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ABSTRACT

Forest fires in Europe are common in the Mediterranean countries but also occur more frequently in the alpine region of Central Europe. A
better understanding of forest fire behaviour is essential for the planning of fire suppression activities and all measures in disaster manage-
ment (evacuation, securing infrastructure, assessing the potential extent of damage). PhyFire is a simplified physical model that simulates
the spread of forest fires in a 2D-GIS-based simulation environment with some 3D-features. It is based on a digital elevation model, fuel car-
tography, and a wind model and runs faster than real-time. Fire suppression measurements can be incorporated in the modelling approach
to test the effects on fire behaviour. PhyFire was originally based on the experiences in Spain, and the model has been now successfully

adapted to other European countries. This contribution presents the key challenges for modelling fire behaviour under alpine conditions.

INTRODUCTION

Forest fires are generally known as a major threat for Mediterranean countries, Central and Northern Europe used to be considered safe for
most parts when it came to major damage from forest fires. However, due to more frequent droughts, this situation has changed (Griinig et
al. 2023). Currently, forest fires are also occurring more frequently in the central latitudes. Austria, for example, experiences more frequent
and more severe wildfires during the past years. It must be pointed out that the most common cause for fire ignitions are human activities
(Miller et al. 2015). Another problem that increases the danger of forest fires is the dense population. Many buildings extend into the forests
as urban areas increasingly spread out. This makes the wildland-urban-interface (WUI) a high-risk zone whose characteristics need to be

considered especially in prevention and firefighting (Cardil et al. 2021, Fernandez-Anez et al. 2021, Mdller et al. 2020).

Therefore, it is indispensable to consider fire behaviour in forest and fire management planning. Fire behaviour is determined by a range of
environmental factors. Those can be distinguished into three types: i) Topography (terrain, slope, and aspect) as for example, fire spreads
faster on steep terrain than on flat terrain. ii) Vegetation or fuel (fuel load, and fuel type, but also fuel moisture content which mainly
depends on previous weather conditions), and iii) Weather conditions (Direction and speed of wind, ambient temperature, and relative
humidity), which both influence the speed, direction of fires and smoke development (Hilton et al. 2015).

In order to better simulate fire behaviour patterns, different models have been developed (e.g., Bakhshaij et al. 2019, Sullivan et al. 2007,
Sullivan et al. 2009, Wu et al. 2022). One of these is the PhyFire model. It is a simplified physical model solved with efficient numerical and
computational methods to represent fire behaviour in two dimensions to simulate fire behaviour faster than in real time. It originates from
the University of Salamanca, which first tested the model for Spanish pilot areas before applying it to other Mediterranean countries such as

Greece and Italy. The aim of the study is to test whether the model is suitable for central European alpine areas as well (Asensio et al. 2023a).

A reliable assessment of fire behaviour is particularly important for natural hazard management. As part of the prevention measures, it is pos-
sible to recognize which settlements and critical infrastructures in the wildland-urban interface (WUD could be affected and take appropriate
precautions (Lampin-Maillet et al. 2010). Furthermore, knowledge about the spread of fire enables the fire brigade to intervene promptly and
effectively. On the one hand, the fire brigade benefits from the visualization of the fire and the measures taken for case studies of past forest
fires as part of the preparation for an emergency. On the other hand, the measures taken can be checked for their effectiveness as part of the
evaluation of the operation afterwards (Thompson et al. 2016). Appropriate measures also ensure the safety of the protective forests; a well
thought-through intervention by the fire brigade can prevent destruction and maintain protective functions (Stubenbock 2016). By present-
ing various fire-fighting measures, the discourse on prescribed burning could be reintroduced. Such measures are largely prohibited in many

European countries, although they can have a significant (positive) impact on fire behaviour as models are able to show (Toledo et al. 2012).

METHODS

The presented model is a simplified 2D physical wildfire model containing some 3D effects. It consists of three components (figure 1): a
wind model (HDWind), a fire propagation model (PhyFire) and a model that simulates smoke dispersion (PhyNX). It is based on the prin-
ciples of energy release and mass conservation (figure 2). The dominant heat transfer mechanisms included in the simulation are radiation
and convection. Heat absorption gets simulated through pyrolysis. Energy is transported by convection in the pyrolyzed gas while natural

convection losses happen in the vertical direction. Flame tilt can occur due to wind or terrain (e.g., steep slopes, like in the Greek use case)

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 281



(Asensio et al. 2021, Asensio et al. 2023a, Ferragut et al. 2015).
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Figure 1: Model components, input, and output data (Asensio et al. 2023a).
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Figure 2: Model Equations (Asensio et al. 2023a).

Required input data for the wind model are surface temperature, orography, rugosity, and punctual wind data (intensity and direction). The
wind model is then used as a basis for the fire propagation and smoke models. The output in this case is a wind field at different heights
that best fits the point data and solves the equations of the HDWind model (Ferragut et al. 2011). Currently there is no interaction in either
direction between the models, the wind model only serves as a basis for the smoke- and fire models. In addition to the meteorological input
data, the fire spread model requires three maps to operate: a DEM, fuel type and fuel load (figure 3). Another factor is the fuel moisture
content (FMC), which significantly affects fire development (Asensio et al. 2023b). This is obtained from satellite data in advance and can be
included in the modelling either as a constant or variable value. If available, an orthophoto facilitates the visualization of the simulation in
the GIS. The output is a fire propagation model, differentiating between burned area and fire front, and a three-dimensional smoke propa-

gation simulation. The model also covers the random phenomena of fire spotting (Asensio et al. 2021).
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Figure 3: Fuel type input variables, parameters, and unknowns (Asensio et al. 2023a).

The model can be run with a DEM from 5m to 25m resolution. The resolution at which calculations can be made depends on the availability
and quality of the input data. It is also possible to choose a higher resolution for solving equations due to interpolation from DEM data.
In general, 7.5m resolution was used, but the possible resolution depends on the size of the simulation area. In addition, it is possible to
incorporate input data in different resolutions and to compare the results at the end. This makes it possible to determine the extent to which

the resolution affects the quality of the result. For the other two maps, fuel type and fuel load, the resolution for solving the equations is not
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an issue since those are in vector format. The system provides the corresponding raster with the required resolution from the original vector
maps. In addition, a suitable projection is chosen for the respective use cases; here, the model is flexible, too. A system of Partial Differential
Equations (PDE), solved with efficient numerical methods allows the simulation to run below real time.

The adaptation of the parameters to the respective use case as well as the evaluation of the model is carried out using data from historical
forest fire events. Of course, these must be well documented to serve for validation purposes. A precise description of the fire ignition
point, and the burned area is required, as well as the spread of the fire in spatial and temporal terms. If the first responders have taken fire
suppression measures, these must also be included in the simulation. This data is also stored as a shapefile, e.g., fire lines as no-fuel areas.

In this way, the model can also be used to check and illustrate the effectiveness of measures taken (Asensio et al. 2023a).

RESULTS AND DISCUSSION

The Spanish use case is the most mature, therefore, an excellent result could be achieved for this one. The simulated fire shows almost the
same perimeter as the spatial and temporal perimeter that was documented (figure 4). Thus, the past forest fire including the fire-fighting
measures could be represented realistically. Nevertheless, there are still minor deviations from the original perimeter, which cannot be fun-

damentally prevented.
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Figure 5: Effect of the uncertainty of the cartographic input data on simulation results (Asensio et al. 2023b).

The results for the case study from Greece were also convincing. In figure (5), a part of the fire spread is represented as well as the underly-
ing wind model. The simulation shows how the effects of wind and slope add up on the eastern slope so that the fire advances faster than
on the western slope, where, despite a negative slope, the fire advances downhill driven by the wind. This case shows how important the
wind and the slope are as input data for fire spread in terms of spatial and temporal distribution. Furthermore, it must be considered that
the flame development also affects the wind behaviour. So far, the wind model only flows one way as a basis into the other two models
(PhyFire and Phynx), there is no interaction with the wind model. This will be adjusted during further development of the model. In this

way, the connection between wind and fire behaviour would be represented in both directions and thus more realistically.
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Greek use case, HDWind and PhyFire combined. Flame shows the ignition point, orange is the fire front and black shows the burned area PhyFire). The blue arrows

Similar results are already available for the use cases in Central Europe. However, the parameter adjustment for this is not yet ideal, as the
test areas differ. They have a lower slope, and the vegetation is fundamentally different. As a result, the fire behaviour also differs. Good
adjustments for scrublands were already received, but for grassland and forests further adjustments still must be made.

What can be stated regardless of the specific case studies of the modelling is that the quality of the result is largely dependent on the input
data. If a pilot cannot provide the necessary input data, improvisation is necessary, which leads to poor results and low quality in both tem-
poral and spatial terms. An example of how the resolution of the fuel data can influence (negatively) the result of a simulation run is shown
in the example from Spain (figure 6). There the resolution of the field data was reduced, and the result of the simulation was significantly
different from the one carried out with high-resolution data. In this context, deeper research should be carried out. All input data (e.g., wind)
and their influence on the result should be investigated (Asension et al. 2023b). Therefore, attention must be paid to the quality of the input

data and, sometimes compromises must be made.

From a disaster management perspective, the consideration of such uncertainties in the forest fire behaviour is very important. Maps allow
to distinguish the forest fire behaviour in spatial and temporal terms, as well as to build up a basic understanding of the influencing fac-
tors (topography, meteorology, vegetation) shown within the comparative maps. Furthermore, the simulation visualizes the effectiveness
of measures taken by the fire brigade considering the likely uncertainties in the input data. As a result, these can be evaluated, and the
emergency services gain more knowledge about the spatial and temporal effects of their measures and can deploy them more efficiently

in future incidences.

CONCLUSIONS

PhyFire shows an adequate simulation of the previous forest fire perimeter for all case studies in Spain, Italy, and Greece. The adaptation to
the Central European region has been started and works satisfactorily so far, the model result shows a realistic forest fire behaviour, which
corresponds to the historical validation data. However, the uncertainty of the input data has an effect on the quality of the result. It can be
stated that higher accuracy, both for the wind and the fuel data, lead to a better result. The quality of the underlying DEM is not so relevant
(Asensio et al.2023b). In the further development of the model, it is planned to relate the PhyFire model to the wind model to better esti-
mate the flame development, direction, and wind intensity in addition to the temperature and humidity. This would allow the wind model
would to not only be the basis for the fire propagation modelling but to provide feedback and interaction between the two models during
the simulation which will be computationally intensive. This would allow to represent forest fire spreading to be more realistic and to better
support natural hazard management in the future, also for larger and long-lasting forest fires. This would make the fire management plan-

ning more effective in vulnerable regions (Vacik and Miller 2021).
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