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Abstract

Spark is a computational platform for modelling wildfire behavior, developed for research, risk assessment
and operational use. The platform has been designed for flexibility, allowing users to define wildfire models,
process weather streams and spatial data, and visualize and analyze the resulting simulations. The core fire
propagation solver is a raster-based level set method that calculates the progression of a fire perimeter over
given terrain layers and allows the creation, merging and interaction of any number of individual fire
perimeters. Propagation in different fuel types is implemented using text-based scripts that define the fire
behavior and rate-of-spread, rather than having pre-determined models built into the system. This gives the
system flexibility to implement any available fire behavior models. The system is currently being used to
research and implement many aspects of fire behavior including the development of new rate-of-spread
models, integration with meteorological and remote sensing data and the modelling of firebrand dynamics
and fire-atmosphere interaction. The system is freely available to researchers, practitioners and managers in
the wildfire community.
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1. Introduction

Wildfires are a worldwide threat, causing major environmental damage and posing significant
danger to lives and infrastructure when impacting on urban interfaces. Spark is a computational
platform that can rapidly model two-dimensional wildfire spread for research, risk assessment and
operational use (Miller et al., 2015). The platform has been developed to be entirely user-configurable
at all levels, from the behaviour of the fire down to the central workflow for running and processing
wildfire simulations. This flexibility allows users complete control in processing input layers and data,
implementing wildfire models, post-processing the results of simulation and visualising data. The
system leverages the power of new graphical processing units (GPUs) for rapid geoprocessing
allowing complex fire behaviour models to be implemented for multiple fuel types. Spark can also
spatially ensemble the results of multiple predictions to build statistical maps for risk assessment and
fire management.

2. Architecture and Configurability

The core of Spark is a fire propagation solver, based on a computational level set method (Hilton
etal., 2015). This raster-based method manages the creation, movement and merging of fire perimeters
over a set of given terrain layers according to user-defined empirical fire spread models. The level set
method is particularly well suited to modelling fire spread as it can handle irregular boundary
conditions, run at any required resolution and handle the interaction of any number of individual fire
perimeters, for example, multiple spot fire ignitions ahead of a fire front.
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Figure 1 - Spark configured as a graphical-user-interface suitable for operational usage showing a fire in Tasmania,
Australia.

The fire propagation solver can be configured in various user-dependent ways, such as within an
interactive graphical-user interface (Figure 1), a workflow-based system for research (Figure 2) or a
headless command line version for servers and cloud computation. The system is supported on both
the Linux and Windows platforms. Fire front propagation in different fuel types is implemented using
text-based scripts to define the fire behaviour and rate-of-spread, rather than having pre-determined
models built into the system. This gives the system flexibility to implement any available fire
behaviour models and fire templates, such as elliptical or more complex shapes, and to enable testing
of new models (Hilton et al. 2016). We have currently implemented most fire rate-of-spread models
used operationally in Australia (Cruz et al. 2015), examples of which are available on our research
website (Spark, 2018) as well as version of the software, documentation and modelling guides.

The data layers required for these fire rate-of-spread models can be loaded into the system in any
common geospatial formats. The layers are transparently re-projected and interpolated to a required
resolution within Spark. The system can also pre and post-process any combination of these layers
using user defined scripts. For example, a pre-processing implementation has been developed which
directly reads remote sensing data tiles from Landsat imagery and converts these into fuel condition
data suitable for fire simulations in Eucalypt forest (Massetti et al. 2018). Post-processing can include
models for combustion, radiant heat flux and flame height, or models for impact assessment with asset
layers.
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Figure 2 - Spark workflow in the Workspace editor.

Surrounding the core propagation algorithm is a modular geospatial processing architecture based
on a workflow technology called Workspace developed by CSIRO (Watkins et al., 2017). This
workflow framework allows Spark to be easily configured in multiple ways for different purposes, for
example, development and research of new fire behaviour models. An example workflow canvas is
shown in Figure 2 where the individual elements of the workflow are blue boxes. These elements
include modules to create the input starting conditions, generate the wind field and input data layers.
The core fire propagation solver supports modular plug-ins for various aspects of fire behaviour, such
as the firebrand generation model shown in Figure 2 A preview of the simulation results is shown in a
window on the upper right-hand side and the user-defined script for configuring the firebrand model
is shown on the lower right-hand side.

The system can also be used to quantify the risks from wildfires in hypothetical scenarios by running
ensembles of input or weather conditions. These ensembles can be configured and composited in
various ways, for example, varying the starting location of a fire and computing the resulting fire
footprints into a probability map, as shown in Figure 3. The heat-map shown in the left-hand figure is
shaded by frequency of fire impact. As with all models in Spark the composition and processing of the
ensembles is user-defined, with Spark providing the ability to calculate global metrics over each
ensemble, or to calculate a running spatial ensemble over all ensemble members. The results can be
written to a PostGIS database, if required, for further downstream processing.
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Figure 3 - Spark ensemble analysis. The Spark graphical-user-interface (left) showing impact frequency from several
possible fires as a coloured heat-map. The fire isochrones can be directly written to PostGIS (centre) and visualised in
and external GIS tool (right).

Sub-models currently available within the framework include a mass-conservation wind correction
model, a firebrand transport and ignition model and a fuel break model for firebreaks, roads and
waterways, an example of which is shown in Figure 4. The fuel break model uses a set of line features
of inputs which stops the spread of fires at these lines until a user-defined condition is met. In the
example shown in Figure 4, a set of roads is used as input and the road has a probability of being
breached based on a constant hazard function. As the rule for breaching is probabilistic an ensemble
of simulations has been run to find the probability of the fire arriving at each point on the map. This is
shown as a heat-map of impact probability.
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Figure 4 - Ensemble of simualtions from a set of fires with a random probability of crossing a road. The shaded heat
map shows the impact probability of a fire arriving at a given point.
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Spark harnesses the power of new graphical processing unit technology (GPUs). Almost all current
computers have graphical processing units which, if used for computation, can carry out multiple
calculations in parallel. This can result in speed increases hundreds of times greater than standard
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computations on the central processing unit (CPU) of a computer. This translates into the ability to run
complex fire behaviour algorithms at high spatial resolutions in a very short computational time.
Additionally, such GPUs are available as a cheap, reliable and scalable resource on several cloud-
based systems such as Amazon Web Services (AWS).

3. Research and Operation

An aim of developing the Spark system was to connect the research community with operational
users by creating a common platform through which new research could be easily tested and deployed.
We are currently using Spark for internal research as well as collaborating with several university
groups to develop new methods and models for predicting fire behaviour. This includes research into
the sensitivity to meteorological data, direct integration of remotely sensed data products into fire
simulations, firebrand dynamics, radiant heat flux modelling for urban interfaces (Hilton et al. 2017),
new methods for modelling firebreaks (Swedosh et al. 2017) and fire-atmosphere interaction such
feedback effects from the fire (Hilton et al., 2018). We are also researching more efficient methods for
ensemble modelling and web-based deployment on cloud infrastructure for large sets of ensembles
(Garg et al., 2018).

Figure 5 - Three-dimensional visualisation of Spark firebrand modelling system. Each firebrand is individually
controlled in the model using a user-defined script.

An example of a research module is the Spark firebrand processor, a visualisation of which shown
in Figure 5. This module allows the user to define models for the creation and transport of firebrands
as well as the impact with the ground and subsequent chance of spot-fire creation. The models are
defined in a similar way to the rate-of-spread models, for example, the user specifies the acceleration
of the firebrand in a script based on properties of the firebrand, such as time since ignition, and local
fields, such as the wind vector at the location of the firebrand. We are currently collaborating with
university groups to research and develop models for firebrand distribution and spot formation using
the Spark platform.

4. Conclusion

Spark has been designed as a platform for rapid and configurable modelling of two-dimensional
fire spread. The system can be used for research or to interactively provide a visual awareness of the
potential impact of a wildfire, enabling early warnings, ability to manage resources and guide
mitigation strategies. Alternatively, the system can be configured as a risk modelling system capable
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of generating spatial risk metrics from large ensembles of potential wildfires. The modular nature of
the system allows configurability and customisation for the end user, or the ability for developers to
add new types of more complex fire behaviour models. The system is freely available to the research
and operational community (Spark, 2018).
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