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Abstract

Fire is one of the most significant threats for khediterranean forested areas. Global change may
increase the wildland fire risk due to the combie#éct of air temperature and humidity on fuel
status, and the effect of wind speed on fire bahaviThis paper investigated the potential effect
of the climate changes predicted for the Meditexaanbasin by a regional climate model with a
spatial resolution of 25 km. The data provided Iy model were used in order to predict the
changes in both the extreme fire weather days, thedfire behaviour for the different fire
scenarios. The main indicators of anomalies on ieather severity and fire behaviour were
analysed in order to predict the magnitude of tifferénces between baseline e future scenarios.
The study showed an increase of the number of déysextreme fire weather conditions, and
low variations affecting the fire behaviour.
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1. Introduction

Wildfire probability and severity at landscape ssaére affected by complex and
non-linear relationships among vegetation, weatbaterns, and topography. Although
forest fires are predominantly linked with humaatéas, the differences in fire occurrence
depends on drought cycles, precipitation amount tanthg, temperature reached during
the drought season and fuel load (Mouillot et @02). Spatial and temporal changes in fire
behaviour are related to changes in the environmheomponents, but weather is the most
variable component changing rapidly in both spacel dgme (Pyne et al.1996).
Consequently, the study of potential climate changgacts on wildfire probability can be
expected to have many sources of uncertainty. Whisbe especially true in the areas of
the world, as the Mediterranean basin, where thiesiigations of climate change effects
require the use of high resolution climate modetmre suitable for regional scale
applications. In addition, several inaccuracies mase from the difficulties to account for



the impacts on wildfires due to indirect effectctiinate on vegetation growth, seasonality,
and composition.

The projected impacts of climate change in centredt Mediterranean Basin are
characterized by a greater variability and extreveather events, wetter winters and drier
summers and hotter summers and heat waves (Alcarab, 2007, Christiansen, 2007).
The changes in the frequency of extreme events tnlighthe first and most important
change of the last decades in the Mediterraneaa. #&te the long-term scale, climate
changes may affect the overall flammability of gd@nt material resulting from changes in
total biomass, from redistribution of fuel loadthre different layers of vegetation or from
modification of dead live fuel ratio (Mouillot etl.a2002). At shorter time scale, the
increase of extreme weather events (heat wavesgstvinds ecc.) can directly affect water
status of fuel and fire behavior, and it can inseskarge fires occurrence probability.

Despite the large number of works on fire weatlaerelatively small number of
papers discuss the expected impact of global chandpirnt area (Flannigan, 2009), which
is affected by a great number of factors: sizéhefdample area, period under consideration,
topography, fragmentation of the landscape due atral and anthropic factors, fuel
characteristics, season, latitude, fire suppresspmiicies and priorities, fire control,
organizational size and efficiency, fire site asdaitity, ignitions (people and lightning). In
this context, identifying areas that are charargetiby high probability of large fires
occurrence in relation to the projected climatiamie could represent an important
component of fire management planning. The usepafialy and temporally explicit fire
simulators can be a convenient methodology to ptetlie combined effect of the
abovementioned factors on fire behaviour and tleeedn the extension of the burnt area
(Finney 2005, Farris et al. 2000). The aim of thak is to analyze the weather conditions
associated with severe fire days, and to predietvriations of the fire behaviour and
severity under different weather scenarios.

2. M aterials and methods

Climatic data used in this study were generatedhigyRegional Climate Model
(RCM) EBU-POM developed by the Belgrade Universitycooperation with the Euro-
Mediterranean Center for Climate Change (CMCC). Tdlienate projections were
generated as part of the "Simulations of climatange in the Mediterranean area”
(SINTA) Project. The baseline climate scenario ¥eased by the 20C3M greenhouse gas
scenario in order to simulate the current Meditezem climate for the baseline reference
period 1961-1990. A future climate scenario wasegated using the forcing agents defined
by the A1B SRES greenhouse gas emission scenariorder to produce a simulated
climate for the period 2071-2100. The RCM data usdtlis study were characterized by a
6 hours time step, a spatial resolution of 25 knmg a simulation domain covering the
southern lItaly. The baseline reference data wemgpeced with the Climate Research Unit
(CRU) data and with measured weather data, in omlezvaluate the accuracy of the
baseline data. From this analysis it was possiblénighlight that daily precipitation
provided by RCM was characterized by a systematitetestimation of the actual data; this
underestimation was reduced by applying a corredtiotor on daily basis.
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Figure 1 —Fuel models map of the sidy areas.

The Fire Weather Index (FWI) was calculated forhedmcation and for both
baseline and climate scenario. Different fire weattlasses were identified (table 1) by the
percentile analysis in order to select the day$ wie highest values of fire danger. This
analysis was used to generate several daily andyhoeference weather streams for
modelling applications.

Fire probability and behaviour maps were generédedaseline (1961-1990) and future
(2071-2100) climate scenarios using FlamMap (Finr2§03). In this work, we will
highlight the results obtained for extreme fire thea days. FlamMap (Finney et al., 2003;
Finney, 2006) is a fire behaviour simulator useccémpute the potential fire behaviour
characteristics over defined landscapes for givenrenmental conditions. The simulator
incorporates different fire behaviour models, cdasng Rothermel’s surface fire model
(Rothermel, 1972), and crown fire initiation andregd models (Van Wagner, 1977,
Rothermel, 1991). Extensive testing over the yé@as demonstrated that this model can
accurately predict fire spread and replicate lafje boundaries on heterogeneous
wildlands in the USA and elsewhere. The anomalieburn probability and fire severity
(burnt area, rate of spread, fireline intensitgnfe length) between baseline and A1B gas
emission scenarios were analyzed in order to iffethte extreme fire conditions.
Geographic Information System (GIS, ArcGIS 9.3.8RE Inc.) was used to manage the
spatial information, and to obtain all input layeeeded to FlamMap simulations. The grid
resolution of all spatial information was 250 md#ital elevation model (DEM) was used
to derive elevation, slope and aspect maps. Fuklcanopy cover maps were produced
using the 1:25,000 land cover map of Sardinia ftbe CORINE project (EEA ETC/TE
2002), combining the fuel information to obtain @dd classification of the main
vegetation types and land uses for the study ahegmrticular, we splitted the study areas
in 17 different land uses. FlamMap simulations were using custom fuel models for
shrubland vegetation and pastures, and using sthifga models (Anderson, 1982; Scott
and Burgan, 2005) for the other vegetation types.



Crown bulk density, crown base height and standjtteof the wooded areas were
estimated considering the data of the National $toheventory provided by the Italian

National Forest Service (INFC, 2005). The 1-hr déasl moisture content values were
estimated considering the FFMC of the FWI, as esly described. The values of 10-hr
dead fuel moisture were determined calculating ridationship between observed FMC
values and fuel moisture sensor measurements (n&fsfed5, Campbell Sci., Logan, UT,

USA) obtained during the summer season. The wiia ware input in FlamMap as raster
maps, with a resolution of 2000 m, considering tamswind speed and direction. The
wind directions we used were eight (0°, 45°, 9(B5°1 180°, 225°, 270°, 315°), and the
wind intensities were evaluated considering thermead speed of the FWI extreme days
(99" percentile) for each wind direction; the mean wipked was evaluated for both
baseline and future climate scenario data. Threm matput parameters (rate of spread
(ROS), fireline intensity (FLI), flame length (Flwere used in order to describe the fire
behaviour on the study areas.

Table 1 — Fire weather index thresholds for différpercentile levels.

Percentile FWI threshold
Very low 25 0.6
Low 50 57
Moderate 75 20.4
High 90 25
Very high 95 27.1
Extreme 99 31.6

3. Results

The impact of climate change on the main weatheabies affecting the fire weather is
presented in figure 1-2 and tables 2-3. Figurediwsha consistent and generalized positive
mean temperature anomaly between baseline and gdiaso on annual basis, while the
wind speed showed a small negative anomaly. Sirdifearences (Table 2) were detected
by the analysis achieved on the entire fire se&¥ane-September); in addition, an increase
of the south western wind direction frequency carbserved for Sardinia. The analysis of
the data on the extreme fire weather conditionsveldosimilar patterns in the variation of
the meteorological condition associated with exgeralues of FWI (Table 3). A general
increase of the number of extreme fire days wagmks moving from baseline to future
climate conditions, in particular for Sicily (+189%nd Corsica (+183%), while in Sardinia
a lower increase of fire days (92%) is associatitd &great number of present fire days.
As previously pointed out, the potential fire beloav analysis was focused on fireline
intensity (FLI), rate of spread (ROS) and flamegkbn(FL). FlamMap simulations were run
considering the most extreme FWI daily values aad different scenarios of wind
direction. No significant differences in potenti@e behaviour were obtained between
baseline and future data for SE wind days for $@diOn the other hand, for W and NW
wind days the differences between baseline anddwonditions were quite limited, and in
the most of cases we may expect a small reducfiadgheoaverage values of FLI, FL and
ROS. The most important reduction of the futurespbal fire behaviour was observed for



NW wind days; SW and W wind days were characterizgdan opposite trend. These
trends can be explained considering the shiftsimdwgpeed and fuel moisture, as showed
in table 3.

The maps of cumulated anomalies in ROS, FLI and#félshown in figures 3-4. In general,
it can be pointed out that no important anomaliesvben baseline and future data were
found. In particular, the differences were veryited in areas with flat topography and
herbaceous vegetation. The reduction of the patiefte behaviour was mainly located in
areas with shrubs and woods and in hilly zoneslenthe increase of ROS, FLI and FL was
concentrated in small areas.

Table 2 — Baseline and A1B weather stream and Wieather for the study areas as
calculated from the RCM output data for the firasan (JJAS).

Area
Sardinia Sicily Corsica

Baseline

Temp (°C) 27 27.2 25

RH (%) 51.3 53.7 52

Wind speed (km 1) 5.4 6 5.1

Prevailing wind NW (24%) NW (29%) W (25%)

direction W (14%) N (16%) NW (17%)

FWI 26.3 26.3 23.3

FFMC 88.5 88.3 87.7
A1B Scenario

Temp (°C) 30.2 30.2 28.7

RH (%) 49.9 52.1 50.6

Wind speed (km 1) 4.9 5.7 4.7

Prevailing wind

NW (25%), SE (14%)

NW (27%), N (17%)

W (24%), NV\9¢h)

direction
FWI 28.8 28.6 26
FFMC 89.6 89.2 89.1
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Figure 2 - Mean temperature (top) and mean windedp(bottom) anomaly between
baseline and A1B scenario for the fire season (JJAS



Table 3 —Baseline and A1B weather stream and ieather
calculated from the RCM output data for the extrémeedays.

for the study areas as

Area
Sardinia Sicily Corsica
Baseline
Temp (°C) 315 33.1 27.5
RH (%) 215 18.7 27.2
Wind speed 7.2 4.8 11.3
(km h%)
Prevailing wind NW (35%) N (23%) W (46%)
directions SE (21%) NW (16%) NW (18%)
FWI 48.3 48.4 47.4
FFMC 95.6 96.5 93.9
N° of days 148 147 31
A1B Scenario
Temp (°C) 34.9 36.1 31.4
RH (%) 20.7 19 26
Wind speed 5.6 4.2 8.9
(km h%)
Prevailing wind NW (34%) N (24) W (42%)
directions SE (18%) NW (14%) NW (23%)
FWI 48.8 49.1 47.5
FFMC 96.3 96.9 94.8
N° of days 285 420 88

Table 4 — Minimum, maximum and mean anomalies in AU and ROS considering
extreme fire weather conditions.

FLmin FLmax FLmean FLImin FLImax FLImean ROSmin R®& ROSmean
N -1.11 1.03 -0.16 -657 653 -96 -0.65 0.65 -0.15
NE -2.35 2.25 0.12 -3262 3305 86 -3.80 3.13 0.10
E Ns Ns Ns Ns Ns Ns Ns Ns Ns
SE Ns Ns Ns Ns Ns Ns Ns Ns Ns
S -1.14 1.29 -0.22 -879 862 -177 -0.85 0.86 -0.22
SW  -1.72 2.14 0.15 -943 3055 109 -0.63 2.88 0.12
W  -1.26 1.27 0.19 -780 781 119 -0.76 0.76 0.18
NW  -1.78 2.32 -0.26 -983 2863 -217 -1.50 2.47 -0.34
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Figure 3 —Maps of the anomalies in ROS, FLI and FL betweds #iure climate
scenario and baseline data.
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Figure 4 —Maps of the anomalies in ROS between A1B futurexts scenario and
baseline data considering NW, W and SW wind days.

4. Conclusions

The future fire regimes driven by global changeldaesult in a likely increase of the
number of days with very high fire danger valuex] with higher potential rate of spread,
flame length and fireline intensity, due to thedxcéed increase in temperatures and fuel
dryness and on the reduction of atmospheric r@dtivmidity. On the other hand, the daily
fire behavior values for potential extreme fire slare expected to experience a small
decrease, most likely because of the predictededserin the wind intensity. Our work
suggests that the FlamMap outputs and the derivgehpal fire behavior and probability
maps can be used as valuable components of desigpport systems for fire danger and
fire risk assessment in the Mediterranean area) actual and future environmental
conditions.
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