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Switzerland)

G. B. PEZZATTI!, S. BAJOCCO?, D. TORRIANI', & M. CONEDERA'

YWSL Swiss Federal Research Institute, Insubric Ecosystems Research Group, Switzerland and *Department of Plant
Biology, University of Rome “La Sapienza”, Italy

Abstract

Detailed knowledge of factors controlling fire regime is a prerequisite for efficient fire management. We analyzed the
fire selectivity of given forest vegetation classes both in terms of fire frequency and fire size for the present fire regime
(1982-2005) in Canton Ticino (southern Switzerland). To this end, we investigated the dataset in four categories (all fires,
anthropogenic winter fires, anthropogenic summer fires, and natural summer fires) and performed 1000 random Monte
Carlo simulations on frequency and size. Anthropogenic winter and summer fires have a similar selectivity, occurring
mostly at low elevations in chestnut stands, broadleaved forests, and in the first 50 m from the forest edge. In winter half
of the fires in chestnut stands are significantly larger than 1.0 ha and the average burnt area in some coniferous forests tends
to be high. Lightning fires seem to occur more frequently in spruce stands and less often in the summer-humid chestnut
and beech stands and the 50-100 m buffer area. In beech forests, in mixed forests, and in the spruce stands affected by
natural fire in summer, the fires tend to be small in size. The selectivity observed, especially the selectivity of anthropogenic
fires in terms of fire frequency, seems to be also related to geographical parameters such as altitude and aspect, and to

anthropogenic characteristics such as closeness to roads or buildings.
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Introduction

Biomass burning and the resulting fire regimes may
be considered a major evolutionary force affecting
the patterns of vegetation structures and generating
ecosystems adapted to disturbance (Pyne et al.
1996; Scott et al. 2000; Caldararo 2002). The resil-
ience and recovery capacity of the ecosystems vary
according to the fire regime characteristics such as
fire extent, frequency, and severity (Delarze et al.
1992; Diaz-Delgado et al. 2002). Forest managers
and fire brigades are increasingly becoming aware of
this and of the fact that a sound understanding of fire
characteristics and their relationship with land-use
and fuel distribution patterns is a prerequisite for
preserving ecosystem functionality (Swetnam et al.
1999; Bergeron et al. 2002; Kalabokidis et al. 2002).
As a consequence an increasing number of studies
have been conducted in recent decades on the spatial
patterns of fire locations and their selectivity with

respect to natural and cultural landscape features. In
particular, the fire susceptibility of different types of
land cover has been analyzed in order to discover
preferred or avoided land-use classes in terms of
burnt area, fire size classes (Cumming 2001; Stolle
et al. 2003; Nunes et al. 2005), and to a lesser extent
also fire frequency (Botelho et al. 1998; Bajocco &
Ricotta 2008).

In North America such research has stimulated a
scientific debate on the relative importance of factors
such as extreme weather conditions (weather
hypothesis) or spatial variation in fuel (fuel hypothe-
sis) in controlling fire behavior (Cumming 2001). In
regions where most of the wildland fires are human-
caused, e.g., central and southern (Mediterranean)
Europe, additional characteristics such as local
demography, socioeconomic conditions, land
ownership, land management and use (e.g., rural
activities involving fire), species composition (e.g.,
plantations), and vicinity to human activities
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(wildland-urban interface) have been recognized as
influencing the distribution and behavior of fire
(e.g., Botelho et al. 1998; Diaz-Delgado et al. 2004).
In such conditions, the abandonment of traditional
farming activities may result in the long run in a shift
in the landscape towards an increase in fire-prone
vegetation such as tall shrublands and unmanaged
forests (Piussi 1992; Rego 1992; Conedera & Tinner
2000; Moreira et al. 2001). Finally, where emphasis
is put on quickly suppressing fires, fire propagation
is the result of both natural propagation and fire-
fighting activities (Diaz-Delgado et al. 2004).

In this study we first describe geographic and
anthropogenic characteristics of fires and forest
vegetation classes in Canton Ticino (southern
Switzerland), and then test the fire selectivity of the
different forest vegetation classes with higher
(preferred) or lower (avoided) fire frequencies and
burnt area sizes than expected by a random null
model.

Material and methods
Study area

Canton Ticino is a 2812 km? region located on the
southern slope of the Alps in the Italian-speaking
part of Switzerland (Figure 1). The area is character-
ized by a marked altitudinal gradient, ranging from
197 m a.s.l. around Lake Maggiore (LLocarno) to
3402 m on the Adula Peak in northern Ticino. The
geology of the area is dominated by siliceous rock
with small spots of limestone, except in the very
southern part where only limestone is present.

Legend
I Forest area
Lakes

5 10 15 20 25 Km I
— — —

Figure 1. Location of the study area (Canton Ticino).

Southern Switzerland is generally characterized by
a warm-temperate and rainy climate, although the
precipitation is often concentrated in short and
heavy spells and there can be longer periods without
rain or even drought. The mean annual precipitation
ranges from 1600 to 2600 mm, and the mean annual
temperature from 3 to 12°C, depending on the
elevation and the geographic position. The precipita-
tion in the main vegetation period (June—September)
ranges from 800 to 1200 mm. The duration of
sunshine is high (1800-2150 ha/year), although
some valleys during winter may be shaded by the
surrounding mountains for several weeks. Winds are
usually weak, but strong gusts may occur during
thunderstorms and when there is a katabatic
(descending) dry wind from the north (Féhn) on
up to 40 days a year on average. One of the main
consequences of the Fohn is a drop in the relative air
humidity to values as low as 20% and the quick
drying off of the fine fuel.

The forest cover of the area is proportionally high
(on average 46.4%, Figure 1). At low elevations
(from 200 m up to 900-1100 m a.s.l.), forest vege-
tation is dominated by chestnuts (Castanea sativa),
which were first cultivated (and probably first intro-
duced) in the area by the Romans. Chestnut forests
are anthropogenic monocultures occasionally inter-
rupted by the presence of other broadleaved species,
such as Tilia cordata, Quercus petraea, Q. pubescens,
Alnus glutinosa, Prunus avium, Acer spp., or Fraxinus
spp. At medium elevations (900-1400 m a.s.l.), the
forests mostly consist of pure stands of Fagus sylvat-
ica, followed by coniferous forests (Picea abies and, at
higher elevations, Larix decidua). On the south-
facing slopes the beech belt is sometimes completely
missing. The presence of Abies alba has been
reduced to small patches on north-facing slopes in
the central part of the area, whereas pine forests are
confined to very particular sites (Punus sylvestris on
dry south-facing slopes, P. cembrae on the most
continental areas of the upper regions). The distri-
bution of the forest vegetation types follows the
marked altitudinal gradient with different vegetation
belts according to elevation.

Fire history

The study area has experienced forest fires since the
late-glacial period (Tinner et al. 1999). The intensi-
fication of human activities and the transient change
towards warmer summers during the Neolithic
caused a substantial increase in fire frequency.
During this period, human control of fire is unam-
biguously documented by significant correlations
between charcoal particles and pollen types indica-
tive of human activities (e.g., Cerealia, Plantago
lanceolata). The introduction of Castanea sariva in
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Roman times coincided with a radical change in
local land-use, at least in the lowlands. Fire was no
longer used systematically to clear open spaces in
forests. Instead, many wooded areas were actively
managed as chestnut groves. Since then, high values
of the indicators of anthropogenic activity have no
longer coincided with high fire frequencies, which
indicates there was an intensive land management
with a reduced use of fire during the Middle Ages.
There is documentary and toponymic evidence that
fire was traditionally used in pastures and pastured
woods to improve their quality (clearing and fertili-
zation). Such use of fire was abandoned in the first
half of the twentieth century because of the decrease
in the number of cattle and improvements in pastur-
ing techniques (Conedera et al. 2007). As in other
areas in Europe (Piussi 1992; Rego 1992), after the
Second World War a sudden increase in anthropo-
genic fire frequency took place as a consequence of
the widespread abandonment of many traditional
rural activities like mowing, pasturing, collecting
litter, and timber harvesting (Conedera & Tinner
2000). Since then most fires have affected areas with
shrub and forest vegetation.

Selective burning of forest vegetation 611

Forest cover map

Unfortunately, no reliable forest vegetation map of
the study area exists. Instead, we used thematic forest
maps of different origin, content, and levels of preci-
sion and combined them using a hierarchical
approach to determine the forest vegetation cover on
a 25 x 25 m grid (Table I). The land-use statistic was
used to assess the presence or absence of forest, while
the other vegetation maps to determine the distribu-
tion of the main forest species (Castanea sativa, Fagus
sylvatica, Picea abies, Larix decidua, Abies alba, and
Pinus sylvestris). Where this information was missing,
we referred to the more generic classes provided by
the land-use statistics (broadleaved forests; mixed
broadleaved-conifer stands; coniferous forests).
Wildfires starting in the neighborhood of the forest
area were also considered, by including two buffer
areas: the belt directly adjacent to the forest 0-50 m
from the forest edge and the buffer zone 50-100 m
away. In total 11 classes of vegetation cover were
defined (Table II), covering 68.0% (191,239 ha) of
the whole territory. The remaining 32.0% mainly
consists of areas more than 100 m away from the
forest edge (31.1%) and of unclassified land (0.9%).

Table I. Source data used for developing the forest vegetation cover map.

Original map Survey date Content

Precision (m) References

Chestnut distribution map 1959-1960 Map of chestnut forests (polygon layer) with respect to the 25

IFRF (1959)

silvicultural system (coppice, orchard, high stands) and
the percentage of chestnut crown cover (in 20% classes;
cut off applied by cover <20%).

Distribution maps of the 1995-2000 Maps of the dominant tree species (polygon layer) based on 50-100 Ceschi (2006)
main forest tree species direct observation in the field.
Swiss land cover statistics: 1990-1992 This dataset consists of a 25 m dot matrix (raster layer) 25 BFS
degree of forest mixing obtained from the interpretation of aerial photographs. GEOSTAT
Only four main classes are considered (see text). (2001)

Table II. Forest cover classes considered (191,239 ha, corresponding to 68% of the whole territory of Canton Ticino).

Area extent

Forest cover class (ha) (%) (% of the territory) Description

Buffer 0-50 m 43,735 229 15.6 Forest neighboring areas within 50 m of the forest edge

Buffer 50-100 m 19,601 10.3 7.0 Forest neighboring areas between 50 and 100 m of the forest edge

Chestnut stands 13,054 6.8 4.6 Forest stands with Castanea sativa as the dominant species

Beech stands 15,359 8.0 5.5 Forest stands with Fagus sylvatica as the dominant species

Spruce stands 13,154 6.9 4.7 Forest stands with Picea abies as the dominant species

Larch stands 7092 3.7 2.5 Forest stands with Larix decidua as the dominant species

Fir stands 3329 1.7 1.2 Forest stands with Abies alba as the dominant species

Pine stands 1076 0.6 0.4 Forest stands with Pinus sylvestris as the dominant species

Other broadleaved 36,392 19.0 12.9 Mixed broadleaved stands without any specific dominance of chestnut
forests or beech

Mixed forests 23,741 12.4 8.4 Mixed stands without any specific dominance of species nor of

(broadleaves-conifers)
Other coniferous forests 14,706 7.7 5.2

Total 191,239 100.0 68.0

broadleaves or conifers, which always remains under 75% of total
cover

Mixed coniferous stands without any specific dominance of spruce,
fir, Scots pine, or larch
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Anthropogenic and geographic parameters

Topographic parameters such as elevation, slope,
and aspect have been calculated on the basis of the
25 x 25 m Digital Elevation Model (DEM25,
Federal Office of Topography — Swisstopo). Param-
eters related to human activity such as distance to
the nearest road and distance to the nearest building
or urban area were taken from the 25 X 25 m grid
Swiss Landscape Model based on the National
Map 1:25000 (VECTOR25, Federal Office of
Topography — Swisstopo).

Forest fire data

In Canton Ticino, forest fires are recorded by the
Cantonal Forest Service. The information includes
date and time of ignition, duration, ignition cause,
area burnt, fire type, forest type, and — for most fires
since 1969 — a geo-referenced burnt perimeter. All
data are checked for quality and entered in the
Forest Fire Database (Pezzatti et al. 2005). For the
present study, we consider 24 years of forest fires
corresponding to the period 1982-2005. This is not
a homogeneous period from the point of view of
forest fire prevention as the burning of garden debris
has been prohibited since 1989 (Conedera & Tinner
2000). Nevertheless, we consider this an acceptable
compromise that allows us to have enough fire
events for the statistical treatment of the data.

A total of 1184 events are registered in the forest
fires database for this period. For 1162 events infor-
mation on the ignition point existed, whereas the
geo-referenced perimeter of the burnt area was avail-
able for a subset of 1100 fires only.

The annual number of fires varies mostly accord-
ing to the weather conditions, with — as expected — a
general trend towards very low fire frequencies (<50
events per year) in the last decade. The burnt area is
generally small (<500 ha/year) thanks to a very effi-
cient fire-fighting service. Nevertheless, in fire-prone
years such as 1990 and 1997 in particular, fires can
get out of control and the burnt area may increase
correspondingly (Figure 2).

The monthly distribution of the forest fires high-
lights the existence of two main peaks in fire distri-
bution (Figure 3): a high frequency of anthropogenic
rapid-spreading surface fires from December to
April with peak values in March and April and a
second peak in July/August with anthropogenic and
small-sized lightning-induced (natural) fires (see
also Conedera & Pezzatti 2005; Conedera et al.
2006). We therefore performed distinct analyses
considering different categories of fires: all fires,
winter fires (November to April; mostly anthropo-
genic), natural summer fires (May to October), and
anthropogenic summer fires.
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Figure 2. Annual number of fires and burnt area in Canton
Ticino (1982-2005).
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Figure 3. Monthly number of fires and burnt area in Canton
Ticino (1982-2005).

To calculate the effective number of events and
the burnt area of the forest fires within each forest
vegetation type in the period 1982-2005, the forest
fire data were overlaid on the forest cover map.
Forest fires that started more than 100 m away from
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Table III. Dataset of forest fires used for the analysis of fire
selectivity.

Events with Events with
Season ignition points burnt area
All fires 1081 1021
Winter 719 682
Summer 362 339
Anthropogenic 246 234
Narural 116 105

the forest edge were not considered, resulting in
the datasets summarized in Table III. The burnt
area of each forest fire was assigned to the dominant
vegetation class on the basis of the number of 25 x
25 m grid points concerned.

Statistical analysis

Geographic and anthropogenic characterization of fires
and vegetation classes. We analyzed both geographi-
cal parameters (altitude, aspect, slope) and anthro-
pogenic parameters (distance to the nearest urban
area, and distance to the nearest road) for the fire
ignition points and for the forest cover classes.
Aspect was sinus-transformed in order to obtain a
north-to-south gradient. In order to overcome
computational limitations, for the vegetation classes,
we sampled the source layers of the parameters
considered on a 100 m grid, assigning each value to
the corresponding forest cover class. Results were
then presented as boxplots for each parameter, and
the distributions were compared using pairwise
Wilcoxon tests and the Holm adjustment for p-
values. Boxplots and analyses were performed with
the software R, version 2.6.1 (R Development Core
Team 2007).

Fire selectiviry

Fire selectivity with respect to the forest classes was
analyzed using methods originally designed to study
resource selection by animals (Manly et al. 1993;
Alldredge et al. 1998). According to Moreira et al.
(2001) and Nunes et al. (2005), fire may be consid-
ered as a kind of “herbivore” exerting variable pres-
sure on different resources (fuel types). If several
types of forest vegetation were equally fire-prone,
fires would occur randomly in the forest area with an
equal proportion of available and burnt forest types.
In this sense, fire is considered selective when
resources are used disproportionately to their avail-
ability (Moreira et al. 2001; Nunes et al. 2005).

To determine fire selectivity with respect to the
forest vegetation classes examined, we constructed a
Monte Carlo simulation for selected fire categories
(all fires, winter fires, anthropogenic summer fires,
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and natural summer fires) as already proposed by
Bajocco and Ricotta (2008) for studying fire selectiv-
ity in Sardinia. Fires were randomly reassigned to
the forest vegetation classes such that the probability
of assignment of each fire to a given forest cover class
was kept equal to the relative extension of that class.
The null hypothesis is that forest fires occur
randomly across the different forest types so that
there is no significant difference between the relative
abundance of fires in each forest type and the rela-
tive extension of each forest type within the analyzed
area. The real number of fires in each forest cover
class was then compared with the results of 1000
random simulations, each based on the number of
fires in the period 1982-2005 for each fire category
considered. For each forest cover class, p-values
(two-tailed test) were computed as the proportion of
Monte Carlo-derived values that were as low or
lower (as high or higher) than the actual values.

At the same time, we tested whether the mean and
median fire sizes in each forest cover class are signif-
icantly different from random. First, we computed
the mean and median fire sizes in each forest type.
Next, we compared the observed values with a
Monte Carlo simulation for which, by keeping the
number of fires in each forest cover class constant,
we randomly reassigned the burnt surfaces of each
fire. In this way we created forests in which the
surface burnt by each fire is distributed at random
with respect to forest type. The p-values (two-tailed
test) were obtained as the proportion of 1000
permutations for which the mean and median
random fire sizes of each forest type are as low or
lower (as high or higher) than the actual value.

Results

Geographic and anthropogenic characterization of fire
and vegetation classes

Figures 4 and 5 show the different distribution
patterns of the fire ignition points (1982-2005) in
Canton Ticino and of the vegetation cover consid-
ered with respect to several geographic parameters
(altitude, slope, aspect) and anthropogenic parame-
ters (distance to nearest urban nucleus, buildings,
and roads).

The ignition points of winter and summer anthro-
pogenic fires (Figure 4) had similar geographic char-
acteristics (differences not statistically significant).
In contrast, summer lightning-induced fires differed
significantly from both summer and winter anthro-
pogenic fires, occurring at higher altitudes and on
steeper slopes. The distances to human activities
(Figure 5) were also significantly different, and as
expected were shorter for anthropogenic fires than
for summer lightning fires.
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Figure 4. Boxplot distributions of the geographic parameters for the ignition points in Canton Ticino (1982-2005) and for the forest
cover classes (outliers not plotted). Letters represent significantly different distributions (p < 0.05) according to pairwise Wilcoxon tests,
with Holm adjustment for p-values. Labels on the top () represent the number of ignition points (for fire categories) or the number of

points considered (for vegetation classes).

The type of forest vegetation was found, as antic-
ipated, to be organized along an altitudinal gradient,
with chestnut at low elevations, beech and other
broadleaved forests at medium elevations, and conif-
erous forests including spruce, fir, pine, larch stands,
and other coniferous forests at medium to high
elevations. Fir stands and other coniferous forests
tend to colonize steeper slopes, whereas the 50—100
m buffer area from the forest edge is found more
often on the lower slopes. Pine stands and both
buffer areas favor south-facing slopes, whereas fir
stands and other coniferous forests prefer north-
facing slopes (Figure 4).

Chestnut and pine stands tend to be the
vegetation covers closest to roads, urban areas, and
buildings; fir, larch, and other coniferous forests are
the most distant (Figure 5).

Comparing ignition points and vegetation classes,
we found similarities between the distribution of
anthropogenic fires (winter and summer) and that of
chestnut stands. The altitude analysis revealed no
statistical difference (non-parametric Wilcoxon test
with p < 0.05), while distance to anthropogenic activ-
ities (urban area, buildings, and roads) displayed the
closest median values, although statistically different
(non-parametric Wilcoxon test with p<0.05).
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Figure 5. Boxplot distributions of the anthropogenic parameters for the ignition points in Canton Ticino (1982-2005) and for the forest
cover classes (outliers not plotted). Letters represent significantly different distributions (p < 0.05) according to pairwise Wilcoxon tests,
with Holm adjustment for p-values. Labels on the top (%) represent the number of ignition points (for fire categories) or the number of

points considered (for vegetation classes).

Fire selectiviry

The Monte Carlo simulations highlighted the
selectivity pattern of forest covers both in terms of fire
frequency (Table IV) and fire size (Tables V and VI).

The frequencies of all fires and of winter fires were
significantly higher in chestnut stands, in other broa-
dleaved forests, and in the area next to the forest
edge (50 m buffer). Fire events were underrepre-
sented in beech, spruce, fir, and larch stands, in
other coniferous forests and in the 50-100 m buffer
area along the forest edge. Mixed forests and pine

stands are the only vegetation types without any
significant pattern in fire ignition frequency. Anthro-
pogenic summer fires display in certain cases similar
patterns (preference for buffer area 0-50 m and
chestnut stands; avoidance of beech stands, other
coniferous forests, and fir stands). The 50-100 m
buffer area, the other broadleaved forests, and the
spruce and larch stands had, like the mixed forests,
no significant pattern. Natural (lightning-induced)
summer fires clearly prefer spruce stands and avoid
the 50-100 m buffer area, beech stands, and, to a
lesser extent, chestnut stands (Table IV).
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Selectivity patterns are much more complex with
respect to fire size. Average fire size is larger than
random in other coniferous forests for winter fires
and in the 0-50 m buffer area for natural summer
fires. However the presence of one of the largest fires
(550 ha) among the 13 winter fires recorded in other
coniferous forests has determined the high average
size of this category, which may not be considered
representative. Average fire size is smaller than
random in spruce stands and the 50-100 m buffer
area for all fires, in the 50-100 m buffer area for
winter fires, in spruce stands for natural summer
fires, and in fir stands for anthropogenic summer
fires (Table V). However, only two fires were
assigned to fir stands, which makes this result unrep-
resentative. Median fire size is larger in chestnut
stands for all fires and for winter fires, while it is
smaller than random in mixed forests for all fire
categories, in spruce stands for all fires and in beech
stands for natural summer fires (Table VI).

Discussion

Forest fires display clear selectivity patterns with
respect to forest cover. The patterns differ, however,
according to the fire season (winter vs. summer) and
the source of ignition (anthropogenic vs. lightning-
induced fires). Unfortunately, no fire selectivity stud-
ies exist for comparable regions. Descriptive fire
statistics show, however, similar distribution patterns
for most areas on the southern slopes of the Alps
(Stefani 1989; Cesti & Cerise 1992; Bovio 1996).

Winter fires mostly occur at low elevations in
chestnut stands, other broadleaved forests, and in
the first 50 m from the forest edge. This may be due
to the anthropogenic origin of the fires (close to the
ignition sources), to the lack of snow cover in winter,
to the lack of crown cover in the stands leading to
more drying-out of the litter layer by sunshine in
winter, and to the fire-prone fuel produced by the
trees when shedding their leaves. This is especially
true for chestnut stands, for fallow land along the
forest edge, and for other broadleaved forests rich in
deciduous oaks (Cesti 2005). In chestnut stands, the
average winter fire size is not significantly higher
than random, but most fires tend to have a size
larger than 1 ha (compared to the overall median fire
size of 0.6 ha), although this forest type is usually
close to some anthropogenic infrastructure, and fire
fighting is particularly rapid and efficient. This is
probably because of the difficult decomposition of
the chestnut leaves, which build up a conspicuous
and airy fuel layer that easily dries, thus facilitating a
rapid spread of the fire.

Anthropogenic summer fires display a similar
pattern for fire frequency as winter fires. The
exceptions are other broadleaved forests, spruce
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forests, larch stands, and the 50-100 m buffer area
along the forest edge, which do not show any signif-
icant selectivity pattern. Lack of preference for other
broadleaves in summer may be due to the dense
canopy cover of this forest type, which prevents the
litter layer being dried out by the sun’s rays. Fire
sizes on the contrary showed no significant patterns,
which is probably due to the canopy cover being
denser in the deciduous forest in summer; the litter
on the forest floor therefore dampen and less likely
to act as fuel. This prevents from surface fires
spreading rapidly.

Lightning fires seem to prefer spruce stands, prob-
ably because they tend to grow on exposed sites
while the particular shape of the tree seems to attract
lightning. Moreover, the presence of a thick humus
layer may facilitate the combustion process (Cesti
et al. 2005; Conedera et al. 2006). As a rule,
however, fires in spruce stands are small in size,
probably because of both the compact and almost
anaerobic fuel layer at ground level and the unlikeli-
hood of fire crowning (Cesti pers. comm.). In
contrast, lightning forest fires tend to be underrepre-
sented in the summer-humid chestnut and beech
stands and in the 50-100 m buffer area. In beech
forests, where the fuel is also very compact and
humid, and in mixed forests, the median fire size
also tends to be small.

Conclusions

The approach used to analyze fire selectivity in
Canton Ticino allowed us to highlight the fire pref-
erence and avoidance patterns of fires occurring
between 1982 and 2005 both in terms of the number
of expected fires and the average and median burnt
areas. The patterns and especially the selectivity of
anthropogenic fires in terms of fire frequency seem
to be related to geographical parameters such as alti-
tude and aspect, and to anthropogenic characteris-
tics such as the closeness of roads and buildings.
These findings contribute towards the sound
analysis of fire risks and potential fire hazards analy-
ses and thus to implementing a modern fire manage-
ment approach. They should help to set priorities for
fire prevention; for example improving fuel regula-
tion or fire pre-suppression, like optimizing the loca-
tion of water points to supply helicopters involved in
aerial fire-fighting activities, thus rendering fire
management more efficient and cost effective.
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