaniat
»\,\F —— | Hydrodynamical [KGE |

Culves he hydrodynamical model:

}

Contact:
‘Gergely Amon, assistant lecturer, Phd student, amon.gergely@sze.hu, SzéchenyiIstvén University, Gyor
2 Katalin Bene, associate professor, benekati@sze.hu, Széchenyi Istvan University, Gydr

Conclusion:

The hydrodynamical model can be applied to simulate surface runoff
Hydrological model has problems with the rising limb calculation
Hydrodynamical model has with the recession limb calculation
Hydrodynamical model is very sensitive to inline structures

Both models needs to be improved

Future research:

Further rainfall events will be simulated

Sensitivity analyses for model parameters

Fully distributed hydrological models

Hydrodynamical model with more detailed land use and soil distribution

The research presented i the artice was carried out within the framework of the Széchenyi Plan Plus program with the support of the RRF 2.3.1 21 2022 00008 project.
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ESTIMATION OF EXTREME FLOOD DISCHARGE
VALUES WITH SYNTHETIC WEATHER DATA IN
THE AUSTRIAN ALPS

CAROLINE EHRENDORFER!, MATHEW HERRNEGGER!

! Institute for Hydrology and Water Management, Department of Water, Atmosphere and
Environment, University of Natural Resources and Life Sciences, Vienna, Austria
(caroline.ehrendorfer@boku.ac.at)

The length and quality of observed runoff data is frequently insufficient to
derive robust extreme runoff values, which are crucial for water manage-
ment planning for the present and future climates. Using synthetic weather
data generated by stochastic weather generators (SWGs) as input to rainfall-
runoff models to derive extreme runoff peaks could be of value for basins
with missing or short observation periods. However, various shortcomings
are known regarding the generators’ abilities to accurately produce extreme
rainfall amounts. This work examines the transfer of synthetic weather
data into runoff extremes using the MulGETS stochastic weather generator
and the COSERO rainfall-runoff model in several alpine subbasins of the
Austrian Ybbs River. A GEV distribution was fit to the timeseries of annual
runoff maxima to derive events with return periods of 30, 100 and 300
years. The results of the flood frequency analysis using synthetic data
underestimated the results using observed data in all the subbasins and for
all return periods by at least 30 %. The findings show that the application
of SWGs to estimate runoff extremes may not be applicable and must be
critically reviewed.
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Estimation of extreme flood discharge values with
synthetic weather data in the Austrian Alps

Caroline Ehrendorfer?, Mathew Herrnegger*
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Estimation of extreme flood discharge
values with synthetic weather data in the

Austrian Alps

Caroline Ehrendorfer!, Mathew Herrnegger’

1 Institute of Hydrology and Water Management (HyWa), University of Natural Resources and Life Sciences, Vienna, Austria

Corresponding author: caroline.ehrendorfer@boku.ac.at
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More information at
www.boku.ac.at/en/wau/hywa

BACKGROUND & MOTIVATION

The length and quality of observed runoff data is frequently insufficient to derive robust extreme
runoff values, which are crucial for water management planning under the present and future

climate.

The use of synthetic weather data generated by stochastic weather generators (SWGs) as
input to rainfall-runoff models to extend runoff timeseries and derive extreme runoff peaks could
be of value, especially for basins with missing or short observations. However, while SWGs offer
attractive possibilities to explore long time series of potential weather and the resulting runoff,
shortcomings are known regarding the generators’ abilities to accurately produce extreme rainfall

amounts’234,

This work examines the transfer of synthetic weather data into runoff extremes using the
stochastic weather generator MulGETS%¢7 and rainfall-runoff model COSERO® in several alpine

subbasins of the Austrian Ybbs River (Fig. 1).

Figure 1. Study region (1120 km?) with 10 subb:

ins (NB).

MATERIALS & METHODS

“Observed” Timeseries:

SPARTACUS?®: 1961 - 2017
Runoff: 8—42yrs.
Length simulation: 1000 yrs.
Temporal resolution: 24 h
Spatial resolution: 1x1km

MulGETS = Multi-site weather Generator of
Ecole de Technologie Supérieure
* Generates spatially correlated precipitation
and temperature
«  Occurrence: two state Markov chain
+ Amounts: parametric distribution (Multi-
Exponential (MEX) or Multi-Gamma (MG))
COSERO = COntinuous SEmidistributed
RunOff model (BOKU, HyWa)
+ Based on HBV Model'®
« Calculation for HRUs
Response Units)

(Hydrological

INPUT: OBS Time Series P & T
(SPARTACUS)

{

OUTPUT: SIM Time} {OBS Time Series P}

Series P & T & T (SPARTACUS)

{

v
OUTPUT: SIM Time} {OUTPUT: SIM Time}

Series Q (SIM) Series Q (OBS)
!

-> Extreme value analysis with annual

maxima of precipitation and runoff

10 - Greimpersdorf
01 1

Gumbel probability paper

Probablity of undercutting [%]

RESULTS

Means, seasonality and even 95%-quantiles of daily
precipitation (and subsequently, runoff) were well reproduced
by the SWG.

However, the extreme value analysis for precipitation showed
a clear underestimation of extreme amounts (Fig. 2).

This translated into the flood frequency analysis, where the
results using synthetic data underestimate those using
observed data in all subbasins and for all return periods by at
least 30%.

The Multi-Gamma distribution performed better than the
Multi-Exponential (Fig. 3), but overall, they are both
unsuitable for generating extreme precipitation and
subsequently extreme runoff in this catchment.

Extreme daily precipitation
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Figure 3. Flood frequency distribution plotted on a logarithmic Gumbel paper for subbasin 10. Each point

represents an annual maximum.
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Figure 2. Extreme daily precipitation amounts with return levels of 30, 100 and
300 years derived from the fitted Gumbel distribution using the method of
moments, and the corresponding 95%-confidence intervals derived from
bootstrapping analysis.

CONCLUSION

The inadequate weight of the tail of the parametric distributions in this SWG leads to an underestimation of extreme precipitation amounts. This
translates into the underestimation of extreme runoff. The application of this particular SWG to estimate runoff extremes, also in climate change studies,
may not be applicable and must be critically reviewed.
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ATTRIBUTION OF FLOOD CHANGES WITH A
TIME SERIES IN THE PRESENCE OF
AUTOCORRELATION: MODIFICATIONS FOR
SPEARMAN 'S RHO AND KENDALL 'S TAU

DAVID LUN!, SVENJA FISCHER?, ALBERTO VIGLIONE?, GUNTER
BLOSCHL'

! Institute of Hydraulic Engineering and Water Resources Management, Vienna University of
Technology, Vienna, Austria

2 Institute of Hydrology, Water Resources Management and Environmental Engineering,
Ruhr-University Bochum, Bochum, Germany

3 Department of the Environment, Land and Infrastructure Engineering, Politecnico di Torino,
Turin, Italy

Statistical dependency measures such as Kendall’s tau or Spearman’s rho
are frequently used to analyse coherences between time series in envi-
ronmental data analyses. Autocorrelation of the data can however result
in spurious cross correlations if they are not accounted for. Here, we
present an asymptotic distribution of the estimators of Spearman’s rho and
Kendall’s tau, which can be used for the statistical hypothesis testing of
cross-correlations between autocorrelated observations. The results are
derived using U-statistics under the assumption of absolutely regular (or f3-
mixing) processes. These comprise many short-range dependent processes,
such as the ARMA, GARCH and some copula-based models relevant to the
environmental sciences. We show that while the assumption of absolute reg-
ularity is required, the specific type of model does not have to be specified
for a hypothesis test. The simulations show the improved performance of a
modified hypothesis test for some common stochastic models and small to
moderate sample sizes under autocorrelation. The methodology is applied
to a time series of flood discharges and temperatures observed in Europe
and yields results that are consistent with the literature on changes in flood
regimes in Europe.
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Rank correlations in hydrology: Motivation m

e Correlation analyses are ubiquitous in empirical hydrological studies
investigating dependencies and can attribute flood changes to their
respective drivers.

e Rank correlation measures (Spearman’s Rho ps and Kendall's Tau 7)
are often preferred over Pearson correlation.

e The estimation of rank correlation measures is affected by autocorre-
lation in the observations, which can result in spurious correlations.

Example: 2 time series
represent measurements of
hydrological quantitites.
Are they related?

— Statistical hypothesis
test for cross-correlation

3 Ho: X and Y independent

0 10 20 30 40 50  Hi: X and Y are related
Time

x(1), y(t)

2/4
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Rank correlations in hydrology: Motivation

x(t). y(®)

e Correlation analyses are ubiquitous in empirical hydrological studies
investigating dependencies and can attribute flood changes to their
respective drivers.

e Rank correlation measures (Spearman’s Rho ps and Kendall's Tau 7)
are often preferred over Pearson correlation.

e The estimation of rank correlation measures is affected by autocorre-
lation in the observations, which can result in spurious correlations.
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Rank correlations in hydrology: Motivation

x(t). y(t)

o =2 N oW

e Correlation analyses are ubiquitous in empirical hydrological studies
investigating dependencies and can attribute flood changes to their
respective drivers.

e Rank correlation measures (Spearman’s Rho ps and Kendall's Tau 7)
are often preferred over Pearson correlation.

e The estimation of rank correlation measures is affected by autocorre-
lation in the observations, which can result in spurious correlations.
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If our time series are
autocorrelated ‘standard’
statistical results no longer
hold and can result in
incorrect conclusions!

We present a ‘modified’
testing procedure that
accounts for
autocorrelation.
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Effect of autocorrelation on js: Spurious correlations 14

Example: Two statistically independent time se-
ries, which are individually autocorrelated (Gaus-
sian VAR(1) with p =0, ¢x = ¢y = 0.8).

The ‘classical’ significance test for Spearman'’s
Rho indicates a statistically significant relation-
ship, whereas a ‘'modified’ test does not.

1591 ,|edisse|)

1591 ,payIpoy,



ot Water Resource Systems

M - HydroCarpath Vienna Doctoral Programme on WIF

Views 2022
Vienna University of Technology

' Researcher: David Lun

é Topic: Flood Statistics

www.waterresources.at Der Wissenschaftsfonds.

Attribution of flood changes with time series

in the presence of autocorrelation: Modifications

for Spearman’s Rho and Kendall‘s Tau

MOTIVATION & SCIENCE QUESTION HYDROLOGICAL APPLICATIONS

How can we check for
statistically significant

~ correlations with auto-
correlated observations?

-> Hydrological time series
frequently show persistence

[ - Floods

— Prociptation . 5
Soll Moisture ->Statistical esturnators are
Temperature. affected by persistence.

Result: Spurious correlations

METHODS

ARMA processes
GARCH processes
M-dependent processes (finite memory)

Gaussian processes (including quantile-to-quantile
transformations of Gaussian processes) under certain
conditions
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Exploratory data analysis* Confirmatory data analysis? Statistical Modelling®
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RESULTS AND APPLICATIONS

Let (X;,Y)iez be a bivariate, strictly stationary, absolutely regular process with absolutely continuous marginal
distributions and B-mixing coefficients Sy satisfying

Tk YO <0 (1)

for some & > 0. Under the assumption of independence between (X;);ez and (Y;)ez, the limiting distributions of the
estimators of Spearman’s Rho fs and Kendall’s Tau £ between (X;);ez and (Y;) ;e are given by

D
Vps=N(0,1+2 Epso o (WY (1))
D
VAN (02 (1+ 2 B Rk )
where p¥ (h) refers to the Spearman-correlation between X, and X,_y, and the analogue applies to p¥ (h).

Let K be a kernel function satisfying Assumption 1 in de Jong and Davidson (2000)* and b,, be a non-decreasing sequence
with b, = o and b, = 0(n!/2). Let k and b, also satisfy

i k(@) =0 @

Then
o h P
61=1+22x(b—)ﬁé(h)ﬁsY(h)ﬂ+zzp§(h>p§<h)=er ®)
h=1 i h>0

Pairwise independence of (X;, Y;);ez is not required for consistency here. Under the assumption of pairwise dependence
between (X) ez and (¥;)iez With ps, 7 # 0, the test based on the test statistics T, = % and Ty = %f with 2 from
B

equation (3) is consistent.
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Application: Smoothed time series of climatological data

(@) () Time series in hydrological analyses are frequently smoothed,
which introduces autocorrelation
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signifcant
not significant

ignificant
not significant

-> Different kinds of smoothing (exponential smoothing, moving
averages, ...) of iid-processes result in 8-mixing processes

- We smoothed annual flood peaks and catchment-averaged
mean annual temperatures (2-sided MA with equal weights)

The classical testing procedure results in spurious correlations,
whereas results of the modified procedure are consistent with
existing literature on flood regime changes
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Take-home message PUBLICATIONS

In hydrology we often check for relationships among

observations in data-based studies. These relationships Lun, D., Fischer, S., Viglione, A. and Bléschl, G. (2022).

are frequently investigated with correlations and Significance testing of rank crosscorrelations between

statistical hypothesis tests. autocorrelated time series with short-range dependence.
. Accepted in Journal of Applied Statistics.

Lun, D., Viglione, A., Bertola, M., Komma, J., Parajka, J.,

If data is autocorrelated, the assumptions of many byl
Valent, P. and Bloschl, G. (2021). Characteristics and process

statistical hypothesis tests are violated, and the results of e (S marorie [ e
,Sufh te.st§ can b.e |r.u?orres:t Th',s can;jfor ex?mple. reslt databased analysis. Hydrology and Earth System Sciences,
in ‘statistically significant’ spurious correlations. 25 (10), 5535-5560. https://doi.org/10.5194/HESS-25-
" . , 5535-2021

Zre modlf;ﬁd}efstmg p‘rocedure suggested here is able to Lun, D, Fischer, S., Viglione, A. and Bléschl, G. (2020).
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©2021WR030506. https://doi.org/10.1029/2021WR030506




Article ID: P8 72

ESTIMATION OF DESIGN FLOODS USING THE
CN METHOD AND THE CLM CLIMATE MODEL

MARIJA MIHAELA HMIRAKOVA 2
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Bratislava, Slovakia (marija.labat@shmu.sk)

Changes and variations in climate conditions, together with human activities,
are the main factors that influence hydrological conditions and the erosion
of watersheds. Therefore, the main focus of this research was: 1) the effect
of land use changes over the period from 1990 — 2018 on design floods; 2)
the effect of climate change on design floods.

The design floods with different return periods were calculated using the
Curve Number (CN) methodology. The first important input data were the
CORINE Land Cover maps for 1990, 2006, 2012, and 2018 representing
land use changes over time. The second most valuable input data were two
types of design rainfall intensities. The actual measured data of rainfall
intensities obtained from the SHMI and the scenario data of rainfall intensi-
ties obtained from the CLM model were downscaled using a Simple scaling
method. The Deutscher Verband fiir Wasserwirtschaft und Kulturbau model
(DVWK model, German Association for Water Management and Culture)
was used to estimate the design maximum rainfall intensities with different
return periods. The calculations were applied to three small river basins,
i.e., the Rovensk and Brezovsky streams, and Svacenicky Creek, located in
the Myjava region in Western Slovakia.
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AIMS OF THE STUDY
The increase in extreme hydrological events has caused global
environmental problems, such as increased floods and droughts, pollution of
water resources, soil erosion, and an impact on the economy and the lives
of a large part of the population. Changes and variations in climate
conditions, together with human activities, are the main factors that influence
hydrological conditions and the erosion of watersheds.
Therefore, the main focus of this research was to assess:

1) the effect of land use changes over the period from 1990 — 2018 on

design floods;

2) The effect of future climate change on design floods.
The design floods (Qy) for a return period of 10, 20, 50, and 100 years were
calculated using the Curve Number (CN) methodology. The first important
input data were the CORINE Land Cover (CLC) maps for 1990 and 2018
representing land use changes over time. Climate change was presented
with data from the CLM model.

METHODOLOGY

The main methodological basis is the modified SCS - CN method, which was
used to calculate design culmination flows (Qy), through the height and
volume of the direct outflow. The calculation was based on the assumption
that the basin is affected by the design rain with a constant intensity and
duration equal to the time of concentration (T;) of the runoff from the basin,
and that the design rain will cause a flow with the same return period (N).
Short-term design rain totals were used as effective precipitation, which was
created based on maximum 60-, 120-, 180-, 240-, and 1440-minute rain
durations for the warm half-year (April to October). The totals of design rains
from the Myjava climatological station were used in the calculations, which
were based on: 1) actual data (provided by SHMU for the period 1995-2009);
2) and scenario data obtained from the CLM model for the historical (1961-
2020) and future periods (2071-2100).

The simple scaling method was used to determine precipitation totals for
shorter durations based on observed or simulated data with a duration longer
than one day. The DVWK (Deutscher Verband fiir Wasserwirtschaft und
Kulturbau / German Association for Water Management and Culture)
methodology was used to estimate design maximum rainfall intensities with
different return periods.

INPUT DATA AND CALCULATION PROCEDURE

To estimate the design floods, the design rainfall intensities from the Myjava
climatological station were used, which were downscaled from actual data
(provided by SHMI) for 1995-2009 period, and scenario data (obtained from
the CLM climatological model by doc. RNDr. Martin Gera, PhD) for the
historical period 1961-2020 (HP) and the future period 2071-2100 (FP). These
data were then interpolated using for duration T, (Table 1).

The following digital maps were used as input data: vector maps of land use
(CLC) for 1990 and 2018 year; a Digital Elevation Model (DEM) raster map
with a cell size of 20x20m, a vector map of soil types, and a water
management map of the Slovak Republic on a scale of 1:50,000, 3. edition.
Table 2 contains the Curve Number (CN) values determined using the land
use map, the soil types map, and the SCS-CN methodology.

als (P) used in th ulation

Tab. 1 Design rainfal

Real data (1995-2009) CLM data (1961-2020) CLM data (2071-2100)

e | e | = | e | o | e | e | e | mue
31,8 2609 2670 1986 1522 1574 21,16 1576 1635
n 35,05 29,13 29,82 22,52 17,27 17,86 24,48 18,23 18,93
m 4020 3342 3421 2581 1979 2046 2878 2144 2225
N 13 886 3671 2818 2161 2235 3201 2384 2474

Rovensky stream, T¢=198,3 min; **Svacenicky creek, Tc=101,3 min 110,3 min

Rovensky stream | Svacenicky creek |Brezovsky stream

**Brezovsky stream, T

tion of

nd use F [km?) F [km2) F [km?]
1990 2018 1990 2018 1990 2018
- - - - 004 011
Broad-leaved forest g - - 0,01
[Pastures | = = 0,02 = = =
1271 1264 605 641 7,09 660
Agricultural land 147 148 = = = -
028 028 004 004 .
nional woodiand i i i i i -
065 072 03 002 012 021
Urban area 0,29 0,28 B _ B -
002 002 = = 5 g
- - 001 002 158 176
1542 1542 648 648 894 894
7471 7482 7348 7211 7018 69,96

STUDY AREA

The territory of three small River basins, Rovensky stream, Brezovsky
stream, and Svacenicky creek, which are located in western Slovakia and
are sub-basins of the Myjava River, was chosen for the calculation. The

location of the River basins is shown in picture 1.
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Pic. 1 Location and elevation of the selected River basins

The basin of Rovensky stream, with its final profile at the mouth of the
Teplica River, has an area of 15.42 km2. The average altitude of the basin is
234.63 m a. s. |. and the average slope is 5.5%. The basin of Svacenicky
creek, with the final profile at the mouth of the Myjava River, has an area of
6.47 km2. The average altitude of the basin is 388.29 m a. s. |., and the
average slope is 11.0%. The basin of the Brezovsky stream, with the final
profile above the tributary of the Priepasniansky stream, has an area of 8.94
km2. The average altitude of the basin is 383.0 m a. s. |, and the average
slope is 14.6%.

RESULTS

In the first part of the research, the aim was to assess the impact of land use
change on design floods (Qy). The calculation was divided into two parts: 1)
CN, values for the year 1990 and the design rainfall totals (based on real
data) were used as input data; 2) the CN, values for 2018 and the design
rainfall totals (based on

Tab.3 Estimated Qy values based on the real data

real data) were used

W Rovensky stream Svaéeck'creek FEa input data;

earl | T e | e | Ee | e [ e results of these
1087 | 1092 | 616 | 58 | 716 | 740  calculations are
B 35 1321 749 710 873 865  compared in Table 3.
BEM 660 1667 952 904 1113 11,04
1868 1875 1075 1022 1259 12,49

The next step was to assess the impact of climate change on the design
floods (Qy). The calculation was divided into two parts: 1) CN, values for 2018
and design rainfall totals for the historical period 1961-2020 (HP), and;

2) CN, values for the

Tab. 4 Estimal \ values based on the CLM data for the historical
and future per year 2013 and the
. Qu [m.s] fdes?hn rfa|tnfall tot_al(sj
PO Rovenskystream  Svacenickycresk  Brezovskysveam 'Or_ 1€ luture perio
H BO HO BO HO B 1071-2100 (FP) were
[ 10 RS 544 218 | 232 268 288  used as inputdata;
El o 707 275 304 339 378 The results of the
El 9,40 354 4,09 4,37 5,09 calculations were
9,06 11,30 4,15 4,96 5,13 6,18 compared in Table 4.
CONCLUSION

Based on the results in Table 3, the design floods were not significantly
affected by the change in land use in the selected basins. The main reason is
that the land use changes have not affected the weighted average value of
the CN number. Climate changes have had a more significant effect on
design floods. The results in Table 4 show that design floods for the period
2071-2100 are higher compared to the period 1961-2020, by 12 to 25% in the
case of Qq to Q¢ for the Rovensky stream basin, by 7 to 20% in the case of
Qy to Qy, for the Svacenicky creek, and Brezovsky stream basins.
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In the summer of 2022, an extreme drought occurred in Hungary. Early
defoliation occurred in various stands. The area is on the northern side
of Keleti-Bakony, which has beech stands. The majority of the forest
stands investigated on the border of the village of Tés are beeches, and
the economically valuable forests are also made up of these stands. An
important issue is the reaction of these stocks to extreme weather events,
which can help us gain information for the future. It does not matter whether
the early falling of leaves is a defense mechanism, which could even be an
adaptation to the lack of water caused by drought or whether it indicates
the decline of the tree species. More long-term investigations are needed,
which is why we created monitoring points.

Acknowledgement: VERGA Veszprémi Erd6gazdasag Zrt. This article
was made in the frame of the project TKP2021-NKTA-43 which has been
implemented 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,
financed under the TKP2021-NKTA funding scheme.
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Beech (Fagus sylvatica)

istics of beech aspect)
shade tolerant,
mesophilic, medium heat demand
thin crust, foliage giving great shade
diffuseporous species

spread: East and West Europe, more sporadic in South Europe with a Sub-
Atlantic character

occurrence in Hungary: Northern- and Transdanubian Midmountains,
West- and Southwest-Transdanubia, Zselic, Mecsek (Bartha 1999)

habitat: beeches and rock relief forests (Bartha 1999)
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Bakony Mountains
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investigated area
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Drought and effects

Extreme drought in 2022 summer,

Early defoliation occurred in various stands.
Defense mechanism?

Adaptation to the lack of water?

Indicates the decline of beech?

Monitoring necessary
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Research material and method

Remote sensed data (Sentinel-2)
Meteorological station already available
(2 km)

Drought affected and

Control area (with insignificant leaf loss)
selected

Rain gauge

Temperature and humidity sensors installed

Soil moisture measurement and
dendrometer installation planned.

—
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Preliminary results

Sentinel-2 normalized vegetation index time-series
Defoliated individuals identified at field

Precipitation

Humidity and

Temperature data (from 2022-11-01 at the affected area)
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Effects of an extreme drought in Eastern Bakony,
Hungary
Kokény Gergely?; Péter Kalicz?;

University of Sopron, Institute of Geomatics and Civil Engineering, Hydrology, Sopron, Hungary
2Verga forestry, Private Limited Liability Company, Veszprém, Hungary

In the summer of 2022, an extreme drought occurred in Hungary.
Early defoliation occurred in various stands. The area is on the
northern side of East-Bakony, which has beech stands. The
majority of the forest stands - investigated on the border of the
village of Tés - are beeches and the economically valuable forests
are also made up of these stands. An important issue is the
reaction of these stocks to extreme weather events, to help us
gain information for the future. It does not matter whether the
early falling of leaves is a defense mechanism, that could even be
an adaptation to the lack of water caused by drought or whether
it indicates the decline of the tree species. More long-term
investigations are needed and this is the reason of creating more
monitoring points.

Defoliated tree in the investigated area

Hydrological interactions

Characteristics of beeches forests in relation to water balance:

+ ecological characteristics of beech (hydrological aspect)

shade tolerant, the shade-tolerant species need less

water to produce dry matter (Madas 1980)

mesophilic, medium heat demand (Bartha 1999)

thin crust, foliage giving great shade

diffuseporous species evaporate more intensively and

less water is stored (K&cher, P. et al. 2013)

spread: East and West Europe, more sporadic in South
Europe with a Sub-Atlantic character (Bartha 1999)

occurrence in Hungary: Northern- and Transdanubian

West- and  South
Zselic, Mecsek (Bartha 1999)
habitat: beeches and rock relief forests (Bartha 1999)

Research area measurement layout
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In Tés (Hungary), we selected a plot to be investigated and a
control plot after examining early leaf loss in beech stands as a
result of the drought. At the control location, no or insignificant
leaf loss occurred under similar conditions (tree species, etc.). At
the inspection and control points, we measure climate data
(temperature, humidity) with a frequency of 5 minutes and the
amount of precipitation during the period with a simple
precipitation collector. There is also a meteorological station in the
immediate vicinity (2 km) of the tested and control points. Later, |
would like to complete the study with a soil moisture
measurement and a dendrometer to measure the change in the
stem cross-section of the individuals.

Nearby weather station

The project was supported by Verga forestry, Private Limited Liability Company,
Veszprém, Hungary and TKP2021-NKTA-43 project

Investigation of past and
present climatic conditions and
their consequences

The instruments
in the examined
area and their

measured data

4

Sentinel-2 space images, normalized vegetation index display. In the two images, we can see the
decrease in photosynthetic activity, which occurs as a result of a negative effect like drought
(Molnar et.al 2022). The two pictures were taken one year apart on 08/07/2021 (top) and
08/05/2022 (bottom) in the morning hours, at the same time).
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From 2022 novarber 1, Kec 17000 - 2027 ovember 7, et 1575500

Data measured in the examined area, using the EasyLog USB Temperature
and Humidity meter

REFERENCES:
Bartha . (1999): Hydraulic lift: consequences of water efflux from the roots of plants, Oecologia, 113, 151~
161

Madas A. (1980): Az erd6gazdilkodds hatdsa és jelentésége az drvizek Kialakuldsara. Erds és viz.
Munkaértekezlet Sopron. Veszprém. p. 12-22.
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Kécher P.- Viviana H.- Christoph L. (2013): Stem water storage in five coexisting temperate broad-leaved tree
species: significance, temporal dynamics and dependence on tree functional traits. Tree Physiology Online

at http://www.treephys.oxfordjournals.org (Volume 33, 2013)
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Over the years, the need to use additional data in hydrology modeling has
been steadily growing. More particularly, in those areas with little or no
data, the available satellite data seemed to indicate that additional data was
necessary. Satellite data is crucial in offering valuable tools for exploring
hydrological processes. Now that there are many sources to choose from, it
is only logical to start testing them and comparing them to in-situ data, if
there are any. For this brief study, the ASCAT Direx Soil Water Index (SWI)
data were used to calibrate the TUWdual hydrological model. These data
represent the soil moisture data of particular areas measured by ASCAT
sensors on the METOP -A, -B, and -C satellites. They are represented as
a grid with a 500-500 m spatial resolution and a temporal resolution of
one day; they are expressed in percentages. The soil moisture data were
used for selected catchments located in Slovakia. The purpose of using the
soil moisture data is to test it on catchments in Slovakia in the process of
calibrating the TUWdual model variant. The TUWdual version represents
a lumped conceptual rainfall-runoff model with a dual representation of
the soil layer, which was developed at the Technical University of Vienna.
Following the design of the HBV model, the TUW model was used with a
daily time step for all the input data. However, a shorter time step could also
be used. All the input and output data and model parameters are spatially
constant for the catchments. The model’s performance was evaluated
through the Nash - Sutcliffe indicator and the logarithmic Nash - Sutcliffe
indicator and volume error while using various weights on the discharges.
The correlation between the observed and simulated soil moisture values
was also calculated in order to reassess the additional input that the soil
moisture represents. Our plan for future research is to divide the catchments
based on their height zones or land use zones for further rainfall- runoff
modelling.
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USING SATELLITE DATA PRODUCTS IN THE
PROCESS OF CALIBRATING A
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HYDROLOGY OF THE CARPATHIAN BASIN: SYNTHESIS OF DATA, DRIVING FACTORS AND PROCESSES
ACROSS SCALES
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“The research aims to test provided soil moisture data as a part
of hydrological modelling

°The soil moisture data represents an additional input
parameter in modelling besides discharge, air temperature,
precipitation, and potential evapotranspiration values

“Modelling is performed using the TUW model dual in the
environment of the R statistical software
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“The satellite product used for this research represents the soil
moisture data for Slovakia

+ ASCAT Direx Soil Water Index SWI

“The spatial resolution is 500 x 500 meters

°The temporal resolution is one day

M ETH O DO LO GY TECHNOLaGY 1 BRATISLAVA

FACULTY OF CIVIL ENGINEERING

“TUW MODEL dual

* lumped conceptual rainfall-runoff model with a dual representation of
the soil layer developed at the TUW

The INPUT DATA - from 2007 to 2019, in daily time steps

» Average daily discharge data Q [m3/s], Daily precipitation totals P
[mm], Average daily values of air temperature T [°C], Potential
evapotranspiration PET [mm], ASCAT SWI [%] - Upper zone SM_001,
and root zone SM_010
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‘CALIBRATION (2007-2014)
-run the model without soil moisture data (NO_SM)
-add the soil moisture data for both zones separately SM_001, and then SM_010
-run the model with both soil moisture data at the same time (SM_001+SM_010)

-During this strategy, for the discharge was assigned different weights,
ranging from 0.5 to 0.9

*Model efficiency was evaluated through the Nash-Sutcliffe coefficient
(NSE), logarithmic Nash-Sutcliffe coefficient (IogNSE), and volume error
(VE)

LLLISTU
eese SVF

SLOVAK UNIVERSITY OF
TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING

°VALIDATION (2015-2019)

* Run model with the optimised parameters

* Model efficiency was evaluated through the Nash-Sutcliffe
coefficient (NSE), logarithmic Nash-Sutcliffe coefficient
(logNSE), and volume error (VE)
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Nitra-Nitrianska Streda catchm
» Area: cca 2094 km?

* Min height: 175 m.a.s.I

* Max h. : 1179 m.a.s.|

Helght above sea el [m..51]

™o
" 175

LLLISTU
eese SVF
RESULTS e e
‘ 2007-2014 2015-2019
SM_001 NSE IlogNSE VE NSE IlogNSE VE
no Qp 0,65 0,76 0,01 0,71 0,78 -0,08
0,9 0,68 0,78 -0,05 0,65 0,67 -0,17
0,8 0,67 0,79 -0,03 0,70 0,75 -0,16
0,7 0,66 0,77 -0,02 0,69 0,66 -0,12
0,6 0,67 0,76 0,00 0,71 0,71 -0,15
0,5 0,66 0,79 0,01 0,71 0,70 -0,12
NO_SM
0,67 0,80 [-0,0041 0,72 0,78 -0,11
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°The first test of provided soil moisture data as a part of
hydrological modelling for Slovak cachment

°The plan for future research is to attempt to calibrate the TUW
dual model:

- with the catchments divided by height zones
« with the catchments divided by land use zones

SLOVAK UNIVERSITY OF
TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING

THANK YOU FOR YOUR
ATTENTION
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TESTING SATELLITE PRODUCT ASCAT SWI ON SELECTED CATCHMENT IN
SLOVAKIA

Milica Aleksi¢! , Martin Kuban?, Kamila Hlav¢ova?, Jan Szolgay!, Anna Liova

1Department of Land and Water Resources Management, Faculty of Civil Engineering, Slovak University of Technology, Bratislava, Slovakia

Satellite products represent an increasingly helpful ,tool” for many water-related

study areas and water resources management and hydrology modelling. Thanks to « Area: cca 2094 km?

satellite imagery, scientists have the opportunity to monitor not only changes in . mijn height: 175 m.a.s.| Max h. : 1179 m.a.s.| Mean h. : 419.5 m.a.s.| Median h. : 363 m.a.s.|
land cover but also changes in soil moisture or air temperature. « Mean slope: 18.4 % Median slope: 15 %

The satellite product used for this research represents the soil moisture data for
Slovakia. The Department of Geodesy and Cartography provided the soil moisture
data (soil water index) used for modeling at the University of Technology in
Vienna. This product is named ASCAT Direx Soil Water Index (SWI), and it stands
for scatterometer, which is located onboard the Metop satellites. The spatial
resolution of the raster satellite images, representing the soil moisture values, is
500 x 500 meters, and the temporal resolution is one day.

This research aims to test provided soil moisture data as a part of hydrological
modelling. The soil moisture data represents an additional input parameter in
modelling besides discharge, air temperature, precipitation, and potential %
evapotranspiration values. Modelling is performed using the TUW model dual in L2 S

the environment of the R statistical software. All the mentioned data were used SSESSSs—r==
from 2007 to 2019 on the selected catchment in Slovakia.

2 M ETHO OG Fig. 1: The location of the catchment in Slovakia (left side), and the digital elevation model of the catchment (right side)

* Input data were prepared in the daily time step.
Average daily discharge data Q [m3/s]- obtained from Slovak MODEL EFFICIENCY RESULTS FOR THE CALIBRATION PERIOD FROM 01.01.2007 TO 31.12.2014

Hydrometeorological Institute.
Daily precipitation totals P [mm]- calculated using Inverse Distance

=

Weighting method. on e
* Average daily values of air temperature T [°C] - obtained using the om0 5 .
temperature gradient method in an automated manner. It is a linear o6 .

interpolation in which the average daily air temperature and the station's \//\ o
altitude correlate
Potential evapotranspiration PET [mm]- Blaney Criddle method o6

ASCAT SWI [%] — Upper zone SM_001, and root zone SM_010 o8 o7

weight (7)

weight (7)

TUW MODEL dual J—— Voo w soron

* TUW dual version represents lumped conceptual rainfall-runoff model with a oo o N
dual representation of the soil layer developed at the TUW, following the o Fa o Py o
design of the HBV model. o . e

+ Soil layers: skin soil layer, representing the layer observed by satellite soil o o5 o /
moisture sensors and a root zone soil storage. o anr

« Consists of 18 parameters- For this study, the most interesting ones were FC o o
— Field capacity i.e., max soil moisture storage [mm], and fc_skin — i.e. max o o
soil moisture storage, of the top soil skin layer [mm] o Weight(7) Ly oS 05

* Three submodels: snow, soil, and runoff.

CALIBRATION

* Chosen period for calibration is from 2007 to 2014.

EFFICIENCY RESULTS FOR THE VAIDATION PERIOD FROM 01.

2015 TO 31.12.2019

— Nse.on0 Nt oono10 ——tog s 001 log_vse 010 lognse 001,010

* The strategy behind calibration was to run the model without soil moisture om 030
data (NO_SM), then to add the soil moisture data for both zones separately o o - PP
SM_001, and then SM_010, and run the model, and finally to run the model - % i o S
with both soil moisture data at the same time (SM_001+SM_010). " S 5050
* During this strategy, for the discarge was assigned different weights, ranging = / : Bow
from 0.5 t0 0.9. o .
* Model efficiency was evaluated through the Nash-Sutcliffe coefficient (NSE), oo o0
logarithmic Nash-Sutcliffe coefficient (logNSE), and volume error (VE). e — . . - o o . . . .
* Coefficient of correlation for Soil moisture e e ’
* Chosen period for validation is from 2015 to 2019. oo s

* Running model with the optimised parameters.
* Model efficiency was evaluated through Nash-Sutcliffe coefficient (NSE),
logarithmic Nash-Sutcliffe coefficient (logNSE), and volume error (VE).

weight 7)

DISCUSSION AND CONCLUSION

This brief study aimed to test the ASCAT SWI product of soil moisture on the Nitra-Nitrianska Streda catchment in Slovakia. This catchment seemed suitable as it is classified as a lowland
basin with a median height of 363 m.a.s.l. During the modelling, the weights on the discharge values have been gradually changed to monitor the difference between model efficiency
indicators. While efficiency was the best in the calibration period NSE= 0.67, logNSE= 0.8, and VE= -0.004, the efficiencies did not worsen in the other attempts with soil moisture data.

These median values are ranging 0.66 and 0.7 for the NSE and 0.78 to 0.79 for the logNSE in the calibration period. Regarding the validation period, the median NSE values are 0.7, and
logNSE values range between 0.7 and 0.76. The plan for future research is to attempt to calibrate the TUW dual model with the catchments divided by height zones or land use zones.
According to studies on the Austrian catchments, the expectations are that model will simulate discharge better in the mostly lowland agricultural areas.
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UNCERTAINTIES IN THE CALCULATION OF THE
LAKE VELENCE WATER BUDGET

MATE CHAPPON!, PETRA BAJAK?, ANITA ERGSS?, KATALIN BENE!

! National Laboratory for Water Science and Water Security, Széchenyi Istvan University of
Gyor, Department of Transport Infrastructure and Water Resources Engineering, Egyetem tér
1, Gy6r 9026, Hungary (chappon.mate @sze.hu)

2 J6zsef and Erzsébet T6th Endowed Hydrogeology Chair, Department of Geology, Institute
of Geography and Earth Sciences, Faculty of Science, E6tvos Lorand University, Pazmany
Péter sétany 1/c, 1117, Budapest, Hungary

In recent years the water levels of Lake Velence, which is Hungary’s third
largest lake, have dropped significantly due to a series of climatic and
anthropogenic phenomena. Various engineering solutions have been con-
sidered to supplement the lake water from surface and subsurface sources.
However, policymakers and professionals argue about the necessity and
extent of such interventions.

The lake’s water budget has been calculated on a monthly basis by the
local water directorate since 1986. The method has several uncertainties
resulting in calculation errors for each month. The error has been deter-
mined as the difference between the computed and observed lake levels.
The water budget calculation methodology will be evaluated in two steps: 1)
analysing the time series of calculation errors and 2) investigating the lake
and groundwater interactions. The latter is a missing element of the current
water budget calculation method, but recent groundwater flow mapping
studies have revealed its pronounced contributions.

The research will result in an improved water budget calculation method
that will enhance our understanding of the main processes governing lake
water levels. The new methodology will give water managers a clearer
picture of the effectiveness and necessity of engineering interventions.
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problem 1. - dropping water levels

Record-low
water level

in 2022!
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problem 1. - dropping water levels
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problem 2. - water budget calculation
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problem 2. - water budget calculation
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calculation error time series
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distribution of calculation errors

12
10

8

water budget calculation method

AH(C) = P + Qsurf + Qres - ET - Qo - Quse

P
1precipitatinn FT
Qres evapotranspiration

reservoir inflow

1
I

Qsurf : T

surface inflow

Quse

water use

1111
LN

Qout What about Groundwater?

surface outflow
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correlations

0,50

0,40

0,30

0,20

0,10

0,00
-0,10
-0,20
-0,30

-0,40
-0,50

(P-2)

r -corr. coeff -0,40
p (significance) 4%

future plans

(Qsurf-
7) (ET-2)
0,28 0,18
20% 60%

n Analyzing monthly calculation errors.

e Modelling groundwater flows.

[

zp

mmmmmmmmmmmmmmm

a Recalculating lake water budget including groundwater flow components.

Re-evaluating calculation errors.

B Improving calculation methods for evaporation and surface runoff.
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Thank you for your attention!

The research presented in this poster presentation was carried
out within the framework of the Széchenyi Plan Plus program
with the support of the RRF 2.3.1 21 2022 00008 project.
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UNCERTAINTIES IN THE WATER BUDGET
CALCULATION OF LAKE VELENCE =

il
‘M Ty
I

W, ! ‘4 TN in 2022!
| U

[ snow gauge t’m)

 meteorological station

i 04 8km

.
. CATCHMENT AREA
5 In recent years the water levels of Lake Vel gary's third largest lake
° due to a series of climatic and anthropogenic phenomena. Various engineering solutions are being
% ' ° considered to supplement the lake water from surface and subsurface sources. However, policymakers
° and professionals argue about the necessity and extent of such interventions.
| . Understanding the main processes governing lake water levels is key to manage the
LEGEND quality and quantity of the lake.
.
° W gauging stations
© groundwater well o Record-low
® et =) water level
®  Aninguge oo | LN
.
.
.
.

‘saurce: National Geographic. source: KOTVIZG

— PARAMETER CALCULATION METHOD

3 i i i ations placed
Qin - mm| Measured runoff data;
Surface inflow larity v similarity factor for
. . . Qres - [mm'] Reservoir operation data;
. ' 3
Changen watr level measured: AH M Change in wate evel - calculated AH c Reservoir inflow Discharge calculated using rating curves
BH(C) = P + Qsurf + Qres + Qext - ET - Qo - Quse
© Qext - [mm'] Karst water pumped from outside of the catchment area;
ot . Water replenishment Discharge calculated using pump curves
ater replenishment l recipitation TH
s H e evapatranspiration €T fmm] X1~ 11 madified Meyer equation detormined
Teservoir inflow Evapo-transpiration IV.- X.: pan evaporation modified values using reed constants Alyearsape*

S:,};EW’ SIS Qout - [mm"] Surface outflow Regulated outflow from the lake; discharge calculated using rating curve
o
VaE e Quse - [mm Water use Water use downstream from th lake; discharge calculated using raing curve
Oout
 Sufoce auton ARSI Groundater ot partof the currenly applied calculaton methad,however recent ground-
urently appl ; or e
Monthly time series of lake water levels for the Manthly time series for each component of the water budget equation for water flow mapping stues *revealed its pronounced contritution

1986 - 202 prind - KOTVIZG? the 1986 - 2021 period - KOTVIZG 2 dimensions ofdischarges: mm «n'ss ) s o x10)

EXAMPLES FOR Z<0

Measured change - AH,, = +160 mm -
__ _ _ _ Caclatedchonge AH = +90 mm -
Z=90-160 = -70 mm 50
[ ] H )
Iniallevel *
0
ifthe calcuated water influsesare
It lovel " averestimated and, [ -
. 5 L This can or outluses
underestinated k e
Measured change - AH,, = -100 mm mﬂuxlsand urmnnlmﬂmn

,,,,,,,, Cawlatedchongs Ay = -148 mm
7= -148 - (-100) = -48 mm

Water-budget calculation time series [mm]

%g-Ilnnui||nhlmhlu'ulnlum;

Z-Quut
- ° Groundwater flow is not partof the water budget calculation. However groundwater flow
mapping’ and other evidences detailed below suggest ts contribution.

i I
1. . Fo . Calculation errors are predominantly negative, meaning, that the current water budget
i C e § . . - . i d,or i tl

3
i : H
< i

Aweak negative carelaton with p« 5% sgnificance between prempuanon and calaulation
ertor was found. This means large neg ws |
autflows) tend to occur in years with high amounts of rinfall.

Annual evapotranspiraton and surface inflows are uncorrelated vith calclation error.
However the calculation method of the former two contain highly uncertain elements.

Analyzing monthy calculation errors.

‘ Modelling groundwater flows.
Tt LETS

Rosslulating ke vt bt inclcing grandvatr o ssmporns. SRS

Pearson Corratation of
procipitation and calculation error Re-evaluating calculation errors. THISI

Ty = =06 (with p < 5%) Improving calculation methods for evaporation and surface runoff.
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IMPACT OF NATURE-BASED SOLUTIONS ON
THE WATER BALANCE OF LAKE VELENCE

ATTILA KALMAN!, KATALIN BENE!

! National Laboratory for Water Science and Water Security, Széchenyi Istvan University of
Gyor, Department of Transport Infrastructure and Water Resources Engineering, Egyetem tér
1, Gy6r 9026, Hungary (at.kalman@ gmail.com)

More frequent extreme weather events have shown that Lake Velence in
Hungary is strongly influenced by the effects of climate change. Severe
droughts and shallow water levels have had an impact on the quality of life
of both the human and water - based population. To reduce the impact of
these events, developed countries and, more recently, Hungary have started
pilot-scale implementations with nature-based solutions.

There are numerous good nature-based solution practices for small hilly
and flatland settlements to reduce the adverse effects of climate change. In
the Lake Velence area, steps have been taken towards the implementation of
some of these solutions. Currently, the number of solutions implemented in
the surrounding catchments is low; as a result, they do not have a noticeable
impact on the lake’s budget or surface runoff volume. In the future, a
broader spread of water retention measures in these catchments could have
an impact on the lake’s water level. Local water budget calculations and
rainfall-runoff (SWMM) models will be applied to determine the impact of
nature-based solutions on the water budget and water level of Lake Velence.

keywords: blue-green infrastructure, nature-based solutions, climate
change, water retention, sustainability, Pareto-efficiency
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water balance of
Lake Velence
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HydroCarpath International Conference, 24/11/2022, Vienna

Catchment of Lake Velence
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HydroCarpath International Conference, 24/11/2022, Vienna
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Catchment of Lake Velence

Problem:

Due to climate change settlements and their
outskirts have also higher water demand.
The small gardens, fruit trees and vineyards
in the area are currently exposed to the
unpredictable and uneven rainfalls.

HydroCarpath International Conference, 24/11/2022, Vienna 3.

Catchment of Lake Velence

Problem:

Due to climate change settlements and their
outskirts have also higher water demand.
The small gardens, fruit trees and vineyards
in the area are currently exposed to the
unpredictable and uneven rainfalls.

HydroCarpath International Conference, 24/11/2022, Vienna 4.
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Nature-based solutions

Solution: water retention (using NbS)
- Retention pond
- Detention pond
- Rain garden

HydroCarpath International Conference, 24/11/2022, Vienna 5,

Nature-based solutions

Solution: water retention (using NbS)
- Retention pond
- Detention pond
- Rain garden

Water is present. Task: keep it at site.

At present: low water retention, few NbS

HydroCarpath International Conference, 24/11/2022, Vienna 6.
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Nature-based solutions

Solution: water retention (using NbS)
- Retention pond
- Detention pond
- Rain garden

Water is present. Task: keep it at site.

HydroCarpath International Conference, 24/11/2022, Vienna 7.

Water retention — Nature-based solutions

Survey among mayors
(2022 early spring and 2022 fall)

I I Water related development ideas
l and plans.

. . . (Extreme drought in 2022 has this

- ,benefit”.)
- - . . - Possible water retention effects on lake water level
Nada Naday Sukoré Sukoré Pakozd Pakozd Velence Velence g *
(spring) (fall) (spring) (fall) (spring) (fall) (spring) (fall) "
blue-green infrastructure development drainage of rainwater, development of farming o wskond
Wwetland mother e
Future

Extensive water retention may have an impact on the lake budget.
Local benefits far exceed the negative impact on the catchment water budget.

HydroCarpath International Conference, 24/11/2022, Vienna 8.
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Impact of nature-
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2k

based solutions on

the water balance of Lake Velence

\
\

Problem statement
Due to climate change

Catchment: appr. 600 km?
Surface area: appr. 25 km?

settlements and their outskirts*.
have higher water demand.

The small gardens, fruit trees and A
vineyards in the area are currently
exposed to the unpredictable rainfalls.

\

N

\.

Hungary's dimate - extreme events

Climate change

QO evaporation
Humgry's chimete - ek ders (increasing temperature & extreme events)
0 uncertain precipitation

and uncertain
events, decreasing precipitation days)

Can blue-green infrastructures
solve the water demand issues?

Average depth: 1.5 m
Water volume*: 37.5x10¢ m3

* when average water depth is 1.5 meters

3 catchments**:

Csészér-creek (North/West) ~ 60%
o Southern flatland (South) ~ 20%
e~ Vereb-creek (North-East) ~ 20%
~ ** based on rainwater accumulation
~
R v
~

Area transformation:
increasing orchard and
vineyard areas

Nature-based solutions (NbS)

Challenges: '

= No water utility network

= Sinking water table

= Longer precipitation-free periods

= Food safety issues (corn, wheat)

= Increased grape production (viticulture)
= Ecologically protected area

= Small private areas, many owners

Retention pond
Detention pond
Rain garden

P

Source: BTL Liners, water retention for wineries

Extreme drought in 2022 had some positive side affects:
Development map around Lake Velence has undergone
severe changes as a result of extreme drought in 2022
(based on mayors’ answers, 2022 early spring — 2022 fall)

Stakeholder involvement

tng oy re

At present: low usage of
nature-based solutions
and water retention
Future/attitude: this
year's extreme drought
had a significant impact

_/I /I

Pokozd
(spring)

Pokod
(1)

Velonce
sping]

Valenco
et

farming

2 regions:
= open surface (East) -> 2/,
touristic demand:
high water level
= reed cover (West) -> 1/,
ecology demand:

high or shallow water level (36ye

*1986-2022 — decrease of water level

Discussion:
* NbS are effective tools to irrigation challenges in catchment of lake Velence
* Local benefits far exceed the negative impact on the catchment water budget

* In ecologically vulnerable watershed, nature-based solutions need to be
applied in an integrated way on an ecologically vulnerable watershed

)

250,000 m3 water =
1 cm of lake water level

'[

Future

Extensive water retention
by municipalities and the
population may have an
impact on the lake budget.

o i an 2021121,

woe oo

ars avr. water level change)

Future plans:

« Raising social awareness through workshops and education

* Inclusion of all settlements in the integrated water management in the watershed
« Extended water budget and retention calculations based on stakeholder involvement
* Determine location and impact of nature-based solutions using SWMM
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CHANGES IN THE HYDROLOGICAL BALANCE
IN TWO BASINS WITH LONG-TERM
OBSERVATIONS
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The reliable determination of the basic components of the water balance of
an area (precipitation, runoff, balance evaporation) primarily depends on the
accuracy of the direct measurement of the first two components from which
it is calculated. In the Ipel’ River basin (Sk), we have had three continuous
observations of daily flows since 1931, i.e., from Krupinica at P1aSt ovce,
Litava at P1ast’ovce, and Ipel” at the HoliSa station. This study is focused on
an evaluation of changes in the hydrological balance of the Krupinica River
basin and Litava River basin (both rivers flow to the Plast’ovce station)
for the entire 90-year period as well as for the three 30-year subperiods
of 1931-1960, 1961-1990, and 1991-2020. A comparison of the 30-year
periods shows a significant decrease in the runoff of the Krupinica River,
i.e., from 231 mm to 144 mm, as well as that of the Litava River, i.e., from
206 mm to 130 mm. This decrease was even more pronounced in the runoff
coefficient, i.e., from 0.32 over 0.27 to 0.21 in the last period of 1991-2020
in Krupinica. In Litava it fell from 0.3 over 0.24 to 0.2.
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detection, attribution and projection of impacts of climate variability and
climate change on runoff regimes in Slovakia”, and the VEGA Project No.
2/0004/19 “Analysis of changes in surface water balance and harmonization
of design discharge calculations for estimation of flood and drought risks in
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The reliable deter of the basic p of the water balance of an
area (precipitation, runoff, balance p ) primarily on the
y of the direct of the first two components from which it is
calculated. In the Ipef River basin (SK), we have three continuous observations of
daily flows since 1931, i.e. from Krupinica at Plastovce, Litava at Plastovce, and
Ipel’ at the Holisa station. This study is focused on an evaluation of changes in
the hydrological balance of the Krupinica River basin and Litava River basin (both
flows at the Plastovce station) for the entire 90-year period as well as for the
three 30-year subperiods of 1931-1960, 1961-1990, and 1991-2020. A comparison
of the 30-year periods shows a significant decrease in the runoff of the Krupinica
River, i.e. from 231 mm to 144 mm, as well as that of the Litava River, i.e. from 206
mm to 130 mm. This decrease was even more pronounced in the runoff
coefficient, which has changed from 0.32 over 0.27 to 0.21 in the last period of
1991-2020 in Krupinica. In the Litava basin it has fallen from 0.3 over 0.24 to 0.2.

Water balance

We used a balance equation in the form:
P=R+ET+48S, (1)
where:

P -average annual precipitation depth [mm],
R - average annual runoff depth [mm],

ET - balance evaporation depth [mm],

AS - average total losses At.
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Fig. 2 Annual precipitation depth P and annual basin runoff R, over the Krupinica
River (left) and Litava River (right) basin up to PlaStovce, (upper), course of the
annual evaporation ET and mean annual basin air temperature T; runoff coefficient
k (lower); time period 1931-2020. Polynomial and linear trends.

Dependence of annual runoff
on precipitation and air temperature

From the measured annual values over a 90-year period, a regression analysis
was used to derive an empirical relationships for estimating the future
development of runoff in the Krupinica and Litava basin (between runoff,
precipitation and air temperature):

Rsim,Krupinica=131 +0.519 P-33.47 T, (2)

Rsim,Litava=23.38 + 0.522 P-22.01 T, (3)

where: Rmod - mean annual runoff;

P - annual areal precipitation on the basin;

T- mean annual air temperature in the basin.
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Fig. 3.
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Fig. 1. Scheme of the Krupinica and Litava basin,
Slovakia (left); water gauge of the SHMI at
Plastovce on Krupinica and Litava River. (Photo:
J. Mészaros, 2021).
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Fig. 4. Comparison of the 30-years mean monthly runoff components during three
periods (observed runoff Robs, modelled runoff Rmod, evapotranspiration ET, base flow
BF, interflow |, and direct runoff DR). Litava River.

Fig. 5. a) Comparison of the long-term mean monthly runoff R (measured) and Rmod
(modelled); (b) Longterm modelled mean monthly runoff Rmod, base flow BF, interflow |,
and direct runoff DR; c) snow water storage SS, soil water storage SW, and groundwater
storage GS; period 1930/31-2019/20. Litava River.

Conclusi

The modelled results of the components of the hydrological balance for the whole
period 1930/31-2019/20 by the BILAN model show:

- Long-term average baseflow accounts for 40.7% of the total runoff, hypodermic
runoff accounts for 46.8% and direct runoff accounts for 12.5% of the total runoff of
the Litava in Plastovce.

- Cumulatively, the highest water retention in the basin was in the month of February
(138.3 mm), the lowest in the month of August only (20 mm).

In this paper, we focused on the assessment of the long-term balance over a 90-year
period with the BILAN model. It should be noted that it is difficult to collect the
necessary homogeneous input data for 90 years from the same location and with
comparable instruments. In addition, the assessed catchment must not be

ignificantly an ically infl d. There are only a few such catchments
left in Slovakia. It is therefore necessary to focus on the assessment of changes in
the hydrological balance in these catchments.

This work was supp!

by the project WATSIM “Water temperature simulation during summer low flow conditions in the Danube basin”, and by the APVV project No. 20-0374

“DETECTIVES”, and the VEGA project No. 2/0004/19
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According to both climate scenarios, we can observe shifts in the seasonal
and spatial behaviour of mean monthly discharges. The results indicated
that the most significant decrease in average monthly discharges occurred
in eastern Slovakia in the spring period. According to the MPI climate
scenario, an increase in average monthly discharges of up to 25

The shift in the highest mean monthly discharges until 2100 is as
follows: for western Slovakia, a shift to January and February from March
applies; for central Slovakia, it remains in March and April; for northern
Slovakia, it is a shift from May to April; for eastern Slovakia, it is a
noticeable shift from March and April to the whole period between January
and April. The lowest average monthly discharges will mainly appear
in August, September, and November by the year 2100. Changes in the
occurrence of the highest and lowest average monthly discharges could
mean changes in snowmelt, the forms of total precipitation, and the air
temperature.

Acknowledgement This work was supported by the Slovak Research and
Development Agency under Contract No. APVV-20-0374. The study was
also supported by the VEGA Grant Agency under Project No. 1/0632/19.
The authors are very grateful for their research support.

Keywords: average monthly discharges, the KNMI and MPI climate
scenarios, Slovakia, climate change



Research area, material and methods

Fig. 1: Location of the selected catchments in the territory of Slovakia

The inputs to the analysis were:

» daily discharge series of observed data in 1981-2010 (provided by the
Slovak Hydrometeorological Institute),

* modelled discharges using the HBV model (1981-2010),

* and simulated discharges according to the KNMI and MPI scenario inputs
(1981-2100).

Pre-processing of data from both climate scenarios goes through the HBV

rainfall-runoff model with Technical University of Wien (TUwW)

implementation.

The results of mean monthly discharges were divided into four groups

location in the territory of Slovakia, i.e., the western, central, northern, and
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Fig. 2: Results of analyses of mean monthly discharges for selected river basins of Slovakia in the
spring and summer, according to simulated data from the MPI and KNMI climate scenarios until
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Fig. 3: Results of analyses of mean monthly discharges for selected river basins of Slovakia in the
autumn and winter, according to simulated data from the MPI and KNMI climate scenarios until
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Conclusion

The results show more extreme changes in mean monthly
discharges for the simulated data according to the KNMI
climate scenario for spring, summer, and autumn; for the
simulated data according to the MPI climate scenario, more
significant changes are visible in winter.

In spring and summer, is expected a decrease in mean monthly
discharges until 2100. On the contrary, in autumn and winter,
is expected an increase in mean monthly discharges by 2100.

Changes in mean monthly discharges could mean changes in
snowmelt, the forms of total precipitation, and the air
temperature for the future.
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SEASONAL AND SPATIAL CHANGES IN MEAN MONTH
DISCHARGES IN SELECTED GAUGING STATIONS OF SLOVAKIA

Z. Sabova, S. Kohnova

Department of Land and Water Resources Management, Faculty of Civil Engineering, Slovak University of Technology, Radlinského 11, 810 05 Bratislava, Slovakia
zuzana.sabova@stuba.sk

ABSTRACT

The study analyses future seasonal and spatial changes in mean monthly discharges in eight selected gauging
stations of Slovakia covering the western, central, northern, and eastern parts of the territory. The input data in
all the gauging stations were the daily discharge series of the data observed from 1981-2010. These data were
used to calibrate the TUW rainfall-runoff hydrological model, an HBV-1 -type model developed by the Technical
University of Vienna and used in all the ical inputs from the KNMI and
MPI climate scenarios for the period 1981-2100 were used to simulate daily discharges up to the year 2100. The
simulated were then analyzed and pared with the historical period.

According to both climate scenarios, we can observe shifts in the seasonal and spatial behavior of mean
monthly discharges. The results indicated that the most significant decrease in average monthly discharges

1 RESEARCH AREA MATERIAL AND METHO

occurred in eastern Slovakia in the spring period. According to the MPI climate scenario, an increase in average
monthly discharges of up to 25 % for western Slovakia and a decrease of 10 % for northern Slovakia are
expected in the spring. In western Slovakia, the highest increase in average monthly discharges is expected in
the autumn. For part of northern Slovakia, an increase in the average monthly discharges of 50 % in the fall is
expected. The summer is characterized by a decrease in the average monthly discharges in the entire territory
of Slovakia, especially in eastern Slovakia. According to the MPI climate scenario data, the increase in the values
of average monthly discharges could be over 100 % in western, central, and eastern Slovakia. Despite this
significant increase, the modelled data of the MPI climate scenario predicts milder changes in the average
monthly discharges compared to the KNMI climate scenario until 2100.

Research area was divided in eight selected catchments of Slovakia, i.e., Myjava — Jablonica,
Véh - Liptovsky Mikulas, Turiec — Martin, Nitra — Nitrianska Streda, Hron — Banskd Bystrica,
Poprad — Chmelnica, Laborec — Humenné, and Topla — Hanusovce nad Toplou, see Fig. 1.
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Fig. 1: Location of the selected catchments in the territory of Slovakia

The hypothetical climate scenarios used in this study are the Dutch KNMI (with the A1B
emission scenario) and the German MPI (with the A1B emission scenario).

The inputs to the analysis were daily discharge series of observed data in 1981-2010 (provided
by the Slovak Hyd Institute), modelled discharges using the HBV model (1981-
2010), and simulated discharges according to the KMNI and MPI scenario inputs (1981-2100).
Pre-processing of data from both climate scenarios goes through the HBV rainfall-runoff model
with Technical University of Wien (TUW) implementation.

The results of mean monthly discharges were divided into four groups location in the territory
of Slovakia, i.e., the western central, northern, and eastern Slovakia. The results are processed
as a relative devi of delled and simulated discharges according to MPI and KNMI

climate scenarios [%].

RESULTS

Eastern and northern Slovakia shows the highest decrease in the values of
average monthly discharges until 2100 in the spring season (Fig. 2a). For
western Slovakia, an increase of up to 25 % is expected by 2100.

In the summer (Fig. 2b), the highest decreases in mean monthly discharges are
expected in the eastern part of Slovakia, according to simulated data from the
KNMI climate scenario. The growth of mean monthly discharges is recorded
only in the Banskd Bystrica (simulated data according to the KNMI climate
scenario) and Liptovsky Mikulas (simulated data according to the MPI climate
scenario) gauging stations by 2100.

Changes in the autumn period are in all gauging stations characterized eastern
part of Slovakia by an increase in mean monthly discharges (Fig. 2c). Simulated
data according to the KNMI climate scenario show the most significant changes
in mean monthly discharges in the spring, summer, and autumn seasons. In the
winter season, there are more expressive changes in mean monthly discharges
for the simulated data according to the MPI climate scenarios. For western
Slovakia, the highest mean monthly discharges increase in autumn.

In the winter season (Fig. 2d), only the growth in mean monthly discharges in
selected river basins in Slovakia is visible until the year 2100. The highest
increase in mean monthly discharges (up to 100 %) is expected in the
Nitrianska Streda, Banska Bystrica, and Hanu3ovce nad Toplou gauging stations.

CONCLUSIO

The paper analyses the seasonal changes of mean monthly discharges for
selected river basins of Slovakia for the future horizon. Data from two climate
scenarios, the KNMI and MPI, were used. The results show more extreme
changes in mean monthly discharges for the simulated data according to the
KNMI climate scenario for spring, summer and autumn; for the simulated data
according to the MPI climate scenario, more significant changes are visible in
winter for both scenarios.

The shift in the highest mean monthly discharges until 2100 can be
summarized: for western Slovakia, a shift to January and February from March
applies; for central Slovakia, it remains in March and April; for northern
Slovakia, it is a shift from May to April; for eastern Slovakia, it is a noticeable
shift from March and April to the whole period between January and April.

The lowest average monthly discharges will mainly appear in August,
September, and November by 2100. Changes in the occurrence of the highest
and lowest average monthly discharges could mean changes in snowmelt, the

forms of total pra ion, and the air

ure.

I Jor selected river from the MPI and KNMI
climate scenarios until 2100
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Every forest plays a significant role in the fight against climate change,
but trees need additional water sources to survive during dry periods. Soil
moisture and precipitation were measured according to three indicators:
grassland as a control point and black locust (42 years) and black pine
(84 years) stands near Kecskemét, Hungary. The soil moisture content
was lower under the forest stands during the growing season compared to
the control site at shallow depths (0-80 cm). Meanwhile, the highest soil
moisture content in the deeper soil layers was observed under the black
locust most of the year. The maximum difference was still insignificant
(5.6%) at a depth of 200 cm between the grassland and the forest stands.
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The reduction of the available water resources is
a global concern. Groundwater depletion in the
Hungarian Great Plain has been significant since
the mid-1970s, especially at the Kiskunsag Sand
Ridge.

The regional water balance is a result of the
complex interaction of the groundwater-soil-
vegetation-atmosphere system. Achieving an
adequate  investigation  necessitates  the
monitoring of the basic elements of these four
sub-systems.

Since 1999, the University of Sopron Forest
Research Institute has been performing complex
hydrometeorological and  soil  moisture
measurements at a grassland, a black locust
(Robinia pseudoacacia) stand, and a black pine
(Pinus nigra) forest stand in Kecskemét.

Our results indicate the soil moisture content is
lower below forest stands than on the control
site (grassland) during the growing season. In
contrast, this difference cannot be an indicator
of the “underground deserts” in Kiskunsag Sand
Ridge, knowing the soil moisture values are 0.7-
1.64% higher below the grassland in the upper
80 cm layer of soil.

According to our own measurements: the
annual average temperature increase of 1.8 C°
occurred between 1999 and 2021. That increase
the potential evaporation (PET), which has a
negative effect of the overall hydrologic balance
of the area as there is no increase in the
precipitation. The local forest stands may also
have additional positive water balance effects:
the interception of temperate forests
significantly cools the environment in summer,
reducing evaporation, evapotranspiration, and
erosion. In the near future, the monitoring will
be expanded with satellite imagery based on
weather datasets, vegetation and water indices
showing the water content of forest stands.
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Climate change all over Europe can be characterized by a substantial warm-
ing trend, but the most significant effect is its impact on the water cycle
through altering precipitation patterns and evapotranspiration processes on
multiple scales. The anticipated changes may induce a higher rate of water
consumption in plants, which could lower the groundwater table; thus, the
regeneration of groundwater-dependent forest communities in these areas
is a significant issue. Forests with high water requirements on the plains
and wetland areas of Hungary are particularly affected.

As to groundwater-dependent forest ecosystems, a good example of
positive water supply interventions is the Kaszé LIFE project, which is
aimed at the improvement of the water supply of the forests, small fens, and
grasslands in the Szentai forest (West Inner-Somogy micro-region). Lake
rehabilitation and log weirs were applied to ensure the restoration of the
degraded habitats.

The objective of this study is an analysis of the hydrological impacts of
water supply interventions on the groundwater level. The main conclusion
is that the construction of the lakes has significantly affected the water
levels in the surrounding wells, but the effects of the log weirs are thus far
undetectable.
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IMPACT OF THE WATER SUPPLY ON FOREST GROUNDWATER
LEVELS: A CASE STUDY IN THE WEST INNER-SOMOGY
MICRO-REGION (HUNGARY)
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ABSTRACT

Climate change all over Europe can be characterized by a substantial warming
trend, but the most significant effect is its impact on the water cycle through
altering patterns and processes on multiple
scales. The anticipated changes may induce a higher rate of water consumption
in plants, which could lower the grounduater tabl, thus the regeneration of
pendent forest in these areas is a significant issue.
Forests with hwgh water requirements and biological production on the plains
and in the wetland areas of Hungary are particularly affected.
As to groundwater-dependent forest ecosystems a good example of positive
water supply interventions is the Kasz6 LIFE project, which is aimed at the
improvement of the water supply of the forests, small fens and grasslands in the
Szentai forest (West . Lak ilitation and log
weirs were applied to ensure the restoration of the degraded habitats.
The objective of this study is an analysis of the hydrological impacts of water
supply interventions on the groundwater level.
The main conclusion is that the construction of the lakes has significantly
affected the water levels in the surrounding wells, but the effects of the log
weirs are thus for undetectable.

STUDY AREA

In the micro-region of Western Inner-Somogy, the average height is ~130-170 m.
The valleys are very flat, and wide north-south valleys developed. The most
common soil in the area is clay-washed brown forest soil (83%) (Dévényi, 2010).
The climate of the area is moderately warm, moderately humid climate type. The
average annual temperature: 9.8-10.2 °C (during the growing season: ~16.5-17
°C). The average annual rainfall is ~750mm, (430-450mm during the summer).
The data and itation) data was collected in
Kasz6puszta using an on-site automatic weather station. The period of the study
covers 4 hydrological years from 1 Oct. 2014 to 30 Sept. 2018 (Dévényi, 2010).
Due to its topographic conditions areas with closed drainage is common. The
drainless areas at the bottom of the valleys are mostly not connected to each
other, small lakes, swampy, marshy areas have been developed, which water
supply s provided only by rainfall. In addition dehydrating effects of climate
change are strongly affecting the forest wetlands (Dévényi, 2010).

The average depth of the groundwater is 2-4 m. Based on data series of more
than 30 yearsthe groundwate leve i fallin (Décuvizi 2014).

* sampling well
* Control well
Log weir
Water courses

° ‘ Reservoirs

Figure 1. Postions of the applied gw wells & iog weirs in the study area.

Table 1. Basic data of the groundwater wells.
[t | Gimeoominoes | Aer— | i | enenion |
R Control Common oak 39 241
EEEE  contol Common oak 63 338
B contol Alder a0 208
DA cContol Alder 53 58 -
BTN samplepoint  Common oak 30 152 Log weir
R sample point Common oak 50 117 Reservoir
BETIE  samplepoint  Common oak 53 170 Log weir
AN  sample point Common oak 7n 130 Reservoir
| 1| Alder 19 79 Log weir
| 0] Alder 2 36 Log weir
[ | Alder ) & Log weir
1§ Alder a7 ) Log weir
.} Alder a9 158 Log weir
|} Alder a9 70 Log weir
AN sample point Alder 55 78 Log weir

Figure 2. Groundwater level of Somogyszob [cm], 30 years tendency.

2 KASzO LTD.

WATER SUPPLY INTERVENTIONS

In the Kasz6 project area, new reservoirs regenerated and log weirs have been
built in July 2015 as part of the KASZO-LIFE project, which serve to reverse the
effects of earlier water regulation work (drainage). In order to take into account,
the effects of the interventions, the control period was considered to be the
hydrological year 2014-2015 and 2015-2016, while the period affected by the
interventions was 2016-2017 and 2017-2018. It has to be noted that a
hydrological year started on Oct. 01 and finished the next calendar year on Sept.
30.

123 log weirs were installed in the bed of 3 intermittent watercourses for 15 km.
The log weirs raise the water level of the watercourses by about 30 cm behind
them during significant rainy periods and afterwards and during the period of
snowmelt.

With the regeneration of the existing and the construction of new lakes, the
water surface increased from 7.13 ha to 16.57 ha, and the water storage capacity
almost doubled. With the renovation of the structures in the old lakes the
operating water-level was 30 cm, in the new lakes the water levels have risen to
110 em - 210 cm.

Figure 3. Reservoirs Kiivolgyi & a newly built log weir.

y @ ()

Figure 4. Before (a) and after (b) the construction of Kiivélgyi lake IV.

METHOD

We performed spatial and temporal differences to examine the effects of the
interventions.

FIRsT STEp: calculating the spatial difference in determining the  difference
between time series of the intervention and control wells.

SECOND sTep: the time difference meant the difference between the spatial
differences of the time series before and after the intervention.

« T

Groundwater Ivl [cm]
[

T
2016 2017 2018

N
Figure 5. The change of the groundwater depth with the
precipitation for groundwater well #9 and #18 (control).

Impact = AH_before - AH_after
25 = -9 - (+16)

REsuLTS

Csapadék [mm)

T T T T
2015 2016 2017 2018
Figure 6. Daily temperature and precipitation time series for the
monitoring period (01.10.2014 - 09.30.2018).

§88

Figure 7. cxpluts of(he twme dlfferences of each sample-control
wells’ pairs (normalized).

Alder’s wells

100

o]
£ ]
§-a0

G -400 -

2015 2018 2017 2018

2015 2016 2017 2018

Control wells

T T
2015 2016 2017 2018

Common oak’s wells

2015 2016 2017 2018

Figure 8. Groundwater time series in the monitoring period
(01.10.2014 - 09.30.2018) for (a) alder group |, (b) alder
group Il, (c): control wells, (d): common oak’s wells.
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Evapotranspiration is an essential part of the hydrological cycle that affects
the humidity/aridity of an area and drought risks; it has an important impact
on the generation of surface runoff. It is an important input for hydrological
water balance models and the management of watersheds and irrigation; it
is also a significant variable representing the character of the local climate.
The potential value of evapotranspiration, which is the maximal amount of
water that could be evaporated from a surface under the climatic conditions
given, is possible to describe by two different concepts, i.e., potential
evapotranspiration and reference evapotranspiration. Although the concept
of reference evapotranspiration was described more than 40 years ago when
the standardized FAO Penman-Monteith methodology was created, it is still
rarely used in our region and is often confused with the concept of potential
evapotranspiration. The key reason why this concept is seldom applied in
hydrology is the requirement for a wide range of input climatological data.

This research is aimed at describing a spatial and temporal pattern
of reference evapotranspiration calculated by the FAO Penman-Monteith
method in the selected climatological stations of Slovakia, describing trends
in this variable and notes the potential impact of these trends in the re-
lated climatological variables to trends in the reference evapotranspiration.
The results show the different trends and spatial distribution of reference
evapotranspiration in Slovakia. The mean monthly values of reference
evapotranspiration on Slovakia’s western and eastern lowlands indicate the
same increasing trends in the summer months, e.g., the mean monthly air
temperature. However different trends in reference evapotranspiration were
identified in the Juhoslovenska kotlina lowland, where they decreased in
the winter months.

Acknowledgement: "This publication is the result of the project imple-
mentation: ,, Scientific support of climate change adaptation in agriculture
and mitigation of soil degradation ” (ITMS2014+ 313011W580) supported
by the Integrated Infrastructure Operational Programme funded by the
ERDE."

Key words: Reference evapotranspiration, FAO Penman-Monteith, evap-
otranspiration
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REFERENCE EVAPOTRANSPIRATION
IN SELECTED STATIONS OF SLOVAKIA

Viera Rattayova, Marcel Garaj, Kamila Hlav¢ova

METHODOLOGY- CALCULATION OF REFERENCE EVAPOTRANSPIRATION

« FAO Penman-Monteith method (P-M) ET, reference evapotranspiration [mm day]

R, net radiation at the crop surface
M m? day*];
900 G soil heat flux density [MJ m? day ),
0.408 x A (Ry — G) + YW * Uy + (eg — eq) T mean daily air temperature at 2 m height [*C];
Tp = u, wind speed at 2 m height [m s1;
A+Y*(140.34%U,) e, saturation vapor pressure [kPal;

e, actual vapor pressure [kPa];

D slope vapor pressure curve [kPa °C];

g psychrometric constant [kPa °C].

Ra extraterrestrial radiation [MJ m-2 d-1];

T Maximum air temperature [°CJ;

* FAO Hargreaves simplified method Trsa MNIMumM air temperature [°C]

ETy = 0.0023(Tyg00 + 17.8)(Trng~ Trie) Ry
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ANALYSES FOR AREA OF SLOVAKIA

« Dataset of meteorological variables from 65
climatological stations in daily time step(mean, minimum
and maximum air temperature, actual vapor pressure,
wind speed, sunset duration)

* Period 1981-2020 — period of 2 climatological normal

* 3 samples of stations with different altitude zones
(thresholds according vertical vegetation zones of
Slovakia); z< 550, z=550-1100, z > 1100

RESULTS

* Seasonal distribution of ET, P-M method
* Comparison of monthly ET, calculated by Penman-
Monteith method and Hargreaves method :
* Pearson correlation coefficient
* Root mean square error
« Evaluation of Hargreaves method accuracy with the

&

g

3

RMSE [mmvmonth]

danvary  March May iy sop Nov

changes of station elevation Nonih
— ete few e —— mess  — tress

ES FOR LOWLANDS OF SLOVAKIA

+ Dataset of meteorological variables from 27 climatological
stations in daily time step (mean, minimum and maximum
air temperature, actual vapor pressure, wind speed,
sunset duration)

* Period 1981-2020

* Missing values of Net Radiation was replaced by values
from satellite-based dataset of Net Radiation from ERAS
Land, calibrated by linear model with measured data

RESULTS

* Seasonal distributions of ET,
P-M method for selected lowlands
« Trend analyses of ETyand related
meteorological variables
by Mann-Kendal and Sen’s slope

Legend
Climatological stations
[ Area of Slovakia
[ selected areas
DEM

Value
- ihigh 29552
-

0 2550 100 N
————] w9200
Kilometers
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REFERENCE EVAPOTRANSPIRATION
IN SELECTED STATIONS OF SLOVAKIA

Viera Rattayova !, Marcel Garaj?, Kamila Hlavcovat!
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INTRODUCTION AND METHODOLOGY 2 | ANALYSES OF ET, FOR AREA OF SLOVAKIA

ANALYSES OF REFFERENCE EVAPOTRANSPIRATION FOR CLIMATOLOGICAI IONS OF

Evapotranspiration is essential part of hydrological cycle, directly affected by climate change, especially SLOVAKIA
by rising air temperatures. Evapotranspiration has an important impact on the amount of surface runoff
and the occurrence of drought. Evapotranspiration is not possible to measure directly, and these values
are not included in the database of the Slovak Hydrometeorological Institute, although the values of

Reference evapotranspiration was
calculated by FAO P-M method for

Stations with altitude <550 m a.s.|

100

evapotranspiration are necessary for many methods for evaluation of drought, which occurrence is “ different samples of stations
increasing. The aim of this research is to specify the spatial and temporal distribution of reference L divided according to altitude. In
evapotranspiration and compare the reference method for ETO calculation FAO Penman-Monteith o the case of the sample with the
method, with the method r by FAO, when ical data are not an available- w highest altitude of stations, the
Hargreaves method. Analyses for the area of Slovakia were realized for 65 climatological stations, where values of ETO are the smallest with
a number of available daily data of sunset duration measurements was more than 20% from a number o vu—— a minimum in February and a
of days from the selected period (Fig.2). Regional analyses for Slovakia lowlands was realized from 7o Stations with alttude 5501100 m 2.1 significant local minimum in Jun.
sample of 27 climatological stations, missing data of Net Radiation in this dataset was replaced by o The course of ETO is slowly
calibrated satellite-based data from Era5 land dataset. © decreasing to October. The course
- smallest altitude is defined by
+ Climatological data in daily step from Slovak ical Institute for two cli i - maximum values in August and
normal (1981-2020) -minil air maximum air mean air © minimum in December, with a
actual vapor pressure, wind speed and sunset duration) - constant increase of ETO from
& Stations with altitude >1100 m a.5. January. The median values of ETO
« Satellite-based dataset of Solar Net Radiation from ERAS Land (Copernicus): 1981-2020 o are significantly higher than in the
5 other samples, with small variance
METHODS FOR CALCULATION OF REFERENCE EVAPOTRANSPIRATION ETO © of values (Fig.1) .
ET, reference evapotranspiration [mm day] I3
+ FAO Penman-Monteith method (P-M) R, net radiation at the crop surface v
[MJ m2 day];
0408 + 8+ (Ry —6) + Y 302073 w1ty + (e; — eg) ©s0il heat flux density (M) m? day]; Fo Aor s ot Dec
0 = T mean daily air temperature at 2 m height Fi 7, values from p-M f
A+ Y+ (1+034xUy) e
u, wind speed at 2 m height m s7]; COMPARISON OF METHODS FOR ET, CALCULATION
- e, saturation vapor pressure [kPa]; Two methods for calculating ETO were compared by Pearson correlation coefficient (CC), and root mean
*  FAO Hergreaves simplified method e, actual vapor pressure [kPal; square error (RMSE) to evaluate the accuracy of Hargreaves method on the area of Slovakia. Altitude of
D slope vapor pressure curve [kPa °C1]; stations was i in analyses for ination of changes in accuracy with changes in elevation. The
ETy =0.0023(T 000 + 17.8)T oy = Trin) Ry g psychrometric constant [kPa °C1]. accuracy of Hergreaves method, according Pearson CC is better in monthly time step then in daily time step
R, extraterrestrial radiation [MJ m2 d'1]; from FAO methodology (Fig.3). Evaluation of RMSE for samples of stations in different elevation shown that
T 1y Maximum air ecl; method better estimate ETO values in stations in higher altitude(Fig. 5-6).

Tonin Minimum air temperature [°C]

L

Graphs of the seasonal distribution of RMSE

were created for all samples. The most
interesting finding in the seasonal distribution
of RMSE is in the case of the highest elevation
/ H situated climatological station of Slovakia -
I

8

Lomnicky Stit (2634 m a.s..), where RMSE

Number of stations

m— dayly CC
‘ ‘ ‘ i ‘ = monthly_CC

Pearson CCH]
| —
I e

3888ELREEEEER

ploy —  w——
11850 E—

| | | | I | 0 between P-M and Hargreaves method have
0o NVEONOBOISON T © NOOOCrNIVOONDONO =0T ® e OO NTND WD different course then a course of RMSE in
BEEECECECRRERE §82EREEEEEEE080ERE33480 GEEEREREE 0 T TP other stations with local minimum in summer
*';';'"**"" "”a;m&.’;"l""”‘ T TrTTTEEEE oz months and maximum in winter (Fig.4).

in selected years included to analyses

— o6 1930 11931 —— 11983 —— 11958 o 140
- B 120 | Mem® y=102.56e 160
o0 Altitude 51100 mas| /\ =5 Weosss £ (I R7=06311
£ / EN g
H 3 g
- e & < w0
i ) o £ fw
E e 5
g ] g w0
2 " ®1 Z 20
@ N o
0 500 1000 1500 2000 2500 3000 o 500 1000 A, 2000 2500 3000
Month Altitude
Fig.4: f €T, Fig.5: ly f Fig.6: Li i RMSE itude of stations

for stations in Altitude>1100mnm

ES OF ET, FO NDS OF SLOVAKIA

Legend fro Juhoslovensia |
£ nitina lowland |
*_ Climatological stations =
[ Area of Slovakia 3™
] Selected areas foo
DEM
value i
Vi 2854
02550 100 ~ W E ©
o ) T s o o s o4 o
Kilometers . [T T Slovak lowtands
Fig.7: Map of selected stations o:8: Coursesof * vaklowlands
For the calculation of ETO of Slovakia’s lowlands, the list of 27 Results of spatial and seasonal distribution of monthly values of P-M ETO showed
climatological stations (Fig.7) was divided into three groups based on  similar course of ETO for all Slovakia’s lowlands, with highest median ofa monthly
the lowland geomorphological units of Slovakia. A) Podunajskd & mean for stations in Vychodoslovenska nizina Lowland and the smallest median of
Z&horska niina lowlands — western part B) Juhoslovenska kotlina monthly mean for stations in Juhoslovenska kotlina lowland (Fig.8). The results of
lowland - central part and C) Vychodoslovenské niZina lowland — trend analyses of ETO and related variables (Mann-Kendal test of trends) shown, L - - - -
eastern part. For the filling of gaps in measured data of sunset duration, that increasing trend of ETO in summer months is probably caused by increasing Fip.9¢ Trends in ET, and reluted climatologieal varlables (=005}
necessary for the calculation of Net radiation, the ERAS Land dataset ~ trends of mean in the case of Wy Zahorska and Acknowledgement: "This publication is the result of the
was used. The values of reanalyzed remote sensing data were calibrated Podunajska nizina lowland (Fig.9). However, in the case of Juhoslovenska kotlina project implementation: ,, Scientific support of climate
by a simple linear model with net radiation derived from measured lowland, decreasing trends of ETO was detected. In the winter months, although change adaptation in agriculture and mitigation of soil
data, with a Pearson correlation coefficient 0.69 - moderate correlation. the trends of mean temperature in the summer months are equally increasing. degradation ” (ITMS2014+ 313011W580) supported by
The missing values of the calculated time series were replaced with Analyses of other related meteorological variables (minimum and maximum air the 0 i
data from these calibrated ERAS land Net Radiation dataset. temperature, precipitation) didn’t bring any reasoning of this result. funded by the ERDF."
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Pronounced diurnal discharge fluctuations are observed at the Rosalia hy-
drological research watershed (Austria) during precipitation-free days from
spring until autumn. The daily discharge amplitudes can be about 30 % of
the daily mean discharge and are mostly driven by transpiration. A tran-
spiration rate of 1 mm/h for an area of 27 ha (the Rosalia sub-catchment)
would result in a water flux of 75 I/s, which is a multiple of the amplitudes
observed. Thus, we can hypothesize that only root water uptake in the close
vicinity of the various creeks generates these fluctuations.

This study identifies the riparian root system contributing to such dis-
charge fluctuations by analyzing the underlying processes with a HYDRUS
2D model, which has been set up for a characteristic hillslope of a sub-
catchment in the Rosalia watershed.

In our assessment of how the riparian vegetation influences the discharge
process, different root distribution scenarios were simulated by a stepwise
removal of the roots along the creek in the model. The results show that
the root water uptake of plants within a distance of 2 m from the stream
primarily causes the diurnal discharge fluctuations observed.



Atrticle ID: P18 126

HyWa®

Institute of
Hydralogy and
Water Management

Evapotranspiration generates diurnal discharge
fluctuations in forested micro-watersheds
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Background

At the hydrological research catchment Rosalia®,
strong diurnal  discharge fluctuations are
observed. we e

Process is governed by
seasonal effects and is
driven by
evapotranspiration  with
transpiration as dominant
process.

A transpiration rate of
. il ! 1. 5 1mm/h for an area of
il Moo 27ha (e.g. Catchment
W Q2) would result in a
water flux of 75 Is.

RS NSV

Thus, we hypothesize
that only root water
uptake in the close
vicinity of the various
creeks generate these

* In precipitation-free periods

= Amplitudes > 30 % of daily mean discharge
max. Q in the morning (~ 06:00 a.m.)

Min. Q in the afternoon ( ~ 15:00 p.m.)

24112022 HydroCarpath 2022
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Model set up & Methodology

> AHYDRUS? 2D model was set up for a characteristic slope transect in the headwaters of the catchment Q2.

Parameters: @
« textural soil analyses (42/45/13-SSC)® (1 soil sample) 20,000
* (i) HYPROP-2¢ automated measurement device (9 soil
samples.
* The parameters defining the root water uptake of beech 15,000
trees are from literature”
5 =
! Q250 20 E
Q2s0_40
a } 10000 Q2s1_10 10,000
Q2s1.20
Q2s1_40
1000 _| 252710
= §| a2
g 100 8| esonacsn ——Atmospheric Boundary condi-
L & | i o oot 5,000 tions
SN £ | B ;
N o | sscus —No Flux
Ve parameters ——Constant Head (equil.)
\ Max. parameters
. o s oo vin.parametrs
0 5 10 15 20 25 30 35
water content [%)] [m)
24112022 HydroCarpath 2022
Results
The simulated boundary flux show similar temporal fluctuations and also a :
comparable  magnitude with the observed fluctuations. The simulated root i
i
distribution scenarios reveal that diurnal fluctuations of the boundary flux (BF) are |
only present when roots are defined within 2 m from the creek. I P
H
1, 1,00 i
—— Discharge i
Initial Boun- |
0, .75 dary Flux (BF) s
—— BF - Scenario B
'\A h 1(1m) p! -
) w© o - Seenario R e
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|
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Conclusion

The results of this analysis show that the root water uptake and therefore the corresponding
transpiration of plants within the vicinity (< 2 m) of the creek are the dominant processes
leading to diurnal discharge fluctuations in the forested micro-watershed Rosalia. Thus we
could determine that only a very small portion of the catchment Q2 transpiration contributes
to the generation of discharge fluctuations.
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Background i) Observed data

At the hydrological research catchment Rosalia', strong diurnal discharge fluctuations are
observed. These fluctuations occur only during precipitation-free periods, and the
associated amplitudes can be greater than 30 % of the daily mean discharge. The
observed fluctuations show a dominant diurnal pattern with maximum discharge in the
morning and minimum discharge in the afternoon.

= N [T These characteristics would indicate that
processes causing diurnal discharge fluctuations
are governed by seasonal effects and are driven
Logend by evapotranspiration with transpiration as the
F Solwaistomices dominant process?. A transpiration rate of 1 mm/h
for an area of 27 ha (e.g. Catchment Q2) would
result in a water flux of 75 I/s, which is a multiple
of the observed amplitudes. Thus, we
hypothesize that only root water uptake in the
close vicinity of the various creeks generate these
fluctuations.

Model set up & Methodology

A HYDRUS® 2D model was set up for a
characteristic slope transect in the headwaters of
the catchment Q2. The soil hydraulic parameters
(van Genuchten*) have been derived (i) based
on the textural soil analyses (42/45/13-SSC)® and .
(i) using the HYPROP-2¢ automated o
measurement device for 9 soil samples. Based

ii) Soil transect iii) Soil water retention curves
5

25020
Qs0_40
Q25110

troam reprosentation
@s1.20
Q25140
1000 @s2.10

PR

WlhPalem]

Min. parameters

on the derived parameters, three represenative | S
parameter sets capturing the variability of the soil —mesprc Scundary candions water content (%]

. ; h — o
properties have been estimated using a curve — Consant Hood (el 00497 03083 00081 15424 03516
- - 0 00587 04101 00066 16092 03786
fitting approach. The parameters defining the root 0 s 0 65 o® W % odof2 05214 00077 1se2t 03064

01709 05857 00083 16718 0.4019

water uptake of beech trees are from literature?.

Results iv) Simulated boundary flux & discharge V) Root disti scenarios
The simulated boundary flux fluctuations show a - SSC (4245/13 soll ycrauic paramelers :
similar temporal signal and also a comparable
magnitude with the observed fluctuations for all
simulation  periods. The simulated root
distribution  scenarios reveal that diurnal
fluctuations of the boundary flux (BF) are only
present when roots are defined within 2m from
the creek. Four different soil hydraulic parameter 00
sets have been used for the simulation to
account for the soil heterogeneity. The results
show that fluctuations are present independently
of the applied parameter sets. However, the “ox .
magnitude of the boundary flux fluctuations ~*°7" T e owme memmo e s

Boundary Flux [I/s]
°

—Discharge —Inital Boundary Flux (BF) 8F - Scenario 1 (1m)
changes 8 - Scenario 2 (2m) 8 - Scenario 3 (3m) oF-Scenariodlem) | |
) BF -Scenario 5 (5m) BF - Scenario 6 (6m) 8F - Scenario 8 (8m) P ) P R
B - Scenario 7 (7m)
vi) Mean simulated amplitudes
u SsC ez :
prasisand Conclusion

= wea

The results of this analysis show that the root water uptake and therefore the
corresponding transpiration of plants within the vicinity (< 2 m) of the creek are the
dominant processes leading to diurnal discharge fluctuations in the forested micro-
watershed Rosalia. Thus we could determine that only a very small portion of the
catchment Q2 transpiration contributes to the generation of discharge fluctuations.
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! University of Sopron, Geomatics and Civil Engineering, Hydrology, Hungary
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3 Budapest University of Technology and Economics, Budapest, Hungary

Forest groundwater uptake is an important topic especially in the context of
climate change as drought periods become more severe. The categorizations
of forest site survey categorization in Hungary does not take into account
groundwater under 2.2 meters as a surplus water resource, but research
results related to the topic show significant groundwater uptake of trees
from a much deeper water table. Diurnal methods are the most classical
way to quantify groundwater consumption of ecosystems.

Hardwood forests were historically typical alongside the River Tisza in
the Great Hungarian Plain. These ecosystems were supplied by the rivers,
directly or indirectly, but today these forests have mostly disappeared be-
cause of deforestation. A typical representative of the rest of this ecosystem
is a salt steppic oak forest in Ohat, on the edge of Hortobdgy. Maps from the
18. century prove, that this area was continuously covered by forests before
the great levee-building and water-regulation of Hungary, which drained
the significant part of the Hungarian Great Plain. The hydrological year
of 2021-2022 is particularly interesting in terms of water uptake analysis
because of its extreme dryness and heat.

A groundwater well was settled on 28 May 2021, and on 22 June
2021, a vented pressure transducer was installed to monitor the water table.
The water table time series shows strong diurnal groundwater fluctuations,
which we used for the groundwater uptake by the oak forest. Within the
frame of this research, the groundwater transpiration of this oak stand was
analyzed in relation to its environmental parameters.

This research was supported by the NRDI Fund FK 20 Grant Project
134547 and the TKP2021-NKTA- 43 project at the University of Sopron.
The TKP2021-NKTA-43 project has been implemented with support pro-
vided by the Ministry of Innovation and Technology of Hungary (successor:
Ministry of Culture and Innovation of Hungary) from the National Re-
search, Development and Innovation Fund, which is financed under the
TKP2021-NKTA funding scheme.
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Use of the groundwater of a salt steppic oak forest in Ohat, Hungary in relation to environmental parameters

ZSOMBOR KELE?, CSABA LASZLO KISS?, ZOLTAN GRIBOVSZKI®, ZSOLT PINKEZ, TAMAS ACS?, ZSOLT KOZMA?, PETER KALICZ*
* University of Sopron, Geomatics and Civil Engineering, Sopron, Hungary, 2 Edtvdss Lorand University, Budapest, Hungary, * Budapest University of Technology and Economics, Budapest, Hungary

The categorizations of forest site survey categorization in Hungary does not
take into account groundwater under 2.2 meters as a surplus water resource,
but research results related to the topic show significant groundwater uptake
of trees from a much deeper water table.

These ecosystems were supplied by the rivers, directly or indirectly, but today
these forests have mostly di because of ion. A typical
representative of the rest of this ecosystem is a salt steppic oak forest in Ohat,
on the edge of Hortobagy in Great Hungarian Plain.

The hydrological year of 2021-2022 is particularly interesting in terms of water
uptake analysis because of its extreme dryness and heat.

A groundwater well was settled in 2021, a vented pressure transducer was
installed to monitor the water table. The water table time series shows strong
diurnal groundwater fluctuations, which we used for the groundwater uptake
by the oak forest. Within the frame of this research the groundwater
transpiration of this oak stand was analyzed in relation to its’ environmental
parameters.
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2 Kiskunsagi Vizikozmii Szolgaltaté Ltd.; Kalocsa, Hungary

Data sets of groundwater monitoring wells suitable for characterising the
Gemenc and surrounding Danube valley areas were collected. Basic anal-
yses were carried out in order to reveal their relationships with the water
flow of the Danube River. The results were compared with the position of
groundwater wells, their distance from the Danube, and possible differences
in their soil stratification.

In the course of the research, the water level data of the groundwater
monitoring wells installed during the GEF project were mainly processed.
Of the 13 wells, only 2 wells have recently had data recording instruments,
so taking into account the water level of the Danube, manual observation
of the wells every two weeks was carried out, and an additional recording
instrument was installed.

Based on the available and suitable old and newly collected datasets,
part of the area was chosen, and a numerical (computerized) groundwater
model (in MODFLOW) was built. During the modeling the various extreme
water level ranges of the Danube (persistently extreme low and high water)
were taken into consideration, and the effect on the groundwater levels of
the floodplain was studied.
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Groundwater level in Gemenc
at the mean Danube waterlevels
86,47 m asl

Groundwater level in Gemenc
at a Danube waterlevel half a
meter lower than the ever-
observed minimum

82,18 masl

636000 638000 640000

Thank you for the attention!
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Preliminary assessment of the groundwater regime in the Gemenc
Region of the Danube Drava National Park (Hungary)

The aim of this research was to investigate the groundwater balance of the Gemenc floodplain forest, with special regard to the impact
of the Danube on groundwater.

The basis of the study was the groundwater level time series provided by the Danube Drava National Park, the Lower Danube Valley
Water Directorate and the Central Transdanubian Water Directorate, the drilling sections of the wells, precipitation data and the time series of
the Danube water level. Furthermore, from August 2022 to early November 2022, manual detection in most wells was done during field trips,
and a DATAQUA water level meter was installed in the G25 well.

On the data measured and recorded in the groundwater wells, the data on the Danube water level and the rainfall data measured in Baja,
| a comparative study was carried out for the same period, from which we concluded that it decreases simultaneously and at the same rate as
the water level of the Danube.

We then examined the groundwater balance of the area using a hydrodynamic model, for which the MODFLOW module of the
Processing Modflow 5.3 modeling software was used.

In the first round, a rectangular model area was delimited with a side length of 9 km and a side height of 16 km, the orientation of which is
north-south. The model consists of cells with a scale of 50 x 50 meters. I constructed the surface of the model and layer boundaries using
Surfer software. Based on the drilling layer rows, two model layers were singled out. The first layer of the model mainly represents fine-
grained, clayey aleurite and fine-grained sand aleurite, while in the second layer, in addition to those mentioned above, small and medium-
grained sand represents formations with a geological structure.

‘The model was successfully run, the groundwater level potentials estimated on the basis of the model approximate the values measured in the
wells when the water level of the Danube below medium high water (89.00 m B.f.). The difference of more than 2 meters between the
modeled and measured values in the large water can be justified by the fact that the Danube completely floods the floodplain forest area at a
water level of 92.68 m B.f. In such a case, groundwater level detection and recording instruments are removed from the wells to protect them.

According to the model variants for different water levels, for water levels lower than the medium high water used in my thesis, the
model can be a good estimate of the groundwater levels in the studied area.
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Among the model runs, we also examined a water level half a meter Ig
Danube recorded so far, which, if it oceurs, will most likely lead to a decre
also in the frequency of flooding and the extent of wetlands, which
difficult for living creatures, thus completely transforming the Gemenc
In order to preserve the species of the countless protected
reconstruction of wetlands is essential. Native plants can still be fo
in time, the of floodplain plant
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Budapest, Hungary

3 Institute of Geomatics and Civil Engineering, Faculty of Forestry, University of Sopron,
Bajcsy-Zsilinszky u. 4., 9400 Sopron, Hungary.

As aresult of climate change, decreases in the water supply have become
a global issue. Due to its positive effects on the local microclimate, forest
vegetation could be used as a tool to mitigate this phenomenon. However,
the hydrological impact of lowland forests is still a subject of debate. Forest
stands on the Great Hungarian Plain need supplementary water, which is
usually provided by the groundwater. In order to evaluate the water supply
at a forested and a connected control monitoring point, periods without
precipitation were selected from a long-term data set, and the night-time
groundwater dynamics was used according to the White method. The results
showed significant differences between the types of vegetation studied.
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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Groundwater supply

« Crucial factor in forest management on the Great
Hungarian Plain

« Study site: GW data from 2 monitoring wells (pasture
and Oak forest)

* Rainless days were selected (from 2015.07.27. until
2020.06.28.) in dormant and vegetative periods.

* GW supply was evaluated based on the night-time
increase of GW (White-method)

« Average GW level and difference in average GW level
(forest minus control) were used as independent
variables.
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Results & Conclusions

* GW supply has a GW depths dependence
under control in the dormant period

* There is no such observable trend in
vegetative period

* GW supply is always greater but the
spread of the values is bigger in case of
forest.
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Differences in groundwater supply between forest and agricultural land cover in Great Hungarian Plain
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Materials and methods

The study site is located on the Great Hungarian Plain at Piispokladany (Fig. 1.) consist of two
monitoring points: The Oak (Quercus robur) forest (47°20°029.48” N, 21°50°42.16” E) and the
adjacent pasture as control (47°20°026.29”N, 21°50'37.46” E) The area is flat there is
insignificant difference in height between the monitoring points. The mean annual precipitation
in the area is 520-560 mm/year. The groundwater level (GWL) was measured by a DA-LUB 222-
type instrument (Dataqua Ltd.) in every 15 minutes (Fig.2.).
Dry periods (when the sum of precipitation were less than 3 mm in every consecutive three
days) were selected from the-long term data sets (from 2015.07.27. to 2020.06.28.) With this
method 37 and 23 periods were selected in the vegetative period and dormant period
respectively.

The average groundwater supply were evaluated by the White-method: 24r*Sy, where: Sy is the
specific yield depends on the given soil (dimensionless) and r is the increase of groundwater
table (mm).

Connection between the average GWL and difference in average GWL (forest minus control) as
independent variables and the evaluated groundwater supply was analysed by linear regression
separately. The number of cases is less when difference in GWL was used (30 and 12 in the

Budapest, Hungary
, Bajcsy-Zsilinszky u. 4., 9400 Sopron, Hungary.

—O0ak —Control

Fig. 1: The location of the Fig. 2: Groundwater level data from the whole

vegetative period and dormant period respectively), due to the occasional lack of data at the monitoring points observed period
control point. Outliers were excluded.
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Results and Conclusions:

*  GW supply is always greater but the spread of point is bigger in case of forest. (Fig.3., Fig.4.)

* GW supply hasa GW depths dependence under control in the dormant period (Fig. 3.)

* Thereis no such observable trend in vegetative period (Fig. 4.), and the GW supply is under the forest is much greater.
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Forests in valleys are oftentimes strictly protected; thus, understanding the
changes in their water balance when considering climate change is crucial
for their survival. This especially applies to the vegetation of riparian zones,
which strongly depends on hydrological factors.

The hydrology of a riparian alder forest at the outlet of an experimental
catchment in the eastern foothills of the Alps (in Hungary) was studied. The
meteorological parameters were measured in an open-air plot next to the
ecosystems examined. An analysis of the groundwater level dynamics was
accomplished using newly installed groundwater wells. The precipitation-
groundwater relationship was examined in a complex way. The magnitude
of the groundwater recharge from below as well as the temporal and spa-
tial dynamics of the groundwater were evaluated. The vegetation’s use
of groundwater in the context of the environmental parameters was also
analyzed using high frequency groundwater level measurements.

Based on the results, it can be stated that the groundwater uptake of the
alder forest is significant in dry periods; consequently, the riparian forests
will have increased water demands in the future due to the changing climate.

Acknowledgement: This article was made in the frame of the TKP2021-
NKTA-43 project, 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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six wells in the alder dominated forest ecosystem (depth ~ 1-2 m)

one well in the border of the forest stand and the meadow

groundwater level is manually measured on average weekly

well 4+ both manually and automatically measured

climatic parameters: nearby meteorological station (precipitation, air temperature and relative humidity)

sub-alpine climate: average annual temperature of 9.2 °C
annual precipitation of 750 mm
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Method

PET after HAMON method (1963): PET =298 XD X

e
T +273,2
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where D: length of the day; e: saturation vapor pressure; T: average daily air temperature.

from (ET_GW) after WHITE method (1932):
ET_GW = (24 xr+s) xSy

Where Sy Specific yield of the soil (as the ratio of the volume of water that saturated soil yields by gravity to); r
is the average difference in water level in the period between 0 and 4 hours (mm/hour); s is the change in
groundwater storage.
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This study was made in the frame of the TKP2021-NKTA-43 project, 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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Forests in valleys are oftentimes strictly protected; thus, understanding the changes in their water balance
when considering climate change is crucial for their survival. This especially applies to the vegetation of riparian
zones, which strongly depend on hydrological factors.

The hydrology of a riparian alder forest at the outlet of an experimental catchment in the eastern foothills of
the Alps (in Hungary) was studied. The meteorological parameters were measured in an open-air plot next to
the ecosystems examined. An analysis of the groundwater level dynamics was accomplished using newly
installed wells. The was examined in a complex way. The
magnitude of the groundwater recharge from below as well as the temporal and spatial dynamics of the
groundwater were evaluated. The 's use of in the context of

was also analyzed using high frequency groundwater level measurements.
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Figure 1. Location of the research area,

Seven monitoring points are in this area, i.e., six wells in the alder dominated forest ecosystem and one well in
the border of the forest stand and the meadow. The groundwater level is measured manually on average
weekly and in well 4+, groundwater level is recorded both manually and automatically. The climatic parameters
such as the precipitation, air temperature and relative humidity are continuously recorded at a nearby
meteorological station. Temperature and relative humidity are also recorded in the alder research plot too.

The area enjoys sub-alpine climate with an average annual temperature of 9.2 °C and annual precipitation of
750 mm. Tertiary fluvial sediments (mostly of sandy type) were deposited in the area. The depth of the
groundwater monitoring system is 1-2 m.

The population of the sample area was also recorded to
determine the dominant common alder (Alnus glutinosa)
and the characteristic species appearing next to it, which
are the following: Wych elm (Ulmus glabra) in the upper
canopy level; at bush level: hazelnut (Corylus avellana),
dog-berry (Cornus sanguinea); and in the understory
level: hedge nettle (Stachys sylvatica), ground elder
(Aegopodium  podagraria) and yellow ~ archangel
(Galeobdolon luteum) were the most common.

Alder LAI 7 m/m?
Height of dominant trees 22,2 m
Breast height diameter __18-20 cm

Figure 2. Research site.

Figure 3. Groundwater dynamics in a week.

The study mainly discusses the analysis of potential evapotranspiration (PET) and groundwater level. Potential
evapotranspiration is a theoretical type of evaporation, which is the combined rate of soil and vegetation
evaporation in the event that moisture s continuously available without limits, so its magnitude is limited only
by the available energy (THORNTHWAITE 1948).

PET after HAMON method (1963):

e
PET =298X D X

T+2732
where D: length of the day; e: saturation vapor pressure; T: average daily air temperature.
Evapotransiration from groundwater (ET_GW) after WHITE method (1932):

ET_GW = (24 X7 +5) X Sy

Where Sy Specific yield of the soil (as the ratio of the volume of water that saturated soil yields by gravity to); r
is the average difference in water level in the period between 0 and 4 hours (mm/hour); s is the change in
groundwater storage.

HAMON, W.R. (1963): Computation of Direct Runoff Amounts from Storm Rainfall. International Association of
Scientific Hydrology Publication 63, 52-62.

THORNTHWAITE C\W. (1948): An Approach Toward a Rational Classification of Climate. Geographical Review 38,
55-94. https://doi.org/10.2307/210739

WHITE WN. (1932): Method of estimating groundwater supplies based on discharge by plantsand evaporation
from soil results of investigation in Escalante Valley, Utah. US. Geological Survey, Water Supply Paper 659
A:1-105.
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Figure 4. Groundwater-level time series of the Well 4+.
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Figure 5. (red line) and of the Well 4+ (green column)
during the growing season in 2021.
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Figure 6. Connection between the daily groundwater evapotranspiration of the Well 4+ and the
potential evapotranspiration.
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Figure 7. Connection between the level and the of the Well 4+,

Based on the results, it can be stated that the groundwater uptake of the alder forest is significant in dry
periods; consequently, the riparian forests will have increased water demands in the future due to the
changing climate. A tree growth study was started near the wells with different ground water levels, which will
enable a related study of the relationship in the future.

Acknowledgement: This article was made in the frame of the TKP2021-NKTA-43 project, 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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The Thaya is a trans-national river that is shared between the Czech Repub-
lic and Austria. Multiple water uses and the combined effect of increased
water demand and droughts (particularly in 2017 and 2018) have recently
resulted in the reconsideration of the water management strategies of the
Thaya basin for the climate of the present and future. The aim of this
study is to examine the effect of climate change on the water balance of
the Thaya, both in the past and in the future. The focus is on identifying
the availability of water under various scenarios and how the availability of
water may change for future climate scenarios. The evaluation is based on
a modelling concept, which includes two hydrological models (the BILAN
and TUWmodel), the WATERRES water use module, and a large sample
of climate projections (the CMIP5 and CMIP6 models), which represent
various socioeconomic pathways combined with projections of possible
changes in water use. The results provide an insight into how the water
balance in different parts of the Thaya basin has changed in the past and
what are the possible effects of climate change on these water resources in
the future.
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Abstract e

The Thaya is a trans-national river that is shared between the Czech Republic and Austria. Multiple water
uses and the combined effect of increased water demand and droughts (particularly in 2017 and 2018)
have recently resulted in the of the water strategies of the Thaya basin
under the present and future climates. The aim of this study is to examine the effect of climate change on
the water balance of the Thaya, both in the past and in the future. The focus is on identifying the
availability of water under various scenarios and how the availability of water may change for future
climate scenarios. The evaluation is based on a modelling concept, which includes two hydrologic models
(BILAN and TUWmodel), the WATERRES water use module and a large sample of climate projections
(the CMIP5 and CMIP6 models), which represent various socioeconomic pathways combined with
projections of possible changes in water use. The results provide an insight into how the water balance in
different parts of the Thaya basin has changed in the past and what are the possible effects of climate
change on these water resources in the future.performance.

Topography and river network of the Thaya basin and location of discharge gauges.
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Climate change, global warming, and the greenhouse effect originate from
both anthropogenic and natural factors, but human activity strengthens
these phenomena. These global changes affect forest communities, either
their structural composition or the variability of species in the biocenosis.
Modifications in the climate and atmosphere disrupt the balance of the
interrelationships of individual components and the existence of direct
and feedback links in forest ecosystems. Increasing the concentration of
CO2 and the average temperature, changes in the amount and distribution
of precipitation and subsequent changes in the water balance, increasing
UV-B radiation and changes in the frequency and intensity of extreme
climatic events directly as well as indirectly affect the composition of forest
ecosystems.

Changes in bioclimatic conditions have resulted in the rebirth of forest
communities along the Danube River. Due to the urbanization of PetrZalka,
which is a neighborhood in Bratislava, Slovakia, the forest habitats of some
floodplain forests have been divided into smaller areas. This phenomenon
has led to changes in the light and thermal conditions in various floodplain
communities. Another change in conditions occurred during the construc-
tion of the Gabcikovo waterworks in 1977, which disrupted the water regime
of the surrounding floodplain forests. It must be realized that floodplain
communities are ecotypes whose tolerance of optimal limits corresponds
to local conditions. The regulation of natural conditions can change the
optimal tolerance limits of species, thereby reducing the intensity of the
vital activity of the species that are typical of floodplain forests.

Keywords: forest variability, forest morphology, forest fragmentation
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* We examined
phytocenological
records from 1990 to
2020 from the annual
reports of Gabcikovo
Nagymaros, from the
biomonitoring, and from
own field records.

We compared data with
historical data from
phytocenological
records from Gabcikovo
and biomonitoring. After
that, we formulated a
hypothesis based on
which we found that
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ABSTRACT

Climate change, global warming, and the greenhouse effect originate from both anthropogenic and natural factors, but human activity strengthens these phenomena. These global changes

affect forest :ommun es, either their structural composition or the variability of spe

s in the biocenosis. Modrf‘catlons in the climate and atmosphere disrupt the balance of the
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! To determine the changes in forest morphology

and forest composition, we used a methodical
procedure that is based on comparing field data
from several time horizons (using a time series of
entries). During the selection of monitoring areas,
the first step was the survey of the interest area
to determine the selection of reference areas. For
the survey of the territory, we used various map
materials. The thesis examined phytocenological
records from 1990 to 2020 from the annual
reports of Gabtikovo Nagymaros, from the
biomonitoring site and own field records. To
preserve the homogeneity of the collected data,
we also made phytocenological records in the
field at the end of October 2020. We selected
thirteen reference areas based on detailed
analyzes to correspond to different forest
conditions. For the year 2010, data from annual
reports were used, where 6 reference sections
are monitored, and phytocenological records
from biomonitoring, of which there were 6 in
particular. For the year 2000, we used data only
from reference points from Gabtikovo. These
reference areas are along the Slovak section of
the Danube in a natural environment, and some
of the sections belong to the area with controlled
flooding. With the help of these entries, we

The individual monitored areas had different manifestations, which can be attributed to the different locations of the individual
locations. In 2000, we already noted considerable changes in the values of the ecological indices for light, moisture, and soil nitrogen.
The absence of floods and the change in the average annual temperature caused a violation of the ecological limits of floodpl
average values of the coverage of individual plant floors can be seen in table 1. The average values of the coverage of individual plant
floors can be seen in (Tab. 2).

2000 %
0

7.2 Th veroge ecetape vl of ln o coverage o the yeor 000

In 2010, because of high rainfall totals, regeneration of the tree floor occurred, specifically the assimilation organs. In some locations,
forest management and planting of Canadian poplar monocultures have begun. Therefore, this year there is a meaningful increase in
the coverage of the shrub laer since the monocultures have not yet reached a height of 5 m. (Tab. 3) shows us the percentage
changes in coverage compared to the year 2000. In several localities, cutting down of willows and ash trees in the marginal part of the
plots was recorded. Physiognomically, the composition of the shrub layer has not changed except for the abundant number of
Canadian poplar saplings. In locations where flooding did not occur, there was a trend of strengthening the coverage of the plant layer,
especially in shady locations where herbaceous species had a lower coverage. From the point of view of species composition, changes
were recorded only in the herbaceous layer (decrease in the number of species), but the high values of stand similarity compared to
the previous year show stabilization of the layer. The lower coverage of the herb layer and the reduction of a few nitrophilous species
were caused by the spring flood. Nitrophilic species were again dominant, but some grasses were also prominent in the summer,
although the dominant species was nettle (Urtica dioica).

evaluated the average coverage of individual 2010 =

iz floors in the reference sections of the Pannonian w
Matldng of monitoring afeas floodplain forests for the years 2000, 2010 and o
w2020 2020. Which helped us create a real picture of the w
@ monitoring areas (Gabikovo, 2000) change in forest morphology and forest o
@ monitoring areas (biomanitoring, 2010} composition. °

i 1. tocatonofthe montring res M

Unlike in Petrzalka, 13 areas (with an area of 15xd5m) in an urbanized [ e || e - B i B
environment are being investigated, which are cut off from surface water (— o
fluctuations. In the article, a typical phytocenological record from Velky o Th g g b of e g fr e pr 200
Zemnik is attached, which describes information about the .
of the vegetation, and the coverage of individual floors. This information is . On the monitoring area Velky Zemnik 2/2, a detailed phytocenological recording of the herbaceous, shrub, and tree layer was made at
important in the synthesis or diagnosis of typological units. - the end of September 2020. By comparing data with data from phytocenological records from Gabeikovo and biomonitoring, we
Phytocenological record from Velky Zemnik, describes information about - D formulated a hypothesis based on which we found that changes in the structure of floodplain forests influence changes in ecological
the characteristicsof the vegetaion, an th coverage of individual foors. - limits and the absence offloods, The change nthe dendrolcg\cal composition and morphology of the floodplain fores, which i near
When analyzing ), we describe the the Petrzalka, precisely confirms the forest stands, which caused
(subject of investigation) according to certain features, - a change in the light and microclimatic conditions of the forests. Yhese changes can be seen in (Tab. 2) After evaluating the forms, we.
resulting in a phytocenological record. The following are > found that these changes caused the transformation of floodplain habitats into the forest edge ecotone. After averaging the coverage
usually  evaluated: floristic  composition (species. set), _abundance - of the monitoring areas located in the urban environment of Petralka, we can perceive a high percentage value of the shrub floor.
(abundance), coverage (dominance), or sociability and vertical structure - Ideally, this value would be low, and shrubs would be found only on the edges of floodplain habitats. Another fact that confirms our
(storied). This information is important in the synthesis or diagnosis of 2 o) hypothesis about changes in ecological conditions s that Acer campestre is abundant in the given area in all floors, as well as other
typological units (Krizovs, 2012). The inventory area had an area of 678m2 - B xerothermic species. The absence of floods and the drying of floodplain forest soils may cause this change in the species composition.
and was targeted using the Nautiz X6 GPS receiver and the MAPUJ Several annual reports from GabEikovo mentioned that the presence of invasive species is reduced in the reference sections that were
program, which enabled us to edit the attributes of individual reference [w ‘ flooded and the regeneration of the habitat occurs. 2020 =
areas and points directly in the field. According to map analyses, we £ w0
determined the coordinates of the reference area; they were corrected in ”
the field because of the dense canopy of vegetation. The first step was to - o
mark out the site directly in the MAPUJ application. This was followed by _ .“
recording the GPS location of individual trees. The accuracy of the device + — 0
ranged from 1.5m to 3.4m. In the selected area, we evaluated 21 trees in a . o
dense canopy and approximately 9 pieces of scrub. Inaccuracies could have »
arisen because of an incorrect of the pe L PR — ‘ G} a a )
the ocular method or by different mappers. e vember 200 mxos i o

o e ot oot e e

Conclusio

The survey pointed to the impact of climate change on biodiversity. The current ncrease
in the risk of cli species/habitats that have a narrow tolerance limit. Changes in the coverage of floors show the sensitivity of floodplain habitats to changes in lighting,
climatic conditions, and water regime. Katz et al. in 2005 investigated the delayed effects of flood control on a flood-dependent riparian forest. They found that there is no significant
diference between th reguiated and unregulated sections ofthe § Soulh Fork iver n the oresssrucure. The reason fr this fact s tht there hav been no majo floads inany of the
i s with we could
stress these biotopes are exposed to. The absence of foods n Pelrlalkﬂ changes the ecological limits of soil mnlilure on which several taxa depend. There is a strong pressure on forests
topes are formed. Violation of optimal and tolerance as led to
n the edge of the forest. Bv ch:n:lnz

niting That is why

the i b
forspecies that are not native o that enuironment.Sclentists from the Slovak Academy of Sciences have studied long time changes i the structure of softwood floodplan foress n our
territory. They discovered these changes were mainly caused by the disturbance of the water regime. They concluded that, during the monitored period, there was a decline in
ies and an i in neophytes, whi inatii ic species (Mil 2020).

In the annual report on agriculture, they state that the area of forest land in Slovakia has
long time. In 2009, it reached 2,009 thousand. ha. Since 1950, it has e

increased by 238 thousand. ha (13.4%). The area of vegetation also increased,

area of forest stands, by 175 thousand ha (3.9%) since 1950 Forest cover has hun

increasing for a long time as a percentage of the total area of forest land from the total

changes in the environment, which
th
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6% :: - ;?:‘ area of Slovakia, which was approximately 41% in 2006. According to the results of the
2 | % National Forest Inventory and Monitoring (NIML) of the Slovak Republic, which also
22-21% included the so-called "white areas" (forest on non-forest land), Slovakia's forest cover is
up to 4.3 £ 0.4%. Whi itive, but they do not reflect the structural changes that
that period 2010)
The hy iable because of between the forest, water, and other Because of

the proper functioning of the ccosystem, the ecologcal conltions and structure of the forest play & cenral rle. By comparing the phytocenclogical records, the changes that affected the

teate e from 20000 2020 r clerlywsble.Th oigia et sands e presrued i locatons ha id ot sl anhropogenc et From the map dta th fragertation of .
the once continuous area of floodplains i clearly perce; he field survey confirmed the hypothesis about the state and morphology of floodplains near the built-up area of Petrzalka. L]
Mikulovs ot s e thet i th 15 60 year, th s Toadplin foest nave been wansformed somidrably. The ians ompontion peits 10 the ndiretinterention of arehropogent A

factors in the structure of the studied biotope.
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Most oxbow lakes are still connected to their parent rivers through seasonal
flooding, which provides a supply of fish. However, late seasonal flooding
has been rare with the same rate of capture. One of the efforts to address this
problem is to establish fish sanctuaries. It is necessary to conduct studies
on the water quality and types of commercial fish as preliminary data. This
study has used a survey method to determine water quality parameters such
as the temperature, pH, dissolved oxygen, TSS, TDS, BOD, nitrates and
phosphates. The types of commercial fish needed for the study can be
collected from fishermen’s catches. This research was conducted at one
of the proposed fish sanctuaries in Riau Province, namely, Lubuk Siam
Lake, in Indonesia. The results showed that the quality of the waters was
relatively good. The types of fish caught with high economic value are
Osteochilus sp., Thynnichthys sp., Trichogaster sp., Pristolepis sp., Rasbora
sp., Ompok sp., Mystus sp., Puntius sp., Megalops sp. and Notopterus sp.
The results obtained from this study can be used as preliminary data for the
proposed fishery reserves at Lubuk Siam Lake.
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Introduction

The Proposed Oxbow Lake Fish * What if seasonal ﬂOOding
Sanctuary has been rare with the
same rate of fish capture?

Lubuk Sian. Lake

Panjang Lake

Kampar v + The decline of fish population
-> Small scale fishery
« Un-environmentally fishing gear




Article ID: P25 159

G sy | @) ER UNIVERSITAS RIAU

Introduction

» One of the efforts to address this
problem is to establish fish sanctuaries

Certain area of lake will
be forbidden to catch
fish in certain time!!

@ Why Sanctuary?

4 The involvement of local people with their
indigenous traditional law to protect the lake
(sacred place).

It is necessary to conduct studies on
water quality and types of commercia
fish as preliminary data.
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Methods

* This study has used a survey method to determine water
quality parameters such as the brightness, pH, dissolved
oxygen, TSS, TDS, BOD, nitrates and phosphates.

+ Meanwhile, the types of commercial fish can be collected
from fishermen's catches.
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Result

Rasbora sp (Pantau Fish) Pristolepis sp., (Katung Fish) Mystus sp., (Baung Fish) Puntius sp., (Bulan-Bulan Fish)
Rp. 40.000 - 60.000/kg Rp. 15.000/kg Rp. 80,000-100,000 Rp. 20.000-40.000/kg

Qtopterus sp., (Belida Fis| Thynnichthys sp., (Motan Fish)  Osteochilus sp., (Paweh Fish) Trichogaster sp., (Sepat Fish)
(Protected) Rp.25.000/kg. Rp. 15.000/kg Rp. 25.000/kg
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Conclusion

The quality of the waters in proposed oxbow lake fish
sanctuary is relatively good. Various types of
commercial fish can be found in Panjang Lake. The
results obtained from this study can be used as
preliminary data for the proposed of fishery sanctuary.

Next study?

* mapping the depth

* biological aspect of the
fishes and it’s exploitation
status



& UNIVERSITY ' Kampus
&' of SOPRON @ Merdeko

INDONE

Water Quality and Commercial Fish Diversity
in The Proposed Oxbow Lake Fish Sanctuary

Andri Hendrizal 13, Muhammad Fauzi », Yudho Harjoyudanto 1, Eko Prianto 1, Budijono 1,
Bintal Amin 2, Zoltan Gribovszki s
1 Aquatic Resources Management Department, Universitas Riau, Indonesia
2 Marine Science Department, Universitas Riau, Indonesia
3 Institute of Geomatics and Civil Engineering, Faculty of Forestry, University of Sopron,
Hungary

Abstract

The Proposed Oxbow Lake Fish

Most oxbow lakes are still connected to their parent rivers
Sanctuary

through seasonal flooding, which provides a supply of fish.
However, late seasonal flooding has been rare with the same rate
of capture. One of the efforts to address this problem is to
establish fish sanctuaries. It is necessary to conduct studies on
water quality and types of commercial fish as preliminary data.
This study has used a survey method to determine water quality Panjang Lake
parameters such as the brightness, pH, dissolved oxygen, TSS,
TDS, BOD, nitrates and phosphates. Meanwhile, the types of
commercial fish can be collected from fishermen's catches. This
research was conducted at one of the proposed fish sanctuaries
in Riau Province, namely, Panjang Lake, in Indonesia. The results
showed that the quality of the waters was relatively good. The
types of fish with high economic value caught are Osteochilus sp.,
Thynnichthys sp., Trichogaster sp., Pristolepis sp.,  Rasbora sp.,
Ompok sp., Mystus sp., Puntius sp., Megalops sp. and Notopterus sp.
The results obtained from this study can be used as preliminary

data for the proposed of fishery reserves in Lubuk Siam Lake. Panjang Lake is one of the lakes formed because of the interruption of the Kampar river
flow due to sedimentation. The lake formed from this process is called Oxbow lake.

o Brightness me/l

Lubuk Siam Lake

Kampar River

—

(months)

Rasbora sp (Pantau Fish) Pristolepis sp., (Katung Fish) Mystus sp., (Baung Fish)
unit PH me/! 0o Rp. 40.000 - 60.000/kg Rp. 15.000/kg Rp. 80,000-100,000

_—

(months) L
ppm 05 mg/l Nitrate

= -
. o07s oons Notopterus sp., (Belida Fish) Thynnichthys sp., (Motan Fish) Osteochilus sp., (Paweh Fish)
\/\ >®< (Protected) Rp.25.000/kg Rp. 15.000/kg

(months) (months)
e TS e/t Phosphat 4 = g
P — o _u TTEEOT T e ol Ry
e — v . Puntius sp., (Bulan-Bulan Fish) Trichogaster sp., (Sepat Fish)

Rp. 20.000-40.000/kg Rp. 25.000/kg

' Conclusion
(months) (months)

The quality of the waters in proposed oxbow lake fish sanctuary was
relatively good. Various types of commercial fish can be found in Panjang
Lake. The results obtained from this study can be used as preliminary data
for the proposed of fishery reserves in Panjang Lake.
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BENTHIC ORGANISMS OF WATER BODIES AS
AN INDICATOR OF WATER QUALITY

LYNDA PAULIKOVA!

! Department of Land and Water Resources Management, Faculty of Civil Engineering,
Slovak University of Technology in Bratislava, Bratislava, Slovakia
(lynda.paulikova @stuba.sk)

This study presents research dealing with the effect of flow regulations on
the composition of benthic fauna. The experimental research took place
from 2019 to 2021 on two tributaries of the Nitra River (the Prievidza
district in Slovakia). The research was conducted on two small streams,
i.e., the Lazny stream, which represents a lowland type of stream, and the
Bystrica stream, which represents a foothill type of stream. Two sampling
sections were determined on each stream, one representing a regulated and
the other a natural part of the stream. A total of 68 samplings of benthic
organisms was carried out over three years and represents 17 samplings
per section. Collections were made in the months of VIIL. — X. 2019, III.
- X. 2020 and IV. — IX. 2021. More than 29,446 individual speciemens
were collected, of which 16,335 (55.47%) individuals belong to the Lazny
stream, and 13,111 (44.53%) belong to the Bystrica stream. The total
number of individual samples in the regulated sections was more than
16,193, representing 54.99% of all the individual samples. The unregulated
stream section thus accounts for 45.01% of the individual samples (which
represent 13,253 organisms). The individuals collected were classified into
49 families and two higher taxonomic groups. The research presented is
intended to help understand how individual aspects, whether of a natural or
anthropogenic origin, affect flow dynamics over time and in space and how
these changes could affect these river ecosystems.

Key words: benthic organisms; stream; regulated streams; unregulated
streams
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Streams are very dynamic elements in the landscape.
On the one hand, they change by the environment,
but on the other hand, they are the environment.

If we look around, we see the universe is big. But if we

look closer, we see that the universe is much more

significant. Life around us is full of microworlds. In

these tiny worlds matters everything - from a stone to

a dead leaf. What happens when these worlds are affected by human
demands? Let's begin our journey through the microcosmos of benthic

invertebrates.

First, What are benthic organisms? It is a group of organisms living at
the bottom of water bodies. They are the same organisms you found as
a child in the stream under stones or in a water bowl that you left
somewhere. Beetles, larvae of insects, molluscs, crustacea, ringworms,
etc., are widespread representatives.

SAMPLING
(? A sampling of benthic organisms bigger than 1 mm once a month §
[T

PROCESSING OF OBTAINED DATA

/ Comparison of species abundance of benthic invertebrates and s
diversity

|l]|ll|l|J

‘ Tolols 6258

e 's period. Subseque!
d’into 49 families and two

they were

Total number of benthic organisms collected:

‘\ ) 0

8 pes
®000

Amount of benthic organisms collected in 2019, 2020 and —
2021 [pcs]

| N
10077

regulated section

were achieved by U
of streams. The regulated sec

The subject of the research was two
streams: the Lazny stream and the
Bystrica stream. The mentioned

streams are located in the Prievidza X \
district in the Nitra river basin e
(Slovakia).

Two outposts were determined on each
stream. One represented a natural
section of the stream and the other a
regulated section. Each station has its

specific colour in this work:

red colour,

* Regulated section of the Lazny stream -
. Unregu|qted section of the Lazny stream - blue co|our,

« Regulated section of the Bystrice stream - yellow colour,

« Unregulated section of the Bystrice stream - green colour.

change in the reguld
achieve a significant mod

The legend: Order of sections from the most occurring to the least accurring organism
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THE NITROGEN LOAD IN THE JATIGEDE
RESERVOIR, WEST JAVA, INDONESIA

ALIATI ISWANTARI!2, DWI YUNTI WULANDARI!, ASRI MELANT',
INNA PusPA AYU!, REzZA ZuLMI!, NIKEN TUNJUNG MURTI
PRATIWI', BALINT HEIL?

! Department of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences,
IPB University, Bogor, Indonesia (aliatiiswantari @apps.ipb.ac.id)

2 Institute of Environmental Protection and Nature Conservation, Faculty of Forestry,
University of Sopron, Hungary

Jatigede Reservoir is situated close to residential areas and agricultural
activities. Uncontrolled increases in nitrogen levels, which come from the
disposal of waste in the reservoir, could induce negative impacts such as eu-
trophication. This study aims to analyze the nitrogen condition and load in
the Jatigede Reservoir, West Java, Indonesia. This research was conducted
over three months (February—April 2021) at six sampling sites. Based on
the results, the ammonia, nitrite, nitrate, and total nitrogen concentrations
were 0.18-0.52 mg L~!, 0.0040-0.0440 mg L=', 0.15-0.73 mg L~!, and
24.91-27.46 mg L~!, respectively. The nitrogen load in the Jatigede Reser-
voir is 8.261 tons N per year, which has exceeded the reservoir nitrogen
load capacity (595 tons N per year). In conclusion, Jatigede Reservoir is no
longer able to accommodate the nitrogen load entering the reservoir.
Keywords: nitrogen load, total nitrogen, Jatigede Reservoir
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THE NITROGEN LOAD IN THE JATIGEDE RESERVOI,
WEST JAVA, INDONESIA
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JATIGEDE RESERVOIR

™ Surface area  4.122 Ha
Total volume 980 x 10°m?
Mean depth 23,77 m
' Flushing rate 0,13 times year!
Support:
Irrigation
+ Hydroelectric power plant

Influenced by:
Agriculture
Residential area

Aim: To analyze the nitrogen concentration
and nitrogen load in the Jatigede Reservoir

Research Period: February-April 2021

Asri Melani, Inna Puspa Ayu, Reza Zulmi,
Niken Tunjung Murti Pratiwi, Balint Heil
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*| Legendn:

4 River Inlet Station
= Jatigede Reservoir
— River

=DAM

= Reservoir Land
= Land

Sampling sites:
Horizontal: 6 sites
Vertical: epilimnion & hypolimnion layer (N
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« The nitrogen load capacity of Jatigede Reservoir is 595 tons N year'
« The nitrogen load was 8.261 tons N year' (~14 times higher)
«+ Jatigede Reservoir is no longer able to accommodate the nitrogen load to enter the reservoir.
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The Nitrogen Load in The Jatigede Reservoir,
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ABSTRACT
Jatigede Reservoir is situated close to residential areas and agricultural activities. Uncontrolled increases in nitrogen levels, which come from the disposal of waste
in the reservoir, could induce negative impacts, such as eutrophication. This study aims to analyze the nitrogen condition and load in the Jatigede Reservoir, West
Java, Indonesia. This research was conducted over three months (February-April 2021) at six sampling sites. Based on the results, the ammonia, nitrite, nitrate, and
total nitrogen concentrations were 0.18-0.52 mg L-1, 0.0040-0.0440 mg L-1, 0.15-0.73 mg L-1, 24.91-27.46 mg L-1, respectively. The nitrogen load in the Jatigede
Reservoir is 8,261 tons N per year. It has exceeded the reservoir nitrogen load capacity (595 tons N per year). In conclusion, Jatigede Reservoir is no longer able to

accommodate the nitrogen load entering the reservoir.

INTRODUCTION
* Indonesia (Fig 1) has +205 reservoirs which have various function, such as
source of hydropower plant energy, supporting fisheries activities,
irrigation, recreation, etc.
INDONESIA

\ Rl

‘"\YL
/‘ “*-p«.. >/
~

Fig 1. Indonesian archlpelago

i Jatigede Reservoir

Jatigede Reservoir is mainly addressed for irrigation and hydropower plant
activities which have water quality requirement to fulfil.

However, the load input from the surrounding is presumably high since
there are many anthropogenic activities nearby.

This research aimed to analyze the nitrogen load in the Jatigede
Reservoir, West Java, Indonesia.

MATERIALS AND METHODS

Location

This research was conducted in the Jatigede Reservoir, Sumedang County,
West Java Province (Fig 2) with the morphometric characteristic as in Table 1.

Outlet [ \

" Legenda:
& River Inlet Station
= Jatigede Reservoir

Inlet
ik River

Fig 2. Sampling location in Jatigede Reservoir

Table 1. Morphometric characteristic (RBMO 2020)
Surface area Total volume Mean de
122 Ha  980x10°m3  23.77m

Flushing rate
times year?

Sampling period: February — April 2021 (Rainy season)
Sampling point: 6 stations in Epilimnion and Hypolimnion layer

Water quality parameter

Total nitrogen (TN), nitrite (NO,-N), nitrate (NOs-N), ammonia (NH;-N),
Chemical Oxygen Demand (COD), and Dissolved oxygen (DO), and pH.

Data Analysis

Nitrogen Load Analysis (Regulation of the Minister of Environment Number 28
of 2009):

= amount of nitrogen load capacity in reservoir
[TN]d = allocation of nitrogen load from waste activities in reservoir
P = flushing rate
R =total nitrogen lost to sediment or settle

A[TNIgp

RESULTS

* Based on the results, several sites has a good water quality condition,
while others is already higher than the Class Ill standard according to
Indonesian Government Regulation Number 22 of 2021, especially for
Total Nitrogen concentration (Table 2 & Fig 3d).

Table 2. Water quality characteristic

Parameters Unit Value Range.
Epilimnion  Hyp

pH o 7.87-9.32 6.87-8.44
Dissolved Oxygen (DO) mg Lt 3.85-7.35 0.30-4.20
Chemical Oxygen Demand (COD) mgL?! 22.43-64.89 15.21-44.63
Total suspended solid (TSS) mgL?t <8-11.50 <8-119.00
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Total Nitrog:
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@epilimnion @ Hypolimnion @epilimnion B Hypolimnion — Class Iil standard

Fig 3. Nitrogen concentration in Jatigede Reservoir

The maximum nitrogen load of Jatigede Reservoir was 8,261 tons N
yearl. However, based on water quality standard, the maximum
nitrogen load capacity of Jatigede Reservoir was 595 tons N year.
High nitrogen concentration in the reservoir could lead to
eutrophication that might impact aquatic ecosystem and living
organism.

CONCLUSION
* The nitrogen load has exceeded the maximum limit according to the
Class Il water quality standard for fisheries activity.

« Jatigede Reservoir is no longer able to accommodate the nitrogen load
to enter the reservoir.
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TRANSPORT AND REMOVAL OF Bacillus subtilis
SPORES IN AN ALLUVIAL GRAVEL AQUIFER AT
VARYING FLOW RATES AND THE IMPLICATIONS
FOR SETBACK DISTANCES
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To guarantee proper protection from fecally transmitted pathogen infections,
drinking water wells should be sufficiently set back from potential sources
of contamination, e.g., a nearby river. This study provides insights with
regard to the microbial contamination of groundwater under various flow
velocities. Field tracer tests were carried out to evaluate the ability of
subsurface media to attenuate Bacillus subtilis spores, which were used
as a surrogate for Cryptosporidium and Campylobacter. The hydraulic
gradient between the injections and extractions was controlled by changing
the pumping rate of the pumping well on the test site. The attachment
and detachment rate coefficients were determined using HYDRUS-3D
and ranged from 0.12-0.76 and 0-0.0013 hr~!, respectively. The setback
distances were calculated based on a 60-day travel time, as well as a
quantitative microbial risk assessment (QMRA) approach, which showed
similar results at this site, i.e., around 700 m at the highest pumping rate.
The removal rates (A) in the field tests ranged from 0.2-0.3 log/m, with
lower pumping rates leading to a higher amount of removal. It was shown
that the scale must be taken into consideration when determining A for the
calculation of safe setback distances.

Key words: Riverbank filtration, tracer test, QMRA, safe setback dis-
tance, Cryptosporidium, Campylobacter
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Transport of B. subtilis spores in an alluvial aquifer at varying flow rates and implications for setback distances

Thomas J. Oudega®*, Gerhard Lindner?<*, Regina Sommer~*, Andreas H. Farnleitner®**, Georg Kerber’, Julia Derx**, Margaret E. Stevenson®*, Alfred P. Blaschke®*
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Tool for Quantitative Microbial Risk Assessment from Suface Water to Potable Water
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Transport of B. subtilis spores in an alluvial aquifer at varying
flow rates and implications for setback distances

Thomas J. Oudega®<, Gerhard Lindner®<¢, Regina Sommer<¢, Andreas H. Farnleitner®¢, Georg Kerber", Julia Derx*<, Margaret E. Stevenson?<, Alfred P. Blaschke®®

U Wien, Karl

INTRODUCTION

Field tracer tests were done to evaluate the ability of subsurface media to
attenuate Bacillus subtilis spores under varying flow conditions, controlled by
a pumping well (LB13). This enabled us to research the influence of flow
velocity on the transport and fate of our tracers, and establish a comparison of
removal rates for B. subtilis spores of three different flow rates.

The results were used to investigate the i for setback d
based on the rule of 60 day travel time and based on Quantitative Microbial
Risk Assessment (QMRA). QMRA was done for Campylobacter and
Cryptosporidium, using the program QMRAspot.

STUDY AREA
” -~ = —

Legend

Well LB 13

2" piezometers
4" principal flow axes
&£ flow to other wells

ERT/ TD IP profiles

Location and set-up of research area.

~= The National Park is designated as a water protection area, providing
drinking water to the city of Vienna with a capacity of 80,000 cubic meters
per day.

~ Forced gradient: Pumping at 1, 5 or 10 I/s, to compare removal rates at
different flow rates.
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METHODS

Samples are taken every 10 minutes and taken to TU
Wien & Medical University of Vienna for analysis.

Spores & conservative tracers are
injected into groundwater dircetly.

Overburden

Older consolidated
gravels

_‘_--

Tracers flow to
Removal proc

ds pump;
takes place.

-_;

Tracer test schematic set-up and aquifer geology. Injection in P24 (shown differently here for practical
purposes) and sampling at pumping well LB13

T T mienl I Surkeus Waier Lo Polabi Wali
aMpg 4 A:
i reres | =
| spet | crampacim s |
Pathogen Parameter Unit Value Reference
Cryptosporidium  River conc, {mean, 95 %) n/l 015,08  (Demeter et al. 2021}
First order inactivation  day!  0.011 (sidhu et al. 2010}
Campylobocter  River conc. [mean, 95% %] n/l 0.8, 4.64  (Demeter et al. 2021)
First order inactivation  day?! 5 {sidhu et al. 2010)
0.11 {Ross et al. 2008)

QMRAspul was used to calculate the amount of subsurface removal |\:‘Lc~~dry to get a risk under 10
D year, for both Cryptosporidium and Campy - Top: the program QMR Aspot.
Bottom: input parameters for each pathogen used for N o v o

RESULTS
s L, ses Uit L Ll L Test 1a b 5a sb 10a 106
I bt onite | sea Experimental A (log/m) 0.284 0274 0273 0257 0189  0.198
g " oman| § EstimatedA(log/m)  0.028 0027 0027 0025 0018 0019
% g Setback distances (m) based on 60-day TOT
5 2 ea Model-derived 477 523 585 524 736 657
Austrian regulation 176 174 372 322 493 473
Setback distances (m) based on QMRAspot
Cryptosporidium spp. (L= 0.011 log/d)
Using experimental A 57 58 59 62 81 78
Using estimated A 471 487 496 525 709 678
Using A = 10! log/m 142 142 143 143 143 143
Using A = 10 log/m 7752 7723 8153 8036 8394 8860
Campylebacter spp. (i = 5-0.11 log/d)
Using experimental A 41-69  39-70 62-72 63-76 8498 81-94
Using estimated A 65-479 58-488 168-556 160-576 231-785 221-754
Using A = 101 log/m 55-164 50-163 109-171 106-170 124-172 123-172
o A FA 5 = Pt Using & = 107 log/m 70- 62- 206- 190- 278- 266-
Time aftr infeaton ) i st laion ) ia-afir fsvaton (i 2146 2111 2819 2634 3176 3686

The BTCs of the tracer tests and modeling study, where cf stands for conservative tracer test, and a and b are
duplicates of the microbial tracer test. Asterisks (*) stand for outliers with concentrations above the maximum

Calculated setback distances based on a 60-day TOT, as well as setback distances based on the
QMRAspot for different values of &

y-axis value. Figures Sct, a and b modified from Oudega et al. (2021).

CONCLUSIONS

~= When the value of A is small:
~= Flow rates have a stronger influence on setback distance calculations.
~= Inactivation () becomes very important when using a QMRA approach.

~= The range of A in the literature is very broad, so using these values leads to extremely
(and often unnecessarily) large setback distances, when using the most conservative

values.

~= To determine the value of A correctly, tracer tests at the site of interest are necessary, but

they have to be carried out at the right scale.

e and Technology Fund (Grant ESR17-070, Grant ESR20-013}

2t JF_2019

ity") the Austrian Science F

d (FWF) (Grant T970.

~= QMRA is a more realistic approach than regulations based on travel times
~= But QMRA is very d dent on accurate of necessary parameters
(especially &), many of which are difficult to measure.
~= Travel time regulations are much easier to implement unilaterally.
~= Tracer tests are not always realistic. Therefore, upscaling methods should be further
developed, for which we need more research on microbial removal at different field
scales, including the mesoscale.

Funding support
ce Fund (FWF) as pa
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APPLICATION OF VERTICAL GARDENS IN
URBANISED AREAS: AN ALTERNATIVE
APPROACH TO URBAN GREENING

MIRIAM ZAT’OVICOVA!

! Faculty of Civil Engineering STU, Radlinského 11, 81005 Bratislava
(miriam.zatovicova@stuba.sk)

The increase of densely build-up areas has become a global phenomenon
and has resulted in the “urban heat island effect”. The constant demand for
new constructions has reduced the amount of urban greenery and replaced
it with sealed surfaces prone to overheating. The creation of horizontal
green open spaces is often impracticable, because of existing interlocked
urban structures. This is also the case for the historical part of the Old Town
district of Bratislava. Using this part of the Slovak capital as a case study,
we are presenting an alternative approach to urban greenery by applying
vertical gardens. Insted of taking up valuable land space, these stuctures
give value to places such as facades, walls or columns, that would otherwise
be unused, by improving their aesthetic appearance and also the urban
microclimate. The aim of this study is to create various structures on
different surfaces based on a field study of the potentially suitable locations.
These spots are often located on routes connecting important transport hubs
with the city centre; hence we have created a proposal using vertical gardens
as a net of navigation points with a positive impact on the urban climate
and with a significant aesthetic merit.

Key words: landscape design, vertical gardens, green walls, densely
urbanised cities, urban heat island mitigation, green infrastructure
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Application of vertical gardens in urbanised areas:
An alternative approach to urban greening

MIRIAM ZATOVIEOVA
mirlam.zatovicova@stuba.sk

Department of Land . F: f Civil £
Slovak University of Technology, Radlinského 11, 810 05 Bratislava, Slovakia

24 November 2022 Vienna, Austris; Bratislava, Slovakis; Sopron, Hungary

H
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H
H
.o { o Intensive urbanization contributes to global warming by eradication of green spaces resulting in the “urban heat
mn { istand effect”
2 |
=2 ! - L, o Plants absorb solar radiation, hence restrict absorbance and subsequent release of heat by sealed surfaces.
=ES 7 Moreover, they can improve microclimate by evaporative cooling, collecting dust particles and absorbing CO2
=
= o Vertical gardens do not take up valuable land space and give unused and deteriorated surfaces microclimatic and
o aesthetic value
ER

Benefits of the vertical gardens
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Application of vertical gardens in urbanised areas:
An alternative approach to urban greening
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ABSTRACT

The increase of densely build-up areas has become a global phenomenon and has resulted in
the “urban heat island effect”. The constant demand for new constructions has reduced the
amount of urban greenery and has replaced it with sealed surfaces prone to overheating. The
creation of horizontal green open spaces is often impracticable, because of interlocked existing
urban structures. This is also the case for the historical part of the Old Town district of
Bratislava. Using this part of the Slovak capital as a case study, we are presenting an
alternative approach to urban greenery by applying vertical gardens.

Instead of taking up valuable land space, these structures give value to places that would
otherwise be unused such as facades, walls or columns, by improving their aesthetic
appearance and also the urban microclimate. The aim of this study is to create various
structures on different surfaces based on a field study of the potentially suitable locations.
These spots were often located on routes connecting important transport hubs with the city
centre; hence we have created a proposal using vertical gardens as a net of navigation points
with a positive impact on the urban climate and with a significant aesthetic merit.

3 RESULTS

1 MOTIVATION

Climate change is becoming a significant threat that affects every aspect of our lives. Intensive
urbanization contributes to global warming by eradication of green spaces resulting in the
“urban heat island effect*. This means that sealed urban surfaces are prone to overheating and
subsequently increase temperature of the cities by over 10°C compared to rural areas (Fig.1).

We designed a net of several different vertical garden solutions in historical part of Old Town
district, which is considered as a main hub for social life and tourism in Bratislava. Field study
map (Fig.6) shows that the potential spaces are located on main traffic routes that connect
major public transport hubs (main railway or bus station) with city centre. Thus, we propose a

. . . design of a navigation system that uses vertical gardens as a direction points to the city
;. Innovative solutions, such as vertical gardens, offer centre. Three construction types of vertical gardens were determined based on the field study:
=+ different outlook on urban greening. Sealed surfaces and

o dense urban development, especially in historical districts, Facade

5. often do not allow creation of new green spaces. For this construction type, we chose a 9-storey building on Kamenné square. The building is

55 Therefore, these structures provide interesting way of currently covered with an advertisement, so vertical garden could improve aesthetic and
2> using bare surfaces of buildings, walls or columns, microclimatic value of this location (Fig.7).

=» transforming them into beneficial green spaces with no
o2 land space requirements and significant microclimatic and
aesthetic value.

Benefits of vertical gardens are gradually becoming well-known. Plants absorb solar radiation,
hence restrict absorbance and subsequent release of heat by sealed surfaces. Moreover, they
can improve microclimate by evaporative cooling, collecting dust particles and absorbing C02.
Vertical gardens could also be used as a domestic greywater treatment, since roots and porous
planting media serve as a biofilter.

—
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Textile pocket system (Fig. 8) is durable, lightweight and gives plants enough space for
rooting system. Multi-level irrigation provides even water and fertilizer supply.

Suitable plant selection (Fig.9) ensures that navigation function will be preserved
throughout the whole year.

Column

In this case, we chose pedestrian overpass near
the main railway station on Prazsk4 street (Fig.11).

[T ——

METHODS

Strategies for urban heat island mitigation in Slovakia are yet to be developed. We chose
historical area of Old Town district in Bratislava for this case study, since this part is densely
built-up and its historical structure does not allow creation of new green spaces, but on the
other hand, majorly contributes to urban heat island effect (Fig. 1). As our analysis shows (Fig.
5), there is a considerable amount of unused and deteriorated surfaces that would benefit from
creation of vertical gardens.

The construction consists of steel wire net mounted onto the columns (Fig. 9). It supports
plants planted in a pot located at the foot of the columns. We selected hardy and fast-growing
Hedera helix, which can climb not only on the steel support structure, but also on horizontal
parts of the overpass, enhancing its positive effect (Fig. 10).

[
5 oo

. Free-standing structure
Substantial paved area without any shade on Razus

[ p—

3 s embankment (Fig.12) was determined as a suitable location

%“’““‘“‘““'““ ‘e given its historical importance as a port of Propeler boat
a ; "

— connecting two sides of the Danube. We created a

[ structure inspired by the shape of the steamboat (Fig.14).

) owame Thin and light design will not interfere with views of the

ol ot e e B B historical city centre and lets the vegetation dominate
(Fig.13). Columns are interconnected with steel wire
supporting plants vertically and horizontally. Navigation
idea will be £ i z

[ ————

Our in-situ research consisted of a filed study, that was carried out from September till
November 2019. We created a map database of potentially suitable locations for vertical
gardens and categorized them based on construction types (Fig. 6).

NCLUSIO

Vertical gardens offer various types of construction methods suitable for different surfaces
Provide alternative solution for urban greening in locations lacking horizontal spaces

Give unused and deteriorated surfaces microclimatic and aesthetic value

Our design combines these benefits with the idea of creating a green city navigation system
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Application of vertical gardens in urbanised areas: An
alternative approach to urban greening
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The implementation of blue-green infrastructure elements in the landscape
consists of a detailed analysis of the existing structures of species and the
composition in landscapes.

The municipalities of Rusovce and Cunovo near Bratislava were ana-
lyzed, and some elements of the blue-green infrastructure were used. The
purpose of the project was to improve the protection and promote the
creation of the biodiversity and ecological stability of the landscape. To
improve the rainwater management, the drainage of rainwater from the
roof of a department store was dealt with in the case of the intravillan area.
When the water is diverted to a storage tank, it will provide the water needed
to irrigate the central green area of Rusovce.

In the extravillan area (a protected bird area), natural elements have
been used in the form of alley near roads with flower meadows, which will
provide shelter and sustenance for birds and pollinators. The planting is
also intended to mitigate the velocity of surface run-off and to ensure the
slow infiltration of water into the soil. As part of the design of the water
features, a natural lake has been designed to help prevent public access to
the protected areas (Vel'’ké and Malé Cunovské lakes), thereby ensuring the
development of high-quality biodiversity.

The choice of vegetation was based on species native to the site of the
protected areas to avoid the spread of invasive and non-native plants.

Keywords: landscape, blue-green infrastructure, ecological stability,
biodiversity, protected area
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ABSTRACT

The impls of blue-gi infrastructure in the | consists of a
detailed analysis of the existing structures of species and the composition in landscapes.

The municipalities of Rusovce and Cunovo near Bratislava were analyzed, and some elements
of the blue-green infrastructure were used. The purpose of the project was to improve the
protection and promote the creation of the biodiversity and ecological stability of the
landscape. To improve the rainwater management, the drainage of rainwater from the roof of a
department store was dealt with in the case of the intravillan area. When the water is diverted
to a storage tank, it will provide the water needed to irrigate the central green area of Rusovce.

In the the extravillan area (a protected bird area), natural elements have been used in the form
of the alley near the roads with flower meadows, which will provide shelter and sustenance for
birds and pollinators. The planting is also intended to mitigate the velocity of surface run-off
and to ensure slow infiltration of water into the soil. As part of the design of the water features,
a natural lake has been designed to help prevent public access to the protected areas (Velké
and Malé Cunovské lakes), thereby ensuring the development of high-quality biodiversity. The
choice of vegetation was based on species native to the site of the protected areas to avoid the
spread of invasive and non-native plants.

3 RESULTS

The project addresses the microregion of the municipalities of Rusovce and Cunovo. The
territory is located in the Bratislava region (near Petrzalka). The western part of the
municipality borders with the Republic of Austria and the Republic of Hungary. The
cadastral territory is situated at an average altitude of 136 m a. s. |, with an area of 25,56
km?2. The cadastral territory is located at an average altitude of 130 m a. s. |, with an area
of 18,62 km?. The territory to be analysed has an area of approximately 40 km?2.

Map of Slovak Republic

b
SN o

Rusovce

Bratislava region Fig. 1 - Location of the research area

The primary landscape structure

The territory belongs to the Quaternary sedimentary area, the basis of which is the
Pannonian Basin. Part of the area is made up of loamy-sandy to gravelly-sandy clays.
The western part consists of a cover of sands, sandy gravels to sands. The soil type
consists of chernozem (agricultural land). The moisture regime consists of a slightly dry
to slightly wet regime. The average annual temperature is more than 12 °C. The average
annual rainfall is in the range 550-600 mm. The average wind speed is around 3-4 m.s’%.,
Potentially natural vegetation in the villages belongs to the riparian woodland.

The secondary landscape structure

The historical landscape structure consists of the first (1782-1785) and the third
military mapping (1926), which shows the continuous development of the area.
Human activities were gradually developed. Among the greatest interventions were
the expansion of the built-up area, the way in which the land was cultivated for
agriculture, and the construction of roads and bridges linking the various villages. The
course of the Danube was natural and highly indented. Due to frequent floods, the
course had to be considerably modified (created branches). The river surroundings
were filled with continuous riparian woodland. Along the roadsides, single/group trees
were planted with landmark significance. The current state of the villages (2022)
provides the public with a large number of attractive features. Significant historic
buildings, passive recreation areas (parks), and active recreation areas.

1782-1785 1926

Fig. 2~ Historical and present landscape structures

The secondary landscape structure

In the area under consideration there are several important protected species of plants
and animals that have a beneficial effect on the functioning of the landscape. It is
necessary to create conditions for these species that will force them to remain in the
area. The most important species in terms of plants are the Orchis, Tragus, Apera,
Gentiana , Blackstonia and animal spiecies Otis tarda, Triturus dobrogicus, Cerambyx
cerdo.

The alley near the roads with flower meadows

The green line will protect agricultural land and the
landscape from the adverse effects of traffic. The
composition of the new tree planting consists of ornamental
and fruit species. Ornamental trees will be planted
predominantly in parts close to the villages. The species Tillia
cordata. Fruit trees planted in the more distant extravillan of
the villages for fruit production, food production and shelter
for birds (area of protected bird area). Species Prunus
mahaleb, Prunus avium, Malus sylvestris, Sorbus aucuparia.

Fig. 3~ Visualization of alley
with flower meadows

The proposed trees will be followed by a line of flower meadows. Flower meadows
planted next to agricultural land to improve biodiversity fulfil a number of functions
in terms of adaptation to climate change.

The natural lake with educational trail

The area of designed lake is currently
agricultural land (arable land). On the basis of
the property-law relationship, the land will be
purchased of size approximately 945 600 m2.
The lake itself will have 223 960 m? and a
depth ranging from -0,40 to -6 m. The water
will be acumulated with groundwater. The
complex design consists of two recreational
parts. The first part consists of a water area
designed for active use (swimming, sports).
The public who is not interested in activities
can use the piers, restaurant (passive use)
overlooking the surrounding landscape.

Fig. 4 - Design of the natural lake with educational trail
The second part fulfils the function of a
forest park in the form of a wooden
nature trail with information boards. The
information boards raise awareness of the
important surrounding protected areas
(fauna, flora). Nature trail connects
shelters with use of outdoor public
galleries/workshops/small concerts.

Fig. 5= Visualization of natural lake and educational trail

4

CONCLUSIO

* The project aims to implement blue-green infrastructure in the landscape
(urbanized and non-urbanized areas) in order to protect important natural habitats.

* The new blue-green features are natural in character with minimal need for
maintenance and care in the future.

* The elements have a significant impact on the environment and ecology function.

* An important function is to increase tourism awareness, which will ensure regular
use of the suggest features due to the attractiveness of the water area, the forest
park and education (e.g. nature trail). Moving the public to another attractive
location will ensure the natural development of habitats in protected areas that are
currently used for recreation.

* The management of the rainwater itself can be an inspiration for neighbouring
municipalities that are considering its reuse.

« The project plan was developed because of the need for vegetation and water
retention in the extravillan parts of the agricultural areas.

SLOVAK UNIVERSITY OF
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Catchment processes in regional hydrology: from plot to regional
scales — monitoring catchment processes and hydrological modelling
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Water erosion and sedimentation processes are included in the domi-
nant manifestations of soil degradation in many countries. Water erosion
can cause an irreversible loss of soil and nutrients, damage to vegetation,
siltation of water reservoirs, and, in the worse cases, threats to human
settlements and lives. The water flowing from fields carries away fertilizers
and chemicals together with the soil, which not only poses a risk for water
bodies and streams, but also can pollute other areas, fields and meadows; it
also potentially endangers animals.

Research on water soil erosion and sedimentation processes is demand-
ing and never-ending. Developing new methodologies that lift the results
to a higher level is constantly necessary. Within the study, mathematical
models were used, which are a beneficial tool in determining the possi-
ble amount of soil loss from the area studied. Currently, mathematical
models provide accurate estimates of water and soil carried away from a
territory as long as actual measured data are available. In the contribution,
the physically-based EROSION-3D model was used, and the modelling
was carried out for the Zagozdonka catchment in Poland based on the
precipitation events measured.

The development of water soil erosion and transport processes was
monitored from 2000-2020. Two management scenarios were created to
reflect different conditions in the basin. The first scenario represents the
current situation in the catchment, and the second scenario was designed to
improve the soil management conditions and thus increase the protection
of the territory. The results show the importance of precipitation events
and their strong influence on erosion and sedimentation processes. Within
the territory, the endangered places were located where it is necessary to
pay attention to increased protection of the area, especially in the case of
short and intense precipitation. The scenarios created provide ideas for
improving soil management in the area, thereby helping to protect the soil
from degradation processes.

Key words: water erosion, rainfall event, sedimentation, deposition, soil
degradation
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RESEARCH CONTENT

» Zagozdzonka catchment
» approximately 100 km south of Warsaw in
central Poland
+ arable land (49%)
« forests 39%
* pastures 13%

« Period under research: (2000-2020)

* Rainfall input data: meteorological stations in

Poland [
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ABSTRACT

The development of water soil erosion and transport processes was monitored

from 2000-2020. Two management scenarios were created to reflect the different

conditions in the basin. The first scenario represented the current situation in the catchment, and the second scenario was designed to improve the soil management

conditions and thus increase the protection of the territory. The results show

sedimentation processes. Within the territory, the endangered places were located where it is necessary to pay

the importance of precipitation events and their strong influence on erosion and
ion to increased pr ion of the area, ially in

the case of short and intense precipitation. The scenarios created provide ideas for improving soil management in the area, thereby helping to protect the soil from

degradation processes.

CATCHMENT DATA

2 METHODS

The location of the Zagozdzonka catchment is approximately 100 km south of
Warsaw in central Poland (Fig. 1) with an area covering 91.4 km2. The
catchment is predominantly used for agricultural production (potatoes and
wheat) with part of forests (less than 38% of the area). The dominant soil types
are sandy soils, (60.6%), clayey sands (27.2%), and loose sands (about 0.1% of the
area). Half of the territory is occupied by arable land (49%) prone to erosion and
sedimentation processes. The slope representation together with the distribution
of soil types is included in Fig. 1.
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Fig. 1 Location of the Zagozdonka catchment (contral Poland)

RESULTS AND CONCLUSION

RAINFALL INPUT DATA

The rainfall events were measured at the meteorological stations located in
Poland during the period evaluated (2000-2020). A summary of the rainfall
events used is displayed in Fig. 2. The most interesting events (Fig. 3) were
extracted in order to reflect the reaction of the catchment to those events.
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Fifty-seven simulations were performed in a physically-based EROSION-3D
model based on measured precipitation events at a gauging station in Poland. To
declare and confirm the high sensitivity of the model to rainfall events several
rainfall events were chosen as a model input using a long-term simulation
submodel. The catchment does not show significant signs of soil erosion that
could be labelled as dangerous and cause irreversible damage to the soil. The
most noticeable manifestations of these processes were recorded in the parts
with a significant slope and pl¢
The relationship between the
precipitation  events  and
various  manifestations  of
erosion and transport
processes reflects the Fig. 3
as follows: Fig. 3A Erosion
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Fig. 4 Model results from the physically-based EROSION3D model, Year 2014 A) Erosion (t/ha/year) B) Net erosion (¢halyear), C) Sediment
mass (kg)
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MODELLING IN EROSION-3D MODEL

The physically-based EROSION-3D model was chosen to simulate the answer of|
the catchment to different variations of inputs. Since the model is
predominantly based on an event-based model, long-term simulations were
invented to model long-lasting events (one year). Three basic inputs are required
by the model, i.e. soil input parameters, relief and rainfall parameters. In the
contribution, two management scenarios were created to reflect the different
conditions in the basin. The first scenario represented the current situation in
the catchment (current land use), and the second scenario was designed to
improve soil management conditions and thus increase the protection of the
territory.

The aim of the contribution is the modeling of erosion and sedimentation
processes with the physically-based EROSION-3D model. Since it is a
physically-based model, there is a high probability of success of individual
simulations due to the internal essence of the model. Of all the input parameters

factor, therefore real measured data were also used in the contribution in order
to identify places threatened by erosion and sedimentation processes. Since the
investigated area does not have a particularly heterogeneous area, significant

B) values of erosion and sedimentation were not demonstrated. R
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Fig. 5 The relationship between erosion processes and rainfall events
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PROGRAMME OVERVIEW:

GuBhausstraBe 25-29, 1040 Wien, 6™ floor

Date Time Programme
24 08:30-09:15 Registration
November

2022

09:15-09:30 Opening: Giinter Bloschl, Jan Szolgay, Zoltan Gribovszki,
Hubert Holzmann

09:30-11:30 1% Oral Block (7 lectures)
Chairman: Silvia Kohnova and Péter Kalicz
11:30-12:15 Sandwich lunch
12:15-14:15 Poster presentations (2 - 3 min time slots/per poster)
Chairman: Kamila Hlav¢ova, Hubert Holzmann and
Zoltan Gribovszki

14:15-15:30 Poster Session with coffee

15:30 Closure
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Detailed Programme, 24 November 2022
GuBhausstraBe 25-29, 1040 Wien, 6" floor

9:30-11:30 Oral Block
Chairman: Silvia Kohnova and Péter Kalicz
Nr. Author Title
1 Peter Valent Coupling of a high-resolution weather generator and a rainfall-
(TUW) (30 min) runoff model in the Danube basin
2 Miriam Bertola Comparative analysis of historical flood events in the Danube and
(TUW) (15 min) Main River catchments between 1845 and 1950
3 Zsolt Pinke Developing a climate-smart land use system on reclaimed
(ELU) (15 min) wetlands in the Carpathian-Balkan Region
4 Zsolt Kozma The effects of drainage on the hydrology of a Hungarian lowland
(BUTE) (15 min) catchment
5 Zoltan Liptay An overview of the possibilities of artificial intelligence-based
(UoPS) (15 min) approaches in Hungarian hydrological practice
6 Martin Kuban The value of ascat data for the calibration of a conceptual
(SUT) (15 min) hydrological model
7 Martina MajoroSova The influence of anthropogenic activities on the quality of the

11:30-12:15

(SUT) (15 min)

landscape and urban landscape

Sandwich lunch
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12:15-14:15 Poster presentations (2- 3 min time slots/per poster)

Chairman: Kamila Hlav¢ova, Hubert Holzmann and Zoltan Gribovszki

Nr. | Author Title

P1 Csenge Nevezi Precipitation data processing from various tipping bucket rain gauges
(UoS) in the Hidegviz Valley experimental catchment

P2 Klaudia Négyesi Analyzing the connection between rainfall intensities and times of
(BUTE) concentration using rainfall-runoff modeling

P3 Lorenzo Ceretti The runoff coefficient for a T-year design flood, using data from
(PUT) Austrian catchments

P4 Borbala Széles Isotopic hydrograph separation at the Hydrological Open Air
(TUW) Laboratory

P5 | Amon Gergely Impact of hydrological and hydraulic modelling approaches to a flash
(SzU) flood event in the Hidegviz watershed in Hungary

P6 Caroline Ehrendorfer Estimation of extreme flood discharge values using synthetic weather
(BOKU) data in the Austrian Alps

P7 David Lun Attribution of flood changes with a time series in the presence of
(TUW) autocorrelation: Modifications for Spearman‘s Rho and Kendall‘s Tau

P8 Labat Marija Mihaela Estimation of design floods using the CN method and the CLM climate
(SUT) model

P9 | Gergely Kokény Effects of an extreme drought in Eastern Bakony, Hungary
(VZV)

P10 | Milica Aleksi¢ Using satellite data products in the process of calibration of the
(SUT) hydrological model

P11 | Maté Chappon Uncertainties in the calculation of Lake Velence water budget
(SzU)

P12 | Attila Kalman Impact of nature-based solutions on the water balance of Lake
(SzU) Velence

P13 | Veronika Bacova Changes in the hydrological balance in two basins with long-term
Mitkova observations
(SAS)
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P14 | Zuzana Sabova Seasonal and spatial changes in mean monthly discharges in selected
(SUT) gauging stations of Slovakia

P15 | Bolla Bence The dynamics of the soil moisture content under different forest stands
(UoS) in the Sandridge Region of Hungary

P16 | Andras Herceg Impact of water supply on forest groundwater levels: a case study in the
(UoS) west inner-somogy micro-region (Hungary)

P17 | Viera Rattayova Trends in reference evapotranspiration in selected stations of Slovakia
(SUT)

P18 | Gabriel Stecher Evapotranspiration generates diurnal discharge fluctuations in forested
(BOKU) micro-watersheds

P19 | Kele Zsombor Use of the groundwater of a salt steppic oak forest in Ohat, Hungary, in
(UoS) relation to environmental parameters

P20 | Zsofia Rusznyak Preliminary assessment of the groundwater regime in the Gemenc
(UoPS) Region of the Danube-Drava National Park (Hungary)

P21 | Andras Szabo Differences in the groundwater supply between a forest and agricultural
(UoS) land cover on the Great Hungarian Plain

P22 | Katalin Zagyvai-Kiss Groundwater dynamics of a common alder forest
(UoS)

P23 | Juraj Parajka Impact of climate change on the water resources in the Thaya basin
(TUW)

P24 | Viktoria Gaspar Influence of climate change on the variability of the forest community
(SUT)

P25 | Andri Hendrizal Water Quality and Commercial Fish Diversity in the Proposed Oxbow
(UR) Lake Fish Sanctuary

P26 | Lynda Paulikova Benthic organisms of water bodies as an indicator of water quality
(SUT)

P27 | Aliati Iswantari The Nitrogen Load in The Jatigede Reservoir, West Java, Indonesia
(IPBU)

P28 | Thomas James Oudega Transport and removal of Bacillus subtilis spores in an alluvial gravel

(TUW)

aquifer at varying flow rates and the implications for setback distances
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P29 | Miriam Zatovicova Application of vertical gardens in urbanised areas: An alternative
(SUT) approach to urban greening
P30 | Jana Gre¢narova The implementation of blue-green infrastructure for the protection of
(SUT) natural habitats
P31 | Zuzana Németova Analysis of the development of water erosion and sedimentation
(SUT) processes from 2000-2020, Zagozdonka catchment, Poland
14:15-15:30 Poster Session with coffee

15:30 Closure
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