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ASSESSMENT OF FIRE SEVERITY IN A MEDITERRANEAN AREA USING FLAMMAP SIMULATOR
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1. INTRODUCTION
Mediterranean
ecosystems
are
often
characterised by the occurrence of large wildfires
driven by strong winds and summer droughts. In the
last years (2000-2008) the South Western European
Countries (Italy, France, Spain, Portugal, Greece)
were characterized by about 60,000 wildfires per
year, with about 450,000 hectares of burned areas
per year (JRC–IES, 2009).
Fire occurrence is determined by different
anthropic and environmental factors. Several studies
reported that most of the variability in the burned
areas is related to weather/climatic factors, while fire
ignitions is related to human factors and lightning
(Flannigan and Harrington, 1988; Viegas and Viegas,
1994; Flannigan and Wotton, 2001; Pausas, 2004;
Chuvieco et al., 2008). Changes in spatial and
temporal fire behaviour occur in relation to changes in
the environmental conditions, and weather is the most
variable component changing rapidly in both space
and time (Pyne et al., 1996).
Several authors proposed the use of fire
simulators as a convenient methodology to derive fire
probability and severity maps in function of different
environmental conditions and fuel reduction
treatments (Farris et al. 2000; Stratton et al., 2003;
Stratton, 2004; Finney 2005; Ager et al., 2007; Arca et
al., 2007; Finney et al., 2007; Noonan, 2007; Ager
and Finney, 2009).
FlamMap (Finney et al., 2003; Finney, 2006) is a
fire behaviour mapping and analysis simulator used to
compute the potential fire behaviour characteristics
over defined landscapes for given weather, wind
fields and fuel load and moisture conditions. FlamMap
is able to make BehavePlus-like calculations for all
points on a landscape using one set of environmental
conditions. The simulator makes fire behaviour
calculations for each location, independent of one
another (Finney, 2006). FlamMap output lends itself
well to landscape comparisons and for identifying
hazardous
fuel,
weather
and
topographic
combinations, thus aiding in prioritization and
assessments of fire hazard and providing useful
information on fire management and operative phases
(Stratton et al., 2003).
In this work, we compared several fire severity
maps (rate of spread, fireline intensity, flame length,
etc.) provided by FlamMap simulator for the whole
island of Sardinia, Italy, under several weather and
fuel scenarios, to predict the impacts of different
environmental conditions on potential fire behaviour.

2. MATERIALS AND METHODS
2.1 STUDY AREA
The study area is represented by Sardinia island,
Italy, the second-largest island in the Mediterranean
Sea. Sardinia, with a surface of about 24,000 km², is
located in the western part of the Mediterranean
Basin, between 38°50'-41°15' North latitude and
8°08'-9°50' East longitude (Figure 1).

Figure 1. Geographical map of the western
Mediterranean Basin.
The Sardinian orography is generally hillymountainous, with the highest point being 1834 m in
the center of the island. The largest plains are located
in the western parts of the island (Figure 2).

Figure 2. Sardinia elevation map.
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Sardinian vegetation composition, physiognomy
and structure are the result of the complex
interconnections between physical factors (climate,
elevation, aspect, soil characteristics, etc.) and
anthropogenic factors (fires, grazing, etc.). Wood and
forest represent approximately 15% of Sardinian
vegetation, and are mainly represented by Quercus
ilex L., Quercus suber L., Quercus pubescens Willd..
The coniferous stands (represented by Pinus spp.)
are very limited (2%).
The most important vegetation type (30%) is
represented by Mediterranean maquis and garrigue.
Urban and anthropic areas cover about 2.5% of
Sardinian landscape. The remaining fraction is
represented by pastures and agricultural areas (45%),
and by other land uses (Figure 3).

Figure 3. Sardinia land use map.
The Sardinian climate is classified as
Mediterranean, with mild and rainy winter and dry and
hot summer, and is characterised by a remarkable
water deficit from May until September. The most of
annual rainfall (650 mm on average) occurs in fall and
winter. The mean annual temperature along the coast
line is approximately 17 °C, with maximum
temperature peaks higher than 30 °C during the
summer season. The average wind speed is
moderate-high (≈ 4 m s-1) in both winter and summer
seasons (Chessa and Delitala, 1997). The prevailing
wind directions are typically west and north-west, with
a cumulative frequency greater than 50%.
In the period 1999-2008, on average, Sardinia
experienced 2800 fires per year with about 18000
hectares of burned areas per year. The yearly fire
trends, in terms of both numbers of fires and burned
areas, are characterised by the presence of critical
years (1993, 1994, 1998, 2007, 2009) with respect to
ordinary trends. Basically, the critical years are linked
to drought conditions, heat waves, strong winds, fine
dead fuel accumulation. Sardinian fires are mostly
concentrated in summer, in particular July and
August; the other months are normally not affected by
fires.

2.2 FLAMMAP SIMULATIONS
FlamMap (Finney et al., 2003; Finney, 2006) is a
fire behaviour mapping and analysis simulator used to
compute the potential fire behaviour characteristics
over defined landscapes for given environmental
conditions. The simulator incorporates different fire
behaviour models, considering Rothermel’s surface
fire model (Rothermel, 1972), and crown fire initiation
and spread models (Van Wagner, 1977; Rothermel,
1991).
Geographic Information System (GIS, ArcGIS
9.3.1, ESRI Inc.) was used to manage the spatial
information, and to obtain all input layers needed to
execute the FlamMap simulations. The grid resolution
of all spatial information for the definition of the
Landscape file was 250 m. A digital elevation model
(DEM) was used to produce the maps of elevation,
slope and aspect. Fuel and canopy cover maps were
produced using the 1:25,000 land cover map of
Sardinia from the CORINE project (EEA ETC/TE
2002), combining the fuel information to create a
broad classification of the main Sardinian vegetation
types and land uses. In particular, we splitted Sardinia
in 12 different land uses, and for each land use a
standard or custom fuel model was associated
(Figure 3 and Table 1).
FlamMap simulations were run using custom fuel
models for shrubland vegetation (Mediterranean
maquis and garrigue) and pastures, and using
standard fuel models (Anderson, 1982; Scott and
Burgan, 2005) for the other vegetation types. The
values of fuel moisture content for the 10-hr time lag
dead fuel were determined calculating the relationship
between observed FMC values and fuel moisture
sensor measurements (model CS505, Campbell Sci.,
Logan, UT, USA) obtained during the summer
season. The 1-hr and 100-hr dead fuel moisture
content values were obtained from field observations
and literature data (Fernandes, 2001; Baeza et al.,
2002; De Luis et al., 2004; Pellizzaro et al., 2007). In
order to improve the accuracy of information, a mass
consistent model (WindNinja, Forthofer, 2007) was
used: wind speed and direction data were input in
FlamMap as raster maps, with a resolution of 2000 m.
In this work, we simulated mistral wind (direction
290°), the most important wind associated with fire
events in Sardinia.
Three main output parameters (rate of spread
(ROS), fireline intensity (FLI), flame length (FL))
provided by FlamMap were used in order to describe
the fire behaviour and to analyse the fire severity on
the study area. The fire severity was evaluated (using
the Spatial Analyst function of ArcGIS 9.3.1, ESRI
Inc.) combining the values of fire behaviour
simulations.
We tested with FlamMap simulations the effects of
several summer scenarios of weather and fuel
conditions on fire behaviour in Sardinia, and we
evaluated the fire behaviour characteristics to define
the fire severity in the study area. In particular, in this
work we present the effects of different fuel moisture
and wind speed scenarios on fire behaviour and
severity.
A) FUEL MOISTURE SCENARIOS. Effects of
different summer fuel dryness levels (moderate,
moderate-dry, dry, extreme) on fire behaviour. In the

extreme scenario, the live fuel moisture for shrubland
vegetation was set at 50% and the dead fine fuel
moisture was set at 5%. On the other hand, in the
moderate scenario, the live fuel moisture for
shrubland vegetation was set at 100% and the dead
fine fuel moisture was set at 12%. The ranges for
broadleaf and conifer stands were set to 80-110% for
the live fuel moisture and to 8%-14% for the dead fine
fuel moisture. For these scenarios, we used the wind
field map obtained by WindNinja considering wind
intensity of 30 km h-1 and wind direction 290°.
B) WIND SPEED SCENARIOS. Effects of
different wind speed (10, 15, 25, 30 km h-1) on fire
behaviour. These scenarios were tested using
moderate fuel moisture conditions (Table 1).
C) FIRE SEVERITY. The fire severity was
calculated for the whole Sardinia combining the raster
maps obtained by FlamMap simulations for rate of
spread, flame length and fireline intensity. These
operations were done using GIS and combining, for
each simulation, the associated fire behaviour values,
and evaluating the cells where the fire behaviour
parameters overtake hazardous threshold values
(Andrews and Rothermel, 1982).
3. RESULTS
A) FUEL MOISTURE SCENARIOS. Figures 5,6,7
show the importance of fuel moisture conditions on
fire behaviour, for all parameters considered. As
expected, the fuel moisture reduction implies the
increase on both maximum and average fire spread
rate, flame length and fireline intensity. It is also
important to highlight that the lower are the fuel
moisture conditions the higher is the variability of all
fire behaviour parameters.
B) WIND SPEED SCENARIOS. Figures 8,9,10
show the effects of wind intensity on fire behaviour,
for all parameters considered. The increase of wind
intensity causes a remarkable growth on both
maximum and average fire spread rate, flame length
and fireline intensity. Also these simulations confirm
that there is an increment of the variability of all fire

behaviour parameters moving to higher wind speed
conditions.
C) FIRE SEVERITY. The potential fire behaviour
and severity maps represent an important tool in
order to generate useful information for decision
makers, given defined environmental conditions. The
fire severity was calculated combining the raster
maps of FlamMap simulations, for each scenario. In
order to evaluate the cells with hazardous threshold
values of fire behaviour, we used the charts for
interpreting
wildfire
behaviour
characteristics
proposed by Andrews and Rothermel (1982). The
resulting maps of fire severity show the areas
characterised by higher values of potential fire
severity due to the associated hazardous
combinations of fuels, topography and weather-wind
conditions (Figure 4).

Figure 4. Example of fire severity map, using wind
-1
290°-30 km h and moderate fuel moisture
conditions.

Table 1. Description of the fuel models used for FlamMap simulations, considering summer moderate fuel
moisture conditions.
Fuel Models

FM1

FM2* CM PAST
TU1
TU4
TU4* CM GARR CM MAQ NB
mixed
med.
not
tree
garrigue
Land Use
grass
pastures broadleaf coniferous
crops
stands
maquis burnable
DF Load (Mg ha-1)
1.83 2.50
2.00
6.42
11.11
9.00
5.5
15.0
0
0
2.00
0.00
2.71
4.94
3.50
4.0
12.5
0
LF Load (Mg ha-1)
Fuelbed Depth (cm)
33
33
35
33
33
33
45
135
0
Moisture of Ext. (%)
12
15
12
30
12
25
25
25
0
DF & LF Heat Cont. (kJ kg-1) 18620 18620 18620
18620
18620
18620
18620
18620
0
Dead 1-hr (%)
10
10
10
11
11
11
10
10
0
Dead 10-hr (%)
12
12
12
13
13
13
12
12
0
Dead 100-hr (%)
13
13
13
14
14
14
13
13
0
Live Herbaceous (%)
0
0
0
100
100
100
80
80
0
Live Woody (%)
0
0
0
110
110
110
80
90
0
Dead and live fuel moisture are representative of Sardinian summer moderate conditions
FM1, FM2 (Anderson, 1982); TU1, TU4 (Scott and Burgan, 2005); * = adapted

Figures 5,6,7. Effects of different fuel moisture conditions (from moderate to extreme) on fire ROS (Figure 5), FL
-1
(Figure 6) and FLI (Figure 7) (wind 290°-30 kmh ).

-1

Figures 8,9,10. Effects of different wind speed conditions (10, 15, 25, 30 km h ) on fire ROS (Figure 8), FL
(Figure 9) and FLI (Figure 10) (moderate fuel moisture conditions).

4. CONCLUSIONS
The analysis of the information on fire behaviour
and severity provided by FlamMap can be useful to
identify the areas with high level of danger, and
therefore, high potential risk due to different
weather and fuel condition scenarios. Considering
the assumptions and limitations of all fire simulation
systems and the methodology presented in this
work, the fire severity maps can assist decision
makers in identifying areas of concern for extreme
fire behaviours, planning prevention activities, and
aid in the prioritization of these locations for fuel
treatments and for strategical firefighting resources
allocations. Fire severity maps can be useful to
evaluate prescribed or natural fires and to support
tactical and strategic decisions related to the
mitigation of fire severity and risk and to fire attack.
The fire behaviour simulations and calculations can
also be compared with expected behaviours for
defined fire environment at each cell (considering
fuel, weather, topography) of the landscape.
Furthermore, our analysis suggests that the future
fire regimes determined by global change will result
in fires with higher spread rate, flame length and
fireline intensity, due to the predicted increase of
severe weather conditions frequency.
Furthermore, our analysis suggests that future
global change, due to the predicted increase of
severe weather conditions frequency, will affect fire
regime and behaviour, promoting fires with higher
spread rate, flame length and fireline intensity.
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