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ABSTRACT

Simulation tools are essential to investigate and evaluate potential risks of gravitational mass flows. AvaFrame — the open avalanche frame-
work — offers well-established computational modelling approaches, data handling and analysis tools, and ready-to-use modules that can
be used as one component of an objective risk assessment for avalanches. In this paper, we present a tool for probability and variation
assessment. Generally, this is helpful in scientific applications to gain further process understanding via sensitivity analyses; however, in this

contribution, we focus on the gain in the information that these tools provide for operational end users.

INTRODUCTION

Simulation tools for gravitational mass flows — focusing on snow avalanches in this contribution — are in great demand for operational engi-
neering applications and scientific model development. AvaFrame — the open avalanche framework — provides both an open-source, easily
scriptable, scientific development environment and a stable, operationally used default setup (Oesterle et al., 2023; for a list of comparable
tools, see Tonnel et al., 2023 introduction). Using a modular structure, AvaFrame provides various modules (see Fig 1a), ranging from testing
and analysis modules to the core flow / computational modules. In this contribution, we provide a brief overview and focus on applying a
probabilistic module and its user-friendly implementation (Fig 1b). The aim is to provide one crucial puzzle piece within a risk assessment
(see, for example, Ortner et al., 2023) by providing simulation results for snow avalanche flow. We do not provide automatic assessment of
risk itself by using some form of a probabilistic / risk assessment framework. To give end users information on the most commonly used

result parameters, we concentrate on analyses of 2D-peak flow values.
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Figure1: a) A graphical representation of the main modules provided by the AvaFrame framewaork. b) The user interface for the probability map generation with its input information.
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METHODS

At their core, avalanche simulation tools are based on a large variety of flow models, differing in their basic assumptions, mathematical deri-
vation, and numerical implementation. However, in addition to uncertainties in the implementation procedure, there are uncertainties in the
(physical) process representation and the input/start and boundary conditions. So, for probabilistic purposes, one needs to capture multiple
sources of uncertainty in order to be able to estimate the confidence of the results (e.g. Yildiz et al., 2023; Dalby et al., 2008).

We are utilizing one of AvaFrame’s core modules, the thickness-integrated computational model for avalanches with flow or mixed form of
movement, named AvaFrame::com1DFA (Tonnel et al., 2023). AvaFrame::com1DFA dense-flow avalanche module is based on a flow model
derived from the thickness integration of the mass and momentum conservation equations. As with any simulation tool, various (model)
parameters influence the (final) results. Exploring the full range of possible outcomes with all available parameters is time-consuming and

computationally expensive. So, in an operational setting, one must focus on the most critical parameters to keep the necessary computation
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costs manageable.

For our operational creation of probability maps for an avalanche scenario, which can be accessed via a QGis Interface (see https://github.
com/avaframe/QGisAF), we rely on experiences and research from previous projects, studies and operational hazard mapping. In this case,
the friction parameter mu and the release thickness (by definition normal to the surface) were chosen for variation to account for uncertain-
ties in input data and in the representation of the avalanche dynamics (Wirbel et al., 2022). Fig. 2 shows how the parameter mu (musamosat)
and parameter release thickness (relTh0) are sampled for the example in Fig 3. In the first step, the range is set for each parameter. In the
case of mu, a fixed interval is chosen based on results from previous projects and operational experiences. The variation of release thickness
is based on two user inputs, one a single release thickness (in this case 1m) and the second a 95 percentile confidence interval (ci95). In
an operational setting, this confidence interval can be extracted from, e.g. extreme value statistics. In the case of Austria, we utilise the tool
EVA+ (by Geosphere Austria, see Schellander 2010) to extract a 3-day new snow sum with a 150-year return level and the corresponding
95 percentile confidence interval. The sampling for the parameter combinations is then done via the statistical method of Latin hypercube
sampling (Seaholm et al., 1988), leading to 40 chosen combinations, as shown in Fig. 2. These are calculated with the computational module
AvaFrame::com1DFA and analysed via AvaFrame::ana4stats (Statistical analysis tools; https://docs.avaframe.org/en/latest/moduleAna4Stats.

htmlD. All included combinations are given the same weight for the final result, irrespective of potential input probability distributions.
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Fig 2: The resulting parameter sample for the presented example in Figure 3. User input given for this sample is a release thickness of 1m and a confidence interval (ci95) of 0.3m. Musamosat

represents the mu friction parameter and relTHO the release thickness. Each dot represents one of 40 parameter combinations being calculated with AvaFrame::com1DFA.
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RESULTS AND DISCUSSION

One example output can be seen in Fig. 3, which displays the probability map for our test case avaWog. It is based on the result parameter
of peak pressure exceeding a threshold of 1 kPa. It shows the fraction of coverage, i.e. 1 means all 40 avalanche simulations cover this area
with a peak pressure value higher than 1 kPa, and 0 means no avalanche simulation covers this area. The white line denotes the area where
95 percent of the simulations reach peak pressures higher than 1kPa.

The representativeness and applicability of the resulting maps strongly depend on the user input. This includes the choice of release sce-
narios and the method to determine the uncertainty information for release thicknesses. Given input ranges within normal operationally
used limits gives end users, at the very least, an overview of potential result variations. Verification and validation of our method will be

investigated in future but will pose a challenge due to a lack of statistically significant numbers of observations.
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Figure 3: Example result for the test case avaWog, showing the fraction of avalanche simulations with a peak pressure higher than 1kPa. Left panel shows the full process area, right panel

a zoom to the runout area. The white lines denote the 95 percentile of all simulations.

CONCLUSIONS

To support natural hazard risk assessment, AvaFrame provides tools and modules to generate probabilistic results. One such tool is the gen-
eration of probability maps based on a dynamical model for dense flow, AvaFrame::com1DFA. The presented module helps gain information
about probabilities for avalanche hazards and forms one component in risk evaluations. It also allows researchers and other end users to
determine potential areas of interest, be it for mitigation measures, hazard zoning or where deeper investigations are needed. A critical part
of a probabilistic approach is a meaningful estimate of the input uncertainty. To develop this, our experimental setup is currently being
tested for operational application in Austria and is therefore geared towards the requirements for this use case. However, since AvaFrame
is fully open source, it can easily adapt to other regions, setups and requirements. Please note that our presented probabilistic approach
only provides one component of a risk assessment but not the risk assessment itself. No potential damage or other effects are considered

in any of this information.
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