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ABSTRACT
We present an interactive 3D WebGIS visualisation system that can show animated 3D floods,
terrain, and buildings from a web browser. The system is entirely written in Javascript and using
optimised WebGL technology based on the open source Three.js library. It can be used to view and
deform terrain and flood surfaces in real-time, provided the modelling data are supplied in
standard image formats. Although, in the examples presented below, the .png pictures expressing
flood depth were produced via the CADDIES-2D modelling and simulation framework, the system
can work online in real-time with any kind of flood modelling tool, as long as it provide 32 bits
encoded images in a reasonable time frame. The system can show real-time 3D flood animations
and seems to be simple and flexible enough to be used in future multi-player online serious games
centred on flood.
Keywords: Flood Animation 3D-Visualisation
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BACKGROUND

WebGIS maps (web-based geographic information systems) are presently commonly used 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], [14], [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 events are used to visualise damage in 2D. In DisasterMap [17], residential
structural damages to buildings are estimated in percentages. A dynamic visualisation system
showing the progression of flood depth and extent, particularly identify the risk to critical
infrastructures (CIs) will help the end-users better understanding the evolution of potential flood
impact.
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Figure 1. Example of a static 3D Web-based flood alert map from the Swiss Federal Geoportal
[15]
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METHODS

In this study, we have built an animated 3D flood visualisation system embedded in an interactive
web page that can be accessed from anywhere on the web, provided that the user’s machine has a
graphic card and a fairly recent browser such as Chrome or Firefox. There is therefore no need to
install specialised software to visualise the flood animation.
The system is entirely written in Javascript and uses optimised WebGL technology based on the
open source Three.js [18] library. It can be used to view and deform terrain and flood surfaces in
real-time, provided the modelling data are supplied in standard image formats.
The 3D rendering engine has been modified so as to allow the terrain/flood height to be rendered
with a high 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, this floating point data of height are rescaled into large integer
number, between 0 and 232 (i.e. which allows the system to display the tiniest difference in height to
the sub mm level). Furthermore, using images means that, unlike text based GIS formats, these are
quite compact and can easily be sent through the internet and read by a web browser. Whole
sequences of images can then be sent to provide multiple animations steps through a flood
sequence. A logarithmic depth rendering buffer has also been used so as to be able to render both
tiny and huge objects while minimising visual artifacts resulting from overlapping surfaces. Terrain
and flood surfaces can be deformed in real-time using advanced Shaders effects exploiting graphic
cards computational capabilities.
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. Shaders - programs
implemented in the OpenGL Shading Language to display vertices and visual fragment using the
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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.
The Shaders are not only engineered to deform 3D meshes efficiently, but also change its color
gradient from clear blue to dark blue with increasing flood depth.
Furthermore, all objects such as per examples 3D buildings can be easily changed in an interactive
manner, in a way compatible with technology previously implemented via previous work in serious
gaming [19][20][21].
The example presented in the image below is an interactive visualisation of the modelling results,
using the WCA 2D flood model [21], a part of the CADDIES-2D [22][23][24] 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, and the page is simply refreshed via the web browser to
display the update.

3

TEST CASES

The system was first used to visualise as proof of concept a simple 3D flood animation of the
village of Millbrook. The Millbrook example presents the users with a high speed model, where a
larger cell size (10m) was selected for the flood modelling with WCA 2D at the price of loss in
accuracy to the user final flood visualisation. The speed of execution makes it suitable in the
context of serious gaming for displaying quickly numerous flood outputs resulting from different
combination of parameters. A more complex flood visualisation test case of the town of Torquay is
then presented. The Torquay flood model adopted a smaller cell size (2m) resulting a more precise
flood output taking hours to compute.

3.1

The Millbrook test case

Millbrook is a village near Plymouth in the UK, and has had a lot of problems with recent large
pluvial flood events. A 2km square terrain around the village was selected, and uniform rain input
of 45mm/hr for the first hour of simulation was applied, which equates to 1 in 100 year event. The
simulation was run for two hours of simulation time to allow the flow to propagate after the rain
events. The open boundary condition was set to allow flow to escape the terrain. The velocity
between two neighbour cells with a water level difference less than 0.1mm was assumed as zero to
speed up the calculation for insignificant quantities of flows.
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Figure 2. Millbrook flood visualisation test case [24]
A global surface roughness of 0.05 was applied to the entire terrain and a snapshot of the animated
flood output is shown in Figure 2. The original DEM of the Millbrook terrain is in a 1m resolution,
which took approximately two hour to complete, while a 2m resolution model took approximately 1
hour; reducing the resolution to 5 m still yield a processing time of approximately 1.5-5 minutes,
and the 10m resolution finally select was completed in less than 10 seconds with a recent PC with a
Nvidia GTX 1070 graphic card.

3.2

The Torquay test case

We simulated another 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 two hours to allow the runoff to propagate further downstream after the rain stopped.
The flood maps were produced every minute and reduced to a sequence of 14 images with various
time spacing between them for demonstrating the most significant changes during the event, which
an example is shown in Figure 3.
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Figure 3. Torquay flood visualisation test case with close up on one electric sub-station flood
status[24].
This scene used as testing ground contains more than 20 000 buildings [26], and around 200 of
these considered as CIs (such as hospitals and electricity sub stations). The change in flooding
status of CIs throughout time is shown by changing buildings colors. The example is accessible at
http://nexus-serious-games.org/online-layered/herodotus.html..
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CONCLUSIONS

In the study, we have developed an interactive 3D WebGIS visualisation system to demonstrate
floods, terrain, and buildings in a web browser. This open source framework available at
https://github.com/gentr1/animated-flood-visualisation not only presents the advantage of
accessibility due to the fact that it is visible from the web browser, but also exhibits flexibility due
to the both the simplicity and the precision of the 32 bit image representation of flood data input and
the resulting ease of online data transfer. These qualities make it a suitable platform to visualise 3D
animated flood in the exacting context of serious gaming where users’ interactions would result in
different flood outcomes. Having built a solid base for a 3D WebGIS animated flood visualisation
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system, we plan to use it in a serious game showing the consequence of farming activity on
flooding.
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