IMPROVING AWARENESS OF FLASH-FLOOD RISKS BY SIMULAT-
ING DISASTERS THROUGH MIXED REALITY TOOLS
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ABSTRACT

Flood events pose significant threats to human lives, property, and the environment. As climate change exacerbates the frequency and se-
verity of floods, it becomes imperative to develop innovative solutions to enhance the resilience of populations exposed to these hazards.
This paper describes two Mixed Reality applications, developed within the framework of the BMBF R&D — Project “Urban Flood Resilience
— Smart Tools” as novel tools for improving flood resilience. The appealing visualization of potential flood scenarios is able to facilitate
interactive flood education and will stimulate community and self-engagement. In addition, the usage of such fascinating applications e.g.
in schools will help to reach more socioeconomic groups as pupils will act as multipliers regarding flood preparedness and sensitivity. The
aim of the approach presented is not to replace real flood experiences, but rather to provide disadvantaged and disinterested social groups

in particular with a playful approach to the topic of flooding.

INTRODUCTION

Floods potentially can be among the most devastating natural disasters, causing extensive damage to infrastructure, disrupting communities,
and posing severe risks to human lives, as we saw e.g. at the Ahr Valley flooding (Germany) in 2021. Despite the fact that climate change
increases flood frequency and intensity, from our own experience of working in the field of pluvial flood prevention, some kind of “flood
dementia” has developed in large parts of the population. As a result, many fail to take the necessary precautions for their own safety.
Despite of this, climate change is increasing the frequency and intensity of floods, making it essential to explore alternative and innovative
approaches to enhance flood resilience.

Mixed Reality (MR), an emerging technology that blends the physical and digital worlds, has shown promise in various domains. This paper
describes two MR applications which simulate flash floods and which were developed at the Institute for Software Systems at the University
of Applied Sciences Trier in order to enhance flood resilience. In addition, we outline a conceptual framework for their effective integration

into pluvial flood preparedness strategies.

METHODS

According to the taxonomy of mixed reality by Milgram & Kishino (1994), there is a continuous transition within the mixed reality (MR)
technologies from the real environment to full virtual reality. In this transition, Augmented Reality (AR) overlays digital information onto the
user's real-world view, while Virtual Reality (VR) completely immerses users in computer-generated environments, isolating them from the
physical world. Mixed Reality (MR) combines elements of both AR and VR to create a seamless blend of the physical and digital realms.
From a practical perspective, AR can improve situational awareness during floods, e.g. by providing real-time flood-related data such as
water levels, evacuation routes, and safety instructions. VR can be used for flood preparedness training, allowing individuals to simulate
flood scenarios and practice emergency responses in a safe and controlled environment. In addition, both technologies can be used in the
field of flood awareness and education. Furthermore, both technologies can provide interactive, context-aware information to users while
preserving their connection to the real world. This unique characteristic makes MR particularly promising for flood resilience applications.
Within our work done, we developed three different applications described below: a rainfall simulator, a VR-Flashflood application and an
AR sandbox.

Rainfall Simulator:

The initial idea to confront people with the effects of flash flood events was the development of a rainfall simulator. The main purpose of the
simulator was to imitate the natural runoff during rainfall to show water movement on a scaled, 3D-printed haptic model of the landscape
to develop strategies for flood protection and runoff-modification.

In order to mimic natural rainfall as close as possible, parameters such as amount, intensity, duration and frequency, but also drop size,
pressure, drop shape and kinetic energy, have to be considered. The use of rainfall simulators in research regarding erosion, particle de-
tachment, infiltration and other topics is very common (Ngasoh et al. 2020) and delivered a good conceptual base for our development.
The simulator was built using a CNC system, including different nozzle types to be able to modify the intensity and the drop size of the
rainfall event. The nozzle can be manually guided or steered to x/y positions. Furthermore, the distance between the model and the nozzle

can be regulated to allow a flexible application along the z-axis. The setting of the rainfall parameters such as the amount of water (mm/
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m2), but also the steering can be done using the software written for the Arduino Mega 2560. In order to achieve a better visualization of
the water flow on a 3D-printed landscape model, the water was colored with ink.
Due to the simulator's size which made it difficult to transport, the high effort to generate real existing 3D landscapes, as well as the limita-

tion to create only a few landscapes for the simulation, this development was not pursued further.

VR - Flashflood Application

Virtual Reality (VR) is a computer-simulated reality that represents a 360-degree environment, which can be interacted with through con-
trollers. The aim of VR applications is to create an immersive experience which should be as realistic as possible. This means that the user
should get the feeling of being completely immersed. This is achieved, for example, through haptic feedback in the form of heat or pressure
or through additional audio signals like for example the sound of rain.

Since we work in the field of risk communication of natural disasters, the idea arose to create a VR application that mimics flash-flood sce-
narios. The idea is to simulate an extreme situation, which "makes the unimaginable imaginable" and to therefore sensitize the citizens. Our
goal is to not be limited to only one specific landscape, instead our intention was to be able to build this type of application for every part
of the world’s settlements or built-up areas. For that we have developed a workflow, which uses open data that is available from all over

the world such as OpenStreetMap-Data (OSM) or Google Earth information.

The 3D modeling of the landscape in our workflow is done with the software Blender. As data basis, the global terrain model GTOPO30 is
used and for the building geometries the data stock of OSM is utilized. Additionally, satellite images from Google Maps are overlaid onto the
terrain to provide visual context. The 3D landscape created in Blender is then transferred to the Unity software for further logic processing,
such as inserting the flow scenario and teleportation. Unity is a development environment for creating and designing computer games and
it is well suited for simulations as well. It can also be used to realize projects in the areas of VR (virtual reality) or AR (augmented reality).
To enhance the level of immersion, a suitable sky with a thunderstorm scenario as well as audio files containing rain and thunder sounds
were inserted. To create an even better immersion a rain shader was developed which shows running droplets within the vision field. In
the final step, the application must then be transferred to a head-mounted display. To achieve the highest possible mobility for the pres-
entation of the application at site visits and citizens ‘meetings, we decided to use untethered VR glasses (stand-alone VR glasses, such as the
MetaQuest 2). These glasses are completely independent and no longer require a computer since they take over the entire computing effort

themselves and even include tracking.

Figure1: Screenshot of a VR flood scenario in the city of Mittelreidenbach (Rhineland-Palatinate)
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AR sandbox — tool

After analyzing several papers and projects regarding the AR sandbox concept, we have decided to develop an AR sandbox based on the
open source project of Oliver Kreylos (2023). The Augmented Reality Sandbox is a free software, distributed under the GNU General Public
License. It allows the realization of a sandbox combined with a 3D camera and a projector to overlay the real sand surface with a real-time
interactive topography map and a physically accurate water flow simulation. The simulation is designed to replicate the real speed of water
flow, assuming a 1:100 scale factor, unless turbulence in the flow forces too many integration steps for the driving graphics card to handle.
With the AR sandbox we have a device on hand with which geomorphological and hydrological facts can be visualized three-dimensionally.
By reshaping the existing sand landscape, the effect of orographic changes on runoff patterns can be visualized directly. An application of
the AR sandbox in the field of risk communication on flood events is therefore predestined. Since the deformation of sand in a sandbox is
a familiar concept for both children and adults, this type of design takes a playful approach and en passant conveys an understanding of

the dangers of flood scenarios.

FigureZ: AR sandbox: preparations for demonstration

RESULTS AND DISCUSSION

The authors are aware that the mixed reality applications presented are merely a visualization and superficial observation of the conse-
quences of heavy rainfall events which cannot replace hydrological or hydraulic modelling. As mentioned at the beginning, the aim of the
developments was to provide appetizers to get people interested in the topic. Now that the tools are ready for real-world use (fall 2023),
the intention is to use a three-step process to assess the impact of the mixed reality tools with a view to raising risk awareness regarding
flash-flood events among the citizens.

In a first step, students of the Faculty of Environmental Planning of the University of Applied Sciences Trier will provide feedback via a
standardized survey after using the tools. After their evaluation and a possibly necessary adaptation of the systems, stakeholders of the ref-
erence municipalities in the research project FloReST will test the applications with the real landscape and building data of their respective
municipality in a second step.

The final step will be the presentation and utilization of the two tools in the context of citizens' meetings, but also in schools. We expect
the completion of phases one and two by spring 2024, so that we will be able to make statements about the effectiveness of mixed reality

applications within risk sensitization by then at the latest.
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