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Abstract. Using the Unity3d game engine, a Serious Game has been developed to explore
different flooding scenarios under climate change in the town of Torbay in Devon, United
Kingdom, and discover the resulting consequences on different critical infrastructures, aiming
at enhancing their resilience. The system also sports a rather unique 3D navigable information
board comprised of a virtual table populated with documents and interactive post-it notes
introducing a compelling narrative.
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1 Introduction and background

There exist many tools for visualising flood events. Many of these tools focus on
visualising the sea level rise for a specific location [1] such as for example the Sea
Level Rise and Coastal Flooding Impacts Viewer [2], New Jersey Flood Mapper [3],
Flood map Brussels [4], Explore Sahul Time [5], Interactive Sea Level Rise Web Map
[6], Surging Seas [7], What Could Disappear [8]. Although 3D visualisations have
been successfully employed to evaluate infrastructure damages from fire [9] or
earthquakes [10], they have not yet realised their potential in the domain of flood risk
management [11-12]. Presently, 3D models of flood risk management [13-15] tend to
focus [1] on the static 3D visualisation of flood hazard as in the example in Figure 1.
Flood visualisations tools that show change throughout time tend to focus on flood
damage assessment to infrastructures rather than the change in the 3D shape of the
flood. In TUFLOW [16], the intensity, horizontal velocity and rising velocity of flood
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events are used to visualise damage in 2D. In DisasterMap [17], residential structural
damages to buildings are estimated in percentages.

In this paper we present a dynamic visualisation system, showing the progression of
flood depth and extent. It can also identify the risk to critical infrastructures (CIs). This
feature will help the end-users to better understand the evolution of potential flood
impact, for future scenarios under climate change. The visualisation system presented
in this paper, is entirely written in C Sharp and uses the “Unity®” (or Unity3d)
software [18], the most used commercial game engine in the video game industry. The
engine enables users to view and interact with accurately via 3D environment and we
have added the function allowing the deformation of terrain and flood surfaces in real-
time, provided the modelling data are supplied in standard image formats.

Unity3d has by default no optimised way to visualise the change in the 3D shape of
the flood over a terrain. As such, the Unity3d default terrain object has several
resulting shortcomings:

(1) The degree of precision used to render the terrain heightmap is insufficient as it
cannot render a mesh with subtle differences in height. Presently, the terrain engine
only takes 16 bits raw images as input, which limit the precision to 2*16 or 65536
unique values. Assuming the terrain height range was set to 2000m, the setting would
provide an approximate resolution of 3.05cm (2000m / 65536) which is too coarse as
a 3cm difference in water level is not negligible.

(i1) The default terrain is unable to display consistently overlapping meshes at different
altitude levels as shown in picture 1. As soon as the user “zooms out”, high detail
meshes are substituted with simplified one automatically via a forced optimisation
process that is great and suitable for ordinary games, but not for visualising flood.
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Figure 1 By default, the further away the observer is from the terrain, the more the
Unity3d terrain object does deform meshes by substituting highly detailed meshes
with simplified ones.
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(111) Finally, the default process by which detailed terrain and flood meshes are
animated is too slow to allow real time changes, especially on machines with less than
stellar graphic capabilities. In the next section, we describe how our system addresses
these shortcoming, and then show added functionalities regarding the visualisation of
a narrative framework as well as the impact of flood on CIs failure.

2 Methodology

We first detail how we improved the Unity3d game engine to allow the visualisation
of 3D animated floods. We then show the flood modelling part is connected to the
visualisation of infrastructure failure. Finally, we present a visual narrative framework
that encapsulates all the elements described above in a way that is suitable for Serious
Gaming.

2.1 The visualisation of 3D animated floods

The 3D rendering engine has been modified to allow the terrain/flood height to be
rendered with a higher degree of precision. The height data are provided by standard
images in .png format where each pixel’s red, green, blue, and alpha values encode in
32 bits the height of the terrain. From a practical point of view, these floating-point
data of height are rescaled into large integer numbers, between 0 and 23? (i.e. which
allows the system to display the tiniest difference in height to the sub mm level).
Furthermore, by using .png rather than Unity3d default .raw file format, more
compact images are produced that can easily be sent through the internet. Although,
so far, the data are stored locally with the game, whole sequences of images could
potentially then be sent from a “game” server hosting many test cases to provide
multiple animations steps through a flood sequence.

Terrain and flood surfaces can now be deformed in real-time using advanced Shaders
[19] effects exploiting graphic cards computational capabilities. Shaders - programs
implemented in the OpenGL Shading Language to display vertices and visual fragment
using the accelerated computational power of the graphic card — are implemented to
output in real time a 3D geometric linear interpolation of the flood “height-map”
between the starting and the end state by looking at the “counter” input. Flood
animation is implemented by providing as input two images and a “counter” float
number between 0 and 1, expressing how far the animation is from the end stage. The
Shaders are not only engineered to deform 3D meshes efficiently, but also change the
flood mesh colour gradient from clear blue to dark blue with increasing flood depth.
This works seamlessly even on fairly modest machines or small laptops, animating
meshes with more than 1,440,000 triangles in real time with ease, as long as they have
a directx 11 compatible graphic card.
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2.2 A system to visualise consequences of flooding on critical infrastructures

All objects such as per examples 3D buildings can be easily changed in an interactive
manner. Flood depths encoded in images are produced using the WCA 2D flood model
[20], a part of the CADDIES-2D [21-22] modelling framework. CADDIES-2D is an
open-source framework designed to facilitate the design and deployment of Cellular
Automata (CA), specifically for 2D urban flood modelling. It is ideal for doing fast
flood evaluations in the context of serious gaming. In the present work, the flood
models were pre-run to produce output images used to make the 3d animated mesh of
the flood.

Low water depth
area - low risk of
power failure

High water depth
area - high risk of
power failure

Figure 3 Substation failures and dependent power outage areas.

We adopted the EU-CIRCLE framework [23], which was applied to analysed the
cascading effect of CI failures. Damage curves in function of flood depth are applied
to Cls such as sub stations are shown as coloured buildings. Once the flood depth
reaches a level that could cause damage to buildings or affect the functioning of CI,
different colours will be highlighted to demonstrate the impact of flooding, as shown
in Figure 3. The green/yellow/red buildings indicate the locations of substations. The
green ones represent the substations having less than 0.05m water depth in nearby area
such that they are not affected by flooding. The yellow ones have flood depth between
0.05-0.3m that there is a small chance of power supply service disruption, and the
areas receiving the service from those stations are shaded in yellow as well. The red
buildings are the ones with 0.3-1.0m flood depth that the substations are likely to be
damaged and fail to provide service to their servicing areas shades in red. Details of
the methodology are described in the related publications [23-24].

2.3 A serious game with a narrative framework

A 3D virtual table that comprises different informative documents and interactive
post-it notes introducing the case has been constructed as shown in Figures 4 and 5 to
provide additional information to the users.
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Figure 4 Overview of the 3D virtual table with narrative and interactive elements

This innovative and original setting for flood visualisation is quite powerful and
expandable as follows:

(1) It allows the display of vast amounts of information on a virtual table of practically
infinite size (Figure 5).

(i) It can also structure this information visually so that the user can see how
components are related to each other in the case study, move, rotate and zoom around
at the user’s leisure, and finally display geographically distant elements as
interconnected infrastructure nodes.

(ii1) Furthermore, this setting is easily translatable as a Virtual Reality based Serious
Game without major code modification.

Figure 5 Detail of 3d virtual table. The town mesh with the flood print over a portion
of Torbay is visible. Interactive “post-it” on the side allows actions that impact the
narrative framework.
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3 The Torquay Test Case

We simulated a flood event over a portion of the town of Torquay in the UK, with a
uniform rain input of 40mm in one hour that was equivalent to a 1 in 100-year event.
The event was simulated for three hours to allow the runoff to propagate further
downstream after the rain stopped. As shown in Figure 6, five areas with power
substations were impacted by the flood, with two of them in dark brown that are highly
likely to suffer the consequence of CI failures.

The town hall is located in one of the areas deprived of electricity, a fact that was
understood by the stakeholders through visualisation, during a demonstration
workshop held at the University of Exeter, organised by Torbay Council (October
2017). This fact sparked a debate among the stakeholders regarding the need for
identifying primary and secondary affected assets in order to also model the indirect
impact of cascading failure over the infrastructures and services, which led to virtually
playing (examining) further scenarios and mitigation strategies for flood impacts. The
project is still ongoing, with the final results to be presented in 4-6 months’ time.

i

Figure 6 View of the areas where power sub stations were impacted by the flood.
The degree of the failure varies from light (yellow), to medium (red) and severe
(brown)

4 Conclusions and future work

This work presented in this paper is an innovative step towards visualising flood
impacts and include them in Serious Games. It also introduces a more effective
software package for exploring the consequences of different flooding scenarios on
critical infrastructures. The resulting Serious Game is promising and expandable for
examining possible flood impacts under different mitigation and/or adaptation
measures. Moreover it can be expanded to other types of critical infrastructure
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protection in the future. Currently, within this project, work is ongoing about a more
detailed model to quantify the impact of service disruptions, so as to evaluate the
effectiveness of adaptation strategies to enhance resilience, while also, a more
complex serious game narrative exploring branching scenarios involving multiple
stakeholders is being investigated.
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