ABOUT THE APPLICATION OF MACROSCALE HYDROLOGY
AND HYDRAULICS SIMULATIONS IN SMALL CATCHMENTS
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ABSTRACT

The use of new program architectures in simulation models has enabled 2D hydraulic modelling of large areas (several thousand km2) with
a high level of detail. In this work the strengths and weaknesses of macroscale simulations with the JFlow hydraulic model are investigated.
Comparisons between a macroscale simulation approach in the area of Kremsmiuinster and hazard zones of the Austrian Service for Torrent
and Avalanche Control resulted in an 18% fit with 78% overestimated areas. The main problem is the resolution of the DTM (Digital Terrain
Model), where canal geometries or bridges aren't correctly represented. The second cause of overestimation is found in slope. This can be
counteracted by increasing the depth threshold to 10 cm, resulting in an increased fit of ~25%. Accurate delineation of pluvial and fluvial
processes could further improve the quality. The question of whether there is a limit below which the error in the simulation becomes neg-

ligible could not be answered for the test area.

INTRODUCTION

In order to identify areas that are particularly vulnerable to natural hazards, it is necessary to determine the hazard processes present, their
magnitude, and their spatial extent. Event chronicles, project planners' personal experience, and empirical formulas are the main sources
for this purpose. (Hagen et al., 2007; Moser & Jager, 2009; Jager et al., 2012). With further technological progress, these methods became
less important and "from the end of the 20th century [...] a lively development in the field of computer-based deterministic models began"
(Hagen et al., 2007). At present, 2D models are the benchmark for obtaining design values for various planning purposes and hazard zone
delineation (Jiger et al., 2012; Rickenmann, 2014).

The long computation times of simulation models have always limited the considered level of detail and catchment area size. Parallelizing
computational steps or simplifying shallow water equations can reduce these times. In this context, models that apply the shallow water
equations to finely structured terrain provide more reliable results and are a prerequisite for use in hazard zone mapping (Dazzi et al., 2021,
Neelz and Pender, 2013).

Simulation programs such as JFlow or PAREFLOOD utilize program architectures of parallelizing independent iterations to boost computa-
tional efficiency as Crossley et al. (2010) demonstrated. The use of graphics processing unit parallelization, in addition to the parallelized
program architecture, can further increase efficiency. Crossley et al. (2010) also showed, that JFlow is able to obtain calculation results over
100-fold faster for the 2D shallow water equations in the same area using this approach, than CPU-based programs.

With greater computational capacity, simulation models can now address a broader range of research questions and commercial applica-
tions. This includes more extensive sensitivity analyses for individual catchments and the ability to consider significantly larger areas. An
example of such analyses is the pluvial flood information map for Upper Austria, based on investigations by Starl (2020) that assess the risk
of pluvial flooding across the entire province. Since slope runoff processes merge into channel runoff processes (Beven, 1991), it is reason-
able to assume that there are intersections between slope water hazard and flood hazard.

To test this hypothesis, a modern macroscale method to simulate pluvial flood, using JFlow (v 9.4), will be used in order to estimate fluvial
flood hazards. However, the current method depends on multiple simplifications, including the spatial distribution of surface roughness or
runoff coefficients. Furthermore, advanced automation procedures are needed to create a DTM that accounts for hydraulically relevant struc-
tures, like culverts or bridges, correctly. This study aims to assess the current performance of the model, suggest practical ways to enhance
the quality, and investigate the existence of a catchment area threshold where the pluvial model can already provide reliable predictions

for fluvial floods.

METHODS

Looking at the different runoff processes, subsurface processes were excluded for simplicity and the focus was on Hortonian Overland Flow
(HOF) as a form of surface runoff because of its ease of integration into simulation models and its simultaneous process-based nature. Kohl
(2011) previously demonstrated the relevance of HOF on runoff events during heavy precipitation, which is why the runoff coefficient class
system from Kohl (2011) was utilized as a loss model in this study.

The simulation parameters were set according to ,Hangwasserhinweiskarte OO“ as shown in table 1:
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Digital Terrain Model Province Upper Austria, 2021: 0.5 m grid
resampled to 1 m grid

Precipitation eHyd, 2020: Gridpoints 3058, 3164, 3165;
Annuality: 100; Duration: 30 min; evenly
distributed

Loss coefficient 0; except roofs: 0.4

Roughness coefficient 0.03sm-1/3

Buildings Cadastral map, 2020

Hazard zone map Kremsmidinster, 2017

Table 1: Input data
The river Krems was defined as an endless hydraulic depression.
As a further simplification, five catchments in the region of Kremsmiinster in Upper Austria were selected as a model region. All catchments

are located in glacial sediments with brown earth, gley and pseudogley soils. Catchment area and design discharge are given in table 2.

WLK-ID name area [kin®] process HQ150 water [m?/s]
144482 Fohrenleitenbach 0.4 bedload transport 5.1
103220 Kriftgraben 09 bedload transport 9.5
103219 Mosergraben 1.6 bedload transport 12,4
103386 Schedlbergerbach 34 bedload transport 19.0
103387 Schénauerbach 22 bedload transport 12,7

Table 2: Catchment description including name, area, design runoff and WLK-ID (“Wildbach- und Lawinenkataster-ID) for referencing.

The simulations were performed for all catchments simultaneously in a single run, resulting in a calculated area of about 8,7 km2.

Due to the nature of the hazard zone map (GZP) being an expertise, it served as a validation value for the simulations, since simulation
model still require simplifications in order to work properly and an expertise, like the hazard zone map, combines the simplified simula-
tion results as well as the simplified terms (e.g. erosion) for the simulations. Merging its red and yellow zones, showing different process
intensities at the same 150-year return period, resulted in the hazard area which was used for comparison. The 150-year return period Since
hazard zones are delineated only in the relevant spatial zone, this area was defined as the maximum extent of the comparison. Therefore,

the comparison shows three zones: Agreement, false positives (a-error), and false negatives (f3-error).

RESULTS AND DISCUSSION

In general, the simulation shows a clear overestimation of the endangered area compared to the GZP (see Figure 1). Therefore, in the next
step, the influence of the lower water depth limit value, which defines the minimum water depth display and is necessary for this approach,
since there is precipitation input on every grid cell in that simulation, on the simulation quality was investigated. The lower limits of the

display (hmax) are 3 cm, 5 cm, 10 cm, 20 ¢cm, 30 cm and 50 cm.
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Figure 1: Modelling Validation, fit= green, overestimation= red, underestimation= orange

Initially considering how the exposed area behaves with a change in the lower water depth limit value, the most significant alteration occurs
between the represented lower water depths o fhmax > 3 cm and hmax < 10 cm as shown in Figure 2. In this range, a shift of the limit
value by + 7 cm results in a decrease of roughly 40% of the area (m2). This alteration results in a normalized reduction of the affected area
by 6% for each increasing cm of the limit value. Between the demonstrated lower water depths of hmax > 10 cm and hmax < 50 cm, the
affected region fluctuates by 46%. Normalized, nonetheless, the decline in the affected area is only 1% per cm of the rising threshold value.
This varying parameter sensitivity shows, that alterations of the lower water depth limit are most efficient up to hmax < 10 ¢cm and that this

parameter has to be set carefully to obtain reliable results. The current standard for pluvial floods suggests hmax = 3 cm.
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Figure 2: Changing vulnerable area by increasing lower water depth limit

When examining various lower limits for depicting water depth across the entire test region, it is apparent that the f-error decreases as the
limit value increases. The a-error increases with an increasing hmax, especially for hmax > 10 cm. Matching areas remain consistent (Figure
3), with the lowest point at hmax = 3 cm (~ 18%), before increasing up to hmax > 10 cm (~ 24.7%), and then slightly decreasing. Thus, the
quality of the overall results remains consistent, but the errors are located differently. When thresholds are low, the errors are predominantly
overestimations (B-error), but for hmax > 50 cm, the primary error is underestimation (a-error). However, the B-error still accounts for a

significant portion of the misestimation.
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Figure 3: Model quality at different lower water depth values

Looking at potential areas for model improvement, there are two main categories: the data basis and the model itself. This study aimed to
evaluate parameter side, and thus only a selection of possible errors of the data basis were analyzed since the model is already established.
The DTM seems to have the biggest potential as channels are not well-represented, and culverts and bridges are not automatically detect-
ed. In some cases it appears that the DTM represents a bridge in the channel. In such cases, it was found that the channel in the DTM is
not blocked, but the actual channel geometry is by far not represented correctly in the model. Additionally, the meteorological model is a
potential source of error. Defining the design value for precipitation as 100-year return period at a 30 minute duration (T100D30) for each
point as the area precipitation without area abatement indicates that there may be an excess of water in the system, particularly given that
the model specifies losses only on roofs. Since the evaluated catchments are not bigger than 3.4 km2, Pistotnik, 2009 indicates that there is
no need for precipitation abatement. Looking at an other error-category, improvements can also be found in the evaluated processes. The
simulation solely examines water (pluvial and fluvial floods), whereas the hazard zone map assesses erosion and bedload transport (but
only for fluvial floods) as well. As a result, the simulation shows exposed areas to (pluvial) floods, where the hazard zone map doesn’t
show any (fluvial) floods. Conversely, the hazard zone map shows areas that are prone to lateral erosion, where the simulation shows only
flood hazard, resulting in smaller exposed areas in the simulation.

Furthermore, the method employed originated from surface runoft modeling (pluvial floods). Finding a method to distinguish between
pluvial and fluvial processes would enhance the results of this method.

The study did not quantify the impact of each source of error. However, to improve simulation quality, it is recommended to implement a
smaller grid size DTM with improved representation of culverts and bridges as a first step. This should lead to a better assessment of fluvial
floods. Furthermore, a general, clear delineation of pluvial and fluvial processes (e.g. distance from channels, outside of settlements, etc.)
is needed to make the examined approach more useable for hazard zone assessment with respect to current legal regulations in Austria

(forestry law).

CONCLUSIONS

In order to compare concepts exclusively rather than conducting benchmark studies of the simulation models, the hazard zones of the
torrent and avalanche control served as the comparison parameters. Five catchments in the Kremsmiuinster model region were analysed and
the simulation model, JFlow, was parameterized based on the pluvial flood information map Upper Austria However, only the catchment
polygons were irrigated and the river Krems was defined as an endless depression. Qualitatively, the simulation overestimates approximately
78% and only about 18% of the simulation's hazardous area coincides with the identified hazard zones. The quality of the digital terrain
model can be identified as the root cause. Although a 1 m grid DTM is considered as highly resolved, for a channel in a small catchment
runoff-relevant structures such as culverts and bridges, as well as channel geometries, cannot be represented well enough. Another factor
contributing to this deviation is the lack of a clear distinction between pluvial and fluvial floods. Moreover, additional issues may arise from
the inadequate definition of the simulation's representation limit. The study examined how modifications affect model quality. Raising the
representation limit from 3 ¢cm to 10 cm increased hazard prediction by approximately 25% without significant underestimation errors.

For the observed model region, with the used parameters, it was not possible to find a catchment size threshold, were hazard analysis
derived from macroscale pluvial models produce already reliable predictions for fluvial floods. Nevertheless, the used macroscale pluvial

model could find its application in hot spot analyses, to identify structures prone to clogging.
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