N

N

How much does weather control fire size and intensity in
the Mediterranean region?
Charles Hernandez, Philippe Drobinski, Solene Turquety

» To cite this version:

Charles Hernandez, Philippe Drobinski, Soléne Turquety. How much does weather control fire
size and intensity in the Mediterranean region?. Annales Geophysicae, 2015, 33 (7), pp.931-939.
10.5194/angeo-33-931-2015 . hal-01206288

HAL Id: hal-01206288
https://hal.sorbonne-universite.fr /hal-01206288
Submitted on 28 Sep 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.sorbonne-universite.fr/hal-01206288
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Ann. Geophys., 33, 931-939, 2015
www.ann-geophys.net/33/931/2015/
doi:10.5194/ange0-33-931-2015

© Author(s) 2015. CC Attribution 3.0 License.

Annales
Geophysicae

How much does weather control fire size and intensity in the

Mediterranean region?

C. Hernandez, P. Drobinski, and S. Turquety

Institut Pierre Simon Laplace/Laboratoire de Météorologie Dynamique, CNRS/Ecole Polytechnique/Université Pierre et

Marie Curie, Palaiseau, France

Correspondence to: C. Hernandez (charles.hernandez@Imd.polytechnique.fr)

Received: 5 May 2015 — Revised: 6 July 2015 — Accepted: 9 July 2015 — Published: 30 July 2015

Abstract. This study investigates the synoptic conditions fa-
vorable to wildfires in the Mediterranean region, in terms of
fire intensity and burnt area. As reported in the literature,
Mediterranean large wildfires are associated with a block-
ing situation. However, this study shows the existence of
two types of wildfires controlled by the blocking high inten-
sity: (1) fast build-up of a weak blocking produces intense
wildfires associated with strong winds which allow propaga-
tion over long distances; (2) longer build-up of strong block-
ing situation produces less intense wildfires associated with
weaker winds which also propagate over long distances. An-
other major step forward of this study in the understanding
of the drivers of those wildfires is the evidence of a perfect
match between the period of wildfire activity and the persis-
tence of the favorable synoptic conditions: the wildfire ac-
tivity starts at the onset of the blocking situation and ends
with the transition to a less favorable synoptic weather pat-
tern. Such strong control of the wildfire activity by the con-
comitant weather is a very promising result regarding fire risk
management, especially considering the accidental nature of
the Mediterranean wildfires.

Keywords. Meteorology and
(synoptic-scale meteorology)

atmospheric  dynamics

1 Introduction

Fire is the most important natural threat to forests and
wooded areas of the Mediterranean basin. It destroys many
more trees than all other natural calamities: parasite attacks,
insects, tornadoes, frost, etc. \Vegetation fires burnt an aver-
age 200 000 ha annually in the Mediterranean Basin between
1960 and 1970; the figure attained over 400000 ha in the

1970’s and over 600 000 ha in the 1980’s. This three fold in-
crease over 20 years is turning into an annual summer catas-
trophe in the Basin, in spite of heavy investments and large
budget expenditure spent to prevent and combat the scourge
(Le Houérou, 1987). The 2003 wildfires of Portugal are a
good example of the amount of damage that large wildfires
can cause in the Mediterranean region. More than 57 % of the
burnt area in the EU occurred in Portugal that year and over
420000 ha were burnt (EFFIS, 2003), with an accumulated
cost amounting to EUR 1 billion (UNEP, 2004).

Wildfires are conditioned by many factors such as topogra-
phy, land use (Carmo et al., 2011) and also past and concomi-
tant weather (Flannigan et al., 2009). They control the spread
and thus the size of the fire and also its intensity. The size of
the fire is a diagnostic of the large and long-lasting imprints
of the fire on the environment. We cannot directly retrieve
the intensity for a large number of fires. Instead we will fo-
cus on a related diagnostic, the fire radiative power (FRP).
The FRP is a diagnostic of the biomass combustion rate
(Wooster et al., 2005; Ichoku et al., 2008), controls the emis-
sions that wildfires release in the atmosphere (Turquety et al.,
2014) and partly explains their injection height (Val Mar-
tin et al., 2010). Weather during the fire episode is essen-
tial. Indeed, the wind speed determines the rate of spread
of the fire and the fire-line intensity (Rothermel, 1972). A
few weeks before the fire episode, wind speed, insolation,
humidity and temperature influence fuel moisture by control-
ling water fluxes in dead and live fuels (Castro et al., 2003;
Matthews, 2006; Aguado et al., 2007; Sharples et al., 2009)
whereas few months to several years before, they mainly con-
trol the vegetation growth and so the fuel amount. For in-
stance, Stéfanon et al. (2012b) show that a springtime meteo-
rological drought characterized by several months of cloudi-
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ness and precipitation deficit lead to unusually high solar
radiation which is beneficial for vegetation growth, as mea-
sured in terms of leaf-area index. Zaitchik et al. (2006) also
confirmed this finding using satellite observations of vegeta-
tion. In 2003, this unusual excess of vegetation lasted until
the end of July when the vegetation started dying leading to
a large fuel amount and low fuel moisture, making it favor-
able to high fire risk. Meteorological conditions propitious
to high fire risk have already been investigated in previous
work. Flannigan and Wotton (2001) showed that warm, dry
and windy days are correlated to higher burnt area, and that
certain synoptic conditions such as the breakdown of an up-
per blocking ridge lead to particularly favorable conditions
for wildfires. Before this work, Flannigan and Harrington
(1988) already observed that, in Canada, high fire risk was
associated with long sequences of dry and low precipitations
days. In the Mediterranean region, Pereira et al. (2005) found
that days with large burnt area in Portugal are concomitant
with atmospheric blocking regimes in summer. These find-
ings are corroborated with Hoinka et al. (2009) and Levin
and Saaroni (1999), which find characteristic synoptic pat-
terns associated with wildfire occurrence in Iberia and Israel,
respectively.

However, the existence of favorable weather conditions
does not tell us how much these favorable conditions con-
trol the life cycle of a fire, in terms of size and intensity. This
is a key issue when trying to improve fire risk forecast or sup-
port to forest fire fighting. In this article we thus address the
following questions:

— Are the meteorological driving factors of fire size and
fire intensity similar?

— How much is the life cycle of wildfires controlled by
weather variability around its most favorable pattern?

2 Methodology
2.1 Data

Our weather database was built upon the ERA-Interim re-
analysis of the European Center for Medium-range Weather
Forecast (ECMWEF) (Dee et al., 2011). For each day of de-
tected wildfire, we use the surface wind speed and temper-
ature, as well as the 500 hPa geopotential height and wind
speed at 12:00 UTC. These data allow the characterization
of the synoptic weather conditions associated with the fire
episode, as well as an indication of the meteorological en-
vironment of the fire at the surface. The horizontal resolu-
tion of the reanalysis does not allow the derivation of the
small-scale weather conditions in the immediate vicinity of
the fire. The detection of fires is performed using the fire
products from MODIS (Moderate Resolution Imaging Spec-
troradiometer), an instrument carried on board the Aqua and
Terra polar heliosynchronous orbiting satellites. These prod-
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Figure 1. 10-years accumulated burnt area (in ha) from MODIS
MDC64 product over the Mediterranean region (2003-2012).

ucts are the burnt area (BA) and the fire radiative power
(FRP) which can be seen as a proxy of the fire intensity.
The FRP is retrieved by using measured radiance of the 4
and 11 pm channels at nadir. Other spectral bands are used
for assessing cloud masking, glint, bright surface and other
sources of false alarms and disturbances. The FRP is pro-
vided at 1 km resolution by the MOD14 product. The BA is
retrieved from the observed changes in land cover. Indeed,
the albedo is modified by the deposition of charcoal and ash,
the loss of vegetation and the change in fuel bed characteris-
tics.

Albedo alteration produces changes in surface reflectance
which are processed to produce daily burnt area at a 500 m
resolution in the MDC64 product (Giglio et al., 2010). Only
the fraction of the detected burning pixel covered by vegeta-
tion is burned following Turquety et al. (2014). The FRP and
BA products are then regridded at 10 km resolution which
was chosen to be a good trade-off in order to keep detailed
enough information on the fire location and facilitate the
comparison with the ERA-Interim meteorological data. We
use the first 10 years (2003-2012) of MODIS data. As small
wildfires are difficult to detect with satellite observations,
wildfires with sizes smaller than 25 ha were eliminated from
our BA data set. Figure 1 shows the accumulated burnt ar-
eas as retrieved by MODIS for the first 10 years of data
(2003-2012). Figure 2 shows the total burnt area, mean fire
intensity and associated fire counts for the 2003-2012 time
period. We see that fire intensity and the associated num-
ber of fires have low interannual variability whereas burnt
area is dominated by 4 extreme events, years 2003, 2005,
2007 and 2012. It should be noted that there are important
uncertainties on the date of beginning of wildfires taken in-
dividually. The incertitude can be as large as 5days and is
caused by several factors such as cloud cover impairment
of remote sensing and lack of detection of wildfires at the
beginning of their development. As we deal with statistics
(average, ...) on large number of such wildfires, the uncer-
tainty is reduced. We also use the EFFIS (European Forest
Fire Information System) Rapid Damage Assessment sys-
tem, provided by the Joint Research Center (JRC) of the
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Figure 2. Total burnt area (a), fire intensity (b) and fire counts as-
sociated with BA (c) and FRP (d) detection for the 2003-2012 time
period. BA detection is done using the MODIS MCD64 product.

European Commission (2010). This set is built using 250-
m MODIS images. A first step of automated classification
is used to isolate fire events and a post-processing using hu-
man visualization of the burnt scar is performed. A cross-
analysis using the active fire MODIS product, land-cover
data sets as well as fire event news collected in the EFFIS
News module is finally done to ensure a low number of mis-
classifications (http://forest.jrc.ec.europa.eu/effis/). The sys-
tem records burnt areas of approximately 40ha and larger
(Sedano et al., 2013). The JRC provided the data for the
2006-2012 time period. In this study we only take into ac-
count wildfires recorded in July and August, so as to focus on
the summer period when most large wildfires can be found in
the Mediterranean.

2.2 Processing

A 3-D (latitude, longitude and time) connected component
algorithm is used to determine what are the distinct fire
events in the MODIS data set. This method groups adjacent
cells of 10 km x 10 km spatial resolution and 1-day time res-
olution within which a fire is detected. The main interest of
this method is that it allows for the detection of wildfires
larger than 10000 ha (10 km x 10 km) and extending over
more than 1day. These fires are those expected to be most
influenced by weather conditions (e.g. Pereira et al., 2005).
The main weakness is that it does not take into account cloud
cover impairment of remote sensing. Indeed an absence of
detection of 1 day between two detections could be caused by
clouds. Another problem is that two independent fire events
taking place close to one another (less than 20 km of distance
and less than a day between the end of the first event and
the beginning of the second) are considered the same by this
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method. Megafire events, such as defined by San-Miguel-
Ayanz et al. (2013), could also be grouped in clusters with
this method of analysis. In this work we will often work us-
ing the date of beginning of the wildfires (7o) and its duration
(At). The date of beginning will be the date of first detec-
tion of the fire event and the duration the number of consec-
utive days of detection. For fires in the Mediterranean Basin
(MODIS set) the mean duration is approximately 2.5 days.

The processing of the EFFIS data set is simpler. The data
set provides the shape and time of beginning of all detected
wildfires. The centroid of this shape is taken as the location.

The relationship between burnt area and intensity, and the
driving meteorological variables (temperature anomaly and
wind speed) is derived by combining a burning fire event
and the nearest meteorological data from the ERA-Interim
reanalysis at 12:00 UTC of the first day of fire detection.

Temperature and geopotential anomalies were computed
using a daily timescale climatology.

3 Fire and weather drivers

Figure 3 displays the variations of the 95th quantile of the
BA at the end of the fire and the FRP at the fire mature stage
(first day) with respect to the 10m wind speed at 12:00 UTC
on the first day of each fire over the whole Mediterranean
region. The focus on the largest and most intense fires is jus-
tified as these fires are the most dependent on the meteorol-
ogy. The quantities BA and FRP are clustered in two cate-
gories of 2m temperature anomaly with respect to the cli-
matology (AT?), i.e. AT, <3 and AT, > 3°C. However, a
3°C temperature anomaly represents the 75th percentile of
the temperature anomaly CDF (Stéfanon et al., 2014). It thus
includes all heatwaves, among them the most severe ones.
For each subfigure the data are separated in seven bins of
an equal number of fires. The 95th quantile and its corre-
sponding 70% (BA) and 90% (FRP) confidence intervals
are then computed using 1000 bootstrap resamplings. Those
confidence levels correspond to the maximum levels of sig-
nificance possible for each subplot.

Figure 3 shows a general growth with respect to the 2m
temperature anomaly in most cases. Indeed, BA ranges be-
tween 1500 and 1800 ha for AT, < 3°C and between 1800
and 4000 ha for AT, > 3°C. This is explained by the fact
that high values of AT, imply, during summer, the presence
of a drought (Stéfanon et al., 2012a) and therefore strong fuel
drying over large regions. Figure 3 also shows a peculiar de-
pendence of BA with respect to wind speed in the Mediter-
ranean region. For a low temperature anomaly (AT> < 3°C),
BA increases with surface wind speed. Since the rate of fire
spread is a growing function of the ambient wind, stronger
winds should produce larger wildfires (Rothermel, 1972).
Conversely, for a high temperature anomaly (AT, > 3°C),
the evolution of BA as a function of wind speed is bimodal.
Large values of BA around 3000 ha are found for low wind

Ann. Geophys., 33, 931-939, 2015
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Table 1. Table of median BA values, duration and propagation rate of HWM and WFM wildfires. We take only the wildfires with a size in

the top 10 %.

Parameter

Heat wave mode (HWM)

Wind-forced mode (WFM)

Number of wildfires

Median size (ha)

Median duration (days)

Median propagation rate (had—1)

98 67
2731 +255 2039 £+ 223
8.36 £0.47 6.96 £0.27

349+ 34 385+ 44

AT2<3°C AT2>3°C
4000 4000
MODIS @ MODIS (b)
g
< 2000 2000
[a]
% 5 0 % 5 10
EFFIS c EFFIS
4000 © 1 4000 @
=
£
<
@ 2000 2000
% 5 0 % 5 10
\
Sa0q MODIS 409 MODIS
=
& 200_'_n_,_,_|7 200
* (e) ®
% 5 10 % 5 10

wind speed (m2) wind speed (m2)
Figure 3. Burnt area (BA) at the end of the fire (upper and mid-
dle rows, a, b, ¢ and d) and fire radiative power (FRP) at the fire
mature stage (first day) (lower row, e and f) with respect to the
10m wind speed at 12:00 UTC on the first day of each fire over
the whole Mediterranean region. For BA the upper row corresponds
to the MODIS data set and the middle row to the EFFIS data set.
The solid line represents the 95th quantiles (¢g5) of BA (upper and
middle row) and FRP (lower row). The green shaded area repre-
sents the 70 % confidence intervals (BA) and the red shaded area
the 90 % confidence intervals (FRP). The quantities BA and FRP
are clustered in two categories of 2m temperature anomaly with re-
spect to the climatology (AT»), i.e. AT, < 3°C (left column) and
AT, > 3°C (right column). For each subfigure the data are sepa-
rated in seven bins of equal number of fires.

speed (< 2ms~t in ERA-Interim), followed by smaller val-
ues around 1800 ha for intermediate wind speed (between 2
and 4 ms~1 in ERA-Interim), followed by larger values again
around 2200 ha for large wind speed (between >4ms~1
in ERA-Interim). In the following, in case the temperature
anomaly exceeds 3 °C, the situation corresponding to a wind
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speed weaker than 2ms—1 will be referred as the heatwave
mode (HWM), whereas the situation corresponding to a wind
speed stronger than 4ms—1 will be referred as the wind-
forced mode (WFM). Such behavior has been discussed in
Hernandez et al. (2015) and elements of explanation have
been proposed. As can be seen in Table 1, the HWM wild-
fires have a longer duration than the WFM wildfires, they
can therefore burn over larger areas. Indeed, in the absence
of strong wind speed, there is then no dominant direction of
propagation. Thus, those wildfires can, albeit more slowly
than WFM wildfires, expand in all directions and burn a large
area since they have a lower probability to be stopped in all
directions than in one specific propagation direction. The lo-
cal minimum for moderate values of wind speed is due to the
strong reduction in back-propagation of the fires which is not
compensated by the enhancement in forward propagation.

The behavior of FRP is simpler than that of BA since this
quantity is the instantaneous response of the fire intensity
with regard to its environment. Like BA, FRP also increases
with the temperature anomaly. FRP ranges between 150 and
350 MW for AT, < 3°C and between 200 and 400 MW for
AT, > 3°C. This is due to the fact that dryer fuels mean
higher fire intensity. Therefore the FRP is larger with these
dryer fuels, as less energy is wasted for water evaporation.
And since the rate of spread is also a growing function of
the ambient wind, high surface winds mean higher fire inten-
sity, hence higher FRP, with consequences on fire combus-
tion emission injection height (\Val Martin et al., 2010).

The synoptic conditions associated with these observed
maxima of BA and FRP are shown in Fig. 4 for the Iberian
Peninsula, as it represents more than half of the burnt area
of the European Union (Silva et al., 2010; EFFIS, 2003).
Figure 4 represents composites of the 500-hPa geopoten-
tial height anomaly and of temperature anomaly for initi-
ating HWM and WFM wildfires. It clearly shows that the
HWM wildfires are associated with synoptic blocking with a
high-pressure anomaly pattern located over Western Europe,
which resembles the pattern of Pereira et al. (2005) and Sté-
fanon et al. (2012a) (e.g. Western Europe cluster in Fig. 2).

The WFM wildfires are also associated with a blocking-
like pattern with, however, a weaker anticyclonic anomaly
elongated along a curved ridge. The HWM and WFM wild-
fires are totally distinct fire episodes as will be shown in the
following section. One can eventually notice that the pattern

www.ann-geophys.net/33/931/2015/
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Figure 4. Composites over the Iberian Peninsula of the 500-hPa
geopotential anomaly (A®5qg) (left column) and the 2m air tem-
perature (AT») (right column) for BA diagnostic corresponding to
HWM (first row from top) and WFM (second row from top) and for
FRP diagnostic corresponding to HWM (third row from top) and
WEFM (fourth row from top).

is not sensitive to the fire diagnostic, i.e. BA or FRP, used
to compute the composites. Finally, the favorable conditions
corresponding to the extreme wildfires are similar to those
found in Pereira et al. (2005). Student’s ¢ tests were per-
formed in Fig. 4 to determine if these composites are statisti-
cally different from the climatology. We find that they are at
the 99.9 % confidence level. Composites of HWM and WFM
are also statistically different at the 99.9 % confidence level.

Figure 5 shows the total burnt area, mean fire intensity and
associated fire counts for fires classified in either HWM or
WEM. Over the 2003-2012 period, the figure shows that on
average, the number of fires associated with HWM is slightly
larger than the number of fires associated with WFM. HWM
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Figure 5. Total burnt area (a), fire intensity (b) and fire counts asso-
ciated with BA (c) and FRP (d) detection for HWM (red) and WFM
(blue). BA detection is done using the MODIS MCD64 product.

mode fires contributed significantly more to the burnt area for
years 2003 and 2005. Interestingly, year 2007 is remarkable
in terms of total burnt area but it is well balanced between the
two modes. Such behavior is not reproduced when looking
at the fire intensity. For all years, the most intense fires are
associated with WFM mode fires.

How strongly these favorable conditions control the life
cycle of the fire episode is still an open question, espe-
cially considering that wildfires in the Mediterranean region
are generally caused by accidents (Le Houérou, 1987; Silva
et al., 2010; Ganteaume et al., 2013).

4  Fire life cycle and weather variability

Figure 6 shows the time sequences of the composites over
the lberian Peninsula of the 500-hPa geopotential height
anomaly for HWM and WFM wildfires. The composite
charts are shown at time 7p — 3A¢, 19 — At, to, fo+ At and
to + 3At, with 1 as the fire starting date and At the fire du-
ration. As shown before in Fig. 4, the patterns are identical
when the FRP diagnostic is used and is thus not shown.

This example for the Iberian Peninsula will be general-
ized in the following. In the HWM situation, Fig. 6 shows
the build-up of the blocking high north of the Peninsula a
few days before the wildfire episode but still remains weak
(to — 3At to 19 — Ar). The anticyclonic anomaly strengthens
very quickly at the time of the wildfire (r9) and weakens
quickly at the end (¢ + At). The anomaly disappears a few
days after the episode (o +3At). The sequence for the WFM
situation is very similar, except that the build-up of the block-
ing high is shorter (about At), weaker and further east com-
pared to the HWM situation. The anticyclonic anomaly has

Ann. Geophys., 33, 931-939, 2015
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Figure 6. Composites over the Iberian Peninsula of the 500-hPa
geopotential anomaly (A ®5qg) for HWM (left column) and WFM
(right column) wildfires at time rg—3 Az (first row from top), 1o — At
(second row from top), ¢ (third row from top), 7o + At (fourth row
from top) and 79 + 3Ar (fifth row from top). The composites are
computed using the BA diagnostic.

almost totally disappeared at the end of the wildfire episode
(to + At). The striking result here is that the time sequence
is chosen based on the fire life cycle only (initiation date and
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fire duration). Figure 7 shows the temperature anomaly time
sequences, following the same methodology than Fig. 6. The
sequence is very similar to that of the geopotential with a
very fast build-up and disappearance in the WFM situation
and a slightly longer anomaly in the HWM situation. The
maximum temperature anomaly is found during the wildfire
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activity (between 7y and 7o + Ar). Student’s ¢ tests were per-
formed on Figs. 6 and 7 to determine if the composites were
different from the climatology and if composite maps from
HWM and WFM were statistically different. We find that
they are at the 99.9% confidence level. So despite the ac-
cidental or criminal nature of these wildfires, the correlation
between the duration of the fire episode and of the synoptic
favorable conditions is high and statistically significant.

Such finding is not specific to the Iberian Peninsula. Such
behavior has been found in other sub-regions. To illustrate
this point, Fig. 8 shows the time evolution of the wind speed
at the 500-hPa and 10-m levels and the 2-m air temper-
ature anomaly for the whole Mediterranean region, based
on the BA diagnostic (the results are similar with FRP and
will not be shown for concision). We selected only wild-
fires which duration is longer than 1day and shorter than
10days (~50% of BA-detected wildfires and ~ 20% of
FRP-detected wildfires). To compute a composite over the
whole Mediterranean region, some normalization is needed.
The normalized variables plotted in Fig. 8 are:

U lUsooll Uk — U0l

500 — T > = (1)
| Usooll [1U10l|
AT t— 1
ZX]E? = ::::% 5 = 0,
AT, At

with X = mean(X)|;¢[o 1] and where U1, Usgp and AT> are
the wind speed at 10-m and 500-hPa levels and the 2-m air
temperature anomaly, respectively.

So t* =0 and r* =1 are the starting and ending dates of
the wildfire activity, respectively. Figure 8 shows the 99 %
confidence intervals for Ugy, and Uj, and the 90% confi-
dence intervals for AT;". As for Fig. 3, these confidence lev-
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els correspond to the maximum level of significance pos-
sible. They were determined using 5000 bootstrap resam-
plings. One can notice that AT, is positive well before and
after the wildfire. HWM and WFM wildfires therefore hap-
pen during periods when the temperature is already anoma-
lously high. Indeed, long periods of high temperatures in
heatwaves in summer in the Mediterranean region are asso-
ciated with droughts (Stéfanon et al., 2012a), which in turns
tends to lower the fuel moisture content and kill some of the
vegetation. Fire can therefore propagate more easily in these
situations. The temperature anomaly increases very sharply
at +* = 0 and gets back to its pre-fire value at +* = 1 for both
HWM and WFM wildfires. Wildfire initiation and end per-
fectly match the duration of the heatwave episodes, charac-
terized by extremely hot temperature anomalies. The mean
value of Ar is 3.3 and 2.2 days for BA and FRP diagnos-
tics, respectively, which are typical durations of mid-latitude
weather regimes. As seen over the Iberian Peninsula, the sur-
face temperature anomaly is strongly related to the 500-hPa
geopotential height and thus the geostrophic wind speed at
the 500-hPa pressure level (||Usooll). The 500-hPa air circu-
lation slows down gradually, attains a minimum during the
wildfire (roughly at the beginning) and this circulation accel-
erates back to its previous levels after the wildfire stops. The
relative difference between the maximum and the minimum
of the 500-hPa wind speed is slightly larger in HWM situ-
ation, indicating stronger deceleration. A similar evolution
is found for the wind speed at the 10-m level for the HWM
wildfires. For WFM wildfires, the evolution is different. The
wind speed at the 10-m level does not evolve much with time.
A weak decrease of the wind speed is visible during the wild-
fire activity followed by a weak increase but undoubtedly the

Ann. Geophys., 33, 931-939, 2015




938 C. Hernandez et al.: How much does weather control fire size and intensity?

blocking high associated to WFM wildfires is much weaker
than for HWM wildfires.

5 Conclusions

This study shows that in the Mediterranean large wildfires
are associated with a blocking situation as already reported in
the literature (Pereira et al., 2005). In detail, the intensity of
the blocking defines two types of wildfires. Fast build-up of
a weak blocking produces intense wildfires associated with
strong winds which allow propagation over long distances.
Statistically, these wildfires, referred to as wind-forced mode
(WFM) wildfires in this study, are shorter than those occur-
ring in the absence of strong winds, called heatwave mode
(HWM) wildfires in this study. The HWM wildfires are asso-
ciated with a stronger blocking high which build-up extends
over a slightly longer time period, which eventually end-up
with a burnt area similar to those cause by WFM wildfires.
The processes controlling the propagation of these two types
of wildfires in the Mediterranean have been analyzed theo-
retically in Hernandez et al. (2015). This study also goes one
step further with respect to the determination of the favor-
able synoptic conditions associated with the Mediterranean
wildfires. Indeed, this study shows a near-perfect match be-
tween the period of wildfire activity and the persistence of the
favorable synoptic conditions. In other words, statistically,
the wildfire activity starts at the onset of the blocking situa-
tion which intensity controls the type of wildfire (HWM or
WFM) and ends with the transition to less favorable synoptic
weather pattern. So despite the accidental and criminal nature
of the wildfires in the Mediterranean, there is an extremely
strong control of the concomitant weather on the wildfire,
whether it be on its extension or intensity. Such a result is
very promising regarding fire risk forecast and management
in the Mediterranean region.
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