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ABSTRACT
We present a set of enhancements of the GIS-based, open-source mass flow simulation tool r.avaflow, including, among others, deformation 

control, layered movements, and slow flows. Thereby, the scope of r.avaflow is extended from extremely rapid mixture flows to layered 

flows and slides displaying a broad range of velocities. Further, the capabilities of the software for geo-education and awareness-building 

purposes are significantly enhanced through an interface with 3D animation and virtual reality tools, including a game engine.

INTRODUCTION
r.avaflow (Mergili and Pudasaini, 2023) is a GIS-based open-source modelling tool for flow-type landslide processes and, in principle, also 

for floods. It was first introduced by Mergili et al. (2017) and offers a Voellmy-type mixture model and a multi-phase model (Pudasaini and 

Mergili, 2019), the latter being suitable for the simulation of cascading effects such as glacial lake outburst floods or rock avalanches evolving 

into long-runout flow movements, as demonstrated with various documented case studies (e.g., Mergili et al., 2018, 2020; Vilca et al., 2020; 

Shugar et al., 2021). These studies highlight the potential of r.avaflow, but also its limitations and, therefore, its potential for enhancements. 

In this work, we show some of the most recent developments of r.avaflow.

METHODS
In this work, we focus on the following enhancements of r.avaflow, all of which can be combined:

•	 A model allowing for the simulation of layered landslides, where the different phases do not automatically mix on interaction. In this 

model, each of the maximum of three layers moves on top of the layer beneath. This enhancement serves for the simulation of land-

slide-reservoir interactions where the landslide material does not mix with the water, but rather deposits at the bottom of the reservoir, 

or for multi-layered slope deformations.

•	 Deformation control, limiting the internal deformation of the moving mass. This functionality allows to simulate the full range between 

slides with almost no deformation and flows with very intense deformation (Pudasaini and Mergili, 2023).

•	 Two models for geomorphic flows which are not extremely rapid (viscous earth flows, rock glaciers, rock creep, etc.). Instead of the 

momentum balance approach, one of these models uses a viscosity-based equilibrium-of-motion approach, whereas the other one 

includes specific controls for the effects of viscosity.

•	 An interface for virtual reality (VR) visualization of the simulation results. This interface allows to generate input for VR at different 

levels, from anaglyph and stereo 3D videos to immersive VR gaming development, which can be further processed with the Blender 

(anaglyph and stereo 3D videos, scene inspection in immersive VR) and Unreal Engine (game development) software tools.

RESULTS AND DISCUSSION
Application of r.avaflow on selected case studies, with the enhancements described in the Methods section, revealed a number of important 

insights:

•	 Layered mass flows: compared to the original r.avaflow model, this model enables a much more realistic simulation of landslide-reser-

voir impacts, particularly the recovery of the original water surface in case of rather deep water bodies, such as in the semi-generic test 

case of the collapse of a volcanic island (Fig 1). However, a remaining challenge consists in the appropriate consideration of drag, since 

the drag model used for situations of mixed landslide material and water is not directly applicable for situations where the landslide 

material moves and deposits at the bottom of the water.

•	 The deformation control was tested on a generic topography with a hemispheric release mass. Results were plausible, and it was pos-

sible to reduce the deformation of the hemisphere during motion to almost zero  (Pudasaini and Mergili, 2023). Also, the application 

of the model to the prehistoric Köfels Rock Slide (Tyrol, Austria) showed plausible results.

•	 Slow flows: besides generic earth flows, these models were tested with a tailings dam outburst flood (Su et al., 2023), a rock glacier (real 

case from the Austrian Alps, time scale decades) and a generic three-layered slope deformation (time scale millennia, combined with 

the layer model and the slide model; Fig. 2), and proved to yield plausible results for all the tests performed. However, particularly for 

the rock glacier, smoothing due to numerical effects blurred the individual lobes of the moving mass. For science communication, this 

issue can be partly offset by an overlay with an orthophoto which is distorted at each time step, according to the motion of the mass.
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•	 VR interface: 3D video generation (Fig. 3) and immersive VR scene inspection in Blender works straightforward and provides an op-

portunity for realistic presentation of the results, which appears useful for science communication (tested mainly with school students 

of different ages) and facilitates model evaluation. Main challenges include potential negative psychological effects for people exposed 

to the realistic confrontation with landslides, which still have to be investigated, and the technical implementation of simulation results 

with the game engine Unreal Engine, which is subject of ongoing efforts.

Figure 1. Semi-generic volcanic island collapsing into an ocean, profiles before the event and after 900 seconds (a) assuming mixture of the water (fluid) and the landslide mass (solid) and 

(b) applying the layer model. The dashed line shows the landslide assuming dry conditions (no ocean).

Figure 2. Two snapshots of the simulation of a deep-seated gravitational slope deformation on a generic topography, combining the model for layered mass flows with the slow flow model. 

Time is displayed in a non-dimensional way.

Figure 3. Snapshots of (a) an anaglyph video and (b) a stereo 3D video for the visualization of an r.avaflow simulation of the prehistoric Köfels Rock Slide.

CONCLUSIONS
The presented enhancements of the r.avaflow tool are, in principle, well suited to improve the scientific basis as well as the capabilities for 

awareness-building in landslide risk management. Concepts applied are as complex as needed and as simple and intuitive as possible. The 

results of the case studies applied are promising, but also reveal a strong need for certain improvements (e.g., better understanding of drag 

for the layered model; better understanding of psychological effects of immersive landslide experiences) and therefore for more research, 

including tests with more well-documented test cases of landslides of different types and different levels of complexity, and interdisciplinary 

efforts involving social scientists.

381CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



ACKNOWLEDGEMENTS
Part of this work was conducted within the project "Moving mountains - landslides as geosystem services in Austrian geoparks" (ESS22-24 

- MOVEMONT) funded through the Earth System Sciences programme of the Austrian Academy of Sciences.

REFERENCES

Mergili M., Pudasaini S.P. (2023) r.avaflow - The mass flow simulation tool. https://www.avaflow.org, accessed on 15 January 2023.

Mergili M., Fischer J.T., Krenn J., Pudasaini S. P. (2017) r.avaflow v1, an advanced open-source computational framework for the propagation and interaction of two-

phase mass flows. Geoscientific Model Development 10(2): 553-569.

Mergili M., Emmer A., Juricová A., Cochachin A., Fischer J.T., Huggel C., Pudasaini S.P. (2018) How well can we simulate complex hydro-geomorphic process chains? 

The 2012 multi-lake outburst flood in the Santa Cruz Valley (Cordillera Blanca, Perú). Earth Surface Processes and Landforms 43(7): 1373-1389.

Mergili M., Jaboyedoff M., Pullarello J., Pudasaini S.P. (2020) Back calculation of the 2017 Piz Cengalo–Bondo landslide cascade with r. avaflow: what we can do and 

what we can learn. Natural Hazards and Earth System Sciences 20(2): 505-520.

Pudasaini, S.P. and Mergili, M. (2019) A multi-phase mass flow model. Journal of Geophysical Research: Earth Surface 124(12): 2920-2942.

Pudasaini, S. P., Mergili, M. (2023) Mechanically controlled landslide deformation. Manuscript submitted to Journal of Geophysical Research – Earth Surface.

Shugar D.H., Jacquemart M., Shean D., Bhushan S., Upadhyay K., Sattar A., Schwanghart W., McBride S., van Wyk de Vries M., Mergili M., Emmer A., Deschamps-Berg-

er C., McDonnell M., Bhambri R., Allen S., Berthier E., Carrivick J.L., Clague J.J., Dokukin M., Dunning S.A., Frey H., Gascoin S., Haritashya U.K., Huggel C., Kääb A., 

Kargel J.S., Kavanaugh J.L., Lacroix P., Petley D., Rupper S., Azam M.F., Cook S.J., Dimri A.P., Eriksson M., Farinotti D., Fiddes J., Gnyawali K.R., Harrison S., Jha M., 

Koppes M., Kumar A., Leinss S., Majeed U., Mal S., Muhuri A., Noetzli J., Paul F., Rashid I., Sain K., Steiner J., Ugalde F., Watson C.S., Westoby M.J. (2021) A massive 

rock and ice avalanche caused the 2021 disaster at Chamoli Indian Himalaya. Science 373(6552): 300-306.

Su C., Mergili M., Ran N. M., Zhang, S., Dai C., Wang B., Han Y. (2023) Failure analysis and flow dynamic modeling using a new slow-flow functionality: The 2022 

Jiaokou (China) tailings dam breach. Landslides: 1-13.

Vilca O., Mergili M., Emmer A., Frey H., Huggel C. (2021) The 2020 glacial lake outburst flood process chain at Lake Salkantaycocha (Cordillera Vilcabamba, Peru). 

Landslides 18(6): 2211-2223.

382CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024


