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ABSTRACT

Due to the impacts of climate change, damages caused by heavy precipitation are increasing. Identifying vulnerable areas is crucial to ad-

dress this issue. To characterise such areas hydrologically, adequate information on soil hydrological parameters is required. The aim of the
HydroBOD Upper Austria project (HydroBOD OOQ) is to provide such data, namely the dominant runoff process and infiltration capacity
on a regional scale area-wide for Upper Austria. As there are variations in soil data quality, the state's territory has been divided into four
distinct processing areas: agricultural regions, forests, alpine highlands, and urban areas. A machine learning approach has been applied, to

link data from selected points and incorporate independent factors along with pedotransfer functions.

INTRODUCTION

In the context of climate change, the frequency and severity of damages caused by extreme precipitation and resulting runoff events, par-
ticularly pluvial flooding on a local slope scale during convective rainfall, have significantly increased. Basically, damage events are caused
by the combination of heavy rainfall and insufficient infiltration of precipitation into the ground (Zahnt et al. 2017). The spatial distribution of
landscape-forming factors such as soil, geological substrate, vegetation type, and intensity of land use or management significantly influence
the processes of runoff formation. However, quantifying the influence of these factors is challenging.

Various approaches are available to estimate runoff, ranging from simple conceptual methods to complex physically based process models
(Beven 2001). One is the conceptual HydroBOD approach from Klebinder et al. (2012), applied in Lower Austria. Ten years after its initial
development, a revised version has been released to generate comprehensive, homogeneous soil hydrological parameters with appropriate
spatial accuracy and resolution for Upper Austria. The aim was to provide maps with information on dominant runoff processes and infil-

tration capacity for defined precipitation scenarios and system states.

METHODS

The first step was to gain an overview on the available data in Upper Austria and to validate their relevance for the project’s objectives. On
the one hand this included assessing areal data such as geological maps, the digital soil map of Austria for agricultural lands (eBod), the
forest mask, the digital cadastre and more. These datasets were checked regarding their scale, homogeneity, and the extent of area coverage.
On the other hand, we sought soil information at plot scale, namely soil profiles with information on relevant soil properties as soil-type,
bulk density, content of organic matter (OM), soil thickness or coarse skeleton content. Within the project, additionally samples of about 100
soil profiles were collected and analyzed in the laboratory.

For modelling hydrological soil characteristics, a current, spatially and contextually detailed land use map is essential. A compilation of
several geospatial data sources like the digital cadastral map (DCM) of Upper Austria, the INVEKOS data (control system for agricultural
subsidies) and the Austrian Forest Map from the Austrian Forest Inventory, were used to enhance the level of detail. The processing steps
are shown in Fig. 1. Due to variation in availability and quality of available area-wide soil information depending on the type of land use,
the district of Upper Austria was subdivided into four processing areas: i) agricultural areas with the most comprehensive information, ii)
forest areas with moderate data availability, iii) forest-free highlands with limited information on soil properties and iv) settlements and

urban areas, where a different approach was necessary due to soil sealing and building activities.
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Figure 1: Workflow for the land use map HydroBOD_00 (gray: databases, green: input data, yellow: tool commands, blue: code name)

Various methods are available for deriving spatially valid information from limited data (typically point data) within a specific extent. On
agricultural land, the soil database (eBod) provides an excellent basis for the designation of areal soil information. To fill gaps within these
land use units a nearest neighbor algorithm was applied.

For the other areas, a machine-learning based approach (Random Forest Regressor, Breiman 2001) was used. This approach involves linking
data from selected points with independent factors. These factors can include, for example, satellite imagery, elevation data and derivatives,
climate data, or geological information. By combining the collected data and factors, an adapted model is created to predict soil information

area-wide as accurately as possible.

To generate input data for hydrological modelling from relatively easily obtainable soil physical parameters, pedotransfer functions (PTFs)
are available. PTFs facilitate the estimation of relevant parameters such as the total pore volume, air capacity, available field capacity, and
permanent wilting point, which have a significant influence on the water balance of soils. Most of the approaches were originally developed
for agricultural soils and are, therefore, only partially suitable for forests and high-altitude areas without forests. This limitation arises from
the lower OM content in agricultural soil and the generally higher bulk density. Consequently, the PTF standard curves lack information
needed for soils with high OM content, leading to a systematic underestimation of permeability. Hence, two approaches specifically devel-

oped for forest soils in Germany (Puhlmann & Wilpert 2011, Teepe et al. 2003) were assessed to their suitability.

Due to the hydrologic and areal relevance of slope debris in mountainous regions, the modelling of potential slope deposits became neces-
sary, as valid spatial information was lacking. To address this, the open-source model Flow-Py was applied. This model relies on a simple,

energy-line based approach (a-angle) and simulates the paths and intensities of gravitative mass movements (Neuhauser et al. 2021).

In general, the HydroBOD-model used in this study is event based, providing information on runoff types (hortonian overland flow (HOF),
saturated overland flow (SOF), subsurface flow (SSF), deep percolation (DP)) and the infiltration characteristics in dependence of the storage

capacity of the soils.

The model consists of an infiltration layer, three soil layers (0-20cm, 20-50cm, and 50-80cm), and a geological substrate layer. Thinner
soil-layers are considered proportionally weighted in the relevant layer. Depending on the relation between precipitation intensity to infil-
tration capacity, within each of the model layers, runoff or percolation occurs. At the soil surface, surface flow (sf) can occur. Below, layers
with lower infiltration capacity cause the filling of the pores (storage) and, for sloped areas, subsurface flow (ssf). At the lower edge of the

soil layers, the model switches to the geological model (Fig. 2). It is assumed that all these processes occur simultaneously at all depths,
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without interaction between neighboring cells. A comprehensive description can be found in the final report of HydroBOD Lower Austria

2 project (Sotier et al. 2017).

P-tot
|-tot

Figure 2: Simplified structure of the HydroBOD model: possible flow and storage precipitation and intensity of event (P-tot, I-tot), effective precipitation and intensity (P-eff, I-eff), surface

flow (sf), subsurface flow (ssf)

The model provides information on the dominant runoff process, which is assigned to more than 50% of the total runoff load caused by
one of the processes (Fig. 3). Furthermore, the total discharge coefficient and the surface runoff coefficient for each pixel are determined

(according to Markart et al. 2011).
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Figure 3: Classification of the dominant runoff process (Klebinder et al. 2012, modified)
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In areas where a mineral soil layer is absent (e.g., rock, water), or it is not relevant for the runoff (urban areas, slope debris, marshes), values
were determined based on literature and expert knowledge.

In collaboration with the stakeholders, maps for different scenarios of system conditions in dependence of soil moisture and slurry formation
are calculated for the 100-year rain events with a 60 min duration. The precipitation intensities are taken from the design rainfall grid of the

eHYD 2020 and are generated for each pixel through linear interpolation of the grid points.

FIRST RESULTS

The HydroBOD OO project is expected to be completed by the end of 2023. Hence, the final results were not available at the time the article
was written, but they will be for Interpraevent 2024.

However, we have already gathered valuable information on various soil hydrological parameters which may be interesting for other issues
in addition to the soil hydrological one. These include a detailed, accurate and up-to-date map regarding the land use in Upper Austria as
well as an area-wide map for slope debris. Moreover, area-wide information on predicted soil depth is already available. Information on the
soil type, bulk density, rough skeleton percentage (example Fig. 4) for the depth levels 0-20 cm, 20-50 cm and 50-80 c¢cm have been elabo-
rated and are in evaluation. Additionally, homogeneous data sets on selected soil physical and hydropedological parameters as

e  vertical water conductivity saturated

e total pore volume

e available pore volume

e available field capacity

e air capacity

e dead water capacity

e soil type (sand, silt, clay)

e skeleton content (Fig. 4)

e bulk density

e and organic matter content

are provided within HydroBOD.

The used machine learning methods to generate these datasets allow the visualization of scalar prediction values as well as measures for
the uncertainty of the prediction using statistical parameters as the root mean square error (RSME) and the coefficient of determination (R2,
Fig. 4).
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Figure 4: Steps in regionalization (example: rough skeleton content of soils in forest areas and highlands, 20-50 cm depth); left: distribution of samples (red training, blue predicted, pink
intersection); middle: assessment of correlation (statistical parameters) and comparison of training (transparent) with test data (green) and their respective predictions; right: result - spatial

distribution of rough skeleton content
The correlation between predicted and measured values varies across different regionalized parameters, ranging from relatively high to

low. Limitations in the compiled datasets likely arise from the heterogeneity of available data sources and the heterogeneity of forest soils

(example Fig. 4) in particular.
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CONCLUSIONS

HydroBOD Upper Austria provides homogeneous and comprehensive information on soil physical and soil hydrological parameters, as well
as information on the dominant runoff process and infiltration capacity. This information is available area-wide on a regional scale for the
entire state of Upper Austria as raster datasets and maps. It can be assumed, that the accuracy of the results in agricultural areas will have
higher accuracy than at forested areas and highlands due to the clearly better spatial information and a larger soil sample size. Additionally,
the fit of the pedotransfer functions is more favorable for agricultural areas than for forested areas, where the number of approaches is
limited, and the available functions were not developed in Austria. Since the approach covers the entire Upper Austria region, application

on the local scale will require on-site verification.
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