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Abstract. We analyse the recent evolution of fires in Cat- to the determination of forest fire evolution under climate
alonia (north-eastern Iberian Peninsula), a typical Mediter-change Bonan 2008.

ranean region. We examine a homogeneous series of for- Catalonia (NE Spain) is a typical Mediterranean environ-
est fires in the period 1970-2010. During this period, morement and one of the most vulnerable regions to wildfires in
than 9000 fire events greater than 0.5 ha were recorded, arfBurope EEA, 2008. Of its total area of 36 000 kfn about

the total burned area was more than 400 kha. Our analy60 % is covered by shrubland and forest, owing to the aban-
sis shows that both the burned area and number of fire sedonment of cultivations during the last centuiil( et al.,

ries display a decreasing trend. Superposed onto this generaD08. In this region, a long historical forest fire database in-
decrease, strong oscillations on shorter time scales are evéluding more than 20 000 fire events from 1970 is available.
dent. After the large fires of 1986 and 1994, the increasedrhis is the one of the longest continuous and homogeneous
effort in fire prevention and suppression could explain partseries on forest fires in a Mediterranean region (the European
of the decreasing trend. Although it is often stated that firesrecord of fire records comes from Portugal, with 450 000
have increased in Mediterranean regions, the higher effiwildfires over the period 1980—200B¢greira et a).2011).
ciency in fire detection could have led to spurious trends and It is often stated that fire occurrence and intensity have
misleading conclusions. increased in the Mediterranean regidPa(ry et al. 2007).
However, the limits of the available fire databases (e.g. length
and homogeneity of the records) could lead to misleading
results. In particular, the homogeneity of the data could be
hampered by the minimum burned area for which a fire is
recorded. Similarly, the increased efficiency in fire detection
nd/or recording can generate spurious trends.

1 Introduction

Most of the total burned area in Europe is found in Mediter-

ranean regions (about 500000 hectares burned every yeaS, . .
with most fires occurring in summeEEA, 2008. The type bﬁ' trecergjt fs tud)ﬁu rco et al,tﬁ013 haj rlegl)gtsedzt(:)lgr;a}te C\Z/a?_l
of vegetation and the specific climatic conditions of these ar2 |¥han ¢ (erei_ ';?Srivzrth e_perlot _f n ata I(')-
eas (dry and hot summers and severe local wind events) plaga' € study highiighted the importance ot concurrent cii-
ate conditions, which determine fire ignition probability,

an essential role in increasing fire occurrence. However, for- nd of antecedent climate. which reaulates fine fuel aval
est fires are a complex phenomenon which can be modified ' 9

. ability. This brief communication focuses on the analysis of
| f .2009. Ch - . :
by several factorsowman et al.2009. Changes in vege he Catalan Forest Fires Database (CFFD), with an updated

tation, land use and human activities (such as fire preventior?. . . :
and mitgaton meastres)can genert e sioworabu[ 52 €200 e bt 1510 2040, T o o/ e
changes in fire occurrence. This poses significant challenge% y P y
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Fig. 1. Map of Catalonia and start year of the fire database for eaCIﬁbrder. It indicates that the minimum fire area is not constant
local administrative division. The two domains of our study are (i) over time: for example, the first part of the database has no

the whole of Catalonia (without the red and brown divisions) in ds with ller than 0.01 ha. This inh .
the period 1983-2010, (ii) the eastern part of Catalonia (in green,recor S with area smaller than 0. a. Is Inhomogeneity

i.e. excluding the Lleida province), which has a homogeneous firec@n Significantly affect the record of the annual number of
database for the period 1970-2010. fires. To obtain a homogeneous series, it is necessary to re-

tain only those fires whose area is above a fixed threshold
which is kept constant over the yeakdglamud et al.2005
the potential regulating factors, to set up a framework for Pereira et a).2011). Note that, from a methodological point
developing impact scenarios based on updated and homogef view, the simple use of a plot in logarithmic scale, such
neous fire records. as that of Fig. 2, can help to immediately identify a possible
inhomogeneity.
In the following, we restrict the analysis to fires with
2 Fire data and quality control burned area of at least 0.5 ha; this is a safe minimum value
which was detectable over the whole period considered. Note
Accurate ground measurements of fire occurrence anghat the burned area is almost unaffected by this threshold,
burned area in Catalonia are Obtained from the Forest Fir%ince |t iS |arge|y determined by a few |arge fires: around
Prevention Service of the Generalitat de Catalunya (SPIF)rq 94 of the burned area is associated with fires with a burned
for the period 1968-2010. However, due to changes in theyrea above 500 ha. The difference between the total burned

administrations responsible for data collection, significantarea considering all fires and that for the fires with burned
variations in the criteria for fire recording have occurred. grea larger than 0.5 ha is less than 0.5 %.

These and other changes may affect the homogeneity of the
database and interfere with the trend analysis of fire series.

The data from 1968 to 1970 have several missing val-3 Trend analysis
ues and prior to 1983 there are no complete records for the
Province of Lleida (which covers an area of about 38 % of We analysed the annually burned area (hereafter, BA) and
Catalonia, Figl). For these reasons, two domains have beerthe number of fires (hereafter, NF). In addition, also BA and
considered in the analysis presented here. NF at monthly scale have been considered to assess the past

The first includes the whole of Catalonia in the period evolution of forest fires in the different periods of the year.
1983-2010, excluding two local divisions (highlighted inred  Figure 3 shows the annual series of BA and NF. Already
and brown colours in Figl), for which the starting year of by visual inspection of Fig. 3, we observe that the BA se-
the fire database is posterior to 1983. The second domain irFies show a slight decreasing trend with two peaks in 1986
cludes the eastern part of Catalonia, which is characterisednd 1994, when a total annual burned area of 70 000 ha was
by a homogeneous fire data record for the period 1970-2010ecorded, while the NF series shows an overall decreasing
This region does experience the majority (around 75 %) oftrend. The trend significance is estimated with the Monte-
forest fires in Catalonia. Carlo test implemented byurco and Llasa{2011). This

An aspect that can affect the homogeneity of the data is thenethod firstly decomposes the fire series into a linear trend
minimum burned area for which a fire is recorded. Figure 2line and a time series of residuals, then the residuals are
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Table 2. Trends for BA and NF in eastern Catalonia at monthly
scale, for the period 1970-2010. Units are trend dechd@he
trend significance is assessed by the Monte-Carlo test implemented

by Turco and Llasaf2017).

Trend for BA  Trend for NF

Month (kha10yrl) (numi1oyr?)
1 —0.05 -0.5
2 -0.07 —2.0%*
3 —0.15** —4, gk
4 —0.08 —4.6"%*
5 —0.03* —1.5%
6 +0.02 -2.3
7 —0.75 —20.4*
8 —0.95** —26.6*
9 -0.20 —8.3**
10 —0.55* —3.9%*
11 —0.04* —2.3%
12 -0.18 -1.6

Table 1. Trends for annual BA and NF, over the period 1970- * P>90%* P>95% ** P>99%
2010 for eastern Catalonia and over 1983—-2010 for all Catalonia.
Units are trend decadé. The trend significance is assessed by the 4 Discussion

Monte-Carlo test implemented Bwrco and Llasaf2017).
In summary, the analysis discussed here shows that BA and

Domain BA (kha10yrl) NF (num10yrl) NF in Catalonia are both decreasing. This result suggests
East Catalonia 30 79w that the often-reported (s&arry et al.2007, and references
Whole Catalonia _7:3* _108* therein) increase in fires in last decades in Mediterranean re-

gions, could be at least partially caused by improved detec-
tion rather than by an actual increase in fire occurrence.

The fire trend could be driven by a complex interaction of
g.everal factors, such as human activities, climate, and veg-
etation evolutionBowman et al.2009. The Mediterranean
basin is marked by a strong role of human actions on fires: ig-
nition, fire-fighting and the change of land use are examples
f crucial anthropogenic factors affecting fires. Some authors

* P >95%,* P>99%

resampled 1000 times and added back to the best fit lin
obtaining 1000 new plausible trend estimations, and finally,
the original trend significance is estimated considering if the
zero-trend falls outside the distribution of these 1000 plau-

sible trend values. Repeating the analysis with the standarﬁ ted ible i in fire h d owing t
Mann—Kendall test we obtained qualitatively similar results. ave suggested a possibie Increase in 1ire hazard owing 1o
agricultural land abandonmemreira et al, 2017). Catalo-

These tests confirm a significant downward trend in all cases, 2 . . k .
for both BA and NF, for eastern Catalonia (1970-2010) and"'& like most Mediterranean areas, has experienced what is

for all Catalonia (1983-2010), as shown in Table 1. Finally, called the *rural exodus syn.dromeHle'et _aI.,IZOO& Our.re-
we have repeated the trend analysis on the non-homogenisesd”ts suggest that such an increase in fire instances is not ob-
rved. SimilarlyRicotta et al(2012), analysing fire events

database, to assess the mistake that would be made in that ther Medit . Sardinia. Italv). found that
case. Considering eastern Catalonia in the period 1970—201@? another lVediterranean region (Sar nia, | aly), found tha
for the non-homogeneous dataset the NF trend changes si ”CUItWaI land at_)an.dorjment COUld. _have indeed decreased
(+44fires 10yrt, P > 95%, instead of-79 fire 10yr!, Ta- uman impact on f|re_ |gn|t[on probability. ! )

ble 1) while the BA trend maintains the same trend. These Among the potential drivers of forest fire evolution, the

results suggest that the often-reported increase in NF in thfncreasmgt_effort 'EjO\f/_vardst_flre;_manag(la(;nentl (!nCIE{J(|1|ngtbotr:
Mediterranean area could mix an actual trend with the tren |]rcetrr])re(\j/en lon an ¢ |rede>;|ntc '(t)rg chou ?Xg aug a ﬁeasthpatr)_
generated by increased efficiency in fire detection. of the decreasing trend detected nere. Indeed, atter the big

To assess whether fire occurrences have changed in otthes of 1986 and 1994, policy of risk awareness and risk

periods of the year, we have estimated the trends of the BAnitigation was improved. In particular,'a}fter. the excep.t lonal
and NF series also on monthly scale, as reported in Table summer of 1994\(asat 1997, a specific civil protection

Both the BA and NF series display a significant decreasin ![?n.;;or preventintg an/?] Iimiéing folrest fLreZ (ISF%CAT'tEee
trend over most part of the year. p://www.gencat.cat/has been launched. Besides, there

has been an increase in legislation measures supporting fire
prevention policies.
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