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Abstract. Temporal dynamical analysis in fire sequencesquency distribution of burned areas, leading to the more or
recorded from 1969 to 2008 in Canton Ticino (Switzerland) less complex models fitting real observations (Malamud et
was carried out by using the Allan Factor statistics. The ob-al., 1998; Ricotta et al., 2001; Song et al., 2001; Reed and
tained results show the presence of daily periodicities, superMcKelvey, 2002). All these studies deal with one of the pa-
imposed to two time-scaling regimes. The daily cycle van-rameters that define a fire event, i.e. the size of burned area.
ishes for sequences of higher altitude fires, for which a singleHowever, the concept of self-organised criticality also im-
scaling behaviour is observed. plies that the time evolution of the system is time-scaling.
Recently, several papers have focused on the temporal fluc-
tuations of fire sequences, revealing the presence of scaling
behaviour in the time dynamics of fire (Telesca et al., 2005;
Corral et al., 2008) through the presence of power-law shape
Fires are spatiotemporal events and their studies should big the statistics describing the temporal distribgtion of fires.

In the present paper, the temporal fluctuations of forest

considered as complex spatiotemporal patterns. If the spa- i th fTic h el
tial aspect is not considered directly, fires can be representef €S OPserved in the Canton of Ticino (southern Switzerland)

as events occurring at random locations in time, thus, the)jrom 1969 to 2008 have been analysed using the Allan Factor

can be modelled by a stochastic point process. Such studié‘s“e,thc’d' which is well suited to detect scaling behaviours in
can be important to real decision-making processes dealinﬁOlnt processes.

with the distribution of fire prevention, pre-suppression and
fighting efforts.

The self-organised criticality (SOC) is a good theoreti- 2 Study area and dataset
cal base for understanding the dynamics of fires (Clar et al.,
1999). Fires are phenomena affecting a system (communityl he Canton Ticino is located on the southern slope of the
landscape unit, ecosystem, etc.) that can be considered #dps and represents the southernmost of the 26 Swiss Can-
an extended dynamical system operating at states of criticdlons bordering on ltaly (Fig. 1). It has a total area of
equilibrium: the only spatial or temporal scales are those de2812knf2, with 320 000 inhabitants mostly located in the
duced from the size of the system (Bak et al., 1988). Thelowlands below 500ma.s.I. Like the whole southern slope
main features of SOC systems are spatial fractality, tempora®f the Alps, the area is characterised by a marked altitudinal
fluctuations scaling as ff and power-law frequency distri- gradient (from 200 to 3400ma.s.l.) and quite a heteroge-
bution of sizes. In the context of studies concerning fires,neous geology, dominated by siliceous rocks originated from
much attention has been focused on the problem of the frethe tectonics of the Alps. In the lowlands 1000 ma.s.l.),
the climate is influenced by the presence of consistent water
masses (Lakes of Ceresio and Verbano) which results in par-
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Fig. 1. The study area. Black dots represent the ignition points of § :%

the considered forest fires. ‘é s

average) having strong gusts of a katabatic (descending) dry

wind from the North (Foehn), which causes drops in the rel- Robiei (1891m 5.

ative humidity to values as low as 20%. The mean annual 50 50

precipitation ranges from 1600 to 2100 mm, and the mean A L

annual temperature from 10 to 1@. In summer, long peri- ® A

ods without rain or even drought may alternate with thunder- 2 o] 12° £

storms and short, heavy spells of precipitation. This resultsin § oo g

a high guantity of summer rain (800—-1200 mm in the period S N N\ g &

June to September) that contrasts with the low level of sum- % 3

mer precipitation in the Mediterranean climate. At a high ele- =

vation (>1500 ma.s.l.), the amount of annual precipitation is

higher (2500—-2600 mm) and in winter characterised by snow.

Mean annual temperature drop t8G or less (Spinedi and

Isotta, 2004). Flgure 2 repqrts rep_resentatlvg climatic dla'Fig. 2. Climatic diagrams referring to the period from 1970 to 2000

grams for the different elevation horizons studied. for representative meteorological stations of the study area (source:
Forest cover of the area is high (on average 50.5%)Spinedi and Isotta, 2004).

The forest vegetation is dominated at low elevations (up

to 1000ma.s.l.) by the chestnut tre€aStanea sativia

which was first cultivated (and probably first introduced) in Tilia cordata, Quercus petraeaQ. pubescensAlnus gluti-

the area by the Romans (Conedera et al., 2004). Chestnutosg Prunus aviumAcerspp., orFraxinusspp. At medium

forests are anthropogenic monocultures occasionally interelevations (1000-1500 m a.s.l.), the forests mostly consist of

rupted by the presence of other broadleaved species such gsire stands ofFagus sylvatica In this altitudinal horizon,
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the presence dkbies albahas been reduced to small patches 15

on north-facing slopes in the central part of the study area. J_
Scots pine Rinus sylvestris stands are confined to very _L
particular sites on dry south-facing slopes. At high alti- "
tudes ¢1500ma.s.l.), coniferous forests dominates. The
main species is the Norway sprudeid¢ea abiey followed

by pure larch standd_érix decidug at very high elevation

(>2000 ma.s.l.) and on alpine pasture land. Swiss stone pine
(P. cembrag dominates in small patches on the most conti- Z
nental areas of the upper regions (Ceschi, 2006). As a result |J__| |-_-||':||:|

|:| = L

the different forest vegetation types are distributed following 10 -
a marked altitudinal gradient with different vegetation belts 1 B e > 500

according to the elevation (see Pezzatti et al., 2009 for further=
[

details).
a5 €1 Mg, = 1000 m

o) He > 200'm

date, time, and cause of ignition, fire duration, burned area, Z
fire type, and forest type) has been collected by the Forest
Service since 1900. Starting in 1969, georeferenced informa-
tion on ignition point and burnt area have also been collected.
All existing fire data are now organized and stored in a rela- o I__'_I.—_-.I:II__LII__'_Il—:I|__L||_:|=.r_'1I‘_"II‘_"I
tional database (Pezzatti et al., 2005). For the present study

all the recorded fires from January 1969 to August 2008 are
ConSidered_ o - —l—_._——l——-——l—l__hllil_u_u-.=—l—

Basic information on forest fires in Ticino (such as the % |__1_|

3 A ] My = 1500 m

The entire dataset has been analysed by means o 4 F M A M 4 J A 5 O N D
geographical information systems (GIS), namely ArcGis
(ESRI). This has permitted us to select and extract the point

of origin of fires in Ticino during the period of 19692008 Fig. 3. Monthly fire distributions 1969—2008 according to the

(Fig. 1). An algorithm implemented in the Spatial Ana- jigterent elevation thresholds. The bars correspond to the standard
lyst extension has permitted us to calculate the altitude ofyrgrs.

each ignition point by extracting the cell values of a raster

graphic image based on a set of points. The digital eleva-

tion model (DEM) with a resolution of 25m, has been used

for this purpose. The DEM25 has been furnished by thelog-log scales is used to analyse broadband behaviour. The

Swiss Federal Office of Topography §8doniees© Swis-  power-law (or fractal) dependence (linear on a log-log plot)

stopo (DV084371)). of the PSD is given by§(f) ~ f~* and is a hallmark of the

Current monthly distribution of fires, as shown in Fig. 3, presence of time-scaling in the data. The properties of the se-

highlights the existence of two peaks. The major peak ap-fies can be further classified in terms of the numerical value

pears in March—April during the vegetation rest (December-Of the spectral (or fractal) exponent=0 features white noise

April), and the second peak in summer, July—August. Whentime series, characterised by the absence of time correlations;

considering fires at elevations higher than 1000 m or 1500 mWhile a0 is typical of pink noise time series, characterised

the number of fires is very small and only a slight summerby the presence of time correlations.

peak is visible. A fire sequence is a temporal point process, given by a
set of events occurring at random locations in time (Cox and
Isham, 1980), and the simple application of the FT is not

3 Method possible. The fire data can be represented by a finite sum
of Dirac’s delta functions centred on the occurrence times

There are many methods to study clustering of temporal datavith amplitudeA; proportional to the burned area:

and point processes/events (Lowen and Teich, 2005). One of

the well-known methods to investigate the temporal proper- N

ties of a time series is the power spectral density (PSD), Y= ZA”S (r—1) @

obtained by means of a Fourier Transform (FT) of the series. =t

The PSD gives information on how the power of the serieswhereN represents the number of events recorded.

is concentrated at various frequency bands. This information Then dividing the time axis into equally spaced contigu-

allows identifying periodic, multi-periodic or non-periodic ous counting windows of duratiom, which is called a

frequency patterns. Usually the power spectrum plotted intimescale, a sequence of coufité ()} is produced, with

hdonth
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Fig. 4. AF for the whole data.

Ny (1) denoting the number of fire events in theh window
(Lowen and Teich, 1999):

Tkt
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Fig. 5. AF for different elevation thresholds.

to 8 August 2008. Figures 4 and 5 shows the relations
AF(t) ~ 7 in log-log scales for the sequences. Equation (3)
has been calculated for timescatesanging between 10 min

and T/10, where T is the total observation period of the fire

Nk(t)z/Z(S(t—tj)dt, )
175 j=1

catalogue. The analysis of the AF curve allows getting in-
sight into several features characterising the analysed fire se-

The following quantity, the Allan Factor (AF), can be defined quence:

as

1.

< (N41(1) = N (1) >

AF() = 2 < Ni(t) > ’ ®)
which is related to the variability of successive counts
(Thurner et al., 1997); the symbel. ..> indicates the av-
erage value. The AF has been largely used to investigate the
time dynamics of earthquakes (Telesca et al., 2000, 2004).

If the point process is time-correlated, then the AF varies
with the timescale with a power-law form:

7\“ 2
AF(t)=1+ (—) , 4)
7

over a certain range of timescales and the exponent
quantifies the strength of time-correlatiory; is the fractal
onset time and marks the lower limit for significant scaling
behaviour in the AF, so that far« r;1 the time-scaling prop-
erty becomes negligible at these time scales (Lowen and Te-
ich, 1996, 2005). AF assumes values near unity for Poisson
processes (Thurner et al., 1997). ThereforeF0 the point
process is Poissonian, which means that the series is memo-
ryless and constituted by independent events; white=H0

the process is characterised by time-scaling behaviour, which
means that the series is time-correlated.

4 Results

During the observation period, 2401 forest fires have been
recorded. In particular the time span from 3 January 1969
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The fire activity of Ticino is not Poissonian, because the
AF curve is not flat for all the timescales This result
indicates the presence of time-clustering behaviour in
the fire dynamics, which implies the presence of time-
correlation structures in the time distribution of the fire
events. Moreover, the presence of crossovers (separat-
ing different regions with different slopes) indicates the
co-existence of different dynamics in the same fire pro-
cess.

. The fire sequence shows different time regimes. a) At

a small timescale, the behaviour is Poissonian, because
the AF is almost constant with value around the unity.
This is typical for point processes, when the timescale
investigation is very small. b) Two scaling regions are
identified in the curve and the scaling exponents are
0.32 in the small timescale, 1-8days, and 0.8 in the
large timescale, 8 days—1/2 year. This phenomenon in-
dicates the superimposition of different dynamics and
the crossover at about 8days could be related to an-
thropic activities (Wang et al., 2010). c) The large
timescales, ovel. year, seem to show a purely random
behaviour, since the AF curve is approximately flat, al-
though this effect can also be produced by the lower
resolution corresponding to a larger timescale. How-
ever, no clustering effect seems to be detected at larger
timescales.
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5 Discussion and conclusions
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