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1. Introduction 

 

 Soil and freshwater quality of a region strongly determine (agro-)ecosystems functioning, 

ecosystem services and the quality of life in the area. Water regime and mass transport through the 

vadoose zone and in surface watercourses have major effect on water quality and soil functioning. 

Erosion damages fertile soils and contributes to the sedimentation and pollution of lakes and rivers, 

thus, threatening agro- and natural ecosystem.  

According to predictions, the frequency of extreme weather events will increase in the future 

(JRC 2009, Pongrácz et al. 2009). Considering the sometimes quite rapid, human induced changes 

in the landscape, the joint effect of land use and climate changes may lead to so far unknown 

hydrological situations. Hence, thorough knowledge of factors governing the water and mass 

transport in soil and water bodies at different scales is needed to understand and manage the 

functioning of terrestrial and freshwater ecosystems and to develop appropriate tools for mitigating 

the possible harmful effects of anthropogenic pressures and predicted climate change. 

 

The Project accomplished aimed at i) integrating knowledge on plot- and catchment scale 

description of water and mass transport and ii) evaluating the combined effects of different land 

use and climate change scenarios on water regime and soil erosion. Our objectives, in particular, 

were:  

 to improve our understanding on the effects of extreme hydrological situation on water 

regime and soil erosion for increasing preparedness and adaptation to foreseen land use and 

climate changes,  

 to carry out field measurements on hydrological characteristics and to test advanced sensors 

for measuring the soil water balance elements, 

 to construct a realistic scenario matrix using information on the forecasted changes in 

climate, land use and water management and to perform complex multi-scale scenario 

analyses in the pilot areas for reducing uncertainty in modelling results,  

 to estimate erosion losses by applying the process-based INCA-SED dynamic model,  

 to couple existing and newly obtained data as well as field- and catchment scale 

hydrological models for developing multi-level adaptation strategies that could contribute 

to reducing the vulnerability of terrestrial and hydrological ecosystems to extreme weather 

conditions and  

 to formulate recommendations on monitoring, mitigation and adaptation measures.  

 

 

The work was organised in four work packages. The relationship between the WP’s is presented in 

Figure 1.  
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Figure 1. Conceptual structure and relations of the Project’s activities 
 

WP1 Data collection, measurements and monitoring; advanced data evaluation (yellow) 

WP2 Data-model fusion (green) and models coupling (blue)  

WP3 Scenario development and scenario analyses  

WP4 Adaptation strategies optimised at field- and catchment scales   
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2. Materials and Methods 

 

Table 1 gives an overview of the tasks, data sources and evaluation methods, used during the 

implementation of the Project.  

 

Table 1. Overview of the implementation of the Project’s goals – pilot area, data, methods 

 

We faced different, sometimes unexpected problems during the accomplishment of the 

Project’s objectives. In the end of this Report, we give a short overview of the challenges faced, so 

that they could be avoided with higher probability in the future.  

 

2.1.    Pilot catchments  

For representing the Lake Balaton watershed with its rather high erosional susceptibility, we 

selected three small representative catchments around the lake (Figure 2).  
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Figure 2. Lake Balaton watershed and location of the study cathments 
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The Tetves River (TR) Catchment (69 km2) lies on the southern part of the Balaton lake 

catchment (Figure 2), being one of the South-north oriented, 5-10 km wide meridional valleys 

typical for the area. The elevation of the area varies between 125 m and 301 m a.s.l., the average 

slope is 9.9 % (Szűcs 2012). The whole surface is covered mainly with carbonate rich eolian loess 

belonging to the loam, silty clay loam textural classes. On the bottom of the valleys, typically 

particles that contain more sand constitute the soil texture. The dominant soils types are Cambisols; 

notable clay illuviation occurs under forests where Luvisols could also occur (WRB 2006). The 

land use types are mostly forest, arable land, orchard and pasture, while the rest consists of scattered 

urban settlements and wetland. The long-term average (for the 1961-1990 period) annual 

temperature and precipitation amount in the Tetves River Catchment are 10.3C and 650 mm, 

respectively (climatic information was retrieved from CRU CL v2.0 dataset; (New et al. 2002)).  

 

The Esztergályhorváti River (ER) Catchment in located in the western part of the Lake Balaton 

watershed. Its length is approximately 9 km, with overall watershed area of 19 km2. The typical 

soil types found in the area are brown forest soils (Dövényi, 2010). The land use types are mostly 

semi-natural forest, arable land, orchard and pasture. The average annual precipitation and 

temperature amount are in the catchment 650-690 mm yr-1 and 10 C, respectively. 

 

The Csorsza River (CR) Catchment has an area of 21km2 and river length of 8 km. The typical 

soil is forest soil and the mostly vineyard areas dominated by rendzina soils (Dövényi, 2010). The 

average annual precipitation and temperature are 10.2 C and 580-680 mm yr-1 (Table 2.) 

 

Table 2. Main characteristics and yearly average meteorological data of study catchments  

and their surrounding areas. 

 

The catchment-level studies (focusing on overall runoff and soil loss) were applied for the 

whole catchment, except the connectivity study, where the TR catchment was divided into 6 sub-

catchments.  

Concerning the plot-level studies, the measurements and model runs were performed for 

reference Hydrological Response Units (HRU’s). The HRU’s represent spatial units, homogeneous 

with respect to slope/elevation, soil cover and land use. They were selected by combining 

information available in the digital elevation model (DTM - slope), the Corine land use map (land 

use types - (European CORINE Land Cover 2000 spatial dataset (European Environment Agency) 

and the soil map (soil types) in order to establish plot-scale monitoring points. Thus, similar HRU’s 

are considered to be similar in slope class, land use and soil type. The representative HRU land use 

types for the three catchments and are presented in Table 3.  

 

 

Catchment Area 
Air 

temperature

Pot. evapo-

transpiration

Precipitation 

sum

Wind       

speed

Groundwater 

depth

km
2  °C mm mm m/s m

CR 21 10.3 750 580-680 3.0 2-4

TR 69 10.3 756 650 3.0 2-4

ER 19 9.9 800 630-680 2.7 2-4
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Table 3. Characteristic land use classes in the pilot catchments 

 

 

 

2.2.    Plot- scale measurements and monitoring 

At each HRU, the soil cover was analysed by collecting disturbed and undisturbed soil samples 

in three replicates from three different soil layers (at 15, 40 and 70 cm depth). From the disturbed 

samples, basic soil properties and the soil texture were determined. The undisturbed, 100 cm3 soil 

cores were used to measure the soil hydraulic properties – the soil water retention curve and 

saturated hydraulic conductivity. Table 4 demonstrates the soil properties, measured in the topsoil 

of the reference soil profiles in the CR catchment.  

Table 4. Soil properties, measured in the 2-10 cm layer of the reference soil profiles  

in the CR watershed  

 

HASL – Height above Sea Level; TSW – Soil water content at saturation, v% 

 

The measured soil hydraulic properties are the key soil input data for the mathematical models. 

However, the models can not handle discreet data, therefore they require continuous (soil water 

retention and hydraulic conductivity) functions. We used the RETC software (https://www.pc-

progress.com/en/Default.aspx?retc) to derive the Van-Genuchten – Mualem parameters 

representing the analytical forms of the soil hydraulic functions.  
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Soil temperature and soil water content probes were installed in selected reference HRU’s. The 

soil water sensors were preliminary calibrated for the study sites. We used Decagon 5TM type 

sensors, connected to Decagon EM50 data loggers. The data were registered with hourly (at TR 

and ER for studies in daily resolution) and 10-minute resolution (at CR, for event-based 

investigations). The sensors were placed in three soil layers, representing the topsoil (0-20 cm), 

and the 20-60 and 60-100 cm layers. In some cases, no probes could be placed in the deepest soil 

layer.  

For the event-based studies at the CR watershed, a Decagon ECH2O Rain sensor (model 

ECRN-50) was installed nearby the wine yard at 2 m height for registering the amount of rainfall 

with an accuracy of 1 mm. Further, simple plastic rain gauges were placed next to the soil water 

content probes in the grass, arable land, forest and orchards.  

The rainfall data, together with other meteorological data were used as driving input variables 

for the mathematical models. The measured soil properties (and the derived Van-Genuchten – 

Mualem parameters) were used when parameterising the models for the study sites.  

The soil water content data series were used as reference data to calibrate the SWAT plot-level 

soil hydraulic model to the reference HRU’s.  

 

2.3.    Catchment- scale measurements and monitoring 

Water discharge data (either received from responsible authorities or measured by the Team) 

were collected in daily resolution from the outlet points of the three pilot catchments, and used 

further as reference data for calibrating the PERSiST hydrological model and the hydrological 

routine of the INCA-P model.  

Besides discharge measurements, water samples were collected manually from the studied 

rivers nearby the outlet first in weekly, later in daily resolution. The samples were analysed in the 

laboratory for suspended sediment content using vacuum filtration with 0.45 μm filter papers. Data 

on suspended sediment concentration were further used as reference data for calibrating the 

sediment transport (erosion) routine of the INCA-P model.  

In 2015, a device for measuring turbidity was purchased. Turbidity measurements were 

performed at the outlet of the three pilot catchment, using a turbidity sensor connected to a ProDSS 

type YSI instrument. The instrument was pre-calibrated on standard solutions with known turbidity 

of 0, 10 and 1000 FNU ((Formazin Nephelometric Unit, Sigma–Aldrich). The FNU is the measure 

of turbidity, which is highly correlated with the suspended sediment concentration in waters.  

Additionaly, campaign measurements were carried out in the CR outlet to study the effect of 

extreme precipitation events on soil loss and suspended sediment concentration. The campaign 

measurements consisted of i) more frequent collection of water samples from the stream for 

measuring suspended sediment concentration and of ii) turbidity measurements.  

Besides the daily water sampling at the Csorsza Patak monitoring station additional water 

samples were taken during high rainfall events, taking water samples hourly during the first six 

hours of the precipitation and every 2 hours during the next 42 hours (resulting in 24 samples per 

event).  
 

 

2.4.    The modelling network  

The modelling network consisted of plot- and catchment level mathematical models, linked 

through i) common model parameters, ii) parameters that correlate with each other and iii) model 

outputs, providing input data for other models.  
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We used the SWAP (Soil, Water, Atmosphere and Plant) profile-based hydrological model to 

simulate the soil water regime of the selected HRU’s at plot scale.  

Further, two catchment level hydrological models - namely the PERSiST rainfall-runoff model and 

the hydrological routine of the INCA-P model - were used to describe the water pathways, the 

runoff within the pilot catchments and to evaluate the discharge at the catchment’s outlet.  

The model network is forced i) by daily meteorological data series for calibration and ii) by two 

climate scenarios, derived using the LARS Weather Generator for scenario analyses.   

 

Plot-scale model: SWAP 

The schematic description of the SWAP model in relation to volume balance parameters for 

soil, plant and environment is shown in Fig. 3. The model contains five sub-models of METEO, 

CROP, SOIL, IRRIGATION, and TIMER. Each sub-model receives the related input data and 

analyses it and sends the results to the main program. In sub-model SOIL, SWAP employs 

Richards’ equation for soil water movement. Due to its physical bases, the Richards’ equation 

allows the use of soil hydraulic functions and simulation of all kind of scenario analysis. The soil 

hydraulic functions are described by the analytical expressions of Van-Genuchten – Mualem or by 

tabular values. Root water extraction at various soil depths is calculated from potential 

transpiration, root length density and possible reductions due to wet, dry, or saline conditions. 

  
 

Figure 3. A schematized overview of the modelled system in the SWAP model 

 

Catchment level models:  PERSiST and INCA-P 

We parameterized, calibrated and coupled the PERSIST (the Precipitation, Evapotranspiration 

and Runoff Simulator for Solute Transport) and the erosion module of the INCA-P (INtegrated 

CAtchment) models to simulate runoff and sediment transport in the Tetves River and 

Esztergályhorváti River Catchments (TR and ER Catchments).  
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The PERSiST model, developed at the Swedish Agricultural University is designed for 

simulating catchment hydrology, especially projecting possible future effects of climate or land use 

change on runoff and catchment water storage and generating hydrologic inputs for INCA model 

family (Futter, 2014).  

The INCA-P model was designed at the Reading University, UK. This is a dynamic, process-

based, daily-time step model simulating sediment delivery and designed to investigate the factors 

controlling phosphorus transformation and sediment transport processes (Whitehead et al., 

1998a,b; Wade et al., 2002a,). The model has two main parts: (i) the land-phase delivery model 

which simulates the hydraulic and sediment generation and transport processes on the land, and (ii) 

the in-stream compartment that considers the processes and storage within the river segments (Fig. 

4). The conceptual model that forms the basis of the numerical and computational sedimentation 

modul of INCA-P is presented on Fig. 5. (Lazar et al 2007). In this Project the hydrological and 

erosion modules of the INCA-P were applied.  

 

 
 

Figure 4. The hydrological routine of the INCA-P model 

 

Being semi-distributed models, PERSiST and INCA-P share a common concept of representing 

a catchment as different combinations of landscape units or hydrological response unit (HRU). The 

HRUs consist of areas that can be regarded similar with respect to their soil cover, land use and 

slope characteristics. In the semi-distributed model structure, the water and sediment transport from 

different response units and sub-catchments are modelled simultaneously and information come 

consecutively into a multi-reach river model (Whitehead 2007.).  
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The selected models have been developed to simulate both terrestrial and aquatic systems and 

used to model a wide range of catchments (Futter et al. 2014, Whitehead 1998). 

 

 
Figure 5. Conceptual model of the INCA-P erosion module (Lazar et. al. 2010) 

 

Soil water content dynamics are not calculated directly in the INCA-P model; therefore, it 

requires soil moisture deficit (SMD) as an input from pre-processing of the data with PERSiST. 

The PERSiST model is capable of generating daily input time series for the INCA-P model 

consisting of hydrologically effective rainfall (HER) and SMD data in daily resolution. Hence, the 

two models have to be linked for running INCA-P, which means that the hydrological performance 

of the INCA-P model depends on how well the PERSiST model has been adapted to the catchment 

(Farkas et al. 2013).  

 

Model parameterisation and calibration  

The SWAP model was parameterized, using data registered at the reference HRU’s. The soil 

parameters and initial conditions were set according to the measurements. As a relatively shallow 

soil profile was considered, free flux bottom boundary conditions were assumed. The crop 

parameters were set in accordance with the information about the crop cover.  

The SWAT model is driven by daily meteorological data (daily minimum and maximum 

temperature, daily precipitation sum, wind speed, relative humidity and solar radiation). The input 

meteorological data files were prepared using data from Fonyód.  

The model was run for the period, when measured soil water content data was available. The 

latter were used as reference data for model calibration.  

 

The PERSiST and INCA-P was applied to the TR and the ER catchments (Figure 6). The TR 

catchment is a base flow-dominated system (BFI; 0.67), while the BFI is in case of ER Catchment 

is 0.17. The annual average BFI was obtained from a separation procedure using the local minimum 

method. 

The reach lengths of the main river channel (19.0 and 9.3 km for TR and ER, respectively) were 

derived from the GIS database. Within the PERSiST and the INCA-P models, the following six 

hydrological response units were used: forest (slope: <12% and >12%) arable land (slope: <12% 

and >12%), orchard and pasture. The separation of  arable land and forest into two PERSiST and 



FINAL REPORT                                                                   Data model fusion for studying the combined effects of … OTKA Project N. 101065.  

 
 

INCA land use categories was important to evaluate the effect of hillslope gardient on different soil 

management systems on run-off and sediment losses. The effects of slope gradient on soil loss and 

runoff were studied extensively, with the general conclusions that eroded materials and runoff 

increase with higher slope steepness. Minor land use types in the catchment (e.g. urban, wetland) 

were left out from the simulations and considered either as forest (wetland) or arable land (urban 

areas consisting mainly of scattered settlements). 

 
 

Figure 6. Land use and DTM of the TR and ER pilot watersheds 

 

 

The hydrological modelling period was 1/1/2005-31/12/2016 in case of both study catchment. 

This period was split into calibration (2005-2009) and validation (2010-2016) periods. Suspended 

sediment concentrations were simulated for the period between 21/04/2015 and 31/12/2016 for TR 

Catchment and 21/05/2015-30/12/2016 for ER Catchment. The model calibration and validation 

were carried out by using the observed daily discharge and suspended sediment time-series. We 

calibrated the PERSiST and the INCA-P models manually by tuning model parameters to minimize 

the discrepancy between measured and simulated data.  

We used different statistics to evaluate the goodness of fit of simulated values to observations. 

Simulated and observed discharge and sediment losses were compared using i) Pearson’s 

correlation coefficient (R2) and ii) the Nash–Sutcliffe model efficiency coefficient (NSE) (Nash & 

Sutcliffe, 1970), which are used to assess the predictive power of hydrological models. The NSE’s 

value can range from -∞ to 1. An efficiency of 1 corresponds to a perfect match of modelled values 

to observed data, 0 indicates that the model predictions are as accurate as the mean of the observed 

data, whereas efficiency less than zero occurs when the observed mean is a better than our 

estimates.  
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Table 5.  Input and reference data, used for setting up and calibrating the PERSiST, INCA-P 

models and the LARS-WG models 

 
AP and AT stand for annual precipitation and temperature, respectively.  

 

 

2.5.   Linking the plot- and catchment scale models  

By making efforts on coupling the plot- and catchment scale models, we aim at: 

 Linking two different approaches of simulating the water flow within natural systems, 

namely the soil water balance calculations and watershed level runoff simulations. 

Traditional hydrological models are describing water movement through watersheds via 

three main pathways (surface, intermediate and groundwater flow), focusing on the 

discharges measured at the catchment outlet. These models tend to integrate the field-

scale processes, and the soil and its hydrological properties are usually poorly 

represented. On the other hand, many activities and possible adaptation strategies for 

improving water retention are valid at field scale. By coupling field- and catchment level 

models we hope to use information obtained at profile- plot- field level from the plot-

scale models to improve the land-use specific performance of the catchment level 

models.  

 

 

Data Description Resolution Type Source

AT (2005-2016) daily input

AP (1970-1990) daily
input for LARS-

WG
CRU CL v2.0

AT (1970-1990) daily
input for LARS-

WG
CRU CL v2.0

HER daily PERSIST output

Soil hydrology SMD daily PERSIST output

Catchment geometry Catchment area - input Maps using GIS

Stream geometry
Length, average 

channel widths, slope
- input Maps using GIS

Land use
% of dominant land 

use types
yearly input CORIN Land cover

Discharge

Observed discharge at 

the outlets (TR-Visz 

and ER-

Esztergályhotváti)

daily reference

South-and West-

Transdanubian Water 

Management 

Directorates

In stream suspended 

sediment concentrations

Samples taken at the 

outlets (TR-Visz and 

ER- Esztergályhorváti)

Approx. in 

every day
reference

MTA ATK TAKI 

dataset 

Meteorolgy 

AP (2005-2016) daily input

Input for 

INCA

Fonyód and Zalaapati 

station
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 Deriving additional information for parametrizing and calibrating the plot- and 

catchment level models. Thus, if we have a well-calibrated parameter set at plot scale, 

we can adapt the joint parameters in the catchment level model.  

 Providing additional input and reference data for the models from each other for 

improving model performance. 

 Decreasing the uncertainty of model parameterization due to gaining information from 

different sources.  

 

While implementing the Project, we used two different approaches to couple the plot- and 

catchment scale models. The first approach was based on using common parameter values and 

feeding the models (back and forward) with advance input and reference data.  

The second approach is related to the connectivity theory, as we tried to derive connectivity 

characteristics related to model’s parameters and to use them jointly in the plot- and watershed 

level models.  This approach was tested on the Tetves River watershed.  

 

2.5.1. Coupling the plot- and catchment level models within the model chain  

 

The most widely used connections between the three models applied are schematized in Figure 

7.  

During the Project implementation, the following efforts were made to couple the plot- and 

catchment level models and benefit from the information and knowledge, implemented in the 

models: 

 Introducing calibrated soil and crop parameters from SWAP in the PERSiST and INCA-P 

models 

 Providing the INCA-P model with driving input variables, calculated by the PERSiST 

model 

 Cross-checking the water balance elements, simulated by the different models (for example, 

testing, if the evapotranspiration values, calculated by the SWAP and PERSiST models are 

in agreement with each other; calculating the area specific runoff from the INCA-P results 

and comparing it with the surface runoff values, simulated by the SWAP model for a given 

surface unit etc.) 

 

 

 
 

 

Figure 7. Data flow (red arrows) and cross-checking feedbacks (green) in the model chain 

INCA-P

PERSISTSWAP
Soil Moisture Deficite

Hydraulicaly Effective Rainfall 

Calibrated soil parameters

calibrated crop parameters 

Runoff 

water balance elements 

Evapotranspiration esimates 
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2.5.2. Linking the models via joint parameters derived using the connectivity theory (this 

work was carried out in collaboration with the Norwegian Institute for Bioeconomy Research 

(NIBIO) with contribution of Robert Barneveld) 

A catchment’s connectivity state is determined by morphometric and land use characteristics. 

We used a Digital Elevation Model (DEM) to assign the sub-catchments within the whole Tetves 

catchment and to derive connectivity parameters relevant for the area. The DEM was compiled 

based on 1:10 000 topographic contour maps, and had a 10 m spatial resolution (FÖMI). The 

characteristic land use types were defined in every cell of the 50 m × 50 m grid fitted to the Tetves 

catchment. The representative soil hydro-physical characteristics and vegetation properties, used 

in the models (see later) were defined according to the land use.  Table 6 represents the main land 

use characteristics of the six sub-catchments, delineated within the TR watershed.  

 

Table 6. The main physical characteristic of reaches and sub-catchments and proportion of land 

use classes within TR catchment 

 1. 

Somogytúr 

(%) 

 

2. 

Kisbabod 

1 (%) 

 

3. 

Határárok 

 (%) 

 

4. 

Somogybabod 

 (%) 

 

5. 

Kisbabod_2 

(%) 

 

6. 

Gamás  

(%) 

 

∑  

(%) 

Arable  44 49 17 38 49 55 41 

Forest  38 42 83 58 44 41 52 

        

Orchad  9 3 - 4 3 - 4 

Pasture  9 6 - - 4 3 3 

 

∑Area 

(km2)  

14.1 11 14.4 7.4 5.5 15.6 68 

Reach 

Lenght 

(m) 

4940 4000 500 500 500 376

0 

13400 

 

As a next step, a number of connectivity-related discriminant catchment characteristics were 

derived for the entire catchment and the sub-catchments. Table 7 gives an overview of the 

descriptors. All calculations were carried out on a 10 by 10 regular grid. 

With the exception of the altitude related parameters and the area and perimeter, all descriptors 

are presumed to affect the catchment’s hydrological connectivity, either directly or indirectly. The 

shape parameters (Gravelius Index and radius) in combination with the drainage density will 

determine the maximum and average flow lengths. The combination of drainage density, catchment 

shape, slope and land use will determine the Index of Connectivity.  

The last step was to evaluate the relationship between the key model parameters and the derived 

connectivity parameters. Multilinear regression functions for each of the hydrological calibration 

parameters of PERSiST and INCA models were derived by first identifying the catchment 

morphometric descriptor that had the highest Pearson correlation with that parameter. Since many 

of the morphometric characteristics are strongly correlated to each other, care was taken to avoid 

descriptors that are inter-dependent. The regression functions were processed with the Machine 

Learning in R (mlr) package in the R programming language (v. 3.0.2, The R Foundation for 

Statistical Computing, 2013). The scale-dependentness of the fit of the regression functions was 
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investigated by determining the correlation between the relative error of the function and the area 

of the catchment. 

 

Table 7.  Catchment descriptive characteristics and their calculation. 

Abbreviation Descriptor Calculation procedure 

Rmin maximum radius (m) The distance from the catchment centroid to the 

furthest point on the boundary. 

Rmax minimum radius (m) The distance from the catchment centroid to the 

closest point on the boundary. 

A surface area (m2)  

P perimeter (m)  

S average slope (m m-1) Average of the slope, calculated in the direction of 

the steepest neighbouring cell. 

KG Gravelius Index (-) P (2 ( π A ) ½  ) -1 

Lmax maximum flow length 

(m) 

Maximum distance a particle travels overland to the 

stream network, with deterministic 8 flow routing. 

Lav Average flow length (m) Average of the flow length of all raster cells to the 

stream network. 

Hmin Minimum elevation (m 

asl.) 

 

Hmax Maximum elevation (m 

asl.) 

 

Hav Average elevation (m 

asl.) 

 

Hrange Elevation range (m)  

rAagri Ratio arable land Ratio of arable land to the total surface area 

DD Drainage density (m-1) Length of the combined streams divided by the 

area. 

IC Index of Connectivity (-) The ratio of an upstream term that describes runoff 

generation, and a downstream term that quantifies 

the transport to the stream network.  

 

 

2.6.    Deriving site-specific future climate projections using the LARS Weather Generator 

The IPCC climate scenarios, provided for further impact studies are the outcomes of Global or 

Regional Climate models (GCMs or RCMs), and the meteorological data series are given for the 

cross points of a grid The spatial resolution of these data (the resolution of the grids) is insufficient 

for plot- and sub-catchment level studies.  

To overcome this problem, we used a stochastic weather generator for deriving site-specific 

data series representing the future climatic conditions at the study catchments.  The Long Ashton 

Research Station Weather Generator 5.0 (LARS-WG) is a stochastic weather generator developed 

by Semenov and Barrow (1997) for statistical downscaling. Several studies (such as Hashmi et al., 
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2011) have compared the performance of LARS-WG with other statistical downscaling techniques 

and have concluded that LARS-WG can be adopted with confidence for climate change studies. 

LARS-WG version 5.0 includes climate scenarios based on 19 GCMs, which have been used in 

the IPCC 4AR Project (2007). The output data of LARS-WG are in the form of daily time-series 

for a suite of climate variables, namely, precipitation (mm), maximum and minimum temperature 

(°C), which are using inputs file fot PERSiST and INCA-P. 

In order to derive site-specific climate data series, the LARS-WG requires historical data series 

(for the reference years 1960-1990) from the study area. Further, it calculates a statistical matrix of 

differences between the measured data and those, incorporated in the LARS as historical data 

(1960-1990), valid for the grid points. This „matrix of differences” is used further to derive site-

specific climate projections from the future climate projections, valid at the grid nearest grid points.  

The Regional Climate Models, inbuilt in the LARS-WG and used in our study are given in 

Table 8. One can see, that there is a huge list of RCMs, the outcomes of which are incorporated in 

the Weather Generator – so the next question was to decide, which of the climate projections should 

be used in the Project for scenario analyses.  

To make such a decision, the average air temperature and yearly precipitation sum of each of 

the RCMs from Table 8 were designed on a graph, the so-called thermopluviograms. These graphs 

allowed us to select the outstanding climate scenarios, and use them for running the mathematical 

models. Applying this approach we ensured, that all the possible future changes are represented in 

our study. The thermopluviograms for TR and ER catchments are given in Figure 7. 

 

Table 8. Regional Climate Models, of which outputs are incorporated in the LARS-WG5.5  

 

Models Abbreviation Resolution, 
Longitude/Latitude 

Duration Grid number 

CCCMA CGCM3 T47 
(medres) 

CGMR 
3.75        3.71 

1850–2300 22 

CNRM CM3 CNCM3 2.8125 2.79 1860–2299 33 

LASG FGOALS-g1.0 FGOALS 
2.8125 2.79 

1850–2199 33 

GISS AOM GIAOM 4 3 1850–2100 27 

UKMO HadCM3 HADCM3 3.75 2.5 1860–2199 27 

 
UKMO HadGEM1 HADGEM 1.875 1.25 1860–2100 51 

IPSL CM4 IPCM4 3.75 2.535 1860–2230 29 

NIES MIROC3.2 hires MIHR 
1.125 1.1214 

1900–2100 74 

MPI-M ECHAM5-OM MPEH5 1.88 1.87 1960–2200 32 

NCAR CCSM3 NCCCSM 1.40625 1.400763 1890–2099 53 

NCAR PCM NCPCM 2.8125 2.79 1870–2099 33 

 

http://www.ipcc.ch/
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b. 

 
Figure 7.a-b. Thermopluviograms of the eleven regional climate models (IPPC 4AR, A1B, 

2046-2065) and reference meteorological dataset (REF:1960-1990, REF_H:2005-2016) derived 

for the Tetves River Catchment (a)  and Esztergályhoráti River Catchment (b) 

 

 

All of the climate scenarios predicted increase in yearly average temperature and desrese in 

yearly avarge precipitation sum (Figure 7.) compared to the reference period. C2 -MPEH5 and -

CGMR scenarios predict remarkable precipitation decrease during summer. (In this study the 

period from 2005 to 2016 was used as a reference, for modelling hydrological and sediment 

delivery, as the weather data used in the simulations belonged to this period. The projected trends 

in the future climate conditions might differ from those, where the reference period lasts from 1960 

until 1990.  

 

2.7.    Combined climate – and land use change scenario matrix  

Four management scenarios were considered to study the effects of human-induced land 

management changes on run-off and sediment transport processes. The PERSiST and INCA-P 

model were run for the calibration period with altered management options adjusting land phase 

parameters using the calibrated parameter set. The reference scenario (M0) represents current 

loadings from land-use. The M1 scenarios represents applying winter cover crop on all arable land, 

which means permanent soil coverage all over the year. M2 scenario runs consider that 30% and 

20% of forest will be converted into arable land for slopes under and above 12%, respectively. As 

for the M3 scenarios, they show 30% reduction of arable land for areas with slopes under 12%, and 

50% reduction of arable land for steep areas (slope above 12%), which are then converted to forest 

cover. Further, we also run the models with combinations of M2+M1 and M3+M1 scenarios. 

The combined climate – land use change scenarios consisted of the combinations of the above 

describe management scenarios and the climate change scenarios, selected using 
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thermopluviograms. Consequently, all the management scenarios (M0, M1, M2, M3 and M2+M1 

and M3+M1) were forced by C1 (MIHR and CNCMR3) and C2 (MPEH5 and CGMR) climate 

scenarios.  

The full overview of the scenario matrix, developed within the frames of the Project is given in 

Table 12 (sub-chapter 3.5). 
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3. Results 

 

3.1.    Plot- and catchment-scale measurements (examples) 

A huge amount of data was collected and evaluated during the project. Hereby we just give 

some examples of how the data was used to achieve the Project’s objectives.  

Figure 8 demonstrates the measured soil water content dynamics in the different land use classes 

of the CR catchment in three different soil layers, as well as the measured precipitation amounts.  

 

 
 

 
 

Figure 8. 

Soil water content (VWC, in v%) and daily precipitation sum (Csapadék, mm) measured during 

the period between 04.11.2015 and 29-03-2016 in the different land use classes.  

a) wine yard; b) arable land; c) forest; d) grassland 

 

The driest conditions were detected in the forested areas and on grassland. In addition, the 

fluctuation of the soil water content was less expressed in these areas. Analysing the soil water 

regime (the possible dry or oversaturated periods) we can make assumptions on the differences 

between the runoff amounts from the different land use classes, and, consequently, get indirect 

information about the land use specific soil erosion conditions.   

 

In Table 8. we present the Van Genuchten parameters, derived from undisturbed soil samples 

and further used as soil input data in the SWAP model.  
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Table 8. Soil water retention characteristics, measured in the TR watershed in two different 

land use classes and the corresponding Van-Genuchten parameters 

 

Theta_Sat- Saturated soil water content (v%) 

Alpha, n – fitting parameters (1/cm and “-“, correspondingly) 

Theta-Res – residual soil water content (v%) 

 

For all the three catchments, the suspended sediment concentrations (TSS) were compared with 

the turbidity measurement results aiming to find correlation between these two values so that the 

time-consuming TSS determination could be substituted with turbidity measurements in the future.  

Suspended sediment concentrations, determined from collected water samples at the outlet of 

the three pilot watersheds are given in Figure 9. The statistical relationship between the TSS and 

FNU values is demonstrated in Figure 10.  

We found that TSS and FNU values were well correlating at high TSS and FNU concentrations 

(Fig. 10), while only weak but still positive correlations were observed below 60 mg L-1 TSS 

values (data not shown). The ER watershed didn’t exhibited many high TSS concentrations during 

the investigated 2 years period, as the 97.2% of all samples presented a value below 60 mg L-1, 

due to the fishing lakes prior to the water sampling site might cause sediment settling with water 

flow velocity decreases. Therefore, minimal suspended solid contamination were observed at the 

ER site even at high amount of rain events. We found the total of 1.1 × 105 mg L-1 and 4.3 × 

105 mg L-1 TSS for TR (n=357) and CR (n=312), respectively for 2016 (when entire year was 

covered from January 1 through December 31) entering Lake Balaton, where X% of TSS were 

observed during or after heavier rainfalls (≥ 6 mm). At ER site we observed only 0.64 × 105 mg L-

1 TSS in 2016; however at this site we usually collected 5 samples per week (n=248); therefore 

this number is lower than actual TSS. We only observed weak correlation between suspended solid 

amount and water throughput/discharge volume (data not shown).  

cm 0-30 30-60 60-90 0-30 30-60 60-90

1.00 43.69 44.77 43.18 43.03 44.96 46.24

2.51 43.12 44.11 42.63 42.47 44.57 45.99

10.00 40.37 41.99 40.55 40.37 42.21 43.77

31.62 39.22 39.86 38.10 39.53 41.30 42.51

100.00 36.84 35.96 34.12 35.25 37.02 38.60

199.53 33.90 32.71 29.82 32.04 32.97 33.39

316.23 31.05 29.66 26.44 29.69 29.95 29.27

2511.89 17.64 20.58 18.00 19.82 18.93 17.59

15848.93 10.41 13.78 11.53 12.54 12.50 10.12

Theta_Sat 42.15 44.05 42.66 42.25 44.27 45.60

alpha 0.01 0.02 0.03 0.02 0.02 0.01

n 1.29 1.19 1.21 1.21 1.23 1.28

Theta-Res 0.02 0.03 0.01 0.03 0.03 0.01

TR_arable land TR_forest

Measured water retention data 

soil water 

potential

Derived Van-Genuchten parameters
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Figure 9. Water samples collected and analysed for TSS concentrations during 2015, 2016, and 

early 2017 at the three catchment outlets 

 
Figure 10. Linear regression analyses between total suspended solid (TSS) quantity and turbidity 

(FNU) values at a) TR catchment; b) CR catchment; and c) ER catchment.  
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3.2.     Plot-scale modelling of soil hydrological processes 

The calibration of the SWAP simulation model to the measured soil water content data was 

moderately successful for soil profiles, where the data series were long enough to perform model 

calibration. Despite of early installation of the soil water content probes, the measured soil water 

content dynamics data were not satisfactory.  

The probes were often destroyed (stolen, disturbed by animals or agricultural machinery), or 

the records were unrealistic (probably due to root activity, soil cracking etc.).  

For HRU’s, where the data records were satisfactory the model calibration was moderately 

successful. The reason for that is the strong precipitation data dependency of the plot-scale model 

output. For catchment levels models, the processes are integrated over larger areas, and even if 

there are differences between the precipitation amounts, recorded at the meteorological station and 

really falling down in the catchment, the input data errors are more smoothed, than in case of the 

plot-scale models.  

Figure 11 demonstrates the measured and simulated soil water content dynamics for the TR 

watershed for arable areas. Figure 12 shows the relationship between total amount of water in the 

upper 60 cm soil layer of the TR catchment under forest.  The goodness-of-fit statistics are indicated 

in the graphs.  

 

 

 

Figure 11. Measured and simulated using the SWAP model soil water content data for the 

arable land use area of the TR catchment 
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Figure 12. Measured and simulated using the SWAP model total amount of water in the upper 

60 cm of the soil under the forested area of the TR catchment 

Note, that the total amount of water is an integrated characteristic compared to the soil water c 

content of the individual soil layers, and as such, can be simulated with higher certainty. We 

obtained good statistics for this simulation, which indicates that the model might be not strong in 

simulating the redistribution of water between the soil layers, but can give satisfactory estimates of 

the total amount of water stored in the soil profile. In this case we can assume, that the model can 

give good estimate of the other water balance elements – surface runoff, evapotranspiration, deep 

percolation etc., therefore, the SWAP model can be used for providing parameters and water fluxes 

information in catchment-level studies.  

 

3.3.    Catchment-level modelling of runoff and sediment transport 

We used the Pearson’s correlation (R2) and the Nash–Sutcliffe model efficiency index for 

untransformed (NSE) series for evaluating the performance of the the PERSiST and the INCA-P 

models (Table 9). 

The simulated discharge values were evaluated on daily and monthly bases. The goodness-of-

fit statistics were significantly better for on monthly base compared to the daily base in case of both 

catchment. On monthly based simulation result ranged between 0.23-0.92 (R2) and 0.11-0.87 

(NSE) and 0.3-0.69 (R2) and 0.14-0.58 (NSE) for TR and ER catchments, respectively. These 

results were not surprising because daily values of discharge reflected individual extreme events 

that were more difficult to simulate (Farkas et al. 2013).  

In general, the hydrographs of daily base simulations of discharge match the observed data 

relatively well, but model simulations show that both hydrological models underestimate high flow 

events (Figure 13.a-b), however the timing of the peaks were captured well. In general, the 

discrepancy between observed and simulated data was much higher in the validation period than 

in the calibration period in case of both the models, excluding INCA-P giving lower NSE and R2 

values in the calibration period for ER Catchment compared to the validation period.  
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a. 

 
b. 

 
c. 

 
Figures 13. a-c. a, Measured and simulated water discharge by PERSiST and INCA-P for period 

2005-2016,  b, measured and simulated water discharge, precipitation for period 2015-2016.  

c. measured and simulated suspendes sediment concentration for period 2015-2016 at the Tetves 

River (TR) catchment outlet, 
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a. 

 
b. 

 
c. 

  
 

Figure 14. a-c. a, Measured and simulated water discharge by PERSiST and INCA-P for period 

2005-2016, b, measured and simulated water discharge, precipitation for period 2015-2016. c. 

measured and simulated suspendes sediment concentration for period 2015-2016 at the  

Esztergályhorváti River (ER) catchment outlet, 
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Table 9. Goodness-of-fit statistics for the PERSiST and INCA-P models 

 

The observed and simulated sediment losses were in relatively good agreement in 2015 (Figure 

13c., 14c.), 0.83 (R2) and 0.83 (NSE) for TR Catchmnet and 0.47 (R2) and 0.24 (NSE) for ER 

Catchment on monthly base (Table 8.). SSC simulations gave less satisfactory results in case of 

both study catchment in 2016, ranging between 0.11-0.3 (R2, NSE). The simulated SSC values 

were evaluated on daily and monthly bases; the statistics were notably better when regarded on a 

monthly base (by comparing the measured and simulated total monthly losses) compared to the 

daily base on both catchment. The hydrological models did not simulate accurately some of the 

high flow events, but the average modelled flow is fitted satisfactory to the observed data. 

Accordingly, the “average” SSC are captured relatively well, whereas the extreme concentrations 

are not simulated adequately by the model. TR and ER are relatively small, fast reacting, flashy 

catchmnets and the model cannot satisfactory reproduce the flashy sediment response and great 

variability trends seen at the River Tetves and Esztergályhorváti. This can be related to the time 

resolution of the model, as a daily time step model might not be enough to describe the rapid 

reaction of small catchments to extreme weather events (Kása et al 2016).  Another reason might 

be the consequence of using only one precipitation and soil moisture deficit time series for the 

entire catchment derived from PERSiST, whilst rainfall events could be extremely local. Simuation 

results demonstrate that actual peak value is difficult to model precisely and would require further 

calibration of the model with this calibration objective as the target (Jaritteel al 2005).  

Jarrit and Lawrence (2006) pointed out to that differencies between observed and simulated 

sediment concentrations may be the consequence of several factors, such as, not enough precize 

representation of sediment sources derived from river bank erosios or the coarse spatial structure 

of the hillslope component of the INCA model. Neverthless, positive N-S values of ca. 0.3 on 

monthlye base simuation are considered to be satisfactory (Moriassi et al. 2007). 

 

 

 

 

 

                                          Discharge (Q) 

                                            R2 / NSE 

 

Suspended Sediment (SSC) 

R2 / NSE 

Catchment/ 

Time step 

Calibration 

(2005-2009) 

Validation 

(2010-2016) 

 

2015 

 

2016 

 

2015 

 

2016 

TR/Monthly INCA-P   0.81/0.80 0.51/0.35 0.91/0.87 0.5/0.35 0.83/0.83 0.23/0.11 

TR/Monthly PERSiST   0.85/0.82 0.55/0.52 0.92/0.87 0.51/0.37 - - 

TR/Daily INCA-P   0.54/0.53 0.37/0.20 0.77/0.71 0.33/0.24 

0.7/0.69 

*Approx.. 

weekly 

0.02/-0,3 

TR/Daily PERSiST    0.62/0.59 0.34/0.31 0.8/0.72 0.37/0.25 - - 

ER/Monthly INCA-P 0.46/0.43 0.56/0.52 0.69/0.58 0.3/0.19 0.47/0.24 0.3/0.14 

ER/Monthly PERSiST     0.51/0.5 0.48/0.44 0.67/0.58 0.29/0.2 - - 

ER/Daily INCA-P 0.23/0.22 0.37/0.36 0.57/0.5 0.17/0.1 0.26/0.03 0.1/-0.01  

ER/Daily PERSiST 0.39/0.38 0.27/0.21 0.55/0.47 0.17/0.11 - - 
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The results of the sensitivity analyses are given in Table 10.  

 
Table 10. Critical parameters for adjusting land-use specific sediment losses to the reference data 

Hydrological parameters Hydraulic parameters Sediment parameters 

T1-Direct runoff residence time c4-V/Q linear multiplier a1-Flow erosion multiplier 

T2-Soil zone residence time c5-V/Q power coefficient a2-Flow erosion threshold 

T3-Groundwater residence time 
 

a3-Floe erosion coefficient 

c1-Fraction of soil water to direct runoff 
 

a4-Transport capacity multiplier 

c2-Fraction of infiltration excess to direct runoff 
 

a5-Transport capacity threshold 

c3- Base-flow index 
 

a6-Transport capacity coefficient 

qsat-Threshold for soil zone flow to direct runoff 
 

a7-Coeff. for boundary shear stress 

I -Threshold infiltration rate 
 

a8-Coeff. for bed entrainment rate 

 

Figure 15 demonstrates the simulated land-use specific sediment losses from different sub-

catchments, using the sub-catchment division as described in sub-chapter 2.5.2. 

 

 
Figure 15. Simulated average land use specific sediment losses from the study catchments 

 

Simulated sediment delivery concentrations to the River Tetves varies among land use types 

and relief conditions between 80- 4000 kg ha-1 year-1 (Figure 15). The average annual simulated 

sediment delivery for the entire Tetves catchment is 940 kg ha-1 yr-1 in the simulation period. These 

value are in relatively good agreement with the reported sediment delivery range for the Tetves 

Catchment that is 400-65000 kg ha-1 yr-1 (VITUKI, Dezsény, 1982, Jakab 2003, Szűcs, 2012). The 

INCA-P simulation’s catchment average is 620 kg ha-1 yr-1 for ER Catchment. The predicted yearly 

sediment loss range varies between 88-1300 kg ha-1 yr-1 depending land use type and slope 

conditions. Szűcs (2012) reported sediment loss values 320 kg ha-1 and 210 kg ha-1 for 2004 and 

2005, respectively on ER Catchment. Agriculture and semi-natural vegetation also plays an 

important role on erosion processes in both the catchments. TR and ER Catchment are prone to 

erosion, mostly on arable land over 12%. The simulation results indicate that the Tetves River 

catchment has three sub-catchments on the middle region, where the erosion is much higher, than 

on the other three. The middle part -represents the upper region with high relief and steeply slopes 
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(sub-catchments TR3, TR4, TR5) - deliver the highest amount of sediment to the river, mainly 

from arable land over 12%. The erosional susceptibility of bare wet loess surfaces is quite high; 

therefore, strong erosion processes prevail on the gentle slopes. On the upper region of TR 

Catchment gully erosion is typical erosion form, which appear not just in arable land with rare 

vegetation, but it is revealing phenomena under forest coverage as well. This can be the reason, the 

relatively high SSC concentration from forest. Sub-catchments TR1-TR2-TR6, with low relief 

contribute relatively little to the instream suspended sediment concentration. Although, orchard 

and pasture generally have great erosion potential, but in TR Catchment these land use types are 

located in rather flat areas.  

 

3.4.     The link between connectivity descriptors and model parameters   

Table 11 gives an overview of the regression functions based on the morphometric catchment 

descriptors and their coefficients of determination against the calibrated model parameters. All 

model parameters required at least two descriptors for an optimal regression, and none required 

more than three. The relative error of the calibrated against the regression value of the parameter 

was in general smaller for the sub-catchments than for the undivided catchment. However, 

coefficients of determination were too low for a decisive conclusion.   

The independence of the regression model fit to the catchment area implies that equally good 

parameter estimations may be derived irrespective of (sub) catchment size. This means that 

hydrological connectivity, in its different descriptors, is equally well represented in the lumped 

catchment configuration as in the spatially differentiated configuration. 

 

Table 11: Regression functions and their coefficients of determination for the model parameters. 

 

Model 

parameter 

function R² 

PERSiST   

flow_”a”   Hrange
9.7·IC-21.8 0.99 

flow_”b”   0.73 – 0.14·rAagri – 3.63·10-6·Lav - 8.05·10-10·A 1.00 

snow multiplier  -1.10 + 1.37·10-2·Hmax - 1.21·10-1·IC - 4.48·10-4·Rmin 0.99 

INCA-P   

flow_”a”  2.94 – 5.78·10⁹·A - 0.17·IC 0.98 

flow_”b”  4.98·10 – 2 + 7.69·10-6·Lmax + 7.69·10-6·Hrange 0.98 

Base Flow Index  -8.45·10-1 + 3.61·10-1·KG + 3.53·10-3·Hav + 3.46·102·DD 0.97 

groundwater 

zone time 

constant 

1.02·102 – 2.86·10-2·Rmin – 3.36·101·KG + 3.20·10-2·Lmax 1.00 

max. 

groundwater 

effective depth 

2.44·102 – 1.86·10-1·Hmax-5.21·10-1·Hmin + 1.24·10-3·Lmax 1.00 
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3.5.    Results of the scenario analyses 

One way to assess the possible changes of future hydrologic conditions and sediment transport 

processes at catchment scale is to use ensemble of climatic and management scenarios. In this 

study, we have defined scenarios representing possible changes in catchment scale management. 

We combine these management and climate scenarios into storylines, which help convey the output 

of the simulations into quantitative expectations for the future sediment losses in the TR and ER 

Catchment.  

 

Table 12. The scenario matrix, used to run the catchment-based models 

 
 

Figures 15.a-b demonstrate the combined effects of varios land use and climate scenarios on 

water discharge in TR and ER catchments, as simulated by the PERSiST model. The baseline is 

the present – reference (REF) climate, compared to slight (C1) and drastic (C2) reduction in 

preciptation amounts. An overview of the scenario matrix is given in Table 12. 

 

 

 

Code Short description Code Short description

above 12% below 12% 

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

C0 present climate

C1 slightly more rainfall

C2 much more rainfall

CLIMATE CHANGE SCENARIOS

M1 + M3

deforestation as in M2 but 

winter coverage on arable 

lands

afforestation as in M3 and 

winter coverage of arable 

lands

M1 + M2

LAND USE CHANGE SCENARIOS

M0
reference (present)        

land use
NO changes

M2 deforestation

M3 afforestation 

30% of forest to 

arable 

20% of forest 

to arable 

30% of arable to 

forest

50% of arable 

to forest

M1
whole year soil 

coverage 
Winter cover  on all arable land

SLOPE
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a. 

 
b. 

 
Figure 15. a-b. Simulated impact of the projected climate change and managment scenarios 

on yearly avarage discharge at the a) TR and b) ER catchment outlets 

 

In Figure 16, we present the relative changes in sediment losses compared to the baseline 

(present climate and present land use) scenario for the TR and ER catchments.  

 

The main conclusions from the scenario analyses are as follows: 

 The discharge is mainly driven by climatic forces. In the ER catchment the management 

effect is almost not visible compared to the climate effect (Figure 15 b). As for the TR 

watershed, some slight changes in total runoff can be obtained if applying climate 

adaptive practices.  

 When comparing the effect of various land management options (Figure 16), we can 

conclude that the soil particle losses will increase in the future if no changes in 

management will be introduced (M0 shows increase with future climate scenarios). As 

it was expected, afforestaion and winter soil cover can mitigate the effects of extreme 

weather events but reducing soil losses up from 30 to 40 % 
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Figure 16. Relative changes in sediment losses for different land management scenarios in 

reference to present land management for period (2046-2065) in enitre TR and ER Catchmnets 

 

 

3.6.     Recommendations on climate smart solutions for maintaining/improving 

soil and water quality 

From the scenario analyses, performed within the frames of the Project it has clearly been 

shown, that climate smart solutions are needed for reducing soil loss and increase in suspended 

sediment concentration in the surface water bodies. This Project was not focusing on other factors, 

influencing water quality, but we assume, that with increase in soil losses we can expect increase 

in nutrient losses towards the streams and the lakes.  

Our results are in agreement with those, obtained in the REFRESH EU project, aiming to 

develop adaptation strategies to protect the freshwater ecosystems in Europe. However, that project 

was strongly focusing on watershed level processes.  

As much can be done at field level, soil (reducing erosion risk, improving soil structure and soil 

water retention etc.) and water protection should be coupled. According to our results land use 

change is not enough (and might be not realistic either) for mitigating the possible harmful effects 

of climate change.  

Hereby we would like to list some common and innovative solutions, used in other countries 

that could be considered in the future.  

Even thought water quantity and quality problems are detected and cause trouble in the surface 

water bodies, the whole catchment area is contribution to their formation. Thus, the mitigation 

strategies should be introduced at all the levels possible (Figure 17), also considering land use 

management aspects.  
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Figure 17. Catchment-based concept of introducing mitigation measures 

 

Example of possible measures to reduce flash floods and soil and nutrient losses: 

 Water retention in the forest 

 Fertilization planning 

 Reduced tilling (shallow cultivation is believed to be one of the best options in Hungary) 

 Buffer strips 

 Grass covered waterways 

 Sedimentation ponds 

 Constructed wetlands  

 Restauration of streams 

 Measures for point sources 

 Urban solutions (green roofs; vegetation areas for inproving percolation; prolong 

waterways) 

 

Water retention in the forest:  

   

 

 

Extreme event

Forest
Rural 
areas

Urban 
solutions

Mitigation measures

Groundwater 
system Stream 
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Measures in the stream 

  

Grass covered waterways 
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4. Discussion 

4.1.     The Project’s achievements in the light of the expected deliverables 

According to the Proposal, the expected practical and scientific impacts of the Project are the 

followings:  

 

 providing appropriate background for joint implementation of the Water Framework 

Directive and Soil Protection Strategy; we hope that the implementation of the Project i) 

facilitated the development of a common understanding between researchers, coming from 

different fields (hydrologists, soil scientists, climatologists, statisticians, modellers etc.); ii) 

contributed to coupling multi-scale data from both, spatial and temporal aspects as well as 

to coupling methods (statistical, GIS-based and process-based models) and iii) can provide 

a background in the future for regarding the catchment and field level processes as a whole 

system.  

 new, multi-scale soil and hydrological database; such a working database have been 

constructed and used during the project.  

 calibrated parameter sets of INCA-SED model for a Hungarian site; The SWAP model has 

been applied before for Hungarian sites, but not for the Balaton Watershed, so from this 

aspect the calibrated SWAP parameters have also value; However, according to the 

information we have the present study is the first application of the PERSiST and INCA-P 

models to Hungarian conditions, concluding, that these models area capable to simulate the 

hydrological and erosion processes in the study region. The calibrated parameter sets can 

be used in the future to make the model adaptation more simple.  

 extension of theoretical knowledge on processes of flow and sediment transport formation;  

Regarding these objectives, we have some publications under preparations on the i) 

connectivity issues and ii) event-based studies.  

 harmonised at plot and catchment scales adaptation strategies for mitigating the possible 

harmful effects of climate change and extreme weather events; This objective could not be 

fully achieved. Without successful model validation we do not have the right to perform 

scenario analyses, and the validation of the plot-scale model was not possible in the frames 

of the project due to several constrains – arising mainly from the difficulties in measuring 

the soil water content in field conditions. From this aspect we can say, that our modelling 

efforts contributed to reduce reducing the knowledge gaps in the field of climate-smart 

adaptation strategies in agricultural and landscape management.    
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