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Abstract: Bushfire behaviour modelling using FARSITE with GIS integration for the Mitcham Hills, 

South Australia.
 

Bushfires are now becoming of serious concern as they can have devastating effects on the 
natural and human ecosystems.  An important element of bushfires is fire behaviour.  Fire behaviour describes 
the mode in which a fire reacts to the influences of fuel, weather, topography and fire fighting.  In order to 
understand and predict fire growth and the behaviour of fires, decision makers use fire models to simulate fire 
behaviour.  Fire behaviour modelling can assist forest managers and environmental decision makers in the 
understanding of how a fire will behave with the influences of environmental factors such as fuels, weather and 
topography.  This study models (spatially and temporally) the behaviour of a hypothetical fire for the Mitcham 
Hills in South Australia using FARSITE (Fire Area Simulator).  FARSITE, a two-dimensional deterministic 
model, takes into account the factors that influence fire behaviour (fuels, weather and topography) and 
simulates the spread and behaviours of fires based on the parameters inputted.  Geographic Information 
Systems (GIS) and Remote Sensing (RS) techniques were utilised for data preparation and the mapping of 
parameters that are needed and welcomed by FARSITE.  The results are a simulation of spread of fire, fireline 
intensity, flame length and time of arrival for the area of interest.  The simulation confirmed that it can be used 
for predicting how a fire will spread and how long it will take which can be very beneficial for fire suppression 
and control and risk assessment.   
 
Key-words: bushfire, FARSITE, GIS, Modelling, fire behaviour  
 

 
1 Introduction  
 Over many years, fire has driven and shaped 
the Australian natural ecosystem and its 
biological diversity.  Bushfires are a native 
element in Australia’s climate and many plants 
are fire prone while many others depend on fire 
to regenerate (Geoscience Australia, 2009).  
Fire has also been used as a land management 
tool by Indigenous Australians; therefore fire in 
Australia can be fearful when hazardous or 
controlled for management purposes 
(Geoscience Australia, 2009). Australian 
bushfires has led to damaging costs of around 
2.5 billion Australian dollars in the past 40 
years, also resulting in the death of around 250 
people and the destruction of 4,554 homes.  
Bushfires are now becoming of serious concern 

by many as they can have devastating effects on 
the natural and human ecosystems.      
 An important element of bushfires is fire 
behaviour.  Fire behaviour is the way a fire 
burns under different combinations of fuel type, 
fuel quantity, fuel moisture content, landform 
and ambient weather conditions.  Therefore fire 
behaviour describes the mode in which a fire 
reacts to the influences of fuel, weather, 
topography and fire fighting.  In order to 
understand and predict fire growth and the 
behaviour of fires, decision makers use fire 
models to simulate fire behaviour.  Fire 
behaviour modelling can assist forest managers 
and environmental decision makers in the 
understanding of how a fire will behave with the 
influences of environmental factors such as 
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fuels, weather and topography. Fire behaviour 
modelling is very beneficial to bushfire 
response as better decisions can be made for fire 
suppression, control and fire fighting.  This 
study models (spatially and temporally) the 
behaviour of a hypothetical fire for the Mitcham 
Hills in South Australia using FARSITE (Fire 
Area Simulator) with GIS integration.  Such 
technologies may be considered as the 
benchmark for advances in the field of fire 
sciences providing effective and sophisticated 
tools that proved to be of great benefit to forest 
managers and environmental decision makers.        
 

2 Study area  
 The study area is located south-east of the 
Adelaide City Centre incorporating the suburbs 
of Mitcham, Pasadena and Blackwood on the 
east.  It also encloses the Belair national Park 
and the Adelaide Crafers highway.  The study 
area extends west to Crafers and south-west to 
Upper Sturt. It includes open grass, urban areas, 
road networks, agricultural areas, parks, 
woodlands incorporating low to high shrub and 
forest.  Eucalyptus trees of different types are 
the dominant species in the areas of forest and 
shrub lands.  Fig.1. represents an Advanced 
Land Observing Satellite (ALOS) image with 
10 meters resolution of the study area. 

 

 
Figure 1. Map of the Mitcham Hills indicating the location of the study area 

 
3 FARSITE    
 The FARSITE model uses Huygens’ 
Principle of wave propagation to expand fire 
fronts (Richards, 1990). This principle, first 
developed by Christian Huygen in the 17th 
century in the Netherlands, was used in the light 
wave study (Finney, 1995). Under this principle, 
the fire is treated as a wave, and considered as 
an independent source of new wavelets that 
always spreads in an elliptical pattern from a 
central ignition point. Consequently, the fire 
perimeter further expands by creating new 

ignition points along the original ellipse to 
complete a whole circular pattern as shown in 
Fig.2. (uniform condition). Under a uniform 
condition, the factors that influence the fire (i.e. 
wind, topography, fuel and weather) are 
constant while it is not often the case in real life. 
Fig.2b. illustrates the wave propagation under 
non – uniform conditions. Factors such as wind 
speed and direction, slope, fuel, and weather all 
affect the propagation resulting in different 
elliptical shapes. 
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Figure 2. Illustration of Huygens’ Principle using 
elliptical wavelets, (A) the wind is constant from 

South to North, (B) the wind is non-uniform 
(fast/slow/different directions (i.e. reverse) wind 

speed), (Adapted from Finney,2004) 
 
Many researchers manifested that Huygens’ 
Principle is not utilized purely for modelling 
surface fire growth (Coleman & Sullivan, 1996, 
Finney, 1994, Finney & Ryan, 1995, Knight & 
Coleman, 1993, Richards & Bryce, 1995). 
Huygens’ Principle also can be widely 
employed to various fire models such as crown  

fire, spotting, post-frontal combustion, point-
source fire acceleration, and fuel moisture as 
well as the spatial patterns of fire growth and 
intensity in a 2-dimensional fire growth model 
(Finney, 2004). This principle assumes that each 
vertex can serve as the source of an independent 
elliptical expansion (Fig.3.). 
 

 

Figure 3. Dimensions of elliptical wavelets used in 
computing fire growth with equations (1) and (2) 

(Adapted from Richards 1990)  
 
In FARSITE, the surface spread rate component 
for x – dimension and y – dimension was 
calculated using the following equations: 

 

         (1) 

 

    
(2) 

Where 
Xt   = surface spread rate component for x – dimension (m/min) 
Yt = surface spread rate component for y – dimension (m/min) 
 a, b, c = elliptical dimension (Fig.2.) 
xs = angle differential in horizontal x-dimension (radians) 
 ys  = angle differential in horizontal y-dimension (radians) 

  = direction of maximum spread rate (radians), vector of wind and slope 
In terms of equations (1) and (2), surface spread rate (x and y dimension) was determined by wind-
slope vector.  
 
4 Methodology 
 
4.1 Data Sources and Software 
 GIS data for this study was provided by the 
University of South Australia consisting of 
various ArcGIS shapefiles (Contours, Water 
courses, Vegetation, Spot heights, boundary, 
Water bodies, Roads and Railways), aerial 
imagery and an ALOS satellite image of the 

area of interest.  The software utilized for data 
preparation and map generation are ArcGIS 9.3 
and ERDAS IMAGINE.  Fire behaviour 
simulation was performed using FARSITE 
which was downloaded from the World Wide 
Web.  Weather data was provided by the Bureau 
of Meteorology in spreadsheet format for the 
period of interest (30th of January to 1st of 
February, 2009).     
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4.2 Methods 
 GIS and RS techniques were utilized for 
processing and preparation of parameters that 

are required by the fire model FARSITE.  Fig.4. 
represent the flowchart of the data inputs and 
simulation outputs.          

 

 

Figure 4. Flowchart of data inputs and simulation outputs 
 

4.3 Fuel Map, Topography and Canopy 
Cover 
 The fuel map is an essential input in 
FARSITE and was generated using various 
sources of data. The GIS vegetation layer 
provided by the Department of Environment 
and Heritage (DEH) incorporated a 
classification of the vegetation that is within the 
study area.  The classification was generalized 
into several layers that included grass, grass 
with timber, low shrub, high shrub and forest.  

However, the DEH layer was not complete and 
various vegetation areas were not mapped.  The 
ALOS satellite image was therefore used and 
classified using a supervised classification 
scheme in order to map the missing vegetative 
areas.  In addition, other layers such as urban 
areas were digitized using the ‘heads up’ 
digitizing technique for integration into the fuel 
map.  Water bodies and road networks layers 
were also fused into the fuel map (Fig.5.).  

 

 
Figure5. Methods used to generate fuel map 
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The classification of the fuel types was 

based on the NFFL classification system 
(Table.1.), which is the classification system 
that is applicable to FARSITE.  The 1-13 layers 
were studied and layers 1, 2, 4, 5 and 10 were 
assigned to vegetation types grass, grass with 
timber, high shrub, low shrub and forest, 

respectively.  Other un-burnable fuels were 
classified into layers 91, 93, 98 and 99 for urban 
areas, crops, open water and bare ground, 
respectively. These classifications were 
extracted from the extended set of standard fire 
behaviour fuel models that is applicable to 
FARSITE (Table.2.).    

 
Table 1. NFFL fuel classification system (Adapted from Arroyo et al., 2008) 

 
 

Table 2. The Study area’s fuel types and their fuel 
models based on the NFFL classification system 

 
Fuel Type NFFL 
Open Grass 1 

Grass with Timber 2 
High Shrub 4 
Low Shrub 5 

Forest 10 
Urban 91 
Crops 93 

Open Water 98 
Bare Ground 99 

 
The components of topography including 

elevation, slope and aspect were also input 
requirements for FARSITE.  Using the 3D 
Analyst extension tool in ArcGIS 9.3, the 
contour layer of the study area was used to 
generate a Triangular Irregular Network (TIN).  
The TIN was then used to extract elevation 
slope and aspect using the 3D analyst tool.  
Moreover, a canopy cover map was also 

generated using the digitization tools in ArcGIS 
9.3 and feature analyst in ERDAS IMAGINE.  
Based on the knowledge obtained from a field 
study and some form of generalisation, canopy 
cover for the study area was assigned 0% to 
40%.  For example, grass areas were assigned 
0% canopy whilst forest areas were assigned 30-
40% canopy.        

Consequently, raster layers (fuel map, 
elevation, slope, aspect and canopy cover) were 
converted into ASCII within ArcGIS 9.3 in 
preparation for input into FARSITE.   
 
4.4 Crown Bulk Density, Crown Base Height 
and Stand Height   
 In order to simulate crown fire, FARSITE 
requires input parameters that include: 
o Crown Bulk Density (CBD, kg/m3), which 

is a measure of canopy fuels used in crown 
fire model applications (ForestERS, n.d.). 
Traditionally, CBD is calculated by the 
following equation: 
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   (3) 

Where 
CBD = Crown Bulk Density, kg/m3 

W = the weight of canopy fuel (leaves, 
needles, smaller branches, etc.), kg  
V = the total volume of canopy, m3  

The range of CBD is from 0 kg/m3 (height of 
tree >38m) to 0.4 kg/m3 (height of tree < 5m). 
The CBD value is relative to the height of the 
tree and therefore if the tree is high, the surface 
fire cannot burn the crown as it cannot reach 
that height.  
o Crown Base Height (CBH, m) is the 

measure of the distance from the ground to 
the lowest live branch at the bottom of a 
tree (ForestERS, n.d.). 

o Stand Height (SH, m) is the mean height of 
the tree in a particular area (ForestERS, n.d.). 

In the NSW Rural Fire Service (n.d.), 7 various 
classified vegetation formations exist such as 
forests (typically >10m in height), woodlands 
(15m – 35m in height), tall scrub (> 2 m), short 
shrub (< 2m), rainforests, grasslands and 
managed land.  Based on this classification 
method, the SH was assumed to be 15m for 

forest, 25 m for woodland, 15m for the 
remaining bush area and 6m for urban area.  
CBD, CBH and SH layers were generated 
primarily based on the vegetation map. Since 
the map is not complete, the gaps between the 
existing classification and bush/ urban area were 
digitized manually and values assumed to 
represent each vegetation type was appointed. 
For example, 0.3kg/m3 was assigned for bush 
area CBD and 0.39kg/m3 for urban area. 
 
4.5 Weather, Fuel Moisture and Rate of 
Spread Adjustment factor 
 Weather information is an important 
modelling element and an input requirement 
into FARSITE. The input temperature file 
consists of daily minimum and maximum 
readings of temperature, humidity and 
precipitation. The wind file consists of wind 
speed, direction and cloud cover at half hourly 
resolution.  Weather records were obtained from 
the Bureau of Meteorology for the five nearest 
weather stations surrounding the study area, 
including Adelaide Airport, Adelaide Kent 
Town, Kuitpo Forest Reserve, Mount Lofty and 
Noarlunga.   

 
Table 3. Maximum and minimum temperature and relative humidity readings from five weather stations 

 
    Minimum Temperature Maximum Temperature 

Month Day Temp1 (
o

C) Temp2 (
o

C) 

    

Adelai
de 

Airpor
t 

Kent 
Tow

n 
Mount 
Lofty 

Kuitpo 
Forest 

Reserve 
Noarlun

ga 
Adelaide 
Airport 

Kent 
Town 

Mount 
Lofty 

Kuitpo 
Forest 

Reserve 
Noarlu

nga 

1 30 24.4 29.4 26.9 26.4 27.1 41.7 43.1 35.2 40.3 41.3 

1 31 24.5 27.5 23.7 21.1 26.4 37.8 41.1 34 37.6 40.1 

2 1 25.1 25.9 17.7 19.7 23.3 39 40.6 33.9 34.3 38.4 

                        

    Maximum Humidity Minimum Humidity 

Month Day Humid1 (%) Humid2 (%) 

    

Adelai
de 

Airpor
t 

Kent 
Tow

n 
Mount 
Lofty 

Kuitpo 
Forest 

Reserve 
Noarlun

ga 
Adelaide 
Airport 

Kent 
Town 

Mount 
Lofty 

Kuitpo 
Forest 

Reserve 
Noarlu

nga 

1 30 66 36 36 44 44 13 10 15 13 12 

1 31 70 53 44 70 45 12 11 16 13 12 

2 1 66 53 87 81 65 23 10 15 22 16 
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FARSITE recalculates wind speed at each 
location taking into account the effect of canopy 
cover and the canopy height, while wind 
direction is kept constant vertically. Weather 
and wind are assumed unchangeable spatially 
but vary temporally in FARSITE (Finney, 
1998).  Observation of weather data indicated 
that the differences in readings of minimum 
humidity, maximum humidity, maximum 
temperature and minimum temperature between 
the five stations are up to 13%, 34%, 7.90C and 
8.20C, respectively (Table.3.). There was a need 
to interpolate these readings to obtain data that 
would better reflect the temperature for the 
study area as a whole. The task was performed 
using ArcGIS by creating a TIN surface 
bounded by the locations of the five stations. 
Values at a point near the centre of the study 
area were extracted including maximum and 
minimum relative humidity and temperature, 
and elevation to produce the weather file 
inputted into FARSITE. 

Wind speed and direction also varied from 
station to station. However, directions of the 
wind recorded from these locations were 
generally West and South-West wind following 
by South-East wind during the study period.  
The difference in speed was up to 35km/hour. 
Due to the intensive work involved in 
conducting the interpolation of the wind data 
(half hourly records), and also because the tool 
used (ArcGIS) to carry out the task does not 
consider the effect of terrain conditions (e.g. 
slope, aspect and canyon) which influence the 
wind, it was decided that data recorded from 
Kent Town would be used for this study. 

The Initial Fuel Moistures (IFMs) are 
required in FARSITE for the calculation of fuel 
moistures at each time step during the 
simulation incorporating weather conditions 
(i.e. temperature, shading and precipitation). 
The 1h, 10h and 100h are the ‘time lags’ and the 
figures in these columns are used to adjust the 
moisture content of woody fuel.  Although this 
information is required to be inputted into the 
model, there were excluded from this study as 
woody fuel information was not collected. ‘Live 
Woody’ (LiveW) and ‘Live Herbaceous’ 

(LiveH) IFMs and rate of spread for each fuel 
type were maintained to be the same as the 
original settings of the NFFL fuel models. Am 
adjustment factor of 1 was used to maintain the 
rate of spread of the NFFL fuel models. 
 
4.6 Simulation Parameters Setting 

Model parameters are the time and distance 
resolutions required to be set for each 
simulation. Simulation with lower temporal and 
spatial resolution will require more calculations, 
thus greater processing time.  The model 
parameters included time step, distance 
resolution, visible time steps, ignition point, 
perimeter resolution, and burn period and 
simulation duration.    

The time step was assigned 1 hour in this 
study for all simulations. During this time step, 
the conditions at every point over the landscape 
are kept constant so that the location of the fire 
front can be calculated (Finney, 1998). This 
time step is believed reasonable with regard to 
the time consumed to simulate the fire 
behaviour over a fairly heterogeneous landscape 
in this study.  For distance resolution, thirty 
meters were assigned as the distance resolution. 
This resolution defines the maximum radial 
distance from any point on the fire perimeter 
FARSITE projects the spread rate before new 
fuels, weather and topography are used (Seli, 
2006).  The Visible Time Steps (VTSs) were 
appointed 2 and 4 hours. The fire front would be 
visualised at these resolutions. This helps in 
comparing fire growth at these two time 
periods.  The ignition point was located near 
Mitcham Reserve close to a caravan park where 
the fire would be likely set accidentally by 
picnickers.  Perimeter Resolution (PR) is the 
maximum distance between points on the fire 
perimeter. This study uses 60 meter resolution. 
This distance is fairly coarse compared with the 
resolution of all the input raster layers which is 
10 meters. Again, due to the amount of 
processing time required, any lower PR would 
result in much more time-consuming 
simulation.  The ‘burn period’ was set from 30 
January to 01 February. Maximum daily 
temperatures recorded at Kent Town during 
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these three days reached 43.10C, 41.10C, and 
40.60C, among the hottest days of the year. 
Since one full day of the study period is 
required by FARSITE before any calculations, 
the starting time of the hypothetical fire was 
defined at 12pm of 31 January. 

 
5 Results 
 The results are a series of simulations of 
surface and crown fire behaviour in which were 
represented in maps.  The Burnt Area (Fig.6.) 
predicted by the fire model for the period of 20 
hours from 12pm January 31st covers an area of 
4,109 hectares.  The fire extends from Eden 
Hills Reserve in the South West of the study 
area up to Torrens Park Reserve, Brown Hill 
Creek, Eagle on the Hill suburb in the central 
North next to the high way, down to Crafers 
West and Upper Sturt near South East corner. 
 

 
Figure 6. Burn zone predicted by FARSITE for the 

period of 20 hours 
 
The Time of Arrival raster map (Fig.7.) 

visualises the burnt area after every two hours. 
Examination of the map demonstrates that 
during the first two hours when the wind were 
slow at 7.6 – 13km/hour, the fire moves slowly 
then speeds up dramatically during the next 4 
hours. This is because the wind doubled in 
speed to about 20km/hour and also the fire 
spreads in the same direction of the wind from 
South and South West over the burnable fuels. 
The fire then reaches the highway which blocks 
its path further to the North- Easterly areas. The 
urban area in the upper North West occupied by 
non-burn fuels also prevents it from moving 

further up this direction. The fire then spreads 
much slowly backwards from the ignition 
position to the South-West and down to the 
South and South-East of the study area for the 
rest of the simulation. 

 

 
Figure 7.  ‘Time of arrival’ raster map 

 
Fireline intensity (FI) is the rate of heat 

energy released per unit length of the fire front 
(Finney, 1998). FI is greatly influenced by 
weather and topography (Finney, 1998). Fuel 
types also affect the FI. For example, when 
slopes rise, flames are nearer to fuels upslope, 
which preheats the fuels, increasing the rate of 
combustion resulting in higher intensity. Wind 
also adds more oxygen to the fire, and fuels 
with lower moisture content are ignited faster, 
exacerbating the seriousness of the fire.  
Inspection of the FI map (Fig.8.) shows that, in 
general, fuels 1, 2 and 5 with the contribution of 
the crown fire result in lower FI which is up to 
about 5,000kW/hour. In contrast, fuel model 4 
which has a high fuel load and high fire spread 
rate, and is among the fuels having low fuel 
moisture content together with the existence of 
the crown fires produces a much higher fire 
intensity (up to 200,000kW/h) (Fig.9.). The FI 
also varies within each fuel class, resulting from 
the differences in terrain and weather 
conditions. For example, locations occupied by 
fuel model 4 that are within the burn zone from 
14.30pm January 31st to 5am February 1st were 
wind speed was high, have higher intensity then 
areas covered by the same fuel out of this zone 
(blue coloured patches). 
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Figure 8.  Fireline intensity raster map 

 

 
 Figure 9.  Fireline intensity raster map 

highlighting locations (marked in dark green and 
occupied by fuel model 4) with high intensity 
 
The Flame Length is observed in general 

high where the fireline intensity is high and the 
stand height is 25 meters (Fig.10.).  Predicted 
flame length as shown in Fig.10. is up to 212 
meters.  

 

Figure 10. Flame length raster map 
Rate of spread (ROS) is the distance that 

the flame zone moves per unit of time and can 
be measured from any point on the fire 
perimeter in a direction that is perpendicular to 
the perimeter (Forest Encyclopaedia Network, 
2009). The ROS is significantly influenced by 
fuel moisture content (Forest Encyclopaedia 
Network, 2009). High temperature, low relative 
humidity and low precipitation are perfect 
environments for fuel drying. High wind speed 
also increases the ROS. The output ROS map 
(Fig.11.) indicates most locations where the fire 
moves substantially fast up to 110m/minute are 
those classified as fuels 1, 2 and 4 (with low 
fuel moisture content), and within the burn zone 
from 14.30 to 18.00 January 31st when the fire 
path is in the same direction of the wind. 

 

 
Figure 11.  Rate of spread raster map 

 
Crown Fire Activity generally occurs when 

the crown bulk density is high at 0.32kg/m3 and 
the FI is high (Fig.12.). When the surface fire 
reaches a certain level of intensity, it ignites the 
crown fire which in turn increases the intensity 
of the fire. Passive crown fire is a type of crown 
fire in which the flames from a surface fire 
spread to and burn the crowns of individual 
trees or small groups of trees only for short 
periods of time while active crown fire is 
continuous fire which advances on the upper 
canopy (Graetz et al., 2007).  In FARSITE, 
passive crown fire does not increase the ROS of 
the fire (the ROS is maintained as surface fire) 
and contribute an insignificant amount to 
fireline intensity and flame length (Seli, 2006). 
In contrast, active crown fire adds a great 
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amount of fireline intensity and flame length to 
the existing surface fire (Seli, 2006).  Fig.12. 
shows active fires are where the landscape is 
occupied by fuel model 4 and passive fires are 
where the ground is covered by fuels 1, 2 and 4. 
Surface fires are in the areas of open grass. 
 

 
Figure 12.  Crown fire activity raster map 

 
6 Conclusions  

The use of FARSITE along with GIS and 
RS techniques has enabled modelling the 
behaviour of a hypothetical fire for the Mitcham 
Hills in South Australia for the 30th of January 
until the 1st of February 2009.  Input data 
requirements into the fire model FARSITE were 
prepared using a GIS and imaging software 
(ERDAS IMAGINE).  The results were a 
simulation of spread of fire, fireline intensity, 
flame length and time of arrival for the area of 
interest.  Although the simulation was successful, 
there were some inaccuracies that could be 
accredited to several factors.  Primarily, the fuel 
classification system (NFFL) that was used to 
create the fuel map is based on the characteristics 
of North American vegetation and therefore may 
not imitate the fuel characteristics of Australian 
vegetation. In addition, vegetation classes and 
canopy cover were generalized when creating 
both the fuel and canopy cover maps.  Such 
limitations and inaccuracies could be overcome 
by extensive field studies to the site to attain 
more knowledge on the vegetation and their fuel 
characteristics.  Subsequently, more range of 
classes representing vegetation types can be used 
from the classification system limiting any form 

of guessing or generalization.   
Wind data was obtained from the Kent 

Town weather station which is at 5 km distance 
from the centre of the study area and used as 
wind input for the fire simulation.  The northern 
boundary of the study area is at 200 meters 
distance from the Kent Town weather station.    
Temperature readings that were used for the 
simulation were collected from various weather 
stations that surround the study area and an 
interpolation method was used to estimate the 
temperature parameters for the study area.  
These raised some concerns in whether the 
temperature and wind data used for simulation 
reflected the actual conditions of the study area. 
Additionally, FARSITE was designed for forest 
fire simulation while in this study the fuel 
model incorporated un-burnable areas such as 
urban areas and road networks.  This has raised 
some technical difficulties such as crashing of 
the software.  Also when the simulation was 
successful the fire would stop when it reaches 
the un-burnable areas, although some urban 
areas are combined with vegetation and were 
classified as burnable. 

On the other hand, the simulation confirmed 
that it can be used for predicting how a fire will 
spread and how long it will take which can be 
very beneficial for fire suppression and control 
and risk assessment.  The accuracy of results can 
be further improved by various methods such as 
abundant field work for data collection, use of 
satellite imagery (e.g. Lidar) and image 
classification schemes to create more accurate 
fuel maps, trying alternative simulation programs 
as well as simulating real fires that occurred 
elsewhere in order to compare results and model 
calibration, if possible. 
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