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Introduction
Fuel flammability is defined as the relative

ease with which a fuel will  ignite and burn
with a flame (Stacey et al. 2012). It plays a
paramount  role  in  the reaction  of wildland
fuels to heat exposure, thus influencing the
spatial  pattern  of  fire  ignition  risk.  Accor-
dingly, flammability is a key determinant of
fire hazard,  i.e.,  the degree of both ease of
ignition and fire suppression difficulty of the
fuels (FAO 2006).

According  to  Anderson  (1970) and  Tra-
baud  (1976),  flammability  can  be  defined
through  three  variables  that  describe  how
well the fuel ignites (ignitibility), how well it

burns (combustibility) and how long it burns
(sustainability).  Notably,  in  Mediterranean
trees (e.g.,  Pinaceae and Cupressaceae) the
abundance of organic oils and organic vola-
tile  compounds  and  terpenes,  whose  flash
points  are  low,  largely  contributes  to  the
ignition  and  spread  of  fire  (Alessio  et  al.
2008); at the same time, the susceptibility to
burn of any given fuel is manifested only un-
der  particular  weather  conditions,  as  it  is
largely dependent on fuel moisture content.

The general sense of the flammability con-
cept can be easily grasped, but it is harder to
define it more closely for scientific purposes
(Gill & Zylstra 2005). Although flammabili-

ty components can be measured by laborato-
ry and field experiments (e.g., Madrigal et al.
2009),  translation  of  laboratory  results  to
field conditions is highly problematic (Fer-
nandes & Cruz 2012). Moreover, field expe-
riments are usually expensive (White & Zip-
perer 2010).

As a matter of fact, many variables do af-
fect fuel flammability at leaf, plant and forest
stand  level,  including  structural  characteri-
stics of the fuels, moisture content, chemical
composition  and  fuel  spatial  arrangement
(Xanthopoulos et al. 2012). The interplay of
forest composition and stand structure is cru-
cial  to influence forest fuel flammability at
stand  scale.  On  one  hand,  the  “baseline”
flammability level of a forest type is prima-
rily driven by the fuels produced by the main
tree species  that  build  up  the forest  cover.
On the other hand, fire hazard might be wi-
dely  variable  even  in  stands  composed  of
flammable forest  species,  depending on fo-
rest  stand  structure  and  fuel  accumulation
(Fernandes 2009).

Considering  that  fire  management  resour-
ces are limited,  it  is crucial to provide fire
managers with operational methodologies to
assess fire hazard over large forest areas (a
country or a region).  A landmark approach
to fire hazard mapping is fire behavior mo-
deling. Fuel models are mathematical repre-
sentations of fuel properties within a speci-
fied  location  (Stacey et  al.  2012),  used  to
predict  and  plot  likely  fire  spread  and  in-
tensity  by  means  of  fire  behavior  models,
packaged into decision support systems (e.g.,
FARSITE  -  Finney  1998,  BehavePlus  -
Heinsch  &  Andrews  2010).  However,  the
implementation of fire modeling on a large
scale is inherently limited by the difficulty
and high cost of yielding accurate geospatial
data on fuels (Keane et al. 2001). In this per-
spective, a large scale map of forest flamma-
bility  potential  can  be  a  valuable  decision
support tool to assess need and priorities in
fire management,  e.g.,  to support the effec-
tiveness of fire prevention, detection and al-
location  of fire fighting resources (Blasi  et
al.  2005).  Following  this  line,  the  paper
presents  a  methodological  framework  to
classify and  map the  flammability  level  of
main Italian forest types by processing spa-
tial data on forest cover composition and re-
cent fire history.  Baseline forest  type-based
flammability  values  provided  at  European
level  by  Xanthopoulos  et  al.  (2012) have
been calibrated against the Burned Area Se-
lection Ratio (BASR), a measure of the actual
incidence of wildfires among different forest
types (Bovio et al. 2014).

Study area
Land  covered  by  forests  in  Italy  (sensu

FAO  2001)  amounts  to  8.8  millions  of
hectares, nearly 30% of the country’s  terri-
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Fuel flammability is defined as the relative ease with which a fuel will ignite
and burn with a flame. Different forest types have different intrinsic “base-
line” flammabilities, depending on the susceptibility to burn of the main tree
species that build up the forest cover. In this perspective, we apply a forest-
type based approach to classify and map the flammability level of the forests in
Italy.  Baseline  forest  type-based  flammability  values  provided  at  European
level have been assigned to a national forest types map, derived from Corine
Land  Cover  2006.  Flammability  values  have  been  then  further  calibrated
against the Burned Area Selection Ratio, a measure of the actual incidence of
wildfires among different forest types. Accordingly, a calibrated flammability
index was derived by simple linear regression, so that predicted flammability
reflects more accurately the observed fire incidence among different forest
types in Italy. Findings show that the flammability of forest types ranges from
low to high: on average, the 17% of the forest cover has medium to high flam-
mability, with wide regional variability. Notably, in four Regions (Sardegna, Si-
cilia, Puglia, Calabria) over one third of total forest area has medium to high
flammability. Large scale mapping of forest flammability is crucial to define
long-term priorities among forest areas as to how to distribute fire manage-
ment effort. Areas falling into medium to high flammability classes should be
given priority for implementing fuel management treatments in order to miti-
gate fire hazard from the stand to the landscape scale.

Keywords:  Fuel  Flammability,  Fire  Hazard,  European  Forest  Types,  Burned
Area Selection Ratio, Fire Management

mailto:
http://www.sisef.it/iforest/contents/?id=ifor1123-007


Corona P et al. - iForest 7: 300-305 

tory (INFC 2007). The most widespread for-
est types are dominated by oaks, beech and
chestnut,  each  exceeding  one  million
hectares;  spruce-dominated  woodlands  are
the  most  extensive  coniferous  forests  (0.6
millions of hectares).

The total amount of aboveground biomass
and deadwood shows significant differences
between broadleaved  and  coniferous  domi-
nated forest types (INFC 2009): on average,
it is lower (60-130 Mg ha-1) in oak forests,
chestnut and Turkey oak forests, due to cop-
pice forest  management,  than in  forest  for-
mations  dominated  by  coniferous  species
(80-240  Mg ha-1).  Deadwood accumulation
mainly depends on the level of silvicultural
abandonment  and/or  on  the  age  of  forest
stands, ranging from 3% (beech forest, alti-
mediterranean pine forest, Turkey oak forest,
Italian oak forest, Macedonian and Valonian
oak forest, cork oak forest) to 12% (chestnut
and Turkey oak forests) of the total  above-

ground biomass and deadwood amount.
The combination of such a great diversity

of forest physiognomies and stand structures
makes Italian forests an interesting case stu-
dy to test methods in large scale mapping of
forest flammability.

Materials and methods

Geospatial datasets
The most updated geospatial dataset to map

forest cover types is the Corine Land Cover
2006 (CLC 2006,  EEA 2007). Corine Land
Cover is a European-wide land cover data-
base in vector format available for the refe-
rence years 1990, 2000 and 2006; main CLC
technical features are: (i) a standard nomen-
clature  including  44  land  cover  classes,
grouped in a three-level hierarchy; (ii) scale
(1:100 000) and the minimum mapping unit
(25  ha)  optimized  for  nation-wide  applica-
tions;  (iii)  mapping  methodology based  on

computer  assisted  visual  interpretation  of
satellite images (Landsat series). CLC stan-
dard nomenclature maps forest cover in three
classes  (broadleaves,  coniferous  and  mixed
forest). However, as part of the national im-
plementation activities of the CLC project, a
fourth hierarchical level has been introduced
in Italy since CLC 2000 to map forest and
semi-natural  areas  with  a  higher  thematic
detail (ISPRA 2010). Accordingly, the three
third-level forest classes can be further clas-
sified into nine main forest  types based on
the dominant forest species (see Tab. 1).

In order to quantify the actual incidence of
wildfires amongst forest types (see BASR in-
dex below) we used the vector geodataset of
areas affected by wildfires (forest and rural
areas) recorded through GPS survey by the
Italian National Forest Service (Corpo Fore-
stale dello Stato, CFS). A full time series is
currently available for the years 2006-2011
for 15 out of 20 NUTS2 level administrative
units of Italy (the geodataset does not cover
the  five  autonomous  regions  with  special
statute). The minimum mapping unit of bur-
ned areas is 2000 m2, with a number of fire
events  per  year  ranging  from  1370  (year
2010) to nearly 5000 (year 2007).

Methodology
The  assessment  framework  proposed  by

Xanthopoulos et al. (2012) allows to assign a
baseline  flammability  index  (FI),  reflecting
typical fire hazard for 60 vegetation types of
Europe  and  north  Africa  and  their  corre-
sponding  classes  in  the  European  Forest
Types  (EFTs)  classification  (Barbati  et  al.
2014). The whole range of variation of the
FI is ranked into five classes (Xanthopoulos
et al. 2012):
1. very  low (1<FI<1.8)  -  low  flammability

even under extreme conditions (e.g., tem-
perature > 38 °C, relative humidity < 15%,
windspeed > 30 km h-1);

2. low (1.8<FI<2.6) - flammable under extre-
me  conditions  when  the  number  of  fire
starts  can  be  considerable  and  the  fires
quite active;

3. medium (2.6<FI<3.4) - fires can be nume-
rous under hot summer conditions and they
are  likely  to  present  significant  control
problems requiring efforts and resources;

4. high (3.4<FI<4.2)  -  fires  are  very likely
under hot summer conditions; they can es-
cape initial  attack if  not  attacked  effecti-
vely and  then  will  defy direct  frontal  at-
tack;

5. very high (4.2<FI<5.0) - fires can be plen-
tiful even under relatively mild fire season
conditions; they are likely to escape all but
the best initial attack efforts under high fire
danger conditions, in which case they will
defy direct control efforts at their front un-
til  conditions  change;  under  extreme fire
weather conditions they can result  in me-
ga-fires.
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Fig. 1 - Correlation between the flammability index (FI) and the burned area selection ratio
(BASR) for the forest types reported in Tab. 1.

Tab. 1 - Baseline flammability of main forest types in Italy according to the assessment
scheme by Xanthopoulos et al. (2012).

Corine Land Cover 
(2006) forest types

European Forest Type Classification
Flammability

index
Broad-leaved 
evergreen forest

9.1 Mediterranean evergreen oak forest 3.4

Deciduous oak 
forest

8.1 Downy oak forest 2.05
8.2 Turkey oak forest

Other broad-leaved 
forest

8.8 Other thermophilous deciduous forests 2.5

Chestnut forest 8.7 Chestnut forest 2.7
Beech forest 7.3 Apennine-Corsican mountainous beech forest 2
Mediterranean pine 
forest

10.1 Mediterranean pine forest 4.1

High oro-Mediter-
ranean pine forest

10.2 Mediterranean and Anatolian black pine forest 2.95
10.4 Mediterranean and Anatolian black pine forest
10.5 Alti-Mediterranean Pine forest

Spruce/fir forest 10.6 Mediterranean and Anatolian fir forest 2
Larch and arolla 
pine forest

3.1 Subalpine larch-arolla pine and dwarf pine forest 1.5
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In order to assign the FI to main Italian fo-
rest types, a correspondence between the na-
tional  forest  types  map  derived  from  the
CLC 2006 and the  European  Forest  Types
classification has been established (Tab. 1).

EU  level  flammability  values  have  been
further  calibrated  against  the  Burned  Area
Selection Ratio (BASR). BASR is a measure
of actual fire incidence by forest type clas-
ses, defined as the ratio between percentage
of burned area of a given forest type com-
pared to the total burned forest area and the
percentage of the area of the forest type com-
pared  to  the total  forest  area (Bovio  et  al.
2014 - eqn. 1):

where  AB is the burned area of the conside-
red forest type,  TB is the total burned forest
area,  Ar is the area of the considered forest
type, and Tr is the total forest area.

A BASR value higher than 1 indicates that
the considered forest type burns more often
than would be the case if fires occur random-
ly.  Therefore,  the  BASR index  can  be  re-
garded as a robust measure to validate and
calibrate baseline flammability values at na-
tional scale.

The BASR was calculated by a GIS opera-
tion of geometric intersection of the inputs
geodatasets  CLC 2006 and  2006-2011  fire
perimeters.  As  repeated  burning  of  forest
types dominated by oaks, chestnut or Medi-
terranean pines has been occurring in Italy in
the period 2006-2011 (Barbati et al. 2013),
the AB term was calculated as the sum of the
areas  of  single  fire  events,  occurred  in  the
period  2006-2011,  within  Ar  as mapped by
CLC 2006 in the 15  NUTS2 level admini-
strative units.

Regression analysis was then performed to
quantify  the  relationship  between  FI and
BASR values for the nine forest types classes
of the  CLC 2006 dataset (Fig. 1). The high
value  of  the  coefficient  of  determination
(R2=0.80) indicates a good fitting of baseline
flammability values (FI) to the observed fire
incidence (BASR). Moreover, the regression
line values fall within the range of variability
of the flammability index (1-5). According-
ly, a calibrated flammability index (Tab. 2)
was  derived  as  a  linear  function  of  BASR
(see Fig. 1 equation).

Results and discussion
All the nine forest types considered in this

study  were  affected  by  forest  fires  in  the
2006-2011 period, but the total size of area
affected by fire and  BASR varies considera-
bly between forest types (Fig. 2). In absolute
terms,  deciduous  oaks  and  chestnut  forests
have the highest values of total burned area
(over  30 000  and  10 000  hectares,  respec-
tively, in the considered time period). How-
ever,  the  rate  of  incidence  of  fire  in  these

forest types is in balance with their relative
coverage, with a BASR value close to 1 (see
Fig. 2).

On the whole,  BASR ranges from 0.09 to

3.85. Mediterranean Pine forests have a dis-
proportionately high fire occurrence (BASR
=  3.85),  followed  by  High  oro-Mediterra-
nean pine forests (BASR = 2.21) and broad-
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Fig. 2 - Burned area (blue histograms) and BASR values (red histograms) for the forest types
reported in Tab. 1; the red dashed line represents BASR = 1 (processed from Italian National
Forest Service geodataset on fire perimeters - CFS 2006-2011).

Tab. 2 - Calibrated flammability index for the forest types reported in Tab. 1.

Corine Land Cover (2006) forest types Calibrated flammability index
Larch and arolla pine forest 1.87
Spruce/fir forest 1.88
Beech forest 2.01
Other broad-leaved forest 2.25
Chestnut forest 2.46
Deciduous oak forest 2.49
Broad-leaved evergreen forest 2.88
High oro-Mediterranean pine forest 3.18
Mediterranean pine forest 4.18

Tab. 3 - Relative share of forest area by flammability levels and administrative Regions in
Italy.

Administrative
Region

Share of forest area by flammability level (%)

low medium high
medium to

high
Sardegna 7 75 18 93
Sicilia 51 30 19 49
Puglia 57 20 24 43
Calabria 63 33 4 37
Valle d’Aosta 75 25 0 25
Toscana 81 16 3 19
Campania 83 16 1 17
Basilicata 85 12 3 15
Umbria 86 12 2 14
Lazio 87 12 1 13
Liguria 91 6 4 9
Trentino Alto Adige 91 8 0 9
Abruzzo 94 6 0 6
Friuli Venezia Giulia 95 5 0 5
Marche 95 4 1 5
Molise 97 2 1 3
Veneto 97 3 0 3
Lombardia 98 2 0 2
Emilia Romagna 98 2 0 2
Piemonte 99 1 0 1
Italy 83 14 3 17

BASR=
AB/T B

Ar /T r
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leaved evergreen forests (BASR = 1.72). Al-
though BASR values of forest types show re-
gional variations, the absolute difference of
BASR national  value and average of  BASR
regional values is small relative to the range
of the index:  it  ranges from 0.1 (beech fo-
rest)  to  0.9  (broadleaved  evergreen  forest).
Therefore,  BASR national values can be re-
garded as good predictors of wildfire suscep-
tibility even at regional level.

Tab. 2 reports the calibrated values of the
flammability index for each forest type. The
calibrated  flammability  index,  building  on
information  on  observed  fire incidence,  re-
presents  a  more  reliable  forest  type-based
rating  of  forest  flammability  potential  in
Italy. The calibration approach adopted here
is founded on the principle of resource selec-
tion function (sensu Manly et al. 1993 - for
relevant applications to forest fires, see  Ba-

jocco  &  Ricotta  2008 and  Pezzatti  et  al.
2009),  thus providing the baseline flamma-
bility values with a likelihood based on re-
cent fire history. This puts forward a signifi-
cant  improvement  in  the  quantification  of
flammability  proposed  by  Xanthopoulos  et
al. (2012), which is based on expert assess-
ment and consequently has a component of
subjectivity.  On the other hand,  it  is worth
noting that the absolute  value of the diffe-
rences between the calibrated values and the
baseline  proposed  by  Xanthopoulos  et  al.
(2012) are not higher than 0.5, and that such
small  a deviation does not  change the ran-
king of forest types flammability values into
the  five  classes,  except  for  chestnut  forest
(baseline: medium; calibrated: low flamma-
bility).

The approach proposed here has not been
conceived to replace fire behavior modeling,

which objectively quantify the potential  for
burning, but it is not still operational for fire
hazard mapping over large forest  areas,  al-
though  the  cost  of  mapping  fuel  models
could be considerably reduced in the future
by more widespread availability of Airborne
Laser Scanning data (e.g., García et al. 2010,
Chirici et al. 2013).

The operational  outcome of  the  proposed
methodology  is  rather  the  stratification  of
fire  hazard  in  terms  of  forest  flammability
potential  assessed  from  forest  type  maps,
which are usually available over large areas,
as shown in Fig. 3. Based on this approach,
fire hazard can be quantified for any given
territorial units,  e.g., NUTS2 administrative
Regions  (Tab.  3).  The  flammability  of  the
forests  proves  to  be  extremely  variable
across the country:  on average, 17% of the
forest cover has medium to high flammabi-

iForest (2014) 7: 300-305 303  © SISEF http://www.sisef.it/iforest/ 

Fig. 3 - Map of the forest
flammability potential in

Italy.
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lity, with wide regional variability. Notably,
in  four  regions  (Sardegna,  Sicilia,  Puglia,
Calabria) over one third of total forest area
has medium to high flammability.

Conclusions
Fire ignition risk and fire hazard over large

forest  areas  are  primarily  determined  by
flammability of forest fuels. It is impossible
to  modify  these  characteristics  at  a  reaso-
nable cost, but it is possible to provide fire
managers with information on priority areas,
i.e., those with high fire hazard. In these ar-
eas,  optimizing  fuel  treatment  techniques,
like prescribed burning,  may be very effec-
tive  to  achieve  fire  hazard  reduction  goals
(Ascoli & Bovio 2013). These practices are
even more strategic in landscape settings and
forest types affected by short-term fire wild-
fire recurrence (Barbati et al. 2013).

In this perspective, the methodological ap-
proach proposed by this study offers a signi-
ficant contribution.  Calibration of forest ty-
pe-based  baseline  values  of  forest  flamma-
bility against the Burned Area Selection Ra-
tio  can  be  regarded  a  robust  procedure  to
evaluate and compare the fire hazard poten-
tial between different forest types and to map
their  flammability  levels  over  large  forest
areas  accordingly.  Furthermore,  the  propo-
sed  methodological  approach  can  be  easily
applied  also  in  other  Mediterranean  coun-
tries, like  e.g.,  Spain,  Portugal  and Greece,
where forest  types maps and geospatial  in-
formation on forest fire perimeters are avai-
lable (Chiriacò et al. 2013).

Large scale mapping of forest flammability
can result in significant improvements in fire
management:  it  provides  information  about
the (static) spatial pattern of fire hazard over
a country or  a region.  Such  information  is
essential  to  define  long-term  priorities
among forest areas as to fire management ef-
fort. For instance, areas falling into medium
to high flammability classes at regional level
should be given priority for fire prevention,
i.e., for planning and implementing fuel ma-
nagement treatments to mitigate fire hazard
from the stand to landscape scale (Leone et
al.  2000).  At the same time, knowledge of
spatial pattern of fire hazard can be integra-
ted  with  daily  fire  danger  maps,  based  on
meteorological  conditions  affecting  fuel
moisture  content  and  related  flammability.
As an example, EFFIS (http://forest.jrc.ec.eu
ropa.eu/effis/applications/current-situation/)
daily maps of 1 to 6 days projected fire dan-
ger level, based on the Fire Weather Index
can  be  used  to  further  stratify forest  type-
based  flammability  maps,  in  order  to  im-
prove the effectiveness of fire detection and
allocation of fighting resources during criti-
cal days of the fire season.
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